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Monitoring cotton crop evapotranspiration based on 
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Abstract. The water demand to meet seasonal and long-term water needs in 
Thessaly, central Greece, is related to historical semi-arid conditions in the 
region, which is the main agricultural area of the country. In this paper 
irrigation water requirements are assessed through the estimation and 
monitoring of crop evapotranspiration ETc for cotton fields in Thessaly. 
Remotely sensed data are used to delineate the spatial and temporal variability 
of crop coefficient Kc and crop ETc. Cotton crop production is examined for 
the years 2007, 2008, 2009 and 2010. Weekly ground based measurements 
carried out throughout the growing season and satellite images (Landsat TM) 
were processed for the corresponding time period. Satellite data provide the 
cover capability of large scale areas and monitoring of crop during growth 
stages. Methodology can be applied in large scale areas for the calculation of 
Kc and extend to other crops using satellite data. The results are in good 
agreement with ground- truth observations. 

Keywords: Remote Sensing, Kc, ETc

1 Introduction 

Agriculture of any kind is strongly influenced by water availability. In semi-arid 
regions, such as Mediterranean, agriculture is already the largest consumer of water 
resources. Actual and/or potential evapotranspiration (ET) estimation and monitoring 
is important in irrigation scheduling by contributing in rationalizing water needs 
during the growing season (Pereira et al, 1999). Monitoring of ET becomes even 
more significant when water scarcity combined with drought events cause more 
difficulties to agricultural production. Evapotranspiration (ET) is one of the most 
significant parameters in agriculture, since it can justify whether water is used 
effectively or not. Moreover, ET spatial and temporal variability, in different land 
uses can be considered to provide adequate and reliable assessment of water use. 
Nevertheless, it is difficult to obtain accurate measures or estimates of ET due to the

____________________________________________
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complexity and variability of meteorological and biophysical components involved 
in the process.  

Remote sensing methods have already reached a significant level of accuracy and 
reliability over the last forty years, thus becoming attractive for ET estimation, since 
they have a very high resolution and cover large areas. Remotely sensed models are 
currently considered suitable for crop water use estimation at fields as well as 
regional scales (Bastiaanssen et al., 1998; D’Urso and Menenti, 1996). In this paper, 
evapotranspiration ETc is estimated and monitored in cotton fields in Thessaly, 
central Greece, using remotely sensed data. In particular, LANDSAT images are 
processed and analyzed in order to compute the Normalized Difference Vegetation 
Index (NDVI) and then the crop (cotton) Kc coefficient, which is used in 
evapotranspiration ETc equation. The method is validated by comparing ETc

estimation using ground-truth conventional meteorological data. The paper is 
organized as follows: section 2 describes the study area and the data base, which 
includes meteorological and satellite data, as well as agronomic, geographic and 
phenological information from selected cotton plots. In section 3 the methodology is 
presented including data processing and ETc estimation. Section 4 and 5 shows an 
analysis and discussion of results.

2 Study area and Database 

2.1 Study area 

For the experimental layout the pilot area that was selected is the Pinios river 
basin, Thessaly, central Greece, a high agricultural productivity area that produces 
high quality products. The region of Thessaly overtakes the central - Eastern 
department of continental Greece. It is constituted by the Prefectures Karditsa, 
Larissa, Magnesia and Trikala and overtakes total extent of 14036 Km2 (10.6% of 
total extent of country). The 36.0% of ground are in a plain, the 17.1% semi-
mountain, while the 44.9% is mountainous. High mountains surround the plain of 
Thessaly, which constitutes the bigger plain of country that divided westwards to 
Eastern from the river Pinios that is the third bigger river of country. The study area 
is under drought conditions. Agriculture is affected by limited availability of water 
resources. In this area, intense and extensive cultivation, mostly with water 
demanding crops, leads to overexploitation of groundwater. Crop selected is cotton 
which composes the main cultivation and is one of the most water demanding crops 
in the study area. During spring and autumn the climate is usually not stable and this 
has great influence on cotton, as both seasons are very critical for the crop (planting-
harvesting periods). Precipitation is very low during the cotton growing period (April 
– September) so that irrigation is needed for the crop water requirements. The 
irrigation water comes from rivers by about 46% and from underground water by 
about 54%. When rainfall during winter of the previous year is limited, shortage of 
irrigating water is apparent. 
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Fig. 1. Study area 

Table 1. Irrigated extents in Thessaly

Extents in (thousands hectares) Thessaly

Agricultural ground 3.152
Total of cultivations 3.130
Irrigated 1.672
Percentage % 53

2.2. Database 

Monitoring water needs for agriculture in Thessaly requires a combination of field 
observations in pilot area, micro-meteorological data and analysis of satellite data. In 
this paper the process is described for the computation of crop coefficient Kc, and 
crop evapotraspiration ETc for cotton fields in central Creece, a high agricultural 
productivity area that produces high quality products.  

Conventional data: Ground based micro-meteorological measurements of reporting 
period for the pilot area include air temperature, wind speed, humidity, and 
precipitation on daily basis, in order to extract reference evapotraspiration (ETo), 
crop evapotranspiration ETc, and Kc, for cotton crop for years 2007, 2008 2009 and 
2010.

Satellite data: Remote sensing data are used for agriculture monitoring. The spatial 
distribution of evapotranspiration is assessed using satellite imagery (Landsat-5 TM) 
covering the region of Pinios river basin, which was available during the campaign 
for years 2007, 2008 2009, 2010 at the following dates:  
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2007 2008 2009 2010
07/05, 24/06, 
10/07, 26/07, 
27/08, 28/09

30/03, 15/04, 01/05, 
17/05, 02/06, 18/06, 
04/07, 20/07, 05/08, 
21/08, 06/09

02/04, 20/05, 05/06, 
21/06, 07/07, 23/07, 
24/08

21/04, 07/05,
08/06, 27/08,
28/09, 03/10

Field data: With regards to field observations, fractional cover and phenological 
stages for cotton crop for years 2007, 2008, 2009 and 2010 are recorded. Sampling 
started on May and repeated twice per week for the months of May, June, July 
August and September. In all pilot areas recorded and measured the followings: 
photographs, localization of the fields, crop height, irrigation data and meteorological 
data. 

3 Methodology 

The paper involves monitoring water needs for crop yield through estimation of 
evapotranspiration using also satellite data. Methodology includes crop fractional 
cover and crop classification, estimation of crop evapotranspiration ETc and crop 
coefficient Kc. 

3.1 Crop fractional cover and crop classification 

Crop fractional cover: One of the factors that determine the crop coefficient Kc is 
the crop growth stages. As the crop develops, the ground cover, the height and the 
leaf area change. The growing period can be divided into four distinct growth stages: 
initial, development, mid-season and late season (FAO, 1998).  The initial stage runs 
from planting date to approximately 10% ground cover. The development stage runs 
from 10% ground cover to approximately 70%. The mid-season stage runs from 
effective full cover to the start of maturity. The late season stage runs from maturity 
to harvest (FAO, 1998). For the determination of initial and development stages of 
cotton for the study area one experimental station is set up. In each experimental 
station two polygons are created 93cm*93cm for cotton.

Using ArcGIS software estimated the percentage of ground cover and hence the 
initial and development stages. 
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Fig. 2. The process applied to field based on canopy characteristics.

Crop classification: Fifty control points (GCPs) were used for crop classification for 
main and most cultivated crops in area as signatures for supervised classification that 
was done to ERDAS IMAGINE 9.1. The GCPs were distributed in a uniform manner 
along the area of interest. The most common cultivations in Pinios river basin are 
cotton, alfalfa, corn, winter wheat (fig 3). 

Fig. 3. Crop classification of study area. 
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3.2 Estimation of Crop Evapotranspiration ETc 

3.2.1 Computation of Reference Evapotranspiration ETo 

Reference evapotranspiration is the rate from a reference, not short of water (FAO, 
1998). ETo calculated for years 2007, 2008 2009 and 2010 with ground based 
meteorological data of study area according to Penman-Monteith equation:
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where ETo: reference evapotranspiration (mm day-1), Rn: net radiation at the crop 
surface (MJ m-2 day-1), G: soil heat flux density (MJ m-2 day-1), T: mean daily air 
temperature at 2 m height (0C), u2: wind speed at 2 m height (m s-1), es: saturation 
vapour pressure (kPa), ea : actual vapour pressure (kPa), es-ea : saturation vapour 
pressure deficit  (kPa), !: slope vapour pressure curve (kPa 0C-1), ": psychrometric 
constant (kPa 0C-1)

3.2.2 Estimation of crop coefficient Kc

Kc calculated for years 2007, 2008 2009 and 2010 with ground based 
meteorological data and field data of study area.  Kcinit=0.14 (for cotton) taken from 
table. Kc for development stage derived by linear regression using the last value by 
initial stage and the first value of mid-season for all years. An indicative equation of 
linear regression is y=0.0208*-3.1095.

According to Penman-Monteith equations:
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where  
Kcmid(Tab): value for Kcmid taken from table, u2:mean value for daily wind speed at 2 m 
height over grass during the mid-season growth stage, RHmin: mean value for daily 
minimum relative humidity during the mid-season growth stage, h: mean cotton 
height during the mid-season growth stage.  

The same procedure followed for the estimation of Kcend using the daily wind 
speed at 2 m height over grass, mean value for daily minimum relative humidity and 
mean cotton height for the corresponding late season growth stage. 

6



3.2.3 Estimation of crop evapotranspiration ETc 

Crop Evapotranspiration under “standard” condition ETc is the evapotransiration 
from disease-free, well-fertilized crops, grown in large fields, under optimum soil 
water condition and achieving full production under the given climatic conditions 
(FAO, 1998). In FAO ETc is calculated as follows: 

0*ETKET cc $  (3) 

where Kc and ETo calculated by ground based observations. 

3.2.4 Estimation of crop evapotranspiration ETc and crop coefficient Kc based 
on satellite data 

Selection of satellite images, correction and extraction of reflectance, NDVI, ETc,
Kc maps were produced for years 2007, 2008, 2009 and 2010. 

Preprocessing of satellite data: The satellite data pre-processing includes the 
atmospheric and geometric correction of the Landsat data. The Landsat-5 TM 
satellite images acquired almost every 15 days (2 images per month) for the 
cultivation period (May to September) for years 2007, 2008, 2009 and 2010.The 
pixel size of images is 30 x 30 m. The atmospheric correction was done using 
ATCORE2 model in ERDAS IMAGINE 9.1. Geometric correction of satellite
images performed to software ArcGIS with the use of 12 digital georeferred 1:50000 
scale maps that cover spatial the wide area of satellite images. Over eighty ground 
control points (GCPs) were used for each image with a third degree polynomial 
equation for the geometric transformation. The GCPs were distributed in a uniform 
manner along the area of interest. All images were co-registered into the Hellenic 
Geodetic Reference System (EGSA’87) using ArcGIS software package.

Image processing: The image processing includes extraction of reflectance, NDVI, 
Kc and ETc maps. 

Extraction of Reflectance: Reflectance in agriculture describes interaction of light 
with soil and crops. Satellite images provide reflectance from the various 
components of a crop canopy. 

Extraction of NDVI: The development of vegetation indices from satellite images 
have facilitated the process of differentiating and mapping vegetation by providing 
valuable information about structure and composition.  NDVI is exoressed by the 
folowing equition:

NDVI=(NIR–RED)/(NIR+RED) (4) 
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For Landsat channel 3 (0.63-0.69) and channel 4 (0.76-0.90) are utilized to calculate 
NDVI. 

Extraction of Crop Coefficient (Kc): The Kc coefficient integrates the effect of 
characteristics that distinguish a typical filed crop from the grass reference, which 
has a homogenous appearance and covers completely the ground. The values of Kc 
are influenced by crop type, climate, soil evaporation and crop growth stages (Allen 
et al., 1998; Bailey, 1990). In the framework of the PLEIADES project, an equation 
for Kc estimation was developed for the study area:

17.015.1 !$ NDVIKc  (5) 

Extraction of Crop Evapotranspiration (ETc): Crop Evapotranspiration under 
“standard” condition ETc is the evapotransiration from disease-free, well-fertilized 
crops, grown in large fields, under optimum soil water condition and achieving full 
production under the given climatic conditions (FAO, 1998). In FAO ETc is 
calculated as follows: 

0*ETKET cc $  (6) 

where Kc remote sensing and ETo ground based. 

3.2.5 Error statistics 

The accuracy of the remotely sensed ETc and Kc estimated series is evaluated by 
comparison with the corresponding ground-truth ETc and Kc estimations through 
four error statistics. The following statistics are employed:
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where equation (7) is the efficiency coefficient,  ETcg: ground based values of ETc,
ETcs: satellite based values of ETc, ETcg(uperliing):mean ground based values of 
ETc. 
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where equation (8) is the root mean square error (RMSE), ETcg: ground based values 

of ETc, cgET : mean ground based values of ETc, K: number of cases. 
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where equation (9) is the statistical BIAS, ETcg: ground based values of ETc, ETcs:
satellite based values of ETc, N: number of cases. 
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where equation (10) is the coefficient of determination r2, ETcg are ground based 

values, ETcs are satellite based values, cgET  are mean ground based values, csET

are mean satellite based values. 

4 Results and Discussion 

The results are summarized in Table 2 and Figures 4 and 5. Table 2 presents the 
error statistics results, namely efficiency coefficient (Eff), RMSE, BIAS and r2. The 
results are considered satisfactory ranging within acceptable levels. Figures 4 and 5 
present sample images of the analysis of Kc and ETc, respectively.  

The methodology is based on new technologies (GIS combined with satellite data) 
for water management. Satellite data provide the cover capability of large scale areas 
and monitoring of crop during growth stages. Methodology can be applied in large 
scale areas for the calculation of Kc and extend to other crops using satellite data. 
New technologies provide easy access to information for all stakeholders (farmers, 
Irrigation Advisory Services, Local Organizations of Land Reclamation) while active 
participation will be effective with by spatial information and innovative networking 
tools.  
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Table 2. Results of error statistics for Kc and ETc 

Statistics
Kc ETc

field 1 field 2 field 1 field 2

Eff 0.12 -0.24 0.64 0.74

RMSE 0.35 0.29 0.91 1.15

BIAS 0.08 0.01 0.06 -0.03

R2 0.31 0.16 0.8 0.88

 

 

Fig. 4. Kc map of study area (10/072007 and 26/07/2007). 
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Fig. 5. ETc map of study area (10/072007 and 26/07/2007). 

5 Conclusions 

Crop evapotranspiration ETc is estimated and monitored in cotton fields in 
Thessaly, central Greece, using remotely sensed data. In particular, LANDSAT 
images are processed and analyzed in order to compute the Normalized Difference 
Vegetation Index (NDVI) and then the crop (cotton) Kc coefficient, which is used in 
evapotranspiration ETc equation. The method is validated by comparing ETc

estimation using ground-truth conventional meteorological data. The results are in 
good agreement with ground-truth observations. The results of the error statistics are 
considered satisfactory ranging within acceptable levels.  
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cooperation.

References 

1. Allen, R.G., Pereira, L.S., Raes, D., Smith, M., 1998. Crop evapotranspiration: 
Guidelines for computing crop requirements. Irrigation and Drainage Paper No. 
56, FAO, Rome, Italy, 300pp. 

11



2. Bailey, J.O. (1990). The Potential Value of Remotely Sensed Data in the 
Assessment of Evapotransiration and Evaporation. Remote Sensing Reviews, 
4(2), 349-377. 

3. Bastiaanssen, W.G.M., 1998: Remote Sensing in water resources management: 
The state of the art. International Water Management Institute, Colombo, 118pp.

4. Blanta, A., C. Domenikiotis and N.R. Dalezios (2006), “Transferability of the 
DEMETER Methodology”, International Conference on: Information Systems in 
Sustainable Agriculture,  Agroenvironment and Food Technology, 20-23
September 2006, Volos, Greece (in press). 

5. D'Urso, G. and M.Menenti, 1996 a. Mapping crop coefficients in irrigated areas 
from Landsat TM images. Proc. European Symposium on Satellite Remote 
Remote Sensing. Optical Engineering, Bellingham USA, vol. 2585: 41-47.

6. Mplanta, #., C.Domenikiotis and N.R. Dalezios (2010). “Remotely sensed ETp 
and crop coefficient Kc in cotton fields of central Greece”. International Congress 
on Information and Communication Technologies in Agriculture, Food, Forestry 
and Environment. June 14-18, 2010. Ondokuz Mayis University, Samsun, 
Turkey. (pp 116-121)

7. Mplanta, A., C. Domenikiotis and N. Dalezios (2007), “Pleiades-EO-Assisted 
Tools For Water Management in Agriculture and Agricultural Decision Support”, 
Greece Association Agricultural Engineers, 5th National Congress Agricultural 
Engineering, 18-20 October 2007, Larisa, Greece, 345-352 pp. 

8. Pereira L. S., Alain Perrier A. and R. G. Allen, 1999. 
EVAPOTRANSPIRATION: CONCEPTS AND FUTURE TRENDS. JOURNAL 
OF IRRIGATION AND DRAINAGE ENGINEERING / MARCH/APRIL 1999 / 
51.

12



A Survey of the Applications of main Biometrical 
methodologies and relative Informatics tools  

applied in agricultural research. 

Vissarion Gousios1, StergiosTzortzios2

1 University of Thessaly, School of Agricultural Sciences, Laboratory of Biometry, Fytokou 
Street - Nea Ionia, Volos, Greece, email: vgousios@uth.gr

2 University of Thessaly, School of Agricultural Sciences, Laboratory of Biometry, Fytokou 
Street - Nea Ionia, Volos, Greece, email: stzortz@uth.gr 

 

Abstract:  Today, that the collection of biological data has been increasing at 
explosive rate, the right processing of these data is something more than a 
necessity. Fisher’s work (1925) in conjunction with the vast increases in 
computer power that were implemented after the 1960s, have made possible 
much more efficient and exciting methods of data analysis (Curnow, 1984), 
thus opening the “bag of Aeolus” for the application of modern statistical 
techniques in agricultural experimentation and research.  This study mainly 
seeks to survey biometrical methodologies that have been applied in the 
agricultural research, emphasizing in the segregation of the agriculture in six 
separate scientific fields. 

Keywords: Biometrical methodologies, Agriculture, Research, Applications 

1. Introduction  

Many scientists have indicated the importance of statistical research in 
agriculture (Fisher 1925; Box 1976; Finney 1978; Riley 1998; Wilson 1999).
Biometry moves towards this direction as it is implied from its various definitions: a 
branch of biology that studies biological phenomena and observations by means of 
statistical analysis (http://www.wordnetweb.princeton.edu/perl/ webwn), the 
measurement of quantities in the living world (Source: Oxford Dictionary of
Statistics), the application of statistical methods to the analysis of continuous 
variation in biological systems (http://www.expertglossary.com/ science) and others.

Some interesting concepts for the work that has been done in the field of 
Biometry come from several authors. According to Box (1976) “Fisher's work 
gradually made clear that the statistician's job did not begin when all the work was 
over -it began long before it was started”. Preece (1984), Sadasivan (1982) and 
Fielding (1990) summarized the poor quality of data collection and trial design 
together with the ritualistic approach to data analysis, as main disadvantages in 
biological research. Camacho and Carbonell (1993) reviewed the quality of statistics 
in agricultural research in Costa Rica and concluded that there were weak links 
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between agriculturalists and researchers. Riley and Onwueme (1996) concluded in 
their work that level of biometric knowledge of Agricultural researchers in ACP 
countries is poor. Onwueme et al. (1996) suggested that lack of access to computer 
and statistical software have seriously hampered the teaching, learning and using of
biometry in developing countries. Akoroda (1996) believes that the poor and 
inefficient use of biometrical methods in applied agricultural research can be
attributed to cultural background, school schedules, teachers orientation limited 
resources a. o.

Towards this direction, a brief survey in the papers referring to agriculture in 
the past conferences of the International Biometric Society (I.B.S.) has shown that 
the rate of these papers is about 8% of the total papers submitted (Gousios and 
Tzortzios, 2011).

The aim of this paper is to make a survey of the biometrical methodologies 
and relative informatics tools applied in agricultural research as well as the 
classification of these methodologies in different agricultural fields and the detection 
of possible trends in their application. An extended survey of the biometrical 
methodologies could lead to the best exploitation of the biological material.

2. Methodology

The general methodology followed for the implementation of this study is 
consisted of four parts.  

Initially, a personal survey was made in well known electronic scientific 
databases (Elsevier, Wiley and Science Direct) for papers referred to applications of 
biometrical methodologies in agriculture. To this purpose, we search for terms as 
“statistical/biometric methodologies”, “statistical/biometric applications” and 
“biometrics” which were included in the abstract, title or keyword of the papers. We 
also restricted the research in the subject “agricultural and biological sciences” for 
all the years that it was possible.  

After this, we limited the results in journals relative with agricultural fields of 
interest (Biotechnology, Crop Protection, Crop Production, Animal Production, 
Food Science and Technology, Natural Resources Management). Totally, a number 
of about 700 papers including the above criteria were reviewed to comprise the 
backbone of this study. Furthermore, a classification of the surveying biometrical 
methodologies has been made according to their applications in the above six 
different agricultural fields.  

Meanwhile, a questionnaire was constructed to help the survey of biometrical 
methodologies and relative informatics tools applied in agriculture. The 
questionnaire was addressed to researchers and scientists of Greek Agricultural 
Institutes and Research Centers. Each one of the interviewed scientists belongs to 
one of the six different agricultural fields, thus the results of the questionnaires were 
classified per field.   

Finally, an evaluation of the biometrical methodologies has been made, 
according to the total number of their applications in the different fields of 
agriculture and a comparison of the results between the bibliographical research and 
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the answers in the questionnaires. 

3. Results and Discussion

In the Biotechnology field the survey showed that twelve methodologies 
have been applied in the past (fig. 1). The most commonly used ones are:   

Cluster Analysis with applications such as in the determination of groupings 
in the genotypes or in the environments (Mungomery et al. 1974; Byth et al. 1976; 
Lin and Thompson 1975; Lin 1982; Fox and Rosielle 1982; Ramey and Rosielle
1983 and Ghaderi et al. 1982) and the classification of locations on the basis of a 
single trait for screening superior breeding lines (Campbell and Lafever 1980; 
Ghaderi et al. 1980; Fox and Rosielle 1982; Baenziger et al. 1985; Yau et al. 1991; 
Collaku 1991; Van Oosterom et al. 1993; Abdalla et al. 1996; Trethowan et al.
2001). Regression analysis with applications such as in the explanation of 
Genotype x Environment interactions (Cruz et al. 1989; Eberhart and Russel 1966; 
Finlay and Wilkinson 1963; Freeman and Perkins 1971; Perkins and Jinks 1968; 
Shukla 1972; Silva 1995, 1998; Silva and Barreto 1985; Toler 1990; Toler and
Burrows 1998; Verman et al. 1978) and the examination of yield stability of various 
genotypes (Finlay and Wilkinson 1963; Eberhart and Russell 1966). Discriminant 
Analysis also shows a wide range of applications in this field such as in the 
identification of cultivars with specific characteristics (Ebdon et al. 1998), in the 
determination of genetic variation in populations (Nelson 2001; McElroy et al. 2002; 
Ilarslan et al. 2002), in the assessment of the impact of a transgenic crop on soil 
environment (Park et al. 2006) and the identification of appropriate parents and top 
crosses in corn for future breeding and genetics program (Aydin et al. 2007).

Fig 1. Number of different applications of Biometrical methodologies in Biotechnology.

In the Crop Protection field nineteen methodologies have been applied (Fig. 
2), while in this field Analysis of Variance methodology appears many applications,
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which is rather a consequence of the nature of the specific field. More specifically, 
the most commonly applied methodologies in the Crop Protection field are:  

Analysis of Variance with applications in the evaluation of different 
insecticides/fungicides against pests/fungi in field crops (Bi et al. 2002; Obanor et 
al. 2008), field evaluation of the resistance of different genotypes to parasitic weeds 
(Abbes et al. 2007) and study of the influence of water and fertilization on biology 
of insects / fungi in field crops and greenhouses (Archer et al. 1995; Jauset et al. 
2000; Simoglou et al. 2006). Regression Analysis with applications such as in the 
study of the effect of pesticides application in crop sequences on associated weed 
composition, richness and diversity over five years (Puricelli, 2005), study of the 
correlation of insect infestation in cultivars with abiotic and biotic factors 
(Vayssieres et al. 2009), determination of the critical dates of cumulative catches of 
Andean potato weevils and carabids in two potato rotation systems (Kroschel et al. 
2009). General Linear Models with applications in the estimation of the dynamic 
future populations of Diaprepes Abbreviatus in terms of time and space (Li et al. 
2007), study of the performance of wheat cultivars and cultivar mixtures in the 
presence of Cephalosporium stripe (Mundt, 2002) and study of the influence of the 
different herbicide strategies on barley yields (Barroso et al. 2009).  

Fig 2. Number of different Applications of Biometrical methodologies in Plant Protection. 

In the Food Science and Technology field the survey showed fifteen 
biometrical methodologies to be applied (fig.3), most of them with many 
applications. Some of the common methodologies in the Food Science and 
Technology field are:  

Principal Components Analysis which has been applied for determination 
of the combined effects of pressure, temperature, and co-solutes on Lactococcus 
lactis (Killiman et al. 2006), classification of agricultural products according their 
genotype/ physical properties/ origin (Campbell et al. 2000; Goodner et al. 2001; 
Maeztu et al. 2001; Kallithraka et al. 2001; Bertelli et al. 2007), quality assessment 
in grain/vegetables (Autran et al. 1986; Porretta, 1994). Discriminant Analysis with 
applications in the determination of anthocyanins, flavonoids and colour parameters 
in wines (Gomes – Cordoves et al. 1995), determination of mineral nutrients and 
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toxic elements in coffee (Éder José dos Santos et al. 2001) and detection of seed oil 
adulteration in virgin olive oils in combination with spectroscopy (Vigli et al. 2003). 
Survival Analysis with applications in studying sensory shelf life of foods (Hough 
et al. 2003; Calle et al. 2003), determination of the affection of environmental 
conditions to growth/no growth of typical spoilage yeasts (Evans et al. 2004),
estimation of optimum concentrations of a food ingredient (Gartita et al. 2006),
studying of optimum ripening time of fruits according to consumer data (Garitta et
al. 2008). 

Fig 3. Number of different Applications of Biometrical methodologies in Food Science and 
Technology.

In the Natural Resources Management and Agricultural Engineering
Field sixteen methodologies have been applied (fig. 4) while applications of most 
common methodologies in the specific field are: 

Fig 4. Number of different Applications of Biometrical methodologies in Natural Resources 
Management. 
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Principal Components Analysis with applications in: the examination of 
crops’ yields according to fertilizer applications (Willson and Freeman 1970), the 
evaluation of variation in biological, chemical and physical soil properties (Stenberg 
et al. 1998), the determination of management effects on soil parameters (Sena et al.
2002) and the evaluation of microbial indices of soil fertility (Suzuki et al. 2005).
Discriminant Analysis with applications in: the determination of soil chemical 
properties according to the presence of Azotobacter in soil (Cox and Martin 1937), 
hard classifications in soil science (Hughes and Lindley 1955; Caroll et al. 2005) 
and the determination of relationships between identified and measured soil nutrient 
properties on fields (Splechtna and Klinka 2001). Factor Analysis with applications 
in: Soil Quality Indexes identification and/ or interpretation. (Bachmann and Kinzel 
1992; Wander and Bollero 1999; Brejda et al. 2000a,b; Andews et al. 2002; Shukla 
et al. 2004a;2006), investigation of groundwater contamination (Grande et al. 1996; 
Subbarao et al. 1995; Abu-Jaber et al. 1997; Jeong 2001), determination of
management discriminant properties in soils (Quiroga et al. 1998) and identification 
of sources of soil pollutants (Carlosena et al. 1998). 

In the Animal Production field the survey showed that eighteen 
methodologies have been applied in the past and (fig. 5). Some of the most 
commonly used methodologies in the Animal Production field are: 

Fig 5. Number of different Applications of Biometrical methodologies in Animal Production 
Field. 

The REML method with applications in: the examination of the effects of 
level of fish oil inclusion in the diet on rumen digestion and fermentation parameters 
in cattle offered grass silage based diets (Keady and Mayne 1999), estimation of 
genotypic and phenotypic correlations in conjunction with specialized software 
packages (Berry et al. 2002; Gilmour et al. 1999; Persson and Andersson 2003;
Conington et al. 2001; Legarra and Ugarte 2001; Neumaier and Groeneveld 1998;
Boldman et al. 1993; Bureau et al. 2001; Zhu and Weir 1996) and study of the 
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gestation length in Danish Holsteins (Hansen et al. 2004). The Survival Analysis
with applications in: Genetic Evaluation (Cox 1972; Cox and Oaks 1984; Ducrocq et
al. 1998), comparison of different dairy cow breeds on a seasonal grass-based 
system of milk production (Dilloe et al. 2003), determination of factors affecting 
culling early in the productive life of Holstein-Friesian cattle (Ojango et al. 2005)
and estimation of effects on longevity of beef cows (Szabó et al. 2009). The 
General Linear Models with applications in: examination of relationship between 
level of milk production and estrous behavior of lactating dairy cows (Lopez et al.
2003), effect of dietary phosphorus concentration on estrous behavior of lactating 
dairy cows (Lopez et al. 2003) and  investigation of the effects of maceration of rice 
straw on voluntary intake and performance of growing beef cattle fed rice straw-
based rations (Nader et al. 2008). 

In the Plant Production field the survey showed that fifteen methodologies 
have been applied in the past and some of the most commonly used ones are: 

Cart Analysis with applications such as in the detection of temporal and 
spatial variability in crop yields (Perez-Quezada et al. 2003), the determination of 

Fig 6. Number of different Applications of Biometrical methodologies in Crop Production 
Field. 

relationships and interactions between soybean yields and a suite of soil and 
agronomic variables (Zheng et al. 2009) and the examination of the primary 
associations between environmental, agronomic and weed management variables to 
crop and weed dependent variables (Williams et al. 2009). Cluster Analysis with 
applications in: classification of varieties according to their genetic similarity 
(Murphy et al. 1986), study the relationship between wheat grain yield and its 
components under drought conditions (Leilah et al. 2005), determination of metals 
in plants cultivated during the process of conversion from conventional to organic 
agriculture (dos Santos et al. 2009) and study of the adjustment of modern rice 
varieties in high-altitude regions (Steele et al. 2009). Multiple Regression with 
application such as in: development of empirical models from large data sets, as has 
been done for a number of canopy-level crop condition parameters (Shibayama and 
Akiyama 1991; Osborne et al. 2002), identification of the relationship between rice 
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grain yields and soil mineralizable nitrogen (Tsujimoto et al. 2009) and study of the 
cover cropping effects on yield and weed control of potato in transitional systems 
(Campiglia et al. 2009).

In addition to the bibliographic survey, a questionnaire was constructed, 
addressed to researchers and scientists in Greek Agricultural Institutes and Research 
Centers. Its role was to survey the utilization of the biometrical methodologies and 
relative informatics tools by scientists in the different fields of agriculture. 

The whole procedure was implemented via personal interviews and each 
scientist could answer the questions based on a five grade scale. This five grade 
scale contains symbols *, 1, 2, 3, 4. The “*” means that somebody is not familiar 
with the method, “1” means that the asking person simply doesn’t need that 
methodology, “2” means that the asking person use this methodology in a rate 30% 
of his work, “3” means that the asking person use this methodology in a rate 30-70% 
of his work and “4” means that the asking person use the methodology in a rate 
greater than 70% of his work. The total number of the questionnaires completed was 
102 and the survey which began in 2009 is still in progress. (The results probably 
must be indexed as preliminary). Finally, data from the questionnaires were 
compared with data from the survey in the bibliography. 

The results of the questionnaires so far, are presented below: 

Fig 7. Utilization of ANOVA in agricultural fields (Questionnaires) 

Undoubtedly, ANOVA is a methodology very familiar to users from every 
agricultural field. This condition is being confirmed from the fact that the rates of 
scientists which apply ANOVA in their work range from 75-100% (fig.8), while 
only a 9% in the Natural Resources field is not familiar with the method. Having in 
mind the survey in the databases for ANOVA, this rate is justified because we have 
found many applications of this methodology in each agricultural field (fig 1-6). 
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Fig 8. Utilization of Regression Analysis in agricultural fields (Questionnaires) 

Regression Analysis is also a method with many applications in Agriculture, 
as we have already seen from the survey. Figure 8 confirms this condition since its 
use is very common within scientists in all agricultural fields with percentages 
ranging from 75 to 85%. The utilization of this methodology is especially high in the 
Natural Resources field, where the 85% of the researchers apply Regression 
Analysis in a percentage larger than 75% of their work. The percentage of 
researchers in all agricultural fields which are not familiar with that method ranges 
from 17 to 25%. 

Fig 9. Utilization of Cluster Analysis in agricultural fields (Questionnaires)

The results of the survey in literature have showed that Cluster Analysis is a 
method with many applications in all the agricultural fields except possibly from the 
Crop Protection field. This fact is also being confirmed in fig. 9. Furthermore, 
scientists in the Crop Production field, have to give more attention in this 
methodology because of the great number of recorded applications (fig. 6). In 
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general, Cluster Analysis doesn’t seem to be well adopted from scientists in Crop 
Protection (100%), Crop Production (51%) and Animal Production (55%). 

Fig 10. Utilization of Principal Components Analysis in agricultural fields (Questionnaires). 

For Principal Components Analysis the survey has shown that there are many 
applications in Natural Resources Field and Food Science and Technology field. The 
questionnaires (fig. 10) seem to confirm this view (Natural Resources: 45%, Food 
Science: 75%), but still there are capabilities for a more extended application of this 
methodology in these two fields. In Crop Production, Crop Protection and Animal 
Production Fields there is a definite hysteresis in the use of this methodology, since 
75%, 100% and 78% of the researchers are not familiar with Principal Components 
Analysis. 

Fig 11. Utilization of Factor Analysis in agricultural fields 

The survey showed that Factor Analysis has many applications especially in 
Crop Production and Natural Resources fields. Results from the questionnaires show 
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that this methodology is being used in a medium percentage (value from 33% to 58
%) in all the scientific fields from Greek scientists. It is also obvious that scientists 
from Animal Production (65%) and Food Science (75%) fields don’t prefer or don’t 
have the knowledge to use this methodology in their work. 

Fig 12. Methods of Data Collection in agricultural fields (Questionnaires) 

Regarding the data collection methods, in Animal Production field the 92% 
of the researchers use worksheet tables, 33% use data files and only an 11% use 
specially designed databases to store their data. In Crop Production field 100% use 
worksheet tables, 50% use data files and 60% used specially designed database. In 
Food Science field 100% use worksheet tables while just 25% use data files and 
specially designed databases. All scientists from Natural Resources field use 
worksheet tables, 55% of them use data files and 37% prefer specially designed 
databases. Finally, half of the scientists in Crop Protection field use worksheet tables 
whereas only 15% make use of data files (fig. 12). 

As far as the informatics tools are concerned, in Animal Production field 
56% of the researchers use ACCESS, 90% use SPSS and only 33% use a 
programming language. In Crop Production field, 30% use Access and in general 
there is an adequate knowledge in statistical packages. In addition, 15% of scientists 
in Crop Protection use Visual basic and 8% use Pascal while 50 % of the scientists 
in food science use Access, 75% use SPSS, 50% use STATISTICA and only 25% 
use Visual basic.  Scientists from Natural Resources field use ACCESS to a 
significant extent (85%) and have a good knowledge of statistical packages. It is 
impressive that 70% of them use FORTRAN. Finally, 35% of scientists in Crop 
Protection field use ACCESS while 60% of them use SPSS and are familiar with 
programming languages in rates from 15 to 30% (fig. 13).
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Fig 13. Informatics tools used in agricultural fields (Questionnaires). 

4.   Conclusions 

The biometrical methodologies which are mostly applied, according to the 
survey in databases/journals are: 

- In the Biotechnology field: Cluster Analysis > Regression Analysis > 
Discriminant Analysis > Biplot analysis >AMMI model. 

- In the Crop Protection field: ANOVA > General Linear Models > 
Regression Analysis > Discriminant Analysis. 

- In the Food Science and Technology field: PCA > Cluster Analysis > 
Discriminant Analysis > Regression Analysis > Survival Analysis > 
Canonical Correlation Analysis. 

- In the Natural Resources field: Regression Analysis > PCA > 
Discriminant Analysis > Factor Analysis > ANOVA > Redundancy 
Analysis. 

- In the Animal Production field: Regression Analysis > Survival Analysis 
> General Linear Models > ANOVA > REML. 

- In the Plant Production field: ANOVA > Regression Analysis > Cluster 
Analysis > Correlation Analysis > PATH analysis > CART Analysis. 

According to the Questionnaires completed the most common methodologies are: 
- In the Plant Protection field ANOVA and Regression. 
- In the Natural Resources field ANOVA, Regression and Factor Analysis. 
- In the Food Science and Technology field ANOVA, Regression and 

Principal Component Analysis. 
- In the Crop Production field ANOVA, Regression and Factor Analysis. 
- In the Animal Production field Regression Analysis and ANOVA.

In the present study there is a definite hysteresis in the application of most 
methodologies from Greek scientists, except for ANOVA, Regression and PCA. 
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Agricultural researchers could use the material described above in order to have 
better results in their work. 

Regarding the use of informatics tools it is a general fact that at least 30% of 
scientists use Access whereas the vast majority of them (90%) use Excel. The 
highest rates regarding the use of the statistical packages come from Animal 
Production (90% use SPSS), Food Science (75% use SPSS), Crop Protection (60% 
use SPSS), and Natural Resources (55% use Statgraphics). As for the Programming 
languages, it is indicated by the questionnaires that Fortran is the most widely used 
one, since 70% of Natural Resources Field Scientists opt for it.  
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Abstract. Development of ICTs and the expansion of the Internet have 
changed dramatically in the past few decades. Platform of tourism increasingly 
get to the Internet nowadays which is vitally important because tourism is an 
information-intense industry. The aim of this study is to show a brief summary 
of the significance of the Hungarian tourism with the help of important 
statistics. Due to an online survey this paper discusses the knowledge of the 
18-25 age group students at our University in connection with Web 2.0 
applications and also reveals which information sources are the most important 
during the travel decision-making process of the students. Future aim of the 
research is to examine the use and adoption of Web 2.0 by tourists and tourism 
related organisations in Hungary, because there are only a few researches 
dealing with Hungarian travellers’ and tourism related companies’ attitudes of 
using this new technology. 

Keywords: Hungarian tourism, ICTs, Internet, Web 2.0 

1   Introduction 

Due to the industrial revolutions different inventions have appeared such as steam-
engine (1769 Watt), steam-railway (1814 Stephenson), automobile (1885 Benz) and 
plane (1903 Wright brothers) which have contributed to the evolution of mass 
tourism. Undisputedly, tourism is one of the most dynamically and spectacularly 
developing economic sectors. 

Tourism has developed into one of the world’s most important industrial sectors, 
growing faster than the world’s gross domestic product for the last 30 years. 
In the past years – except the drop caused by recession – tourism turned into one of 
the propulsive industry in Hungary. Thereto it maintains, we make our guests desire
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to come back to Hungary and make others to visit Hungary too, we – who live here – 
should provide for tourists appropriate level of services. Among the services one of 
the most important areas is the information service.  

Development of Information and Communication Technologies (ICTs) and the 
expansion of the Internet penetration have changed dramatically in the past few 
decades. Platform of tourism increasingly get to the Internet nowadays. Internet has 
fundamentally altered the tourism-related information search and destination 
selection process. In consequence of these changes new technologies have been 
adopted into the tourism industry (Geographical Information Systems (GIS), Internet, 
web technology, mobile technology) and this trend is likely to continue into the 
future. In recent years social media websites and searching have become an 
increasingly dominant mode in travellers’ use of Internet. 
Because of the fact that tourism can be considered as one of the most profitable 
sectors of the Hungarian economy it is vitally important to make Hungary much 
more attractive with the help of developed ICTs. 

2   Tourism of Hungary 

A decisive index of successfulness in tourism is the number of tourists’ arrivals. 
According to World Tourism Organization (UNWTO – specialized agency of United 
Nations) assessment the number of international arrivals increased from 534 million 
to 935 million arrivals during the period from 1995 to 2010. The incomes deriving 
from the commerce also increase as a result of the growing number of tourist arrivals, 
which is reflected best by the indicators of the GDP. According to World Travel and 
Tourism Councils’ prediction (WTTC) that travel and tourism sector’s contribution 
to the GDP will be 9.6% in 2011 and the contribution to the labour market will be 
260 million people (8.4% of the whole employment) in the same year (WTTC, 
2011). In Hungary this sector contribution to the GDP will 11% and the contribution 
to the labour market will 430 000 according to the WTTC’s prediction for 2011. 
Forecasts say this tendency will continue in the future, together with the number of 
tourists, the volume of their spending, the number of people employed by the tourism 
industry and also the role of tourism in the economy.  

Next table contains the most important statistics of Hungarian tourism in 
connection with the tourist’s arrivals and the financial balance of this sector (KSH, 
2010). 

Table 1. Main Data on Hungarian Tourism 

Main Data on Hungarian Tourism 
 2009 2010 2010/2009 

Arrivals and Guest Nights at Commercial Accommodation 

Domestic 
Arrivals (000s) 3923 3918 -0.5% 
Guest nights (000s) 9490 9672 +1.6% 
Avg length of stay (nights) 2.4 2.5 +2.1% 
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International 
Arrivals (000s) 3228 3386 +4.8% 
Guest nights (000s) 9220 9358 +1.4% 
Avg length of stay (nights) 2.9 2.8 -3.3% 
Balance of Tourism (January–September) 
Receipts (million EUR) 3.162 3.170 +0.3% 
Expenditure (million EUR) 2.060 1.738 -15.6% 
Balance (million EUR) 1.102 1.432 +29.9% 

 

Last time the satellite accounts of tourism (SAT) were made of 2007 in Hungary. 
According to them the education of typical sector in tourism correlated to that of 
national economy was 5.3%, their gross added value meant 5.9% contribution to the 
whole added value of national economy. (KSH, 2010) Tourism has been one of the 
most significantly developing sectors of economy since 2000-2001. In the 
globalizing world economy tourism is such a sector that can be competitive at 
international level as the facilities of our country suit to the products of tourism for 
example: 

• One of Hungary’s top tourist destinations is Lake Balaton, the largest 
freshwater lake in Central Europe, with a number of 1.2 million visitors in 2008.  

• The most visited region is Budapest, the Hungarian capital attracted 3.61 
million visitors in 2008.  

• Hungary was the world’s 26th most visited country in 2007. The Hungarian 
spa culture is world-famous, with thermal baths of all sorts and over 50 spa hotels 
located in many towns. 

As we see tourism plays an important role in the country, so it is essential that 
developed ICTs (web 2.0) be used in tourism sector. Unfortunately these types of 
researches are not available in Hungary so it is hard to give an up-to-date example. 
Next I represent the Hungarian Internet penetration. Then we give examples some of 
the most popular social media and the concept of web 2.0 applications. 

3   Usage of Internet 

Come to a travelling decision and organise a trip tourists have to collect a lot of 
information to be able to make their best decision. Information may derive from the 
Internet or other conventional media – such as prospects, brochures, newspapers, 
guidebooks, radio, television or travel agencies. According to several Hungarian 
(Gyarmatiné and Rényi, 2009; Grotte Judit, 2010 ) and other foreign (Buhalis and 
Jun, 2011; Lo et al., 2010; Xiang and Gretzel, 2010) researches results clearly 
support the primary importance of Internet in organising a trip. Most important 
travel-related searching sources are the online search engines, official websites of the 
destinations and travel blogs and forums.  
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Currently, there are 2 billion Internet users in the world which is three times 
greater than in 2000. In Europe (EU-27) Internet access is about 60 % of the whole 
population that is naturally meant to be an average (Internet World Stats, 2009). 

According to recent findings of the NRC Informationline Company, computer and 
Internet access at Hungarians’ home have produced significant growth within the last 
five years – 55% of the households has computer and 51% of the households is 
connected to the Internet in Hungary in 2010. In Hungary the Internet penetration is 
62% in 2010 (Internet World Stats, 2010). The Internet is still considered a 
‘youngish’ medium which is supported by the fact that while 84% of people between 
15 and 24 years of age uses the Internet regularly, in the 25-34 age group the 
proportion is merely 67% as we see in the following figure (Figure 1.). In the over-50 
age group the ratio is significantly lower than the average – the penetration is only 
21% (NRC, 2010). 

 

 

Figure 1. Proportion of regularly internet users in different age groups 

4   The Web 2.0 

Tourism (travel and holiday) is one of the most costly items purchased regularly by 
households around the world, and it signifies a remarkable proportion of households’ 
annual budget. Internet has changed tourism consumer behaviour dramatically. 
Customers search travel-related information and make online purchases (online air-
ticket bookings, online room reservations etc.) themselves instead of asking travel 
agencies to take on this process for them. 

The evolution of the Internet, as well as the constant evolution of society has lead 
to conceive new forms of communication, thus, new ways of media. Traditional 
forms of media are not anymore effective, because consumer has changed. The new 
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consumer is more sophisticated so he needs and requires more specialized media 
where he can take information from. This new type of media is called Social Media 
(Buhalis and Law, 2008; Shanker, 2008). 

In my opinion, Kaplan and Haenlein (2010) give an excellent brief definition for 
this term: social media as a group of Internet-based applications that build on the 
concept of Web 2.0, which allows the creation and exchange of user-created content 
(video clips, photos, texts etc.). Web 2.0 is providing consumers with countless tools 
to find, and design, not just the cheapest trip, but the perfect trip. Before dealing with 
these media we should clarify the concept of Web 2.0. According to the Wikipedia, 
Web 2.0 allows users to interact and collaborate with each other in a social media 
dialogue as creators of user-generated content in a virtual community. Web 2.0 
describes the second generation of web-based services which are interactive, context-
rich, and easy to use (O’Really, T. 2007). 

Travel 2.0 is a term that represents the concept of Web 2.0 that applies the world’s 
largest industry: travel and tourism. Tourism related topics are among the most 
popular issues in this environment, for instance, travel plans, destinations and hotels 
reviews, tourist guides, and suggestions for restaurants or exhibitions.  

The following figure shows the most important platforms of social media, which 
are encourage users and travellers to post and share their travel experiences, 
comments, opinions to serve as a source of information for other users (Xiang and 
Gretzel, 2009). 

 

 

Figure 2. Key social media platforms 

 

From this figure, we try to highlighted, described and analysed the main platforms 
(blogs, social networks, video sharing and photo sharing) which are the major 
sources of information for tourists.  
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4.1   Blogs and Forums 

Web log, blog or blogging is a type of website/platform formed by entries or posts, 
which are made in journal style which often included photos or link and displayed in 
reverse chronological order. A typical blog combines text, images, links to other 
blogs, Web pages, and media related to its topic. For example, very well known 
blogging platforms for tourists are the web pages of Igougo and Tripadvisor 
(Wikipedia, Camilleri et al., 2007; Nagy, 2010). 

Forums are those platforms where users can write short messages about a topic of 
interest and wait for other user’s answers. 

Gretzel and Yoo (2008) have shown that “reviews play an important role in the 
trip planning process for those who actively read them. They provide ideas, make 
decisions easier, add fun to the planning process and increase confidence by reducing 
risk making it easier to image what places will be like”. Thereafter all the platforms 
where tourists can express themselves, they will be used by other tourists to collect 
information from in order to get ideas and reduce the complexity of the decisions 
making process (Xiang and Gretzel, 2009). 

An interesting study has shown that 56% of American tourists seeking for 
opinions of travellers who has visited the destination before, during the booking 
process of their accommodation. In 2008 another survey claims that user created 
content is used by 40% of online travel researchers to determine whether they visit a 
destination. Within this 40% ratings were the most popular (used by 58%), followed 
by reviews and recommendations (49%). Next come user created photo content 
(18%) and friend’s social networking websites (18%). Other travellers’ blogs were 
consulted by 12% and user generated video by 5% (Highland business research, 
2008)  

Universal McCann, 2010 latest “The Socialisation of Brands” survey has revealed 
changes in the way that people are using the Internet to create and share information. 
In the next figure we can see the usage of different blogs from 2008 to 2010. Almost 
every examined area – especially tourism – has increased steadily as we can see on 
the third figure. Nowadays approximately every third of the people read travel related 
blogs for getting trustworthy information from fellow travellers. 
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Figure 3. Usage of different blogs (2008-2010) 

 

4.2   Social Network Site 

According to Boyd and Ellison (2007) drafting, social network sites (SNSs) are those 
platforms which provide the users to construct a public or semi public profile within 
a community system. These platforms allow users to articulate a list of users to 
whom they share any connection and establish or maintain connections with others. 
Another interpretation of social networking sites according to Buhalis and Jun 
(2011): a virtual area where Internet users can establish their own profile, or home 
page, on which they can write blogs, post pictures, videos and share their ideas. 

One of the most important social networking sites in Hungary is Facebook. This 
site has over 500 million active users worldwide and more than 3 million users in 
Hungary where almost half of the members of the community are in the age between 
13 and 25 (http://www.socialbakers.com). 

4.3   Video and Photo Sharing 

Video or photo sharing platforms allow users to upload video or photo files, store 
them and share them with other users. Examples of video sharing platforms are the 
worldwide known Youtube; and photo sharing: Picasa, Fotolog, Flirk.  

According to an interesting study which revealed that 90% of pleasure travellers 
take photographs and that 45% of them posted their photographs online.  

Király (2011) refers to a study made by Skyscannar which examined that how 
social network sites impact travelling attitudes. The result was interesting which 
claims that half of the participants select their next holiday destination by their 
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friends’ shared photographs. Furthermore, this study also reveals that 88% of the 
users always look at their friend’s holiday pictures. 

Murphy et al. (2010) examined the online sharing attitudes in general (video, text, 
photo etc.). 40-50% of the respondents frequently share texts and pictures while only 
3% post videos. Respondents are more likely to share content on their own social 
media website than on a media sharing or review site. 

All of these Social Media platforms offer opportunities for users to express 
themselves upload, interact and share information with other users. They constitute 
an immense source of information where users can gather information or even 
participate. Thereafter all the platforms where tourists can express themselves, they 
will be used by other tourists to gather for information from in order to take ideas, 
reduce the complexity of decisions and make the process less tedious.  

5   Methods 

In this study I represent the main advance conclusion from my questionnaire. Data 
were collected through online questionnaire using LimeSurvey which is an open 
source programme. One of the main advantages of online questionnaire is that with 
selection of the appropriate question type the filling is much more controlled and 
contains less logical contradiction so the evaluating of questionnaire is developed. In 
addition to this it is a more cost efficient solution. The questionnaire was filled by 
students from different faculties of the Centre for Agricultural and Applied Economic 
Sciences of the University of Debrecen (male 40%, female 60%). The filling is based 
on voluntariness and the sample size is 235. Due to the attributes narrow scope of the 
sample, the survey is not representative, but probably a good starting point of our 
future research and it can attract the attention of destination managers and tourist 
experts. We use descriptive analyses to show the basic characteristics of the 
responses. 

6   Results 

This section is divided into two parts; first we examine the knowledge of students in 
connection with web 2.0 applications and secondly we examine students who 
travelled alone or helped their friends or relatives during the travel-related 
information search in connection with the same topic. 

6.1   Usage of Web 2.0 Applications Among Students 

Figure 4. represents those web 2.0 applications which are used by students on their 
PC. SNSs (Facebook etc.) are the most popular medium with it’s almost 90% and 
online video (Youtube etc.) watching (76%) comes to second. 
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We can see that students use applications according to their age-group like 
participant at a SNS, using applications of SNS, watching videos on different video 
sharing size or the conventional media (reading news, listening radio). 

 

 

Figure 4. Usage of web 2.0 applications among students (18-25 years) 

 

This age-group less use different blogs (<12%) like Twitter. In addition to this 
they are less active as regards configuration of social content (<12%) (write blogs, 
editing photo, upload videos). During the survey it turned out that every 4th student 
use internet by the help of mobile phone.  

Figure 5. shows the usage of web 2.0 applications on mobile phones among 
students (20% of the respondents). As regards the applications the ratio is the similar 
like by computers. Nowadays mobile penetration is 120% in Hungary and every 
tenth of mobiles are smart phones. This development allows users to access internet 
on their phones and it will expand the opportunities in the tourism sector as well. 
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Figure 5. Usage of web 2.0 applications on mobile phones among students (18-25 age) 

 
Figure 6. demonstrates that 75% of students who use internet on their mobile 

phones access internet several times a day. Approximately 7% of students use their 
phones regularly for editing or watching their personal social network site, or 
searching information on the internet.  

 

 

Figure 6. How often students use web 2.0 applications on their mobile phones 

6.2   Web 2.0 Applications in Travel-related Information Search 

Next we analyzed what kind of applications influence students by their decision 
making in connection with travel. 75% of students have travelled alone or helped 
their friends or relatives during the travel-related information search. As regards 
destination, 50% of respondent travelled in order to have a rest and 20% of students 
visited friends or relatives. 
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Figure 7. represents what kind of sources are used to select the destination. We 
can see that almost everybody use internet by travel-related information search. The 
other huge information source is the family’s or friend’s report. The use of 
conventional media (newspaper, prospectus, travel agency) was decreased these 
days. 

 

 

Figure 7. Sources of destination selection process 

 

Students who collect information from the internet to the selection of destination 
numbers of time use 2-10 web pages (83%). 11% of respondent use more than 10 
pages and 6% of students use only 1 page. 

Next we analyzed how measure user generated contents influence students by the 
selection of destination. They had to grade on a 5-grade scale, 1: it is not 
determining, 5: it is absolutely determining.  

1. 80% of respondents are influenced by photos, videos which they search 
on different social web pages; 

2. 45% of students read others’ experience and criticism on different blogs; 
3. 48% of them read publication of online media; 
4. 58% of them allow for experiences of acquaintance; 
5. 64% of students search information on the own web sites of suppliers 

(travel agency, hotel). 
Finally we analyzed that according to gender is there a significant difference by 

statements above (Chi-square test). It turned out that 1, 2, 5 statements were typical 
of female but by other cases the difference was not significant. 

7   Summary 

Web 2.0 and Travel 2.0 may have a huge impact on the travel and tourism industry. 
Social media platforms are the new media. They offer tourists the opportunity to 
express themselves, share contents, ideas and experiences which other tourists may 
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use as a reference in their travel planning and which is greatly appreciated among 
tourists due to the high needs of information which they require. Online communities 
have a strong influence on consumer behaviour. 

Our survey demonstrates that students (18-25 age) use internet increasingly in 
order to get travel-related information. 90% of respondents use internet by 
destination-select process. Less than 30% of them get information from guide books, 
travel agency and newspaper. 80% of students are influenced by photos, videos 
which they search on different social web pages. After the travel 64% of them share 
their photos or write on different media about their experience. This result clearly 
shows that web 2.0 applications have impact on travel decision making process.  
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Abstract. In order to reduce herbicide application an intelligent sprayer boom 
is being developed. It only sprays with herbicides if the weed infestation 
exceeds a certain weed control threshold. The estimation of leaf cover of 
weeds through image analysis is a prerequisite for the weed management 
model of the intelligent sprayer boom. Destructive and human perception 
methods of leaf cover estimation are laborious and practically not feasible to 
implement in a real time system. An alternative method is developed in the 
image analysis program “ImageJ”. The relationship between fresh biomass 
yield of maize and the leaf cover of weeds at the fourth and sixth leaf stages 
was analysed. Weeds were grown in maize under field conditions in Denmark. 
Chenopodium album was the most dominant species. Our data showed that 
yield loss was linearly related to leaf cover of weeds and may be used in the 
decision algorithm for the intelligent sprayer boom. 

Key words: Decision support system, weed leaf cover, yield loss prediction, 
image analysis, site specific weed management. 

1   Introduction 

Reducing herbicide inputs is a major objective in modern agriculture. The extensive 
use of herbicides has raised concerns about environmental safety, conservation of 
biodiversity on farmland (Krebbs et al., 1999; Andreasen and Stryhn, 2008), and has 
increased the occurrence of herbicide resistant weed biotypes (Heap, 1997). As a 
general practice, a significant amount of herbicides is applied preemergence 
regardless of the potential weed flora. Weeds often grow in patches and there exists a 
significant ratio of patches where weeds occur at very low densities. With a precise 
site-specific application of herbicides, their excessive usage can be avoided 
(Christensen et al., 2009). 
 
Defining the threshold for weed control is fundamental to a weed management 
strategy. An economic threshold for weeds may be defined as the weed population at 
which the cost of control is equal to the value of crop yield attributable to that control
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(Cousens, 1987). There are great savings by choosing thresholds and only spray 
those parts of the field where weeds appear (Hagger et al., 1983).  
 
The effect of weed infestation on crop yield can be determined by weed density, but 
Spitters and Aerts (1983) suggested that the relationship between relative area of 
crop and weeds and the yield loss can give better prediction than a relationship based 
on weed density (Kropff and Spitters, 1991). Other studies also demonstrate how leaf 
area estimations can be used to predict yield loss (Kropff and Spitters, 1991).There 
are various methods to estimate weed intensity for example visual inspection (Braun-
Blanquet, 1927), stand counts (Greig-Smith, 1984) and frequency analysis 
(Raunkiær, 1934; Andreasen et al., 1996). The image based and spectroscopic based 
crop-weed detections are advanced techniques used for site-specific weed 
management (Karan Singh et al., 2011). The estimation of weed intensity through 
image analysis is one of the new methods (Chen et al., 2002). In this method, green 
pixels of weeds are separated from ground pixels and counted. The counting of green 
pixels gives an estimation of leaf cover of weeds.
 
At the moment a research project focuses on developing an “Intelligent sprayer 
boom”. The concept of the "Intelligent sprayer boom” is to apply treatment non-
uniformly. The sprayer boom will be equipped with cameras to take images from unit 
cells and apply treatment accordingly in “real time”. The decision algorithm for 
spraying in maize is based on estimation of the number of green pixels of weeds per 
area between the crop rows. The cameras detect the weeds, the software detects the 
weed pixels and the sprayer applies the herbicides if the weed control threshold is 
exceeded. The potential to save herbicides especially at the second spraying time in 
the season is perhaps 90%. In 2010, an experiment in a maize field was done under 
Danish cropping conditions to find leaf cover of weeds by using image analysis and 
the relationship between weed leaf cover and fresh biomass of maize yield was 
developed in order to estimate the weed control threshold. , given the complexity of the 
management systems involved in Integrated Crop Protection, 

2   Material & Methods 

 
2.1 Experimental layout 
The maize field experiment was carried out from May to September 2010 and 
conducted at the research farm in Taastrup, Denmark (55°40'10 N; 12°18'32 E). 
There were many different weeds species in the field but the most dominant species 
was Chenopodium album L. We selected 16 adjacent pairs of plots of size 3 x 3 m2 
from patches of different weed densities. One part of the pair of plots was sprayed 
and the other was kept unsprayed. The crop rows were 75 cm apart corresponding to 
six maize rows in a plot. There was sufficient space between the crop rows to take 
pictures and estimating weed cover. Both weeds and maize plants were at 4-6 leaves 
stages or larger. Six pictures from the unsprayed part of a plot were taken in the first 
week of July 2010 with a digital camera (Cannon EOS 400D). 
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2.2 Estimation of weed leaf cover 
The leaf cover of weeds was estimated by counting the number of green pixels. Each 
image was taken at a height of 65 cm, covering an area of 24 x 36 cm2. The crop was 
harvested and the fresh biomass from each line was measured in kilogram at the 
second week of September 2011. The infestation of weeds was average of the six 
pictures for each plot. The fresh maize biomass was correlated with leaf cover of 
weeds through regression analysis. The effect of various percentages of weed cover 
on the yield was estimated.  

2.3 Statistical data analysis 
The relationship between per cent leaf cover of weeds and fresh biomass was 
analysed in R (version 12.2.2), a free software environment for statistical computing 
and graphics. The data consisted of per cent leaf cover of mixed weed species and 
fresh biomass per meter crop line. The fresh biomass yield in kg was correlated with 
leaf cover of weeds through regression analysis. The effect of various percentages of 
weed intensity on the yield was estimated.  

2.4 Analysis of the images 
All pictures were processed with a public domain java based image processing 
software “ImageJ”. We have made necessary changes in a macro written by Landini 
(2009) in “ImageJ” by including various operations and plugins for subtracting 
background and counting weed green pixels. The image was split into hue, saturation 
and brightness by using “HSB Stack” splitter. Green leaf cover and background were 
segmented. When we adjust the hue values in colour threshold, all background pixels 
disappear. The brightness image represents the background in the image and we 
removed shadows by adjusting brightness thresholds. The results of hue saturation 
and brightness images obtained in segmentation step were combined by image 
calculator “AND create” operation.  
 
There were some unwanted background pixels left after colour thresholding for 
which we used median filter. The filtering process reduced noise and improved the 
segmentation result of the image in binary format. This operation worked on pixel by 
pixel for selected regions and removed noise preserving boundaries. The rest of the 
noise pixels which were left due to debris and soil loams were further removed by 
the “analysing particle” plugin. The binary format of the processed image contained 
only the vegetation pixels of the weeds. These pixels were counted to estimate 
percentage leaf cover from each plot. 

3   Results & Discussion 

The mask obtained from image processing indicated that weeds were separated 
clearly from the background and the shadow was also removed (Figs. 1 & 2). C. 
album covered most of the area. At harvest time, it was the most dominant weed 
species.  
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IMG_1574.jpg                                                 Mask of IMG_1574.jpg 

Fig. 1. A sample image (left) and the processed result of the image (right) covering 
24 x 36 cm2 ground area. The sunlight shadow was removed by choosing brightness 
threshold. The image was taken from the plot with relatively low weed intensity. 

 
IMG_1530.jpg                      Mask of IMG_1530.jpg

Fig. 2. A sample image (left) and the processed result (right) taken from a plot with 
relatively high weed density. Chenopodium album plants covered larger part of the 
image than other weed species (e.g. Poa annua, Veronica persica).
 
 
Table1. The number of green pixels counted from the sample images (Figs.1 & 2) by 
the image analysis program and the percentage of weed leaf cover. 

Fig. Label Green Non-green Percentage leaf cover 
1 IMG_1574.jpg 767540 9310156 7.62 
2 IMG_1530.jpg 2610806 7466890 25.9 
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3.1   Linear regression of crop yield on percentage weed leaf cover 
The regression analysis showed that there exist a significant slope,  m, (-0.04 ± 
0.003), of the linear relationship (p<0.001) (Fig. 3) and the intercept was 5.02 ± 0.11. 
The negative slope of the line represents unit decrease in yield with unit increase in 
percent leaf cover. The intercept of the regression line indicates maximum yield at 
zero percentage of weed leaf cover. There is no significant difference in the observed 
weed free yield (4.95 kg per meter crop row) and the estimated yield (5.01 per meter 
crop row) at zero percentage of leaf cover. Mathematically the linear relation 
between crop yield and weed leaf cover is given by following equation. 

              y = mx+c                               (1) 
           

where y is the crop yield, m is the slope of the regression line, x is the weed leaf 
cover and c is maximum yield at zero weed leaf cover. Equation (1) can be used to 
calculate the yield for any percentage of leaf cover. For x= 10 % leaf cover the yield 
is 4.61 Kgs. The threshold value corresponding to other percentages can be 
determined from the equation (1). 
 
 

 

Fig 3: The relationship between percentage of weed coverage (pixels) and yield 
(fresh biomass in kg per meter maize row). The slope of the regression line is - 0.04 
and the intercept is 5.01 (p<0.001). 
 
 The common weed species were Atriplex patula L., Cirsium arvense (L.) Scop., 
Fallopia convolvulus (L.) Å. Löve, Lamium amplexicaule L., Poa annua L., 
Taraxacum sp. and many other species. The most dominant species was C. album. It 
attained heights of 100-120 cm at harvest time. The other species were either at low 
ratio or suppressed by C. album or the crop late in the growing season. 
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The relationship between weed density and yield loss has been described by 
hyperbolic or sigmoidal models. Many researchers have found that the relationship is 
well described by a sigmoidal curve (Zimdal, 1980; Spitters and Aerts 1983). 
Cousens (1985) suggested the hyperbolic relationship. The sigmoidal and hyperbolic 
models have non negative asymptotic yield for high densities. There is no consensus 
in literature whether the relation is sigmoidal or hyperbolic. We have found a linear 
relationship between weed leaf cover and crop yield in our experiment. The linear 
curve is embodied by sigmoidal curve as a special case. In the linear relationship the 
lower weed densities can give better relation between leaf cover and yield but the 
larger densities may predict negative yield which is biologically meaningless. 
 
The share in leaf area at canopy closure time can determine competitive strength of 
species, when interplant competition starts (Spitters and Aerts, 1983). Kropff and 
Spitters (1991) derived a mathematical model in which the leaf area of a weed 
species was taken as fraction of total leaf area index of all species. The leaf area 
estimation taken at early growth stages can give information about the competition 
ability. The faster crops grow early in the season, the better competition ability do 
they have. The same is the case for weed species. We have observed in field trials 
that leaf areas of C. album was considerable larger than the less competitive species 
(Fig. 2). In practice, weeds of the same species differ in size partly because weeds 
emerge in flushes and germinate from different depth and partly because of genetic 
variation. 
 
The linear relationship in leaf cover and yield can be different for different crops and 
different weed species. There are many factors which influence the effect of weeds 
on crop yield. One of these factors is the relative time of emergence (Kropff and 
Spitters, 1991).  Weeds that emerge earlier, relative to the crop, cause greater yield 
loss by reducing the availability of resources such as light, water and nutrients (Hall 
et. al., 1992; Kropff and Van Laar, 1993). Other factors which influence the 
competition ability are field fertility, soil type, presence and type of tillage, year to 
year variations in weather and abiotic conditions. Jensen (1991) investigated the size 
of a number of weeds and observed that weed competition ability varies with soil 
type, climate and farming system. It was concluded by Kropff (1993) that for 
practical purposes, simple relationships are needed to predict yield loss. For a 
successful weed management model, the site specific information on weed 
distribution, weed species composition and coverage and effect on crop yield should 
be integrated (Christensen et al., 2009).
 
3.3   Weed control threshold 
 
From the regression analysis we can estimate crop yield relative to all percentage of 
weed leaf cover. This estimation can be used to suggest an economic threshold. The 
economic threshold depends upon many factors associated with competitiveness of 
the species and priorities of the farmer. The farmer is given the option to select his 
priorities regarding contamination and market price of the crop. The spraying costs 
and crop yield must also be considered. 
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The selection of threshold changes from crop to crop depends upon many factors like 
harvesting costs, grain yield, contamination, spray dose, seed bank. In a field, there 
are certain areas where weed densities are low and weed control is not economically 
appropriate. In some areas there is a tradeoff between yield loss and spray effects; for 
instance in order to avoid spray effects yield loss may be tolerated; If a farmer wants 
maximum yield, then he may choose the lowest level of weed coverage as a 
threshold; Farmers may accept some weeds to support the biodiversity and farmland 
wild life. The selection of threshold is based on weed management strategy and it is 
up to the farmer to define the level where weeds can not be tolerated. In the case of 
the “intelligent sprayer” the selection of a minimum threshold should be kept flexible 
so that farmer can make his own choice and implement weed control strategy on 
yearly basis. He may consider the recommendations of experts and market 
requirements. 
 
3.4   Yield loss prediction based on leaf cover 
 
In field conditions same number of leaf cover can give different yield loss because of 
various influential factors. Therefore yield loss estimate cannot be given a fixed 
number. However, a certain range or percentage can be found which covers the effect 
of other factors. Yield loss prediction based on leaf cover is novel and an ongoing 
research area. Various models have been developed to relate relative leaf area of 
weeds and crops at early growth stages with the yield loss. Leaf area estimations 
should be done at the early growth stages for example when weeds have about two 
permanent leaves which is the stage when herbicides should be applied if necessary. 
The economic weed control threshold determined from these models can be 
integrated with the weed management model used for the intelligent sprayer boom.  
 
3.5   Side effects of non-uniform spraying 
 
Often late emerging weeds do not strongly influence the yield loss. Some weed 
species in winter wheat, growing under favorable conditions, have no effect on crop 
yield (Lotz et al., 1990). But if these weeds are left uncontrolled, then they may 
increase the seed bank in the soil and become a problem in the future. In such 
situations it makes sense to reduce the weed seed production. In the “intelligent 
spraying boom” project, it is the intention to apply herbicides when a certain weed 
coverage, expressed in number of pixels, is exceeded. In that case we can ignore the 
effect of an increase in the soil seed bank, because the area which is left unsprayed 
and where weed seed are produced may be treated in the following year. In crops 
grown in rows the other solution of this problem is to spray the whole field in the 
beginning. This may be necessary in maize fields where the crop is a weak 
competitor against weeds but later in the season at the second spraying time, we only 
spray the weed infested spots. 

 

Conclusion 
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Estimation of leaf cover through image analysis is a feasible way to estimate weed 
pressure and it is easy to implement in real time intelligent patch spraying. The yield 
loss in maize field was linearly correlated with leaf cover of weeds in the early stage 
of development (4 to 6 permanent leaf stage) where C. album was a dominant weed. 
Weed control threshold can be selected based on the linear correlation. The 
procedure can be extended to find the effect of very low weed densities on yield. 
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Abstract. In recent years, the e-government revolution has induced 
transformational economic and social shifts around the world. The main 
objective of this paper is to analyze and rank the e-government agricultural 
services provided by the Greek government in Citizens Services Center web 
portal. For this reason an analysis of all the official e-government agricultural 
and environmental services was made. In order to characterize e-government 
evolution we use the four stage-model proposed by Layne and Lee (2001). The 
ranking of the environmental and natural resources subcategories was made 
with PROMETHEE II method in order to find which sector has proceeded in e-
government evolution stages. The results show that there is a need to increase 
the interaction between citizens and different government by providing more 
integrated e-government services. 

Keywords: agriculture, environment, e-government 

1   Introduction 

Information and communication technologies (ICTs) have dramatically changed 
the face of agriculture in developed countries. Many activities of farms have been 
linked to databases, electronic communication, portals and websites, giving the 
possibility to farmers for accessing government projects, financial institutions, 
markets, technical and scientific assistance (Andreopoulou, Koutroumanidis, & 
Manos, 2009). In many cases, access to public knowledge and information has 
become a key element of competitiveness in local, regional and international level. In 
economic terms, the information has become so important that it is considered as the 
fourth production factor. In short, the face of agriculture in the developed world has 
changed, and ICT has become increasingly critical for farmers and policy makers 
(AED, 2003).  

On the other hand, rural areas are by definition distant, sparsely populated and are 
dependent on natural resources (Kilkenny, 1998). In Greece, people living in rural 
areas and especially farmers are far away from the decision and policy centers. So, it 
is not always possible for them (due to lack of transport, time or money and improper 
weather conditions) to travel to city centers in order to obtain the necessary 
information or to use the available government services for their agricultural holdings 
(Mahaman, Ntaliani, & Costopoulou, 2005). Greek agricultural public services are
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also characterized by slow computerization, with public services still being 
performed through the traditional way. Access to public knowledge and information 
is limited and does not cover all agricultural fields. Public web portals in many cases 
are not linked, have different navigation structure and only few are updated (Ntaliani, 
Costopoulou, & Karetsos, Mobile government: a challenge for agriculture, 2008). 
Particularly, e-government portals play an essential role, as are access points for 
citizens to local, regional or national electronic administration(Saprikis, 
Vlachopoulou, & Manthou, 2009). E-government refers to government’s use of 
Information and Communication Technologies (ICTs), and particularly web portals 
to provide government information and services to citizens, businesses and 
government, in order to improve transparency, effectiveness and efficiency of public 
administration services(Ntaliani, Costopoulou, Karetsos, Tambouris, & Tarabanis, 
Agricultural e-government services: An implementation framework and case study, 
2010). 

The main objective of this paper is to analyze and rank the e-government 
agricultural and environmental services provided by the Greek government in 
Citizens Services Center web portal. The paper is organized as follows. In the 
following section, e-government types and stages are presented. In Section 3 the 
official greek e-governmente services are analysed and classified, followed by the 
reanking methodology in Section 4. Section 5 discusses the main results of the 
PROMETHEE II methodology. The final section concludes. 

2   e-Government types and stages 

In recent years, the e-government revolution has induced transformational 
economic and social shifts around the world. In order to proceed in designing and 
developing an e-government portal for agricultural services we have to define first 
what e-government is. For e-Government have been given many definitions, some of 
them are complex and others are simpler. One simple definition is given by the 
United Nations, which defines e-Government as "the use of ICT and its application 
by the government for the provision of information and public services to the people” 
(UN World, 2005). Another definition is given by the Organization for Economic 
Co-operation and Development (OECD) which defines e-Government as “the use of 
ICTs, and particularly the internet, as a tool to achieve better government” (OECD, 
2003). In parallel, the European Union (The Commision of the European 
Communities, 2003) defines e-government as "the use of ICT combined with 
organizational change and new skills in order to improve public services, democratic 
processes and public policies”. In a simple definition we can define the e-
Government as "the provision of online public services and information, 24 hours a 
day and 7 days a week”. 

Many authors mentioned that the main goals of e-Government are to improve the 
efficiency of public administration and reduce administrative burdens for businesses 
and citizens. The types of e-government are established depending on the type of 
transactions that come in contact with the public administration. E-government 
includes electronic interactions of three types (Montagna, 2005): 
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a) Government-to-Citizen, (G2C),  
b) Government-to-Business, (G2B) and  
c) Government-to-Government (G2G)  
Recently have been added and two more types (Devadoss, Pan, & Huan, 2002): 
d) Government to Non-Governmental Organizations (G2NGO) 
e) Government to Non-Profit Organizations (G2NPO) 
In order to characterize e-government evolution we use the four stage-model 

proposed by Layne and Lee (2001). E-government services normally evolve through 
a four stage process (Layne & Lee, 2001). Stage 1 includes the initial web presence 
(publication of information on a web site), stage 2 includes limited interactions 
(online interactivity), stage 3 includes transactions (electronic delivery of documents) 
and stage 4 includes transformation (electronic delivery of services) (Gil-Garcia & 
Martinez-Moyano, 2007). 

Adoption of e-government services has many potential benefits. First of all 
providing citizens with a greater range of services and delivery channels. One other 
point is that e-government is giving citizens greater access to the range of services by 
providing better, easier to use information on-line and joining up services at the point 
of delivery. It also gives services in a way which suits citizens' and businesses' needs 
by providing services on-line, 24 hours a day and providing faster and more accurate 
services. Finally, improves efficiency by replacing manual processing of routine high 
volume work by IT systems and it can also be used to make the purchasing of goods 
and services more efficient. 

3 Greek Agricultural e-Gov Services 

The aim of this paper is to find all the agricultural e-Gov Services provided by Greek 
Government to classify and rank them. For this reason, we analyzed the “Environment 

and Natural Resources” services of the website of KEP (www.kep.gov.gr), who has 
designed and developed electronic information covering the entire Public Sector, 
making an easier access for Internet transactions to the Public Administration. 
Additionally, it provides citizens and businesses alike, a central information and e-
services hub for a series of administrative procedures, implementing a very 
significant step towards e-governance. 

 Table 1. Thematic Categories and services 

A/A Thematic Categories Services %

1 Labour, Insurance and Pension 733 33.7%

2 People, Communities and Living 185 8.5%

3 Entrepreneurship and Competitiveness 166 7.6%

4 Transportation, Travel and Tourism 156 7.2%

5 Environment and Natural Resources 155 7.1%

6 Economy and Finance 139 6.4%

7 Health and Social Care 129 5.9%

8 City planning and Land registry 116 5.3%

9 Education and Research 111 5.1%
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10 Justice and Public Administration 109 5.0%

11 Public Order and Defence 92 4.2%

12 International and European Union Affairs 39 1.8%

13 Information and Communication 21 1.0%

14 Culture and Leisure 21 1.0%

Total 2172 100.0%

All the services, available to users, are organized in basic thematic categories. In 
the next tables, a detailed description of what each thematic category contents is 
presented. Each thematic category includes specific services. Table 1 presents the 
distribution of the 2.172 services in the fourteen thematic categories. Each thematic 
category includes certain subcategories regarding the thematic issues, covered in 
each one. As we can see, Work, Insurance and Pension is the category that includes 
the most services (733) and covers 33.7%. The next category is People, Communities 
and Living which includes 185 services and covers the 8.5% of total services. 
Entrepreneurship and Competitiveness includes 166 services and covers 7.6%. 
Moreover, the category Transportation, Travel and Tourism includes 156 services 
(7.2%) and Environment and Natural Resources includes 155 services (7.1%). The 
next categories is Economy and Finance, which includes 139 services (6.4%), and 
Health and Social Care, which includes 129 services (5.9%). The next categories 
(City planning and Land registry, Education and Research, Justice, State and Public 
Administration) cover about 5.0% each one, and the category Public Order and 
Defence covers 4.2%. Finally, the last categories (International Affairs and the 
European Union, Information and Communication and Culture and Leisure) cover 
less than 2.0% respectively.  

Table 2.  Environment and Natural Resources 

A/A Subcategories Services % 

1 Natural resources 98 61.3% 

6 Flora and fauna 26 16.3% 

2 Energy 14 8.8% 

4 Environmental Protection 12 7.5% 

3 Delineation 9 5.6% 

5 Water resources 1 0.6% 

 
 Total 160 100.0% 

Table 2 focuses on identifying the category “Environment and Natural Resources” 
structure and the number of services included in each one. As mentioned above, each 
thematic category includes certain subcategories. The subcategories included in this 
thematic category are: Utilization of natural resources, Flora and fauna, Energy, 
Environmental Protection, Delineation and Water resources.  

The first subcategory is Utilization of Natural resources (Table 3). This category 
includes services that regard Fisheries (26.7% of total services), Agriculture (27.6%), 
Forestry, Livestock (22.9%), Quarries (9.5%), Beekeeping (1.9%), Mines, Quarries, 
Poultry (6.7%) and finally Logging (4.8%).  
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Table 3. Natural Resources 

!/! Subcategories Services %

1 Fisheries 28 26.7%

2 Agriculture 29 27.6%

3 Forestry 0 0.0%

4 Livestock 24 22.9%

5 Quarries 10 9.5%

6 Beekeeping 2 1.9%

7 Mines 0 0.0%

8 Poultry 7 6.7%

9 Logging 5 4.8%

Total 105 100.0%

Table 4. Flora and fauna 

!/! Subcategories Services %

1 Forests 16 61.5%

2 Animals 8 30.8%

3 Plants 2 7.7%

Total 26 100.0%

On the issue of Flora and Fauna there are 26 services. More than the half of them 
(61.5%) regards forests, while 31% regard animals and 7.7% plants (Table 4). 
Moreover, for the Subcategory of Energy, it includes services about renewable 
energies, electricity and fuels (Table 5). The most services in this subcategory 
(78.6%) are about fuels, and the rest 21.4% regard electricity. 

Table 5. Energy 

!/! Subcategories Services %

1 Renewable sources of Energy 0 0.0%

2 Electricity 3 21.4%

3 Fuels 11 78.6%

Total 14 100.0%

Table 6. Environmental Protection 

!/! Subcategories Services %

1 Ban Hunting 0 0.0%

2 Waste Management 8 61.5%

3 Environmental Protection 4 30.8%

4 Pollution 1 7.7%

Total 13 100.0%

Similarly, in the next subcategory about Environmental Protection, there are 13 
ban hunting, waste management, environmental protection generally and pollution 
(Table 6). 61.5% of total services regard waste management, 30.8% of them regard 
environmental protection generally, and 7.7% pollution. 
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Additionally, the services regarding delineation refer to sea shore, streams and 
ditches (Table 7). Most of the services (72.7%) refer to sea shore, while the rest of 
them are equally distributed in streams and ditches. 

Finally, in the last subcategory, Water resources, there are services referring to 
irrigation, lakes, rivers and groundwater (Table 8). 

Table 7. Delineation  

!/! Subcategories Services %

1 Sea shore 8 72.7%

2 Streams 2 18.2%

3 Ditches 1 9.1%

Total 11 100.0%

 

Table 8. Water resources 

!/! Subcategories Services %

1 Irrigation 0 0.0%

2 Lakes 0 0.0%

3 Rivers 0 0.0%

4 Groundwater 0 0.0%

Total 0 0.0%

4 Ranking Methodology 

The method that was used for the ranking of the six subcategories of the 
“Environment and Natural Resources” main category was the multicriteria analysis 
PROMETHEE II, which applied a linear form of function in this particular case, 
using selected criteria. A considerable number of successful applications has been 
treated by the PROMETHEE methodology in various fields such as Banking, 
Industrial Location, Manpower planning, Water resources, Investments, Medicine, 
Chemistry, Health care, Tourism, Ethics in OR, Dynamic management, (Albadvi, 
Formulating national information technology strategies: A preference ranking model 
usin PROMETHEE method, 2004; Albadvi, Chaharsooghi, & Esfahanipour, 
Decision making in stock trading: An application of PROMETHEE, 2007; Amador, 
Sumpsi, & Romero, 1998)(Andreopoulou, Tsekouropoulos, Koutroumanidis, 
Vlachopoulou, & Manos, 2008)(Andreopoulou, Koutroumanidis, & Manos, The 
adoption of e-commerce for wood enterprises, 2009)(Koutroumanidis, 
Papathanasiou, & Manos, 2002)(Olson, 2001)(Siskos & Grigoroudis, 2002)  

The success of the methodology is basically due to its mathematical properties and 
to its particular friendliness of use. 

The PROMETHEE II method (preference ranking organization method for 
enrichment evaluation) is a multicriteria decision-making method developed by 
(Brans & Vinke, A preference ranking organization method: The PROMETHEE 
method for multiple criteria decision making, 1985). It is well adapted to problems 
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where a finite number of alternatives are to be ranked considering several, sometimes 
conflicting criteria. (Brans, Vincke, & Mareschal, How to select and how to rank 
projects: The PROMETHEE method, 1986) considered the following multicriteria 
problem:  

ሼݔܽܯ ଵ݂ሺܽሻǡ ǥ ݂ሺܽሻǡך ܽ א  ሽ,     (1)ܭ
where K is a finite set of actions and ݂ ǡ ݅ ൌ ͳǡ ǥ ݇ , are k criteria to be maximized. 
The PROMETHEE methods include two phases (Roy, 1968) (Roy, 1996): 
- the construction of an outranking relation on K, 
- the exploitation of this relation in order to give an answer to (1). 

In the first phase, a valued outranking relation based on a generalization of the 
notion of criterion is considered: a preference index is defined and a valued 
outranking graph, representing the preferences of the decision maker, is obtained 
(Roy, The outranking approach and the foundations of ELECTRE methods., 1991). 
The exploitation of the outranking relation is realized by considering for each action 
a positive and a negative flow in the valued outranking graph: a partial preorder 
(PROMETHEE I) or a complete preorder (PROMETHEE II) on the set of possible 
actions can be proposed to the decision maker in order to achieve the decision 
problem. Only a few parameters are to be fixed in these methods and they all have an 
economic signification so that the decision maker is able to determine their values 
easily. Furthermore, some small deviations in the determination of these values do 
not often induce important modifications of the obtained rankings. 

The preference structure of PROMETHEE is based on pair wise comparisons. In 
this case the deviation between the evaluations of two alternatives on a particular 
criterion is considered. The preference index for each pair of alternatives ܽǡ ܾ� א   ,ܭ
ranges between 0 and 1. The higher it is (closer to 1) the higher the strength of the 
preference for ܽ over ܾ is.  
 ሺ݀ሻ is an increasing function of the difference ݀ between the performances ofܪ

alternatives ܽ and ܾ on each criterion. ܪሺ݀ሻ is a type of preference intensity (Vincke, 
1992). This function is represented by figure 1. 

ሺ݀ሻܪ ൌ ൜ܲ
ሺܽǡ ܾሻǡ������݀  Ͳǡ
ܲሺܾǡ ܽሻǡ�����݀  ͲǤ      (2) 

The ܪሺ݀ሻ function can be of various different forms, depending upon the 
judgment policy of the decision maker (Kalogeras, Baourakis, Zopounidis, & Dijk, 
2005). Generally, six forms of the ܪሺ݀ሻ function are commonly used (Brans, 
Macharis, Kunsch, Chevalier, & Schwaninger, 1998) suppose that the decision maker 
has specified a preference function ܲ, and weight ߨ�for each criterion ݂ǡ ሺ݅� ൌ
�ͳ�Ǥ Ǥ Ǥ Ǥ Ǥ ݇ሻ of problem (6). The weight ߨ is a measure of the relative importance of 
criterion ݂ if all the criteria have the same importance for the decision maker, all 
weights can be taken equal.  

The multicriteria preference index ߎ is then defined as the weighted average of 
the preference functions ܲ: 

ሺܽǡߎ ܾሻ ൌ σ గሺǡሻ
ೖ
సభ
σ గೖ
సభ

     (3) 
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ሺܽǡߎ ܾሻ represents the intensity of preference of the decision maker of action ܽ 
over action ܾ, when considering simultaneously all the criteria. It is a figure between 
0 and 1 and: 

- ሺܽǡߎ ܾሻ ൌ Ͳ denotes a weak preference of ܽ�over ܾ for all the criteria, 
- ሺܽǡߎ ܾሻ ൌ ͳ denotes a strong preference of ܽ over ܾ for all the criteria. 

This preference index determines a valued outranking relation on the set ܭ of 
actions. This relation can be represented as a valued outranking graph, the nodes of 
which are the actions of ܭ.  When each alternative is facing other alternatives in ܭ, 
the following outranking flows are defined:   

The positive outranking flow:  
 ߮ାሺܽሻ ൌ σ ሺܽǡߎ ܾሻ�א    4) 

The positive outranking flow expresses how an alternative is outranking all the 
others. It is its power, its outranking character. The higher the�߮ାሺܽሻ�, the better the 
alternative. 

The negative outranking flow: 
߮ିሺܽሻ ൌ σ ሺܾǡߎ ܽሻ������א     (5) 

The negative outranking flow expresses how an alternative is outranked by all the 
others. It is its weakness, its outranked character. The lower the�߮ିሺܽሻ�, the better the 
alternative.  

The net outranking flow can is the balance between the positive and the negative 
outranking flows. The higher the net flow, the better the alternative: 

߮ሺܽሻ ൌ ߮ାሺܽሻ െ ߮ିሺܽሻ�   (6) 

4.1 Application of the methodology 

The next stage is the ranking of the six Environment and Natural Resources 
subategories with the implementation of the multicriteria method of PROMETHEE 
II, according to specific criteria. The criteria we have chosen are the number of the 
services included in each category and the number of the services included in each 
stage (publication of information on a web site, online interactivity, electronic 
delivery of documents and electronic delivery of services). The next table (table 9) 
presents the rates of the services of each category, included in the four different 
stages. 

Table 9. Rates of environment and natural resources e-gov services distribution in the four e-
gov stages 

A/A Thematic Categories Stages

1st 2nd 3rd 4th

1 Utilization of natural resources 21.43% 73.47% 2.04% 3.06%
2 Energy 28.57% 64.29% 7.14% 0.00%
3 Delineation 88.89% 11.11% 0.00% 0.00%
4 Environmental Protection 58.33% 41.67% 0.00% 0.00%
5 Water resources 100.00% 0.00% 0.00% 0.00%
6 Flora and fauna 19.23% 69.23% 11.54% 0.00%
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The multi-criteria method PROMETHE II was applied as a part of the theory of 
relevance superiority. The shape of the  ܪሺ݀ሻ function selected is the Gaussian form 
(Gaussian criterion) defined as follows: 

ሺ݀ሻܪ ൌ �ͳ�Ȃ  ଶሽ�    (7)ߪʹሼെ݀ଶȀݔ݁
where ݀ is the difference among the categories ܽ and ܾ ሾ݀ ൌ ݂ሺܽሻ ൌ ݂ሺܾሻሿ and ߪ 

is the standard deviation of all differences ݀ and for each criterion. 
The multicriteria indicator of preference ߎሺܽǡ ܾሻ which is a weighted mean, of the 

preference functions ܲሺܽǡ ܾሻwith weights ߨ for each criterion, express the 
superiority of the category ܽ against category ܾ�after all the criteria tested.  

We received 50 scenarios of weights and on each scenario of weights we receive 
10 scenarios on the standard deviation of  ߪ  distribution of   Gauss. The 10 scenarios  
 the standard deviation of ݏ where ,ݏ�with step�ͲǤʹͷݏuntil ʹǤͷ ݏoscillate from ͲǤʹͷ ߪ
all differences ݀ for the each criterion. Globally we take 500 prices for each net flow 
per category and find the medium price (Koutroumanidis, Nicola Giata, 
Papathanasiou, & Manos, 2002). 

When two categories ሺܽǡ ܾሻ are compared to each other one is assigned two values 
of flows:  the positive and the negative outranking flow. The positive flow expresses 
the total superiority of the category ܽ against all the other categories for all the 
criterions. The negative flow expresses the total superiority of all the other categories 
against category  ܽ for all the criterions.  

The net flow is the number that is used for the comparison between the categories 
in order to obtain the final ranking. ߔሺݔሻ�is the net flow of each category. Thus is 
created the table of net flows of the six categories according to that becomes the 
ranking of them. The net flows are presented in table 10 and the ranking of the six 
categories as obtained from the net flows, is presented in table 11.

The category ranked in first place is Utilization of Natural Resources. According 
to the results of the analysis we observe that Flora - fauna and Energy have also 
positive net flows and possess the second and third place, respectively. The next 
positions in the ranking belong to Delineation and Environmental Protection with 
small negative net flows around 0. At the lowest position we find the Water 
Resources with negative net flows. 

Table 10. Net flows of the 6 Categories 

Services Net flows
X1 Utilization of natural resources "1

X2 Energy "2

X3 Delineitation "3

X4 Environmental Protection "4

X5 Water resources "5

X6 Flora and fauna "6

Table 11. Ranking of the 6 Services 

Ranking Services Net Flow 
1 Utilization of natural resources !1 0.777761 

2 Flora and fauna !6 0.556467 
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3 Energy !2 0.120247 

4 Delineation !3 -0.24157 

5 Environmental Protection !4 -0.30767 

6 Water resources !5 -0.90523 

5 Conclusions 

The aim of this paper is to analyze and rank the agricultural and environmental e-
gov services provided officially by the Greek government portal KEP 
(www.kep.gov.gr). For this reason an analysis of all the e-government agricultural 
services was made. The classification results show that the agricultural and 
environmental e-government services are in the fifth place of the main categories 
provided by the Greek government. Specifically, agricultural, livestock and fisheries 
e-gov services are the main subcategories of the natural resources and the services 
provided are well organized. 

On the other hand, the distribution of these services in the four e-government 
evolution stages shows that the majority belongs to the initial stages of the simple 
web presence and interaction. Greek government web services normally offer static 
information about agencies and government organizations.  

The ranking of the environmental and natural resources subcategories was made in 
order to find which sector has proceeded in e-government evolution stages. The 
criteria chosen was the number of the services included in each category and the 
number of the services included in each e-government stage. The results show that 
utilization of natural resources which includes e-government services for agriculture, 
livestock and fisheries was ranked in the first place. The results also show that there 
is a need to increase the interaction between citizens and different government by 
providing more integrated e-government services. Therefore, Greek government 
needs to cross organizational boundaries and develop a comprehensive and integral 
vision of the government as a whole.  
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Abstract. Several indicators have been available for evaluating the 
coenological-ecological status of habitats. Of these, functions that are simple 
to use in a standardized way are of great importance in environmental biology. 
One such method involves listing the genera occurring in a given habitat with 
large abundance and species richness. In our study, the indication power of 
genus-level lists of Oribatid mites and the underlying effects behind the 
generation of similarity patterns were analysed using data on Oribatid mites 
collected by ourselves and derived from the literature. Our objective was to 
develop a method by which the distance between two Oribatid mite genus lists 
originating from any sources is evaluated for correspondence to spatial scales. 

Keywords: Oribatid mites, genus list, family list, distance function, 
indication, pattern generation 

Introduction 

There have been only a few efficient tools to express objectively and numerically 
the current state and naturalness of a given habitat. This poses a huge problem in 
conservation practice since this information is essential for decision-makers to judge 
properly to what extent a habitat is disturbed and if it needs protection. To overcome 
this problem, suitable indicator groups of organisms and methods should be 
established. 

The main goal of this study is to set up a comparison scale based on genus-level 
presence-absence data of Oribatid mite communities (Acari: Oribatida) from habitats 
examined at different spatial and temporal scales. The secondary goal – and this 
time the precondition as well - is to get a reliable picture on the indication power of 
the distances to be used.
___________________________________
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The use of Oribatid mites as indicators for describing the status of their habitat is 
justified by the special characteristics of the group. Oribatid mites can be found in 
almost all kinds of habitats: on land and in water; first of all in the organic horizons 
of soils. However, they have penetrated into different other microhabitats as well 
(e.g., lichens, bryophytes, bark etc.), which is mainly due to the great variability of 
their food sources (e.g. organic debris, fungi, other mites, etc.). In addition to the 
diversity of habitats, their high adaptation ability is also shown by their enormous 
abundance and species richness. The above features may be utilized by using 
coenological methods (Lebrun & van Straalen, 1995; Behan-Pelletier, 1999; Gulvik, 
2007; Gergócs & Hufnagel, 2009). 

The choice of the genus level is reasonable ecologically. Caruso & Migliorini 
(2006) have shown that there were no significant changes in the data on the 
anthropogenic disturbance on Oribatid mites when switching from species level to 
genus level. Our study has a similar objective: we would like to see how potential 
habitat changes are indicated based on genus level lists. Podani (1989) had a similar 
observation in case of plants, according to which switching to genus level did not 
cause significant change when comparing the examined habitats. Osler & Beattie 
(1999) carried out a meta-analysis, which confirmed our assumption that taxonomic 
levels above the species are suitable for comparing habitats. This research showed 
that habitats can be distinguished on family level as well in case of Oribatid mites, 
therefore our study also covers family level besides the genus level. There were also 
some other arguments in favour of this decision, namely that the number of 
databases used could be considerably extended in this way. In addition, taxonomical 
processing could become faster and more reliable in our field studies as well. Genus-
level identification of Oribatid mites is solved on the basis of the work by Balogh & 
Balogh (1992) on a global scale, too. However, species-level identification is only 
possible for some zoogeographical regions and only some taxa on a global scale 
since the related literature is not synthesized yet properly (e.g. Balogh & Mahunka, 
1983; Olsanowski, 1996). 

By setting up the spatial and temporal scales, we expected that comparisons 
order of Oribatid mites’ habitats based on the genus and family lists corresponds to 
actual spatial and temporal scales, i.e. the farther and qualitatively the more different 
habitats our lists originate from, the greater difference is found among similarities 
inside the given categories. However, if data originate from the same site, the 
difference among the examined samples should be greater in case of the lists which 
are more distant in time from each other. 
The main goals of the present study are the following.  

1. Developing a spatial and temporal scale reference based on the genus- and 
family-level taxon lists with the help of similarity functions. 

2. Examining the degree of distances in the similarity order used for 
indication. 

3. Utilizing the distances for comparing the habitats being under the effects of 
human perturbations with natural habitats measuring the extent of disturbance. 
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Materials and Methods 

Categories and sources of the genus lists. In order to be able to determine to 
which spatial and temporal distance the Oribatid mite genus lists of two 
samples/sites correspond, different categories had to be defined (Gergócs et al. 
2010). These categories were set up considering the combination of the given spatial 
and temporal scales the examined pair of genus lists originates from. These 
combinations were as follows. 

First of all, some categories originate from the same zoogeographic kingdom, the 
same topographic position (i.e., country) and the same type of habitat, so we will not 
sign them in the codes of these categories. The first category originates from a 
homogenized, parallel sample collection (HPS- from own research). Also our own 
study from Hungary made it possible to set up categories on pattern levels meaning 
a distance of 2, 12, 24 and 52 weeks, in which substrate-microhabitat (S), habitat 
(H), topographicum and zoogeographic kingdom were the same (Sa). Regarding the 
time (Ti), we differentiated these categories: SaS/Ti-2, SaS/Ti-12, SaS/Ti-24 and 
SaS/Ti-52. 

Samples were collected from three different places in Hungary to compare 
several habitat types and substrate types: 1) bank of the Danube: a floodplain forest, 
a meadow and a Black Locust (Robinia pseudo-acacia) plantation. 2) Velence 
mountains: a dry oak forest, a mossy thermophilous Quercus pubescens wood, a 
European hornbeam forest. 3) !rség district: a spruce plantation, a hornbeam-beech 
forest, a meadow. 

Two categories were made from the data described above: SaS/Hu/close and 
SaS/Hu/far. These codes mean that the same type of substrates in the same type of 
sites were compared with the same type of substrates that belonged to a closer or a 
farther (being several kilometres far from the other site) site of the same type.  

Data of the last category of the same substrates (SaS-trop) were collected from 
the tropics, by Janos Balogh. Data of Oribatid mite genus lists are from a moss 
forest in Costa Rica, a rain forest and a paramo in Brazil, and a rain forest in Papua 
New Guinea. 

The next change in scale is the difference in substrate: DS. Two groups of these 
genus lists originate from our own database from the temperate zone (DS-temp) and 
from the above mentioned manuscripts by Balogh (DS-trop). The other two 
categories were made from the database of other sites in Hungary differentiating the 
distance in same types of sites: DS/Hu/close and DS/Hu/far. 

Genus lists belonging to the same types of tropical and temperate habitats (SaH-
trop, SaH-temp) were obtained from the manuscripts by János Balogh (Australia, Sri 
Lanka, Papua New Guinea, Costa Rica and Ecuador), the study by Migliorini et al. 
(2005) and the studies by Hammer (1958, 1961, 1962, 1966).  

Sources of the categories of different habitats (DH-trop, DH-temp) are: studies 
by Noti et al. (1996), Migliorini et al. (2002), Osler & Murphy (2005), Skubala & 
Gulvik (2005), Arroyo & Iturrondobeitia (2006), Osler et al. (2006), manuscripts by 
János Balogh, published series by János Balogh (Balogh et al., 2008) and studies by 
Hammer (1958, 1961, 1962, 1966). A series belonging here originates from samples 
collected by Levente Hufnagel in Australia (2006, Australia: QLD, Cairns). 
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At this level, the genus lists from Hungarian habitats were examined as well. 
Accordingly, the following categories were made: SaH/Hu/far, DH/Hu/close, 
DH/Hu/far. SaH/Hu/close could not be created because of missing data. 
In case of genus lists originating from different topographic positions (practically 
countries, DT), we considered the point if they originated from the same 
(SaK/DH/SaH) or different sites (SaK/DT/DH) and if the two topographic positions 
were in the same or different zoogeographic kingdoms (DK/DT/SaH, DK/DT/DH). 
These series came from studies by János Balogh and Marie Hammer. 

In the last category, the complete genus lists of the six zoogeographic kingdoms 
were compared according to the work by Balogh & Balogh (1992) (DK). 

Applying the reference list. Adaptability of our results will be demonstrated by 
showing some examples from other papers. In order to get genus lists from species 
lists we used five publications comparing natural mite assemblages with Oribatid 
mite communities destroyed by human disturbance. Hülsman & Wolters (1998) 
evaluated the effects of three tillage practices on soil mites in a replicated field 
experiment. Zaitsev & van Straalen (2001) made a study of Oribatid mite 
communities and their responses to metal contamination. Andrés and Mateos (2006) 
used soil mesofaunal bioindicators to evaluate four post-mining restoration 
treatments. Surveying the efficiency of treatments was carried out after 12 years by 
examination the soil mesofaunal responses. Berch et al. (2007) studied the responses 
of Oribatid mite species to site preparation treatments in high-elevation cutblocks. 
Déchene & Buddle (2009) tested how different experimental harvesting regimes 
affect the diversity, abundance and composition of Oribatida in a forest in Canada. 
Descriptions of the compared sites can be seen in Table 2. 

The similarity values of the genus list pairs created from the above papers were 
obtained with the Ochiai function. On each occasion the genus list of control sites 
was compared with genus lists of treated sites. Finally, the distance data calculated 
in this way were confronted with the values of reference list checking which 
category suits the distance between control and treated sites. Sites in the studies 
mentioned above always originated from the same type of substrates and 
topographic positions (countries). 

Data processing. From the databases we did not consider all possible list 
combinations which fit the category, only the ones having at least nine genera. After 
our complete genus list database was set up, the number of genera of the two lists 
and the numbers of the common genera were determined considering the genus list 
pairs in each category. As we had only presence-absence data and the value “d” of 
the contingency table was not considered in the case of the genus list pairs, the 
Ochiai and Jaccard functions were used as similarity functions (Podani, 1997). The 
similarities in each category were calculated from the means of the values of the 
similarity functions for the genus list pairs.  

As our data were not always independent within a category, it was determined 
with a complex method to what extent the means of the categories differ from each 
other. 

As there were few data in categories from Hungary we concentrated them with 
other adequate categories e.g. DS/Hu/close and DS/Hu/far with DS-temp. Since 
there was no SaD-temp category we made one from the categories SaS/Hu/close and 
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SaS/Hu/far for this examination. So, the original 24 categories reduced to only 18 
categories. We had several distance function values within each category as we had 
85 genus list pairs within one category on average. From among the distance 
function values of each category, fifteen values were chosen randomly with the help 
of a random number generator in the Excel software. It was carried out ten times in 
case of each category. In this way we got 10 series containing 15 values for each 
category. Series of the data table containing 10!15 values in case of each category 
were now independent and since normal distribution could not be observed within 
each category, the data were analysed with the Kruskal-Wallis statistical test using 
PAST software (Hammer et al., 2001). Each of the 18 series was analysed with the 
Mann-Whitney post hoc test as well, so we got ten tables containing 18!18 post hoc 
test results. One table (Table 1) was made out of these ten tables, which shows that 
how many times there are significant differences among the ten results at the 5% 
significance level. Based on this we were able to decide which categories differ from 
each other significantly. 

The above analyses were carried out at the family level as well. 

Results

Order of genus and family list categories. Figure 1 displays intervals with 
standard error around the Ochiai distance means in case of each category. 

 The category of homogenized parallel sampling (HPS) shows the outstanding 
largest similarity between the samples. This was followed by the samples originating 
from same (SaS) and different (DS) substrates. These two types of categories do not 
differ from each other because their orders are mixed. Similarities of genus lists 
originating from different times are the next: first the two-week-difference, then the 
12-, 24- and finally the 52-week-difference. There is greater difference between 
genus compositions of Hungarian samples originating from the same type of habitat 
being in large geographical distance but originating from the same or different 
substrates (.../far) than in case of samples from closer habitats (.../close). Categories 
of tropical samples on substrate level are further back than the categories from the 
temperate zone comparing among each other with less geographical distances. The 
similarities of the “.../far” samples originating from different substrates are low so 
these categories have fallen amongst the categories differing in site level. 

An opposing phenomenon can be seen on habitat level (SaH and DH). Habitats 
from the tropics are more similar to each other than the habitats from the temperate 
zone. The geographical distance has reduced the similarity between communities 
also on habitat level since the further habitats are more different from each other 
than the closer habitats. Same and different types of habitats have not been sharply 
separated from each other. Oribatid genus lists from different types of habitats in the 
same zone tend to be less similar to each other than the genus lists from the same 
habitat types.  
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Fig. 1. The order of categories at the genus level. Similarity increases from right to left. For 
codes, see text. 

In the last “block” showing the lowest similarities are categories measuring the 
difference of genus lists on habitat level between topographic positions (DT). The 
same type of habitat (DT/SaH) shows greater similarity than the different habitat 
(DT/DH) irrespectively of that the positions are either in the same zoogeographical 
kingdom or in different ones (SaK-DK). The category DK is among these 
categories. We got nearly the same results using both similarity functions (Ochiai 
and Jaccard), only the order of three pairs of categories has been inverted by the 
Jaccard function, but this condition does not cause inconsistency with statements 
mentioned above. 

The results on family level largely correspond with the results on genus level. 
There is one notable difference from the results on genus level. The category DK has 
fallen amongst the categories of substrate level. 

Significance of distances between genus and family list categories. The category 
of homogenized parallel sampling (HPS) is isolated from all the other categories 
(Table 1). The ten randomly chosen data often show different results for the 
separation of categories. The categories of same substrates (SaS) stand close to each 
other and to the categories of different substrates (DS). The uncertainties begin with 
the separation of categories of SaH and DH from the category groups of SaS, DH 
and DT. The categories of different topographic positions (DT) go together very 
much but they are uniformly separated from the categories of same and different 
substrates (SaS and DS). The categories of the same and different habitats (SaH and 
DH) fluctuate between the two large blocks, i.e. they vary if they are close either to 
the block of DT categories or to the block of SaS/DS. Distinction of tropical and 
temperate zones on the given habitat level is of importance only by different habitats 
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(DH), e.g. DH-temp and DH-trop often separate from each other significantly. We 
got the same results on family level as on genus level like in the case of orders. The 
DK category is significantly different from the block of different topograchica (DT). 

Table 1 The significance of differences between the 18 genus list categories according to 
Mann-Whitney tests. The numbers in the table mean that how many times there are significant 
differences between the categories among ten results at p=0.05. 
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HPS 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 
SaS/Ti-2  0 2 4 5 8 7 9 10 10 10 10 10 10 10 10 10 

SaS/Ti-12   3 3 3 4 5 7 10 10 10 10 10 10 10 10 10 
SaS/Ti-24    0 1 0 1 3 9 10 10 10 10 10 10 10 10 
SaS/Ti-52     0 1 0 4 6 7 6 10 10 10 10 10 10 
DS-temp      0 0 0 1 6 8 10 10 10 10 10 10 
SaS-trop       0 1 3 5 5 10 10 10 10 10 10 
SaS-temp        0 3 6 7 10 10 10 10 10 10 
DS-trop         1 3 4 9 10 10 10 10 10 
SaH-trop          0 2 7 6 10 9 9 10 
DH-trop           1 5 4 10 10 9 10 

SaH-temp            5 4 9 9 8 10 
DH-temp             0 0 0 0 3 

SaK/DT/SaH              0 0 1 7 
DK               1 0 3 

DK/DT/SaH                0 4 
SaK/DT/DH                 1 

Applying the created reference list. Dissimilarities for the genus lists of the five 
publications are shown in Table 2. It can be seen that how much change was caused 
by several human perturbations in the composition of Oribatid community in a given 
habitat. Several human interventions examined by Hülsman and Wolters (1998), 
Déchêne and Buddle (2009) and Zaitsev and van Straalen (2001) did not cause much 
change in the composition of Oribatid communities since the differences between 
the analyzed habitats are as much as the differences between the communities from 
the same habitat and the same substrate (SaS). 

However, Déchêne & Buddle (2009) found that clear cut and burning after 
harvest have large effects on Oribatid mite communities. In this case the distance 
between the communities are up to the distance either in case of between same 
habitats or in case of between different types of substrates. We could find similar 
results by the perturbations in (Berch et al. 2007) namely not only burning but 
mounding and scalping the soil have important effects on Oribatid communities. The 
greatest differences could be measured in case of succession in a post-mining 
restoration some years after the beginning in the study of Andres and Mateos (2006). 
In this study, samples originating from adjacent natural habitats differ as much from 
the Oribatid genus lists of post-mining habitats as the habitats from the same or 
different topographica differ from each other. 
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Table 2. Ochiai dissimilarities between the genus lists from the five publications. Table 
shows the attributes of the compared sites and the categories having the same values of 
distances. 

Sources Control sites Treated sites 
Ochiai 

function 
values 

Categories 
correspond to 

values 

Hülsman 
& 

Wolters 
(1998) 

no soil cultivation conventional tillage with a 
mouldboard plough 0,84 

HPS no soil cultivation soil cultivation with a chisel plough 0,84 

no soil cultivation minimum tillage with a springtine 
cultivator 0,84 

Zaitsev 
& van 

Straalen 
(2001) 

at a distance of 10 km 
from the smelter* 

at a distance of 3 km from the 
smelter * 0,83 

HPS at a distance of 10 km 
from the smelter* 

at a distance of 2 km from the 
smelter * 0,73 

at a distance of 10 km 
from the smelter* close to the smelter* 0,78 

Andrés 
& 

Mateos 
(2006) 

neighbouring 
unexploited forest area soil spreading 0,44 

SaK/DT/SaH,
DH-temp, DS, 

SaH/Hu/far 
neighbouring 

unexploited forest area 
soil-spreading+ grass and herb 

sowing 0,54 
DH-trop,  

SaH-temp, 
DH/Hu/close 

neighbouring 
unexploited forest area soil spreading + tree planting 0,56 

neighbouring 
unexploited forest area soil spreading+ sowing+ plantation 0,52 

Berch et 
al. 

(2007) 

untreated forest floor burned 0,63 

SaS, DS, SaH-
trop 

untreated mineral soil burned 0,55 

untreated mineral soil mounded 0,61 
untreated mineral soil scalped 0,55 

Déchêne 
& 

Buddle 
(2009) 

control site (leaf litter) one-third partial cut 0,88 

SaS ; HPS 

control site (leaf litter) two-third partial cut 0,89 
control site (leaf litter) clear cut 0,87 
control site (leaf litter) controlled burn-after-harvest 0,84 

control site (soil) one-third partial cut 0,69 
control site (soil) two-third partial cut 0,71 
control site (soil) clear cut 0,61 SaS, DS 
control site (soil) controlled burn-after-harvest 0,53 SaS, DS 

Discussion 

Order of the genus list categories. Prominent similarity of the homogenized 
samples is not extraordinary, but it is important that they do not show the maximum 
(i.e., 1). Consequently if there is no difference between two samples there can be 
some deviation caused by sampling or by accidence. It can be assessed that two 
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samples are different only when the distance between them is less than the value of 
the HPS category. 

It can be clearly seen that genus lists differed only in substrates are more similar 
to each other than comparing whole sites or sites differing in topographica with each 
other. We would have expected that the distance between different substrates (DS) 
would be larger than between same substrates (SaS). This result was shown at the 
order of the categories but it was not significant. Karasawa and Hijii (2004) showed 
that the species composition of Oribatid communities in mangrove forests is more 
likely to be affected by factors responsible for microhabitat diversity than by 
geographical distance between the examined islands. It means that the same type of 
microhabitats on two distant sites may be more similar to each other than two 
different substrates on the same site. 

We did not see large changes in Oribatid mite community composition living in 
a given substrate type after a year. The result met our expectation but the separations 
of the categories were not significant. In our study, we could examine a period of not 
more than a year difference between genus lists but when an Oribatid mite 
community was monitored in a beech forest for 6 years by Irmler (2006), he found 
more than 75% similarity in the communities of various years. 

In the tropics, substrates are more different from each other than in the temperate 
zone. At the level of habitats tropical sites are more similar to each other than the 
sites in the temperate zone. According to these two results in the temperate zone the 
Oribatid genus lists of microhabitats are more homogeneous than in the tropics, as in 
the tropics the genus lists of habitat types are more uniform. But since the 
differences are not significant between the results of tropical and temperate zone, 
this can signify only a trend. 

Categories of different topographica (DT) were unambiguously separated from 
the categories of substrate level. Data of substrate and habitat levels from different 
sites in Hungary showed that geographical distances can cause large differences 
between Oribatid genus compositions. Zaitsev and Wolters (2006) studied the 
impact of climate across Europe on the structure and diversity of Oribatid 
communities. They found that at the chosen scale climate had moderate impact on 
abundance and biomass of Oribatida communities showing that some other 
important factor(s) cause(s) larger difference between species and as we could see 
between genus compositions in larger level of geographical distance. 

On genus level, distance between zoogeographic kingdoms means the same 
difference as it is between genus lists originating from different countries 
(topographica). It is remarkable that zoogeographic kingdoms were mainly 
differentiated based on vertebrate groups and if an invertebrate group, in this case 
Oribatid mites are regarded, difference between zoogeographic kingdoms on 
vertebrate level can cover smaller topographica and not continents in case of 
Oribatid mites. On family level, distance between zoogeographic kingdoms means 
the same difference as between family lists originating from the same or different 
types of substrate. In case of Oribatid mites, zoogeographic kingdom is not a 
reasonable unit of differentiation on family level, while it is one of the units of 
differentiation in case of vertebrates, which is most likely due to the fact that 
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separation of Oribatid mite families historically preceded the separation of 
continents.  

Analyzing different topographica we found that the Oribatid communities living 
in the same type of habitats resembled each other much more than in case of 
communities living in different habitats when genus lists were compared between 
different zoogeographical kingdoms. This confirms our previous assumption that the 
type of a habitat may play a greater role in pattern formation than the 
zoogeographical kingdoms. Balogh et al. (2008) obtained the same results. 

The order of assay on family level often differs from the order on genus level, 
but these differences are mostly by categories where distances are not significant so 
the differences are not considerable. Similarities between results of family and genus 
level point out that it is possible to use the family level instead of the genus level 
from a taxonomical point of view in the comparisons suggested by us. This 
corresponds to the results of the meta-analysis by Osler and Beattie (1999) – similar 
to ours – in which it was found after the analysis of 25 studies that habitats were 
mainly chosen on family level and they suggested that the family level could be 
enough to quickly estimate the diversity of an area. 

We could observe that certain human disturbances would not cause big changes 
in Oribatid communities as if we repeated sampling from the same substrate. 
Increasing perturbation by tillage practices (Hülsman and Wolters, 1998), effects of 
metal contamination in different distances from a smelter on Oribatid communities 
(Zaitsev and van Straalen, 2001), and at last the effects of experimental harvesting 
regimes after eight years on Oribatid mites in a mixed boreal forest (Déchêne and 
Buddle, 2009) are cases which point to the above mentioned small changes. By the 
other cases we could be allowed to examine larger distances caused by perturbation: 
burning after clear cut harvest in a temperate deciduous forest (Déchêne and Buddle, 
2009), burned, mounded and scalped forest floors (Berch et al. 2007) and an 
inchoative stage succession of post-mining restoration (Andrés and Mateos, 2006). 

By means of the standardized reference list shown in this study we can count 
how much spatial distance is equivalent to the similarity of genus or family lists of 
Oribatid communities originating from two unknown samples. Our results show that 
measures of human disturbance can be correlated with spatial differences by means 
of our reference list, namely expressing the effect of perturbation on the composition 
of Oribatid communities. 

Examining Oribatid mites is important because of their special properties, but 
their usefulness in describing the stage of habitats has not yet been exploited. Data 
about them are being assembled but often in an uncoordinated way and they cannot 
be compared properly. Using Oribatid mites suitably requires effective and 
systematic data recording which is standardized and coordinated. Integrated 
processing and interpretation of huge databases should be performed in a way the 
present study demonstrated. 
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Abstract. The achievement of Information Communication Technology (ICT) as a new 
ground for economic competition is deeply affecting the trade organization in many 
merchant sectors. For Italian agrifood products it is of absolute importance Internet 
marketing to be undertaken and to foresee the consequent scenarios. 
The aim of this research is to exactly assess the opportunities and problems of the 
distribution circuit based on the virtual scenario, with a methodological and empirical 
approach, working on the analysis of experiences already begun by agrifood  companies 
established in Italy and engaged in "business to consumer" and "business to business". 
The ICT is configured as a phenomenon in continuous and rapid evolution, which 
makes it necessary for companies to continually adapt to it and to the habits of web-
consumers. This means that it is necessary to effectively enter the network of agrifood 
firms, and to strategically revise marketing methods focusing on the market place.  

Keywords: Knowledge age, webmarketing, e-commerce, electronic channels, web-site, 
typical products. 

1   Introduction 

At the end of XX century two huge phenomena revolutionized economy and 
everyday life: globalization which brought more and more interdependence among 
world’s economies and, technological revolution with Internet and ICTs, Information 
and Communication Technologies.

Characteristics of the Knowledge Age reflect everywhere on today’s society. ICTs, 
Internet protocols, spreading of new electronic services have been affecting every 
sector of our life deeply changing settled habits and systems. In latest years much has 

                                                           
1 This work has fully been carried out in collaboration between the two authors who share 

responsibility completely. Paragraphs 3, 4.2 and 5 are by Alessandro Scuderi, paragraphs 1, 
2 and 4.1 are by Luisa Sturiale.  
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been invested in terms of energy and funds to develop and promote new technologies 
in order to catch opportunities and teach society how to follow changes2

.

Development of digital technology and spreading of computer networks have 
transformed production processes, access to, transfer and use of information. 
Communication technologies allow the easiest access to knowledge and the easiest 
way to create it due to the simple sharing of information – from e-mails to forums to 
social networks – with the consequent reduction of space-time barriers. 

A shift, then, has occurred from the society of communication and information to 
the society of knowledge, that is, from a build-up of information to the elaboration 
and comprehension of information.

  ICTs opened new lands to economic competition which is deeply affecting trade 
in different sectors and in some cases also altering the very competition rules 
themselves.  

Cultural aspects, safety and health of products represent obstacles to the diffusion 
of ICTs and web tools within the agrifood sectors, as well as the lack of quality of 
web sites and the scarce attention paid to the “interactivity” with web-consumers, 
which is fundamental instead for web-marketing. Besides, there is a poor level of 
standardization for these sector products and several difficulties to manage the 
quality by e-commerce (among works of literature we mention – in order of the year 
of publication - a few concerning farms and agrifood SMEs in Italy and abroad: 
Sturiale L., 2000; Sturiale, Scuderi, 2001; Bucca, Scuderi, Sturiale, 2006; Canavari, 
Pignatti, Spadoni, 2008, Brush, McIntosh, 2010, Neilson,  Madill, Haines jr, 2010). 

Target of this paper is to shortly trace the role of ICTs within the Italian economic 
system, in particular in the agrifood one, and then to present the results of our 
research, still in progress, which has allowed us to reveal how agrifood companies 
have exploited the new technologies and how they have adapted to it ( or will) after 
more than a decade since the beginning of the digital revolution. In particular, we 
focused on the way e-commerce has spread into the market and the web-marketing
strategies, by means of specific surveys carried out by field operators and the 
analysis of sample web sites of agrifood companies and producers of local products, 
supported by the special model of 7Cs (Sturiale, Scuderi, 2001).

 
 

2 Scenario of ICTs spreading in Italy 

ICTs applied to medicine, education, politics, economy deeply changing settled 
habits and so starting the so-called digital revolution, which has caused 
democratization of decisional processes, immateriality of culture, open mindedness 
and freedom. Those aspects can be framed, then, in a perspective of worldwide social 
development and improvement of man’s welfare. It is clear that such a phenomenon 

                                                           
2 According to Netcomm and Assinform researches, in 2008 the average percentage of GDP 

destined to invest in ICTs in Europe amounted to 23.0 %; Germany, France and United 
Kingdom with 28.0% and Italy with 19.0%.  
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has not had the same effects everywhere. In fact, the mass media talk of digital 
divide3, which may worse affect the deep social inequalities of each country. In 
particular, according to the “Connectivity scorecard”4, which monitors the web 
impact on the national economy (London Business School), among 25 industrialized 
countries, Italy was 22nd. Sweden, United States, Norway and Denmark, are at the 
top of the list, while Hungary, Poland and Greece, are behind Italy. It is important to 
highlight the e-commerce gap. As far as web-consumers is concerned, in fact, in 
Italy, in 2010, only 12.0% of citizens bought on line once, while in the United 
Kingdom the percentage was 66.0%, in Germany 56.0% and in France 54.0%. 

Within the new virtual scenario, e-commerce is one of the most important and 
dynamic aspects of the bigger process called e-business (Sturiale L., 2000). 

Internet, although maintaining the basic rules of economy, enlarged the 
information revolution (Porter, Millar, 1985), still on, not only at company level, by 
forcing them to transform their business processes, but also at sector level, 
influencing structures and dynamics of competition (Vescovi, Issepon, 2002; OECD, 
20085

).
Companies are internalizing the new market and technologies’ culture by 

modifying their business models in different steps: from e-trade, to e-commerce, to 
e-business6

.  
In the last few years Internet started its third-phase of life, as the result of a new 

relational paradigm between merchants and customers where the engagement of the 
latter is part of the trading process but of the product too7

.

                                                           
3 Digital Divide refers to the gap between those who can access and use the tools of the 

Knowledge Age and those who are cut out for different reasons: age, location, economical 
status, internet access. At global level, developing countries experience a bigger gap, 
followed by emerging ones, while E.U. countries are delaying such as Italy, Spain, Portugal 
and Eastern Countries.  

4 The Connectivity Scorecard estimates the use of wire technologies – optic fiber, telephones 
and PCs – made by governments, companies and consumers, in order to boost the economy 
and improve social life, the so-called “useful connectivity”. Italy has got a low score in all 
categories here analyzed – the use of the web made by citizens, governments and companies 
in a country – so to be behind all other G7 countries. The lowest score is that for the use of  
e-Banking service and e-commerce; while companies have unsafe servers and PCs. This 
means they do not rely on e-commerce and people do not buy or sell on line 
(www.connectivityscorecard.org). 

5 OECD published a specific report on ICT effects on macro economy, at sector and company 
level. See OECD, 2008 for more information. 

6 In detail, the “e-trade” is intended as the electronic channel complementary to the traditional 
ones; the “e-commerce” is one of the ways that allow to interact with the market to 
understand the demand and meet it; the “e-business” includes the technologic lever within 
the internal and external process of a company to obtain a long-lasting competitive 
advantage (cfr: Scott, Murtula, Stecco (by), 1999).  
7 The first phase was characterized by the presence of the very players, who created new 
business models that ate away physical market shares, Amazon for example, with young, 
well-educated and technologically-advanced customers. The second phase, more recently, 
experienced the arrival of web technicians, on which Italian companies of Made-in-Italy and 
large-scale retail trade are investing to recover the competitive gap. Multichannel customers 
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IT systems are engaging tools and space for more interaction to meet the new 
needs of companies and consumers. For example, Web 2.0 tools, which include 
social networks first of all, are a global phenomenon which is changing e-business. 
Social networks, in fact, are deemed as a real support for the company strategy, 
because they offer a media mix approach that works in synergy with different 
channels and tools (CRM, CSM8, e-mail, intranet) besides being always and 
everywhere present with one main goal: listening to customers and their needs. 

Worldwide today there are 1.5 billion people connected, potential customers who, 
on the web, look for information and then to buy. In Italy there are 18 million web-
surfers that look for information and compare products and services offered, the so-
called info-commerce. Only 6 millions, then, really buy on line.  This is the real 
shopping potential of the web, still unexpressed. 6.5 billion euros, in fact, represent 
1.0% of the whole sale turnover to final consumers, with a big difference compared 
to the rest of Europe where B2C value is on average equal to 4.0%9 (Eurostat, 2010). 
It is important to specify that in Europe e-commerce includes grocery, home goods, 
furniture, do-it-yourself, while Italy does not, as well as it does not include modern 
retail trade (e-commerce Observatory B2C, 2010). Among the reasons for this gap 
there are the structural limits of our country (Internet access and broadband, costs of 
distribution logistics), Italians’ habits (fear to use credit card on line, do not like 
buying on distance), and the difficulty to sell on line certain typologies of products, 
including agrifood ones. Not to forget the offer system, that barely renovates. 
International companies dominate the web market, still, together with Italian service 
companies, but neither Made-in-Italy nor agrifood ones. 

ICTs could be interesting opportunities of development especially for the Made-in-
Italy and, in particular, for companies of the agrifood sector. We refer to e-
commerce B2C, which may open exportation for Italian agrifood products, well-
known worldwide for their tipicity and exclusivity; e-commerce is a valid integration 
of traditional trade channels to improve customer service and renovates the offer. 
But also web-marketing and Web 2.0 tools for the promotion.   

Italian companies should catch the opportunities offered by social networks
considering that 2/3 of the Italian internet users (more than 12 millions) belong to a 
social network10

. It may be a privileged tool for a privileged relation with 
customers11.

                                                                                                                                          
are much more transversal than those of first phase, more aware, informed, watchful for 
prices and services (e-commerce Observatory B2C, 2010). 

8  CRM stands for Customer Relationship Management; CSM is Content Management System, 
a software installed on a server that makes management of web sites’ content easier.  

9 According to Eurostat sources, against the European average share of the total retail turnover 
of 4.0% of e-commerce, Ireland got 10.0%. followed by United Kingdom with 6.0%, Spain 
and Germany with 5.0%.  

10
 According to the Facebook Observatory, after 7 years of life Facebook counts 600 million 
members. Italy is ninth at global level with 18 million Italian users (about 32.0% of the 
residing population), while 12 millions are those who use it daily. Other sources report 
different figures, but Facebook is for sure a huge social phenomenon that started social 
advertising.  

11
 In particular, considering the characteristics of the most familiar social networks, it is 
possible to match each one with a specific marketing function: Facebook is the most suitable 
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3 Survey Method 

In order to highlight the delay for agrifood sector to adopt ICTs at National level 
and the consequent company adjustment, (Baskerville R., Dulipovici A., 2006) after 
ten years of web-revolution a survey was carried out in two phases. 

The first phase drew a short picture of the relationship between the agrifood 
sector and ICTs, presenting the results of surveys of big Italian companies of the 
sector and modern retail trade.  

The second one consisted in and empiric analysis of the web sites of a sample of a
small group of agrifood SMEs in order to analyze the use of Internet for marketing 
and communication, to understand on one side which are the strategic goals of on-
line companies and on the other to verify the efficacy of a web site for marketing 
(Fritz M et al., 2004). 

Survey was carried out by visiting the web sites, analyzing the aspects that may 
drive consumers’ choice and improve web-marketing  (Ferrandina A., 2002) by 
adopting the 7C model (Sturiale, Scuderi, 2001; Bucca, Scuderi, Sturiale, 2006). The 
identification of the main parameters that characterize a web site was carried out by 
means of an ad-hoc layout, which allowed obtaining information on the different 
aspects that help characterizing its image. In particular: Content – site size, updating 
frequency, graphic quality; Context – type and site function, market typology; Choice
– products offered, product range, characterization of the offer; Comfort – access, 
surf-worthiness, languages, way of purchase and payment methods, shipment and 
costs, delivery time; Convenience – shipment costs; Customer service and support –
product information, services offered, shipment traceability, customer satisfaction, 
payment security; Community – links, customer relation. For each category we 
considered micro-variables for each point.  

Quality variables were evaluated with a parametric scale from 0 (absence) to 5 
(excellent)12. 

This survey was carried out in 2010 and included 100 representative  web sites of 
companies that were selected through the main National search engines as well as 
through other web information sources like  specific and institutional links. A 
guided sampling and not a probable one was chosen due to the lack of a defined 
sample framework as well as the impossibility of knowing the choice probability of 
each company. Companies analyzed were specialized in different typology of 
agrifood products: cereals, meat, fruits and vegetables, oil, wines, beverages, 
including all sub-products. However, only companies’ private web sites were 
analyzed and not virtual malls, due to the specificity of the survey. 

The survey included a final questionnaire to point out the company’s internet 
plans and targets.  

                                                                                                                                          
tool to develop customer relations; Twitter allows a direct contact with sensitive customers 
(one-to-one-to-many marketing); YouTube is for emotional marketing. 

12 In particular, 1 very bad, 2 scarce, 3 medium, 4 good, 5 excellent. 
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4 Results 

Our research allowed obtaining information and data, here shortly summarized, by 
means of which it was possible to outline today’s relation between ICTs and the 
agrifood sector, especially focusing on e-commerce and web-marketing integration 
within company marketing strategy.  

4.1 ICTs and Italian agrifood system: opportunities, limits and success.  

Surveys, which involved some big Italian agrifood companies and some of 
modern retail trade, allowed pointing out opportunities and limits of ICT application 
within the system, especially with reference to the adoption of e-commerce B2C and 
web-marketing strategies to intensify customer relation. 

The agrifood system, in the last ten years, has joined the virtual scenario, at the 
beginning with a progressive spreading of web sites, about which some big historical 
failure was registered concerning the creation of informative-group portal, followed 
by the spreading of on-line sale of some imperishable products, such as wines.   

Despite such approaches we assisted to companies joining the web with 
strategically unclear modalities, and Internet, instead of being a competitive 
advantage, is used as a completion of the company’s competitive strategies. SMEs 
use Internet more for image than as an instrument to relate and interact with 
customers and suppliers. Potentially, Italian companies could make a better use of 
web opportunities.    

Probably, at the beginning, when many web sites appeared, the error was that of 
considering Internet as a sale channel, while now companies are discovering its 
strategic potential as an information tool. In fact, it may activate interactive  
marketing that perfectly meets web-consumer needs, by creating a close one-to-one 
relation. 

The survey revealed that in Italy people restrain from purchasing food products on 
the web because of skepticism. Overall turnover of this sector has been estimated 
around 200 million euros in 201013 and despite being higher than previous years, it’s 
behind other Countries, as said before. Wine, beer, biscuits, tea and coffee cover 
almost 60.0% of on line sales, even if the global network offers Italian niche products 
(such as excellent wines and pine nut oil), while fresh products are poorly 
represented such as fruits and vegetables, that people prefer to buy personally. 

More than 90.0% of modern retail trade companies are not involved in any e-
commerce project. Actually, there is only one big company at National level, which 
is successfully investing in it: Esselunga; together with some interesting local ones 
such as Basko, Prontospesa, Spesaon line14. Reasons why so few invest in e-
commerce is the lack of competence and structures within the company to start a 

                                                           
13 Estimated figures as reported by CIA – Confederazione Italiana Agricoltori – farmers Italian 

association, according to ISTAT and ICE data. 
14

 One case is experimental: that of “driveAuchan” in Turin, where the customer can order on 
line and then pick the goods up from the closest Auchan.  
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correct e-commerce project; fear of cannibalizing the traditional sale channel; or, in 
case the e-commerce is already active, the lack of boosting the on-line channel. 
Besides, there are difficulties in arranging a logistic-operative process allowing cost 
control – order execution, delivery, etc…

E-commerce could represent an important lever to export Made in Italy 
worldwide, as demonstrated by the results obtained so far by those companies that 
well interpreted and exploited the on-line channel15

.

In the last ten years, however, there has been a reduction of the number of shop-
window-like sites and an increase of web sites aiming at developing direct marketing
and more recently conversational marketing.

Marketing has changed adapting to the new characteristics of the new tool and 
focused on the “information” as a resource for the company and the company-
customer relation, in an integrated version that may increase the value. Recently, 
according to a research carried out by Netcomm/Contactlab16, social networks have 
gained the power to steer on-line purchase choice. 

Within the marketing strategy, customer-company relation becomes central both 
because it starts a privileged information channel and because it is a base for 
customer retention. In a competitive and strongly dynamic environment, immaterial 
factors become basic sources of the competitive advantage since they make 
companies evolve, meet consumers’ demand and foresee changes (Di Vittorio, 2002).

Our survey pointed out some case histories of agrifood companies that catch the 
opportunities offered by Internet and social networks. In fact, several brands chose to 
establish a company-customer relation so that customers turn from simple user of 
contents to author of contents and experiences. 

Targets of the web-marketing strategy, then, are those of building up, involve and 
widen company-customer relation by means of the web; of increasing the brand 
awareness; of acquiring more and more information to develop a targeted 
communication and activate e-commerce. Many companies have different 
institutional sites, according to the different targets, and sites for prize contests.
Many other create communities based on the principle of Internet and Social Media,
that is, that of sharing. In some cases the site was visited by many people, 50.0% of 
which were foreigners with average-age 28. Other joined the web with Web 2.0 tools 
such as Facebook and Twitter aiming at starting a specific relation with customers, 
making them feel author, co-author and user of their know-how.

                                                           
15 Among which is the experience of Esperya, an online shop born in 1998 as dotcom with the 

only aim of selling at National and International level food-and-wine traditional Italian 
products. In September 2007, Esperya started its first shop in Milan selling high quality food 
products where customers may also taste. Esperya has more and more foreign customers: 
from 16.0% in 2006 to more than 30.0% in 2010. Another experience based on the use of 
ICTs is that of Fratelli Carli, whose project OlioCarli.it was born in 1996 to join tradition 
and technologic innovation. E-commerce in this case, positively affected the turnover and 
customer retention together with an on-line strategy of integrated multichannel operators.  

16  Observatory Netcomm/Contactlab, www.contactlab.com/e-commercereport.
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4.2 Analysis of web sites of the sample of agrifood companies 

Information acquired by analyzing a sample of web sites opened a quite 
articulated scenario concerning both the company presentation and the services 
offered to consumers by using ICTs.  

Out of all data gathered according to the 7C model, we here present only the most 
important results to point out the strong and sore points characterizing the web-
marketing of our sample agrifood companies.   

The analysis of the first C, Content, in particular of the “size of the site”, showed 
that most of web sites include 8-15 pages, while few have 16-25 pages. Less visited 
are those sites with a lower or higher number of pages. The overall score was 3.8, 
which is positive. As far as “updating” is concerned, deemed one of the most 
important element for customer retention, 90.0% of web sites do not mention it, 
while 4.3% update their site weekly and 2.7% daily. The remaining percentage does 
it monthly. However, data obtained from documents’ dates, showed an overall 
updating frequency which was very low, with a score of 1.9. Graphic quality, 
instead, varies a lot, with excellent sites and home-made ones, for an overall score of 
2.6.  

The analysis of the Context divided the web sites into two categories: institutional 
and commercial. Based on their different function, the institutional ones are better 
articulated with a score of 4.3, while the commercial ones have a score of 2.3 with 
limit cases of 0.4. As far as the “market typology” is concerned, almost 63.0% of the 
web sites belong to B2C, 7.1% to B2B, the remaining share to both.  

Among the aspects considered concerning the Choice parameter, the most 
important results are those related to the “typology of commercialized products”. The 
most favorite ones are those certified DOP, IGP, organic with 42.0%, and those 
bound to specific territories. Web sites for their range of products got a score of 3.2, 
which is good, while 2.2 was assigned to the characterization and description of each 
product due to the limited information presented. 

The Comfort includes many interesting elements. For convenience we included 
here just a few. Accessibility got a score of 3.9 since it is quite easy to find the web 
sites, but once entered it is difficult to visit most of the sites even to open pages. 
60.0% of the web sites have language limitations, which prevent internationalization, 
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offering only Italian or at most English. Score: 1.1, meaning that this is one of the 
most important points to work on to recover the gap with the rest of the world.  

The Convenience parameter is different for each site. In general, however, the on-
line offer is huge. The “on-line offer” was then scored 2.7 according to what said 
above and for the shop-window function adopted by many companies. However, the 
advantages compared to the traditional channel are not pointed out, if not completely 
absent. The score in this case is 1.2. 

Careless was the approach to Customer Service and Support, which is very 
important for web marketing strategies, instead, in virtue of the specific 
characteristics of e-commerce interactivity compared to the traditional one. In fact, 
except for the information system, which got the score of 3.9, the rest of parameters 
such as traceability, claims, customer satisfaction and payment security, the score 
ranged from 1.1 to 2.1.  

Least but not last, the Community, on which on-line companies have focused 
most.  In fact, all such companies meant their presence on line to establish an 
interaction with customers, besides carrying out market research, spreading technical 
information and targeted communication. However, the score obtained by this factor 
was 1.8 due to the wrong policy adopted that prevents customer retention.  

Overall, the analysis of results pointed out that on line companies aim at spreading 
their brand name without focusing on customer retention or product sale (Table 1).

Table 1. 7C evaluation scale from 0 to 5

Categories

Mean

 value

Content  

Site size 3,8

Updating frequency 1,9

Graphic quality 2,6

Context 

Institutional site 4,3

Commercial size 2,3

Choice

Product range 3,2

Offer characterization 2,2

Comfort

Accessibility 3,9

Surf-worthiness 2,1

Languages 1,1

Offer typology 1,6

Convenience

Offer range 2,7

Advantages compared to the traditional 1,2

Customer service and support

Information 3,9

Traceability 2,1

Claims 1,4

Customer satisfaction 1,2

Payment security 1,1

Community

Customer retention 1,8

Links 2,9

Entertainment 3,4

Source: our processing out of direct survey
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5. Conclusions 

 
Internet has created a quick selection mechanism of the offer, cutting out 

unprofessional competitors. For a successful competition in this new area of market it 
is necessary, based on the result of the realized search, at least to play attention  and 
to promote some essential initiatives a) to invest on site visibility, by means of 
advertisement and offline promotion, as many companies are already doing with 
good turnover; b) to target the right customers to better meet their needs by using 
internet to know and put them into the right category; c) create a community 
customers can share together with strategic partners, by integrating activities and 
supply chain17

.

In order to exploit the web it is necessary flexibility from all people involved, 
included politics, especially in such a period characterized by this economic global 
crisis against which it is very important to show courage by investing in innovative 
sectors such as ICTs. This to reduce the cultural and structural gap typical of Italian 
companies, southern SMEs above all, which include agrifood ones.  

For this it will be fundamental to refer to an active and interactive on line model to 
analyze and revise the company’s business structure on its whole, to take into 
account the company’s characteristics, in our case the specificity of agrifood 
products and the local size of it. In this way it will be created a source of competitive 
advantages within a global context. 
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Abstract. The agricultural sector plays a crucial role in the Greek economy. 
Cooperatives are an integral part of the agricultural sector and the logistics 
cost impacts the pricing policy of the agricultural products, taking into 
consideration the value added of all trading partners along the supply chain. 
Many governments all over Europe pay special attention to this issue trying to 
make agriculture prosperous by using information systems and technology 
(IS/IT). The aim of this study is to identify the present situation of ICT 
applications regarding the value added logistics processes of the Greek 
agricultural cooperatives. Especially, the role of specific information systems 
is examined in order to estimate the impact of logistics applications and 
partners in the cost of the products. For this purpose a questionnaire regarding 
the above issues was given to the Greek cooperatives. Almost all the 
cooperatives are characterized as Producers’ Cooperatives and are focused 
more on packaging and warehousing logistics operations. The application of 
Quality systems in the Greek Agricultural Cooperatives has been imposed 
mainly by the customers’ concern for the quality of the product and the 
protection of the environment. Although the respondents recognize the 
contribution of ICT in their supply chain management, the research concludes 
that the majority of Greek cooperatives is not aware of IT/IS in great extent 
and this derives from the inadequate organizational culture and education.

Keywords: Agricultural Cooperatives, Supply Chain, Product Cost, Logistics, 
Information Systems and Technology 

1 Introduction 

The agricultural sector plays a crucial role in every economy. Agricultural 
Cooperatives are an integral part of the agricultural sector and they constitute an 
important part of the supply chain. 
All over Europe, Cooperatives are present in many sectors of the economy, like 
agriculture, banking, retail, insurance, and health care. The 132.000 cooperatives in 
the European Union employ 2.3 million people (European Union, 2001). They are
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dominant in agriculture. For example, in 1996 the market share of cooperatives in 
agriculture was 83% in the Netherlands, 79% in Finland and 55% in Italy (Hendrikse, 
2004). In another study, Skurnik and Vihriala (1999) observed that in the European 
Union there are well over 30,000 rural cooperatives with some 12 million 
memberships, having over 50% of shares in the supply of agricultural inputs and over 
60% of shares in the collection, processing and marketing of agricultural products.
Agricultural product logistics is a branch of modern logistics industry and it means 
the physical flow process of agricultural products and relevant information from the 
agricultural product producing center point to the agricultural product consuming. It 
includes the producing, purchasing, transporting, loading and unloading, packaging, 
warehousing, distributing, selling, and information activity. It involves the producing 
field, circulating field and consuming field of agricultural products, and connects the 
supplier and consumers. The aim of the Agricultural Product Logistics Development 
is to conquer the obstacle of time, cost and space, to put forward the efficient and fast 
transportation and storage services for agricultural products, to enhance the values of 
agricultural products, to save the circulation cost, and to elude the market risks to 
some extent. (Chen and Xie, 2007).
The aim of this paper is to identify the impact of specific information systems on the 
value added logistics processes of the Greek agricultural cooperatives. There are two 
crucial questions to be answered. a) How the cost of the agricultural product is 
affected by the Supply Chain procedures. b) How can IS/IT, through strategy and 
ICT application, optimize the relationship between product cost and farmer’s profit.
All the implicated entities in the supply chain such as farmers, producers, 
intermediaries, traders and consumers are examined. The paper begins with a 
literature review on agricultural cooperatives, the implications of agricultural product 
logistics on the supply chain and the IS/IT used in the agricultural sector. In the next 
section, the research methodology is presented, as well as, the data analysis that 
resulted from the statistical processing of the questionnaires. Further to the factors 
identification, the results are discussed and conclusions are presented. 

2 Literature Review 

According to the International Cooperative Alliance (ICA), Cooperative is an 
automatic alliance of members which is structured voluntarily in order to confront 
mutual economic, social and cultural needs. Agricultural Cooperative can be defined 
as a “society” which belongs to users (farmers and producers), is controlled by them 
and its principal aim is to safeguard the interests of its member, to pursue research 
into the latest developments in the agricultural cooperative movement and to promote 
mutual understanding and economic collaboration between the agricultural 
cooperatives on one hand and the farmer and other types of cooperatives on the other 
hand (ICA, 1995).   
Hansamann (1996) presented a framework establishing four types of organizations, 
along with their owners in order to explain their targets (table 1) 
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Table 1. Organizations – Owners – Target 

Organizations Owners Target

Producers’ Cooperatives Producers-Suppliers Maximize the price

Workers’ Organizations Labor force Maximize the wage

Investors’ Organizations Capital Maximize the profit

Consumers’ Organizations Consumers Minimize the price

Source: Hansamann, 1996 

The researchers put the agricultural cooperatives in the category of Producers’ 
Cooperatives, since farmers are the actual producers. In Greece, the cooperatives 
were created, not as a state decision which was imposed on farmers, but by farmers, 
in order to protect their property. In Greece, the history of cooperatives started, back 
in 1900 (Almiros Volos). This was an automatic association established voluntarily 
to meet common needs through a co-owner and democratically-run business. The 
function was defined by the statutes and specific provisions. Members were all 
individuals who had direct connection with farming. 
According to the Statute of operating Agricultural Cooperatives, some of the values 
and objectives of an agricultural cooperative are, solidarity, cooperation among 
producers, free will, democratic- improving economic and social life, support and 
development of agricultural incomes. However, cooperatives are facing some 
problems. These problems primarily refer to, introversion of Agricultural 
Cooperatives, underfunding, petty interests within the cooperative, disconnect the 
needs of farmers from rural legislation (CAP, single payment, State Agency’s 
(referring to buying and selling) Code), lack of co-operative idea, and lack of 
technological infrastructure. 
Finally, regarding the present conditions of the Greek agriculture, there is great 
reduction of the volume of agricultural production (promoted by European funding), 
whereas there is a reduction in exports and increase in imports. As a result shrinking 
of agriculture’s contribution to GDP is noted. Furthermore, the last few years, banks 
kept lending farmers. However, due to the financial crisis, banks became very strict 
regarding borrowing procedures. If this does not change, producers will gradually 
abandon their farms.  
A useful tool for the analysis of agricultural cooperatives’ environment is the model 
of PEST (Political Economic Socio-cultural Technological) (Nelsen and Scolbe, 
2006). According to it, economical factors are dealt with the agricultural section and 
the conditions which compose the total economy. Political factors have an impact, 
direct or implicit, in the policy of the cooperative. Socio-cultural factors along with 
the institutions, tendencies and perceptions mold the consumptive standards and 
consequently the cooperative’s policies. Finally, technological factors affect to a 
great extent the development of new products and the producing processes.  
Processes that take part in the supply chain are distribution, warehousing, 
transportation, packaging, customer service, and procurement (Lambert, 1993). 
Warehousing and distribution deal with the location, the ownership, the automation 
and the cost. Transportation aims for speed, reliability, flexibility and cost. Packaging 
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affects a company’s sales and for this reason its target is the quality protection, the 
product preservation and the safe and easy cargo transport of the product. Customer 
services’ principles are focused on dependability, time, convenience, communication, 
honesty and cost. Last but not least, procurement’s goals are to improve the quality 
and reduce the cost, remove the obstacles to the free flow of information to supply 
chain, create real-time visibility into inventory in motion, and eliminate the long 
lead-times for critical materials (Gourdin, 2006).  
Quality Control is of utmost importance in the agricultural sector in general and in 
agricultural cooperatives in particular. Consumers demand not only higher levels of 
safety in the products (Hobbs et al, 2002, Baltzer, 2004), but they also express their 
anxiety through their choices for the environment protection, and the health 
protection of farmers and animals (Buzby, 2001). All these changes in consumers’ 
preferences and values have been affected by the various food scandals like dioxins, 
mad-cow disease or dangerous fertilizers and consequently consumers, are doubtful 
about the quality and safety of the food (Knowles et al, 2007). Agricultural 
cooperatives try to improve their image in order to meet consumers’ needs 
(Hendrikse, 2004). They need to expand in existing markets or develop new markets 
in order to promote their products, while it is obvious that internal processes have to 
be improved in order to increase their volume and services (Burt, 2004). One of the 
goals of the agricultural cooperatives by the application of control systems is to 
reduce production costs and improve product prices. According to Burt (2004), 
Agricultural Cooperatives try to improve their profitability in terms of increasing the 
net income.  Control systems have been conceptualized in terms of implementing an 
organization’s strategy, and ensuring continuing competitive advantage and quality 
control (Simons, 2002). International Life Sciences Institute –of India (2007) 
recognizes also the importance of monitoring and the surveillance of agricultural 
cooperatives by the administration. The above factors have led to the development of 
Management of Health and Food Safety systems which are based on HACCP 
(Hazard Analysis and Critical Control Points) and ISO 22000:2005 Management of 
Food Safety. Apart from them, a variety of certified systems have been created like 
ISO 9000, ISO 14000:1996 Environmental Management Systems and AGRO 2.1 and 
AGRO 2.2 which are based on Integrated Management of Production.  
Today’s agricultural sector has to face critical challenges from internal and external 
sources, such as farmers and traders. This development coincides with the increasing 
pressures on the agri-food sector to intensify process controls and to improve quality, 
food safety, tracking and traceability of products throughout the supply chain, and 
the environmental consequences of its operations. Information Technology and 
Information Systems are the key enablers to respond to these challenges 
(Vlachopoulou, M. and Matopoulos, A. 2010; Matopoulos et al, 2009). Information 
systems combine the internal and external needs of an organization, with the future 
requirements (Gourdin, 2006).Efforts are made to integrate IS/IT opportunities in an 
appropriate way into agricultural activities. IS/IT refers to a rapidly expanding range 
of services, methods, techniques, applications, equipment, and electronic 
technologies used for the collection, manipulation, processing, classification, storage, 
and retrieval of recordable information and knowledge sound, and graphics, 
including video.  Such technologies include computers, personal digital assistants 
(PDAs), Automatic Identification and Data Capture (AIDC), Radio Frequency 
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Identification (RFID), high-capacity storage, networks, telecommunications, 
databases, data warehouses, multimedia, the internet and its world wide web. 
Applications include Geographic Information Systems (GIS), Supply Chain 
Management (SCM), Enterprise-Resource-Planning (ERP), Transport Management 
System (TMS), Warehouse Management System (WMS), online services, video 
conferencing, electronic trade, executive information systems (EIS), electronic mail, 
and expert systems (Schiefer, 2003). 
The above technological developments provided another point of view, established 
customers’ protection, and enhanced the traceability function of the agricultural 
economy. A basic scheme of traceability systems is that a unique ID is assigned to 
each identification unit (lot) of the products and an ID label or tag is attached to it. 
On the premise of RFID application, a simple and versatile at the same time database 
to input and refer unified distribution process records was designed. The key concept 
of traceability is that a temporal identification unit is an “event” which is recorded at 
each point of the distribution process. Data of an event record consist of an event ID, 
a point ID, event time, and involved lot IDs. Basic types of events are “movements”
of lots such as incoming or outgoing and “transforms” of lots such as combination, 
division, processing, or packaging (logistics’ parts of the supply chain). By cross-
referring the event IDs and the lot IDs on the database, it is possible to trace forward 
and back the individual products on the distribution process which helps a lot both 
customers and wholesalers to trace their products for various reasons. Based on this 
database, an on-site data recording system was developed by applying RFID tags 
which contain unique IDs, handy RFID readers which enable wireless LAN, and an 
Internet-accessible database server. On the events of the distribution process, the 
users read the RFID tags attached to the individual lots by using the RFID readers, 
and these records are sent to the database server via the Internet, where are processed 
for any reason. The users can retrieve and refer the whole distribution process 
records in the database (Sugahara, 2007; Manikas, et al, 2010).  
Although the significance of IS/IT for the agricultural cooperatives is great, their use 
is difficult since it involves people, technology and processes (Lowry, 1997). IT/IS 
impacts the organization, and organization affects the use of IT/IS. Boynton et al 
(1994), Zawawi et al (2011) found that information technology knowledge is a 
dominant factor in explaining the high level of information technology use in 
organizations.  Burn et al (1997), Xiao & Dasgupta (2005) found that its adoption 
and use depends strongly on organizational culture, showing thus good management 
leadership. 

3 Methodology 

The performance criteria that have been identified during the literature review 
process were used as a basis for the construction of the questionnaire that was mailed 
to 30 sustainable Agricultural Cooperatives all over Greece, taking into consideration 
geographical spreading. The Ministry of Agricultural and Rural Development was 
the source for locating rural cooperatives in Greece. A telephone contact took place 
before sending the questionnaire to the cooperatives, in order to introduce the scope 
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of the study and to emphasize the significance of their participation.. Apart from the 
first contact, each member received an initial email, consisting of a short description, 
explaining officially the aim of the research, accompanied by the questionnaire. 
Within 30 days after the first contact, two reminders were forwarded to the non- 
respondents. 
In total, 10 viable responses were received, resulting in 33% response rate. Ethical 
issues like economic profit, respect for the laws, quality and quantity impact, and 
safety issues were taking into consideration in our research questions (Diouf 2001). 
The questionnaire begins with general information about the cooperatives like the 
respondents profile, the kind of the generated products, the involved partners, supply 
chain / logistics processes and growth factors as well. Furthermore, our attention is 
focused on control and quality standards, factors affecting pricing, specific logistics 
application and ICT use. A Likert scale (1-5 range, 1=completely insignificant, 
5=significant significant) was used. .  The research is based on primary data collected 
from agricultural cooperatives targeted in the territory of Greece so as to have more 
reliable results, covering a great variety of products.  

4 Research Findings - Discussion 

The questionnaire regarding the above research study contains fifteen questions. 
Although, the response rate was small, the agricultural cooperatives that answered 
our questionnaire are sustainable and are these which apply a significant part of 
logistics functions in accordance with the processes of the supply chain. In the first 
part the questions aimed at the cooperatives profile. An important issue was to define 
the type of organizations involved in the exchange of products in accordance to table 
1. According to the answers, almost all the cooperatives are characterized as 
Producers’ Cooperatives. Producers are interested in good prices, stability and 
continuous interchange with Cooperatives. The Cooperatives take products from 
producers and then pass them into the market. This operation results in no 
communication between Cooperative and Consumer, or in other words there is no 
direct communication or a system that connects these two parts.  On the other hand 
the Cooperatives are not directly connected with Workers’ Organizations or 
Investors’ Organizations. That shows they are not interested in the growth of the 
profits regarding the investors, but only in the growth of the profits for producers.  
One of the most important findings is related to the crucial role that the legislation 
plays for the development of the agricultural co-operatives (Figure 1). It seems that 
the issue of the government Legislation implies the policy that this organization is 
going to follow. The issues of Technology and Know-How, governments’ political 
movements, and the international security seem also to be important for the 
cooperatives. 
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Figure 1. Growth factors of agricultural cooperatives 

The findings are congruent with similar studies that outline “Legislation” and 
“Technology-Know how” as the most important factors stated by logistics companies 
(Rodrigue at al., 2001). 
But how can all these parameters and why do they, play so crucial role for 
Agricultural Cooperatives? The question still remains.  This could be more 
intelligible if we had a deeper knowledge concerning who is the main Supplier of the 
raw material for the production of the agricultural products. Some possible choices of 
trading parties that are usually suggested by a great range of bibliography (Martinez 
L. and Thornsbury S. 2006; Fang W. and Tan Y. 2010; Ortmann GF and King RP, 
2007) are  

! Producers- Farmers 

! Other Cooperatives 

! Wholesalers – intermediaries 

! Other 

In our research 69% of trading partners constitute the producer-farmers (table 2) 
where their significance in the activation of the Supply Chain is obvious.  

Table 2. Trading parties in Agricultural Cooperatives 

Producer-Farmers 69%
Wholesalers – intermediaries 31%

Economic-

political system

13% International 

economy

16%

Governments -

political 

movements

16%Legislation

18%

Technology  and 

Know-how

16%

Standard 

Consumer level

11%

Demographics

4%

Other 

organizations

4%

Trade 

Associations

2%

Growth factors
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Other  Cooperatives 0%

According to a study by Wensong and Danfeng (2004), in America and in Europe 
agricultural cooperatives are focused more on distribution and customer service- 
product marketing while in Greece they are focused on packaging (25%) and 
warehousing (23%) (figure 2). 

Figure 2. Operations of supply chains in agricultural cooperatives 

The majority of Greek cooperatives is not aware of IT/IS in great extent and this 
derives from the inadequate organizational culture and education. It is worth to be 
noted that only 3/10 apply an ERP system while only one of them - the Agricultural 
Cooperative of Velvento, called “Dimitra” states the use of a WMS, as well. As for 
TMS or WMS, the rest of the respondents don’t recognize the use of such systems, 
thus, indicating the lack of integrated IS usage. 
Furthermore, at this point is very important to note, that nothing would have 
advanced technologically, with such a fast rate without the decisive intervention of 
traceability. 
Traceability Systems for Agricultural Products Distribution based on RFID (Radio 
Frequency Identification) technology were developed. Historically, the first efforts 
for standardization and establishment of   Greek standards are made in 1970 by 
various bodies and chambers that are trying to create a specification without having 
impressive results.  
Quality control goes together with the quantity control. The most popular 
certification system for quantity is the ISO systems. Agricultural cooperatives, in 
order to avoid fatal errors, should apply the technique of traceability. Regarding the 
ISO systems used in Greece, the majority of the respondents in the questionnaire 
apply HACCP, ISO 2200:2005 and AGRO 2.1 and 2.2. It is important to point out 
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that the above applications have been imposed mainly by the customers’ concern for 
the quality of the product and the protection of the environment.  
The application of Quality systems in Agricultural Cooperatives is based on a variety 
of factors. The table below (table 3) presents in which extent the quality standards are 
important for the agricultural cooperatives in order to incorporate Management of 
Health and Food Safety systems. 

  

Table 3. Factors affecting the use of control 

FACTORS REFERENCES PERCENTAGE
Demanding customers Hobbs et al, 2002, 

Baltzer, 2004
8%

Image Improvement Hendrikse, 2004 8%

Expansion into  new markets Burt, 2004 9%
Increase customer 
satisfaction and reduce 
customer complaints

Buzby, 2001 10%

Need to improve internal 
processes

Burt, 2004 8%

Need for better surveillance 
by the administration

International Life 
Sciences Institute – India 
,2007

8%

Reduce production costs Burt, 2004 8%
Improving profitability Burt, 2004 9%
Due to competition Simons, 2002 5%
Developing competitive 
advantage

Simons, 2002 8%

Quality policy Simons, 2002 9%

The majority of the Agricultural cooperatives (60%) consider that the application of 
control systems is efficient while the remainders (40%) consider that this control is 
extremely significant. Agricultural cooperatives taking into consideration the above 
factors, apply all the necessary systems in order to satisfy their needs and customers’ 
needs, as well. At the same time, ISO or HACCP affects in a great extent the 
products’ prices as 70% of the Agricultural Cooperatives changed their pricing 
strategy after the application of these systems.  
Apart from the use of control, the agricultural cooperatives’ pricing strategy is 
affected by other factors. Dealers’ room affects their policy to the greatest extent – in 
a percentage of 43% - and this means that the competition is increased while rates of 
super markets influence them in a percentage of 36%. 
Our attention is focused in particular processes of supply chain, referring to 
transportation, packaging and warehousing.  
Table 4 indicates transportation alternatives. Owned vehicles use is preferred less 
than outsourcing transportation.  
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Table 4. Transfer from Cooperatives 

3PL 39%
Owned vehicles 23%
Other 38%

According to the respondents the main goal of the transportation, it is to minimize 
total cost and time (half of the respondents consider that this goal is very important 
while 30% of them consider it important). 
Packaging constitutes a central process of Greek Agricultural Cooperatives and thus 
the relative decisions are of utmost importance. These decisions are based on 
managers' opinion (24%), the opinion of the marketing department (24%), consumer 
claims (32%) and competition (20%). Since packaging appears as  a key element for 
the total product image, the objectives of the packaging function was investigated. 
Table 5 presents the most considerable packaging objectives.  

Table 5. Objectives of packaging 

Facilitating consumer 18%
Protecting product quality 26%
Better maintenance of the product 19%
Easy and safe distribution 26%

Other 11%

Last but not least, warehousing is another process of supply chain in agricultural 
cooperatives. They choose deliberately one of the following ways of warehousing as 
each one of them try to satisfy their private needs and achieve their target. The ways 
to store products are focused on owned facilities (54%), external partner (23%) and 
rented premises (23%). 
Taking into consideration the responses of the cooperatives, a Supply Chain 
Management System could be a possible solution to the problems the cooperatives 
face. Special attention should be given to the entities and the corresponding goals 
(table 6) and should be considered. 

Table 6. System entities and objectives 

OBJECTIVES OF THE USE OF THE 
SYSTEM
USERS - PROFESSIONALS

To have a picture of those involved in 
the process
To be able to order raw materials 
offered by the cooperative
To have a picture regarding to 
- the structure of the cooperative
- the economic drive of the cooperative
- the products traded
- the views of local farmers
- ordering
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OBJECTIVES OF THE USE OF THE 
SYSTEM
USERS – BUYERS

- The structure of the cooperative 
- Economic drive of the cooperative 
- Products traded 
- The views of local farmers 
- Ordering (HL / CR CART)

OBJECTIVES OF THE USE OF THE 
SYSTEM
ADMINISTRATORS

Filling the site with reports
Clear and reliable details of any current 
order.
Clear and reliable information of each 
order (address and telephone customer)
Identify orders that are the most urgent 
(depending on the time of order)
Monitoring the order status

5 Conclusions 

The majority of trading parties in agricultural cooperatives in Greece are composed 
of producers and suppliers, thus their principal aim is to maximize the price of the 
products that they merchandise  Every agricultural cooperative is obliged to follow 
the legislation and the specific rules that European Union has established.  
The complexity of the agricultural processes is an important issue and thus proper 
attention must be drawn to the selection and evaluation process of supply chain in 
agricultural cooperatives. The aim of this study was to identify the key measures of 
the Greek agriculture cooperatives examining the existing situation of information 
systems as integral parts supporting logistics applications. 
According to our research, agricultural cooperatives deal with fresh products and 
natural origin products. Consequently, they follow different strategies and techniques 
having as basic criteria the type of the product that they merchandise. It is important 
to mention that fresh products demand special treatment in packaging, transfer and 
every process of the supply chain tries to solve special problems whenever specific 
prerequisites are necessary. Packaging is important for the maintenance and the 
protection of the products and at the same time affects the consumers’ choice of the 
product. It limits the risk derived from warehousing and transportation of the 
product. On the other hand, the ownership of warehousing facilities or the use of 
third party logistics (3PL) is a strategic decision.  It affects inventories, customer 
service, and product cost.  The connection between the price and processes is 
interdependent and vice versa. However, the basic goal of an agricultural cooperative 
still remains the effort of balancing the cost, the profit and the maintenance of the 
product with business consumers and producers. Last but not least, it is the process of 
transportation between the supply chain nodes. The decision between the use of 
owned vehicles or the use of a 3PL, aims at the elimination of cost and time.  
The most significant factors, resulted from the research, are considered to be the 
following: 

! Greece has an old-fashioned technological infrastructure 
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! Although in Greece there are companies that can provide 
cooperatives with the appropriate software, the staff is inexperienced and there is 
lack of know-how 

! The management of the agricultural cooperatives does not take into 
consideration the significance of logistics, and as a consequence  its  development is 
very limited  

! Farmers and producers believe in the institution of the agricultural 
cooperative as it can provide better prices and services and this is the reason that 
cooperatives can and should develop their logistics operations based on new 
technologies and information systems…

! Processes of supply chain that are already applied in agricultural 
cooperatives in a great extent are packaging and warehousing`  
A proper integrated system of data selection and monitoring regarding products’ 
transfer supported by new technology and information systems aims to a normal 
logistics function of the cooperative and generally to the recording of every condition 
occurring in the cooperative. Thus, the agriculture cooperative could achieve the 
overall supervision of the movement of the products in the supply chain. 
Taking into consideration the problems the cooperatives face, as well as the low use 
of ICT, the integration of a Supply Chain Management System in the cooperatives 
should be examined. Furthermore, the cooperatives’ portals should be enhanced or
developed to include forum for better communication among their members, and 
negotiation of prices. These portals could be managed by government institutions 
supporting them technologically or by individuals with appropriate personnel 
training.   
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Abstract This paper critiques the level of adoption of ICTs among the farming 
community in Ireland and compares this with adoption by the general 
population. It was found that although computer access and internet use among 
Irish households have been increasing rapidly in recent years, farm households 
have been lagging behind in adoption of these technologies. Broadband access 
has been particularly problematic in rural areas, where farm households are 
located.

The development of a novel extranet service by a large agribusiness is 
evaluated in this paper; this service allows dairy farmer clients to access all 
information relevant to their accounts with this agribusiness through a secure 
website. A structured survey of clients was carried out and respondents were 
stratified on the basis of their usage of this extranet service. It was found that 
three factors are constraining adoption and use of ICTs among Irish farmers: 
low levels of computer skills; lack of awareness of the potential of ICTs to 
contribute to the farm business and thirdly access to Broadband in rural areas 
are fundamental problems that constrain adoption of ICT.

Keywords: ICT adoption; Online services; Broadband penetration; Extranet 
services

1 Introduction 
Ireland is a small, trade-dependent economy in the extreme West of the European 
Union. It experienced rapid economic expansion from 1995 to 2007, when annual 
GDP growth averaged 6%, but economic activity dropped sharply in 2008 and Ireland 
entered into a recession for the first time in well over a decade with the onset of the 
world financial crisis and subsequent severe slowdown in property and construction 
markets. Agriculture, once the most important sector of the Irish economy, is now 
dwarfed by industry and services. Nonetheless, agriculture remains very important to 
the Irish economy; the agri-food sector is one of Ireland’s most important indigenous 
industries and is particularly central to the economic and social vitality of rural 
communities. 

There is increasing acceptance that information and knowledge are central to 
socio-economic development. However, there is a perception that rural areas, and 
farming families in particular, are lagging behind in adopting and using ICTs. The 
objectives of this paper are to critique the level of adoption of ICTs among the 
farming community in Ireland and compare this with adoption by the general
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population. It also reviews and evaluates the experience of one large agribusiness that 
has developed a novel extranet service. This is a dedicated secure site whose main 
purpose is to allow farmers have access to all information relevant to their business 
with this company. The objective of this research was to explore the effectiveness of 
the extranet project in providing information to its farmers and to determine how this 
could be improved. 

2 Agriculture in the Irish Economy 
The agri-food sector in Ireland accounts for over 6% of Gross Value Added, almost 
8% of total employment, and 10% of exports (Department of Agriculture, Fisheries 
and Food, 2010a). While agriculture is of major importance to economic welfare and 
development in Ireland it is particularly central to the economic and social vitality of 
rural communities because of the dispersed nature and composition of the agri-food 
sector in Ireland. 

The land area of Ireland is 6.9 million hectares of which 4.2 million hectares 
(60.9%) is used for agriculture and a further 737,000 hectares (10.7%) for forestry 
(Department of Agriculture, Fisheries and Food, 2010b). About 80% of the 
agricultural area in Ireland is devoted to grassland, 11% to rough grazing (mainly hill 
and mountain pastures) and 10% to crop production (ibid). Beef and milk production 
currently account for 66% of agricultural output at producer prices (CSO, 2010), both 
of these are grassland based farm enterprises. Data from CSO’s Farm Structures 
Survey show that in 2007 (the most recent year for which data are available) there 
were 128,200 individual farm holdings, with an average farm size of 32.3 hectares 
(Department of Agriculture, Fisheries and Food, 2010a). 

3 Information and Communication Technology Policy in Ireland 
It is now recognised that information and knowledge are at the very heart of socio-
economic development (O’Donnell et al, 2003).  ICT and broadband are enabling 
tools and infrastructures for accessing, developing, using and sharing information and 
knowledge (ibid). A study conducted by Chambers Ireland (2007),  involving Irish 
businesses, showed that Information and Communication Technology (ICT) tools and 
e-business solutions had become crucial for increasing efficiencies across all sectors 
of business in Ireland.

Both the EU and Irish Government policy has focused on promoting adoption and 
use of ICT in the home, in education and in the workplace. In March 2000, in Lisbon, 
the European Union (EU) set itself the ambitious target of becoming the world's "most 
competitive and dynamic knowledge based economy" within ten years (European 
Commission, 2007). It recognised that attaining this goal depended on making the 
best possible use of ICT. The Lisbon Strategy placed greater emphasis on the 
knowledge-based society within existing policy processes and launched the eEurope 
2002 Action Plan as a roadmap to modernise the European economy (ibid). The i2010 
strategy was launched by the European Commission in June 2005 and is in place until 
2010. It builds on the eEurope initiative, which came to an end in 2005 (ibid). 

Irish Government policy on ICT was built around two Action Plans. In January 
1999, the Government launched the first plan for implementing the information 
society in Ireland. This set out a series of initiatives which included development of 
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telecommunications infrastructure which included national availability of broadband, 
new legislation and other measures to enable both public and private businesses to 
operate on-line and a range of eGovernment initiatives and projects (Government of 
Ireland, 1999). 

A study by O’Donnell et al (2003) showed there had been significant increases in 
levels of engagement with ICT in recent years. The dramatic increase in adoption of 
ICT was further supported by the second Action Plan of Government (New 
Connections, 2002) which accepted that it was timely to assess how we had 
progressed, to review our priorities, and to put in place a new strategic framework to 
take the country forward. 

The Government Ministry of Agriculture and Food (Department of Agriculture and 
Food, 1999) recognised that the country was embracing ICT at a rapid rate and this 
had major implications for rural areas in particular. However it did caution that 
without the necessary infrastructural investment, rural areas could be disadvantaged.
Since then much emphasis has been placed on engagement with business and the 
individual in relation to ICT. However it was recognised from an early stage that 
some groups were not engaging with ICT and as a result were being excluded from 
the benefits accruing. These included agricultural workers (O’Donnell et al, 2003). 
The application of eGovernment to agriculture had the potential to totally transform
the way farmers engage with the Department of Agriculture. The Comptroller and 
Auditor General (2008) concluded that: 
“There has been mixed progress in eGovernment projects that had a high 
transactional objective. There were a number of outstandingly successful projects 
including motor tax, ROS, On-line Area Aid, and animal disease eradication.” (p.38) 

However, the Department of Agriculture was held up as an example of how 
successful eGovernment could be.  Today the Department of Agriculture and Food, 
together with Teagasc (Irish Agricultural Development Authority, responsible for 
research, extension and education) have a number of excellent projects operating 
under the eGovernment initiative. These initiatives indicate a very definite 
commitment on behalf of the Department of Agriculture and Teagasc to ICT and 
eGovernment initiatives.  

4   Adoption of ICTs by the Population and by the Farming 
Community in Ireland 
The adoption of ICT by the Irish population is a multifaceted area made up of a 
number of subsections which will be presented and discussed:

! The level of computer availability in Irish households; 

! The level of access to the internet;  

! The level of broadband penetration; and

! Adoption of ICTs by Irish farmers. 

4.1   Level of Computer Availability 
When computer access in households was measured during the last three months of 
2009 it was found that 75% of Irish households had either a personal computer or a 
laptop (Millward Brown IMS, 2010a). However, further analysis revealed that only 
53% of farming households had either a personal computer or a laptop indicating that 
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farmers are lagging behind in computer use (ibid). Only the retired and the 
unemployed socio-demographic groups lagged behind the farming households, 52%
of these households (i.e. only 1% less than farming households) had either a personal 
computer or laptop. 

4.2   Level of Access to the Internet 
Internet use among the Irish population is increasing rapidly. By mid 2010 some 77% 
of the population used the internet on a regular basis and 95% of these did so from 
their own homes (Millward Brown IMS, 2010b); this had increased significantly from 
58% just two years previously (Millward Brown IMS, 2008). Internet use among 
businesses was considerably higher; research (Millward Brown IMS, 2010c) indicated 
that internet access among Small and Medium size Enterprises (SMEs, defined as 
companies with less than 100 employees) has remained steady at 92%, while 
corporate access (i.e. companies employing 100 or more employees) was almost 
universal. Millward Brown IMS went on to report that smaller companies (i.e. 
employing less than 10 staff) were least likely to have internet access with 84%
connected to the internet. However farming households were among the lowest 
internet users at 54% (Millward Brown IMS, 2010b). This was only surpassed by the 
oldest age category (52% of the over 65 age group did not have internet access). 
These figures indicate, once again, that farming households are not embracing ICT.  

Comreg (2010a) reported that there were just under 1.6 million active internet 
subscriptions in Ireland at the end of June 2010. This represented a 0.2% increase on 
the previous three months and a very significant 8.1% increase on the same period the 
previous year. While the total number of subscribers is increasing rapidly the data in 
Table 1 show that dial-up internet access is declining rapidly while broadband is 
increasing. 

Table 1.  Total number of active Internet subscriptions in Ireland 

Subscription Type Quarter (Q) 
2, 2010 
Subscriptions

Quarterly Growth
Q 1 2010 - Q 2 
2010

Year-on-Year 
Growth
Q 2 2009 - Q 2 
2010

Total Narrowband 77,243 -26.5% -56.5%
DSL Broadband 729,892 +0.8% +6.1%
Mobile Broadband 508,620 +3.8% +40.4%
Cable Broadband 173,146 +5.9% +39.3%
Other Broadband 106,691 -4.2% -15.1%

Total Internet 
Subscriptions

1,595,592 +0.2% +8.1%

Source: Comreg, 2010a 

According to Millward Brown IMS (2010a) the main uses for the internet included 
sending and receiving e-mail with nine out of every ten using this application. 
Research purposes were also considered important, together with transactional type 
activities (banking, shopping, booking tickets, etc). Social networking sites were also 
prominent driven by the younger age groups.  
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4.3   Level of Broadband Penetration 
Broadband subscriptions are increasing at a rapid rate. Comreg (2010a) reported that 
by the end of June, 2010, there were 1,518,349 broadband subscriptions in Ireland. 
This represented an increase of 16.9% in the number of subscriptions since the 
previous year. Mobile broadband represents 33.4% of all broadband subscriptions in 
Ireland. Based on these data, the broadband per capita penetration rate at the end of 
June 2010 was 34.0% compared with 33.4% in the previous quarter and 29.4% the 
previous year. When mobile broadband is excluded, the penetration rate was 22.6%.
The broadband household penetration rate was 63.1% at the end of June, 2010, up 
slightly from 62.4% in the previous quarter. 

Comreg (2010b) compared broadband penetration rates in Ireland with other EU 
countries. It reported that Ireland’s household broadband penetration rate ranked 14th

among the EU 27 countries and was above the EU27 average of 56.7%. The 
Netherlands and Denmark had the highest household broadband penetration rates at 
86% and 82% respectively. This situation was confirmed when fixed broadband per 
capita penetration rates for EU countries were compared. Comreg (2010b) reported 
that Ireland’s broadband penetration at 22.6% placed Ireland below the EU average of 
24.8% and again in 14th place in the EU 27. 

Amarach Consulting (2007) surveyed subscribers’ attitude to broadband. This 
study found that internet users outside of Dublin, the capital city, had far more 
problems with the poor service they were getting relative to Dublin both in terms of 
availability and competing choice. Meanwhile a national survey conducted by the 
Irish Farmers’ Association (Smith, 2008) calculated that 75% of rural households did 
not have access to broadband in 2007. It was also stated that infrastructure to provide 
broadband to rural areas was totally inadequate (ibid).

4.4   Adoption of ICTs by the Farming Community in Ireland Compared with 
Other Countries 
There has been a long-standing conviction in Ireland that farmers and farm families 
are among the slowest adopters of ICT.  Morrow et al (2003) for instance reported 
that Irish farm families were falling behind other sectors of Irish society with regard 
to home internet access and cited evidence which showed that 21% of farmers had 
internet in their homes compared with the national average of 35% at that time. They 
also commented that this compared unfavourably with the farming communities of 
other developed economies. The author conducted research to measure the level of 
computer and internet usage among Irish farmers, to analyse the purpose to which 
these were put and to examine the factors which influenced the adoption of ICTs. The 
results were compared with the level of adoption among the general population in 
Ireland and with farm families in other comparable countries (Wims, 2007). It was 
found that a slightly higher proportion of farmers than the general population had 
home PCs and internet connections. However, when international comparisons were 
made it was found that the Scandinavian countries were forging ahead, with 
significantly higher proportions of farmers in Finland, Norway and Sweden having a 
home computer and internet access. Other countries with high levels of adoption were 
Switzerland, New Zealand, UK and USA (Ross and Waksman, 2004). From the 
figures of ICT adoption established in this study, it emerged that Irish farmers were 
approaching a level of adoption that was similar to the UK, USA and New Zealand.
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It was found that Irish farmers who were married and with dependent children, 
particularly older dependent children, were much more likely to have adopted ICT 
within their homes; it is evident that these children have greater demand for ICT for 
educational purposes and for recreational purposes and are a considerable influence in 
encouraging adoption of ICT at household level.  In addition, there were trends 
whereby farmers and/or their spouses who had off-farm employment were more likely 
to have adopted ICT than full-time farmers.  This is likely to occur for two reasons, 
one being the increased level of disposable income available in these households and 
the other being exposure to sources of information about ICT external to their 
immediate social system.  Farmers engaged in specialist enterprises were more likely 
to have adopted ICT; however, the proportions engaged in less profitable enterprises 
that have adopted ICT was surprisingly high but it is suggested that this can be 
attributed to the fact that these farmers or their spouses were more likely to have off-
farm employment.  Finally, it emerged that those with medium-sizes farms were most 
likely to have adopted ICT; a priori expectations were that those farming larger areas 
would have greater requirements for ICT within their farming systems, it was 
discovered that this latter category were least likely to have off-farm employment, 
thus reducing their disposable income and their exposure to ICT in the workplace. 
International comparisons from USA and European Union confirm that adoption and 
use of ICTs varies among different sectors of the farming community in those 
countries but in general has been found to be positively associated with farm size, 
type of production, gross income levels, age and education (Bardon et al, 2007; Burke 
and Sewake, 2008; Howell and Harbon, 2004, Warren, 2004) 

5 Deployment of Extranet by Agribusinesses
In this section, a case study of an extranet website is presented. The term “extranet”, 
according to Vlosky et al. (2000) is defined as a network that links business partners 
to one another over the internet. They explain that this linkage is usually 
accomplished by companies allowing their partners to access certain areas of their 
intranet. There has been considerable interest in researching the role of extranets in 
the business environment in recent years. Most of this research has focussed on 
exploring the benefits accruing to business from adopting extranets and also analysing 
the factors affecting their adoption. It has been found that the use of extranets can 
facilitate the sharing of information, decrease operating costs, save time and 
resources, improve customer service and generally improve business-to-business 
relationships (Anderson (1998), cited by Vlosky et al., 2000). In spite of these 
benefits, Windrum et al (2003) found that the adoption of extranets involved major 
organisational innovation and altered communication between the firm and its clients 
and suppliers.  

However, very little research has been conducted among agribusinesses and 
especially among farm businesses on their adoption of extranets. This present case 
study helps to address this information deficit by analysing the experience of one 
extranet service. The name of this extranet site is “AgriLink” and it was developed by 
Glanbia, an international cheese and nutrition company, whose headquarters are in 
Ireland. The group has 4,500 farmer milk suppliers and so is one of the larger milk 
processing companies in Ireland. Glanbia set up an extranet site (www.agrilink.ie) in 
1999 on a pilot basis and launched it among its suppliers in 2000. It was established to 

108



 

 

provide a link between the Milk Division and Agribusiness section of Glanbia and the 
farmer customers. It is a dedicated secure site whose purpose is to allow farmers have 
access to all information relevant to their business with Glanbia. Milk suppliers have 
access to a range of information regarding their milk account. This includes the latest 
milk test results, individual milk collection details and copies of milk statements. A 
superlevy statement is updated after every collection and help pages are provided with 
advice on non-conforming test results. Trading account holders can view the current 
balance on their accounts. Grain suppliers can select by grain type or intake branch to 
confirm the latest test results, weight, price paid and value of grain supplied. Copies 
of grain statements are also provided. AgriLink also provides a comprehensive news 
section. This includes updates on the Glanbia Superlevy position, technical 
information, links to other agri-websites and the latest Glanbia promotions. Thus, 
AgriLink has an important extension element. Registering for access to the AgriLink 
website has always been free to customers of Glanbia. In order to access AgriLink 
milk suppliers require a Glanbia account number and access to the internet. This 
extranet site is not unique in Ireland; in fact almost all of the large dairy cooperatives 
have established similar services in recent years. 

The main benefits for clients of using AgriLink include: 
1. 24 hour per day access to account information through AgriLink seven days a 
week. 
2. AgriLink is updated daily, therefore the most current information regarding 
accounts is provided.  
3. AgriLink also provides historical information since 1999; this allows the farmer to 
compare one month against the same month of another year.  
4. Copy statements for milk, trading and grain accounts are provided.  
5. Supplier's superlevy position updated after every milk collection.  
6. Branch transactions updated daily after close of business.  
7. Trading Statement download. This service allows a customer to select any month 
and a file containing a copy of the customer's trading or milk account statements will 
be forwarded by email to the customer. This file can then be downloaded into a farm 
management accounts package.

The features on the AgriLink website that were most accessed during 2007 are 
presented in Figure 1. Research was recently conducted by the author to evaluate the 
AgriLink website. The overall objective of this research was to explore the 
effectiveness of the AgriLink project in providing information to its farmers and to 
determine how this could be improved. The specific objectives included, inter alia, to 
describe the history and evolution of the website; to describe the present content and 
how it is presented; to determine how many of the target users were actually using it; 
to analyse/measure the success of the website; and to examine what constraints were 
impeding farmers from using it. 

5.1   Research Methodology 
Data were obtained from the Glanbia website development team, Agribusiness 
Division and Farm Development Section and from dairy farmers who supplied milk 
to Glanbia Co-Op who provided primary data. The quantitative research took the form 
of a postal questionnaire to a sample of Glanbia dairy farmers in order to establish 
farmer views on their adoption and use of ICT and AgriLink. As the questionnaire  

109



 

 

Figure 1. Hits on AgriLink during 2007 (N=857 suppliers who used AgriLink) 
Source: AgriLink Development Team (personal communication) 

was being posted to farmers, care was taken to ensure that all questions were clear 
and unambiguous. The questionnaire was presented in A5 format in booklet form. 
The questionnaire was initially piloted with a sample of five dairy farmers and final 
adjustments were made to the questionnaire arising from this exercise. A letter was 
prepared explaining the purpose of the research and Glanbia also provided a cover 
letter of support.

Sample selection was on the basis of stratified random sample, stratified on the 
basis of milk supplier usage of the AgriLink service. Of the 4,500 milk suppliers to 
Glanbia some 2,200 were registered to use AgriLink but only 857 of these used the 
site during 2007 (Source: Glanbia IT section, personal communication). Glanbia staff 
compiled a list of all suppliers with their corresponding usage of AgriLink, where 
usage was measured by the number of times each milk supplier logged on to the site. 
Hits on the website were recorded each time milk suppliers logged on and sought 
information regarding their accounts. The range of hits on the website varied from 1 
to 2,500 during 2007. For this research, a sample of 165 dairy farmers in three 
categories was selected: these consisted of 55 frequent users of AgriLink, 55 
occasional users and 55 non users of the website. The most frequent 55 users for the 
research were all those farmers who recorded hits on the AgriLink site of more than 
460 times during the year. All 55 milk suppliers in this group (top 6% of users) were 
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selected to participate in this study. This group was designated as the frequent users 
group.  

The middle user group were identified as those who had between 192 to 460 hits 
during 2007. Some 101 milk suppliers (12% of all users) were in this category and 55 
were randomly selected to participate in the study and were designated as the 
occasional users group. 

In order to derive a non user group the complete Glanbia supplier database was 
accessed and all AgriLink registered users were removed. It was observed that none 
of those suppliers already selected had less than 21,997 gallons (100,000 litres) of 
milk quota. In order to maintain a comparable sample in terms of enterprise scale, all 
suppliers in this category were also removed and then 55 suppliers were selected by 
random sample. This group was designated as the non-user group. 

Questionnaires and cover letters were posted to all three groups. A stamped self 
addressed envelope and a return date were also included with the questionnaires. 
Eight days later a text message reminder was sent to all non respondents. Some 113
fully completed questionnaires were returned. This represented an excellent response 
rate of 68% (113 out of 165). The breakdown of the three groups represented 43 
frequent users (78% of sample), 41 occasional users (75% of sample), and 29 non 
users (53% of sample). 

The data were entered into the Statistical Package for the Social Sciences (SPSS 
11.0® for Windows) and analysed using this data manipulation programme. 
Descriptive statistics (frequency distribution, percentages, measures of central 
tendency and variability) were used to describe the data.  Crosstabulations were used 
to examine relationships between variables.  This methodology is typical in research 
of this nature which analyses adoption and use of ICTs (see, for instance, articles in 
well recognised peer-reviewed journals by Alam and Noor (2009), Bayo-Moriones 
and Lera-Lopez (2007) and Fabiani et al. (2005)). 

5.2   Research Findings 
Analysis of the data revealed that the profile of the typical AgriLink user was male, 
engaged in full time farming, either young or middle aged (i.e. 35-50 years of age), 
married with dependent children, and owner or joint owner of the farm business. He 
was likely to be a Teagasc client, well educated and with a good level of agricultural 
education. Non users of AgriLink were also likely to be male, full-time farmers but 
were older (in age range 35 to 65 years), less likely to be a Teagasc client and also 
had a lower level of education, including agricultural education. 

When home PC ownership was examined it was found that 94% of respondents 
had a home PC; this was expected as all AgriLink users had a home PC.  However 
76% of respondents who did not use AgriLink also had a home PC. This was 
considerably higher than the national average of 53%. Connectivity to the internet 
was examined and it was established that 49% of respondents used broadband, 2% 
used ISDN and the remaining 48% used dial up. This half and half split between 
broadband and dial up was poorer than the rate of broadband penetration nationally. 
The distribution of respondents by their means of accessing the internet is presented 
in Table 2. 
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Table 2. Type of Internet connection among Respondents by AgriLink User group (n = 113) 

Internet 
connection 

type

Frequent 
Users
(n=43)

Occasional 
Users
(n=41)

Non Users
(n=29)

Total

No % No % No % No
Dial-up 16 37% 22 54% 12 41% 50
Broadband 25 58% 18 44% 7 24% 50
ISDN 2 5% 1 2% 0 0 3
None 0 0 0 0 10 35% 10

Total 43 100% 41 100% 29 100% 113

When the three user groups were examined, the level of internet access was 100% 
among users while access was at 65% among non users. The use of broadband was 
also much lower among non users at 24% whereas over half of the frequent users had 
broadband. 

Adoption and Use of PC and Internet among Respondents When PC usage was 
examined it was found that everybody in the respondents’ households could operate 
the computer in 55% of cases while the respondent alone operated the computer in 
34% of households. The remaining 11% of respondents indicated that their spouses 
(4%) or their children (7%) could operate the PC. When the results were analysed by 
AgriLink user groups a different picture emerges and the results are presented in 
Table 3.  

Table 3. Distribution of Respondent by who in household is capable of operating PC (n = 106) 

Frequent 
Users
(n=43)

Occasional 
Users
(n=41)

Non Users
(n=22)

Total

PC operator No % No % No % No
Respondent 19 44% 13 32% 4 18% 36
Respondent’s 
spouse

1 2% 2 5% 2 9% 5

Respondent’s 
children 

0 0% 0 0% 7 32% 7

Everyone 23 54% 26 63% 9 41% 58

Total 43 100% 41 100% 22 100% 106

The data in Table 3 indicate that respondents themselves were operating home PCs in 
almost all cases where they used AgriLink whereas in non-users’ households only 
60% of respondents could use a computer. Computer use by respondents was 
examined to ascertain for what purposes the PC was used. It emerged that respondents 
who used computers applied them to farm business use. The four options selected 
most often were use of AgriLink (by 79% of respondents), maintaining herd records 
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(75% of respondents), maintaining miscellaneous farm records (68% of respondents), 
and Entertainment (by 60% of respondents).  

AgriLink usage among Respondents   Respondents who used AgriLink were asked 
how often they did so and their replies are summarised in Figure 2. 

Figure 2.  Distribution of Respondents according to Frequency of Use of AgriLink (n=88)

From Figure 2 it emerged that the majority of respondents used AgriLink regularly; a
significant proportion (32%) used the facility daily and 77% of respondents used it at 
least weekly. Respondents were also asked for what purpose they used AgriLink and 
their replies are summarised in Figure 3.

Respondents were asked to rate eleven features on AgriLink. Each feature was 
evaluated on the basis of being very useful, of some use or of no use to the 
respondents. All eleven features were easily accessed on AgriLink and were strongly 
promoted by the website developers. The distribution of respondents by their 
responses to these features is presented in Table 4. From Table 4 it is clear that 
respondents who used AgriLink were very familiar with all milk related features on 
the website. However Milk Statements and Annual Summaries were not as popular as 
all other milk related features; despite this most respondents still found them useful or 
of some use. On the other hand all agribusiness and online business features were 
much less popular. The bulk feed ordering feature was used by 26 respondents but 
only nine of these reported it to be of any use (i.e. very useful or of some use). The 
General News section was also regarded as poor with only ten respondents finding it 
very useful. The Statement Download facility was only useful to those who had a 
farm software package to utilize it. While some 60% of respondents did indicate that 
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Figure 3. Distribution of Respondents according to purpose of AgriLink use (n=84); 
Multiple responses allowed 

they had a farm management software package it is clear that not all of them were 
incorporating AgriLink into it and obtaining the full benefits of it.

Table 4. Distribution of Respondents by how useful they rated AgriLink features (n=88) 

AgriLink Feature Very 
Useful

Of
some 
Use

Of
no 

Use

Have 
not 

tried it

Total 
Responses

Milk Monthly Summary 68 13 3 0 84
Milk Supply Details 77 6 1 0 84
Milk Test Results 79 4 1 0 84
Milk Statement 54 26 4 0 84
Super Levy Statement 73 6 3 2 84
Annual Summary 37 31 6 6 80
Trading Statement 39 22 8 12 81
Total Purchases 28 26 9 13 76
General News 10 29 26 13 78
Bulk Feed Ordering 5 4 17 47 73
Statement Download 19 16 10 30 75

Factors which influenced PC and Internet Adoption   In this study PC and internet 
adoption were found to be universal for users of AgriLink. For non users it was 
necessary to examine the reasons for slower uptake of ICT. While 76% of 
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respondents who did not use AgriLink had access to computers at home, it was 
considered unusual that they had not engaged with this resource and other factors, 
other than access to a home PC, were clearly preventing them from realising the 
benefits of AgriLink. It was found that non users of AgriLink were much less likely to 
have completed computer training than either frequent users or occasional users. The 
distribution of respondents by their level of computer training is presented in Table 5. 

Table 5. Level of computer training completed according to AgriLink user group (n=110) 

Computer 
training

Frequent 
Users
(n=42)

Occasional 
Users
(n=41)

Non Users
(n=27)

Total

No % No % No % No
Beginners course 16 38% 18 44% 9 33% 43
Advanced course 
(ECDL)

8 19% 5 12% 0 0 13

No Training 18 43% 18 44% 18 67% 54

Total 42 100% 41 100% 27 100% 110

From Table 5 it is notable that 56% of AgriLink users had engaged with computer 
training whereas only 33% of non users had taken computer training. It may be 
concluded that this low level of training among non users has influenced the adoption 
of ICT and the use of AgriLink. Analysis revealed that 75% of non AgriLink users 
had a home PC and 66% were connected to the internet. Figure 4 indicates what 
would encourage Non User Respondents to use AgriLink.

Figure 4: Distribution of non-using Respondents by Main Factor that would Encourage them to 
use AgriLink (n=29); Multiple responses allowed 
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It is clear that a lack of computer training was a major impediment to increased 
computer use and increased AgriLink use. Infrastructure was also an issue as more 
than 20% of respondents felt that improved internet access would encourage them. A 
number of respondents also were totally unaware that an AgriLink type service was 
available as they felt that access to Trading and Milk Account details would 
encourage them to use AgriLink. This indicates that an awareness campaign by 
Glanbia, the service provider, might encourage increased use.

5.3   Conclusions from AgriLink Study 
This study examined the Glanbia AgriLink extranet site and the respondents to the 
survey could not be taken as representative of how Irish farmers are adopting ICT on 
their farms. However the study did discover a number of issues which may be slowing 
the rate of adoption of ICT. The sample of farmers who did not use AgriLink have 
also embraced ICT but not to its full potential. Some 75% of those farmers have a 
home PC and 60% of them can operate it. Therefore there is a huge onus on IT 
support teams both in Glanbia and in training bodies such as Teagasc to provide 
bespoke training to help those farmers in the years ahead to embrace ICT more fully 
and so reap the benefits accruing. 

6 Conclusions 
This paper has analysed the penetration of ICTs among the general population and 
among farmers in Ireland. It is apparent that considerable strides have been made in 
ICT and eGovernment initiatives in Ireland in recent years. Unfortunately, however, 
without the necessary infrastructural developments which include broadband, Irish 
farmers could continue to be marginalised when it comes to ICT adoption.

6.1   Constraints that Impede Farmers from using ICT 
It emerged throughout this paper that older farmers are less likely to use ICTs than 
farmers under 50 years of age. Older farmers have less understanding of the benefits 
of ICT adoption. This is partly due to their lower education levels. According to 
ISITA (2003) computer training is an issue for farmers in the adoption of ICT and
research findings presented in this paper also found that the lack of computer skills is 
an issue. Less than one third of non users of AgriLink, for instance, had completed 
any formal computer training while none had completed more advanced ECDL 
training compared with 57% of users who had training. This lack of training will 
continue to be a barrier to increased uptake of ICT among non users. 

While the skills necessary to engage with ICT continue to limit uptake, the lack of 
infrastructure necessary to use ICT to its full potential continues to be a barrier. The 
lack of availability of broadband in rural areas is limiting the impact of ICT among 
Irish farmers. While rates of broadband use among AgriLink users, for example, was 
high at 51%, it was much lower among non users at 24% indicating that lack of 
availability and lack of awareness of the potential of broadband was evident among 
non users. It may be recalled that recent research by Smith (2008) indicates that 75% 
of rural areas in Ireland do not have an adequate broadband supply. This is significant 
since 20% of non users of AgriLink did indicate that improved internet access would 
encourage them to use it. 
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6.2   Recommendations which Emerge 
The adoption of computer technology to enhance the flow of information to farmers is 
seen as a vital tool to allow farmers remain competitive on a global stage. What is 
clear from this paper is that a core group of farmers have embraced ICT and are 
benefiting from its adoption. However, it is essential that barriers to the adoption of 
ICT by farmers who are not using it are overcome. Efforts must be made to focus all 
players within the agricultural industry to make ICTs more relevant to farmers. 

The transformation which has taken place in Irish agriculture due to eGovernment 
has been remarkable with the facilities to interact with the Ministry of Agriculture on 
a number of schemes for farmers. This development is welcome and must continue. 
However, one area where Government has not been so successful is in broadband 
provision to rural areas, where the farming community are concentrated. Today, there 
is a major imbalance in the provision of broadband to urban and rural areas with many 
rural areas trailing in ICT penetration. The commitment given by Government to 
extend the benefits of the Information Society to all parts of the country including 
farming communities and the rural population must be delivered. Broadband is now 
accepted as vital to rural sustainable development and without it farmers cannot make 
full use of ICT.  

Finally, it is evident that there is a desire among farmers to embrace ICT but 
without the necessary skills to do so, this will not happen.  If farmers are to adopt ICT 
on a grand scale it will only happen if they are taught the skills which they can 
implement immediately in relation to their farming businesses. While agribusinesses 
themselves may not want to get involved directly in training, it is important that they 
are supportive of organisations such as Teagasc or other local organisations in 
delivering the type of training required by farmers. 
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Abstract. New technologies have a potential to contribute to achieving 
significant economic, social and environmental benefits in agriculture sector. 
However, the adoption of Information and Communication Technologies (ICT) 
have encountered some difficulties among farmers. This paper reports 
investigations on the adoption of ICT in agriculture among Italian tractors 
users and explores their opinions on technologies applied to agricultural 
tractors. A survey was conducted during the International Exhibition of 
Agricultural Machinery (EIMA). The results show that, while economic 
benefit is recognized as the primary reason to adopt new agricultural 
technologies, other attitudes play roles in the adoption decision of the tractor 
users. 

Keywords: adoption of new technology in agriculture, Italian tractor users, 
survey, opinions. 

1   Introduction 

Agriculture is an area with significant application of high technology and, during the 
last century, exceptional advances in the application of ICT (Information and 
Communication Technology) have revolutionized farming. Recent advances in ICT 
have allowed farmers to acquire vast amounts of data for their fields, ultimate 
helping them in the reduction of uncertainty in decision-making (Blackmore, 2000). 

However, as it seems the case of the Italian market, sometimes technology 
advancements outpace the readiness of potential users. 

Adoption of a new technological process or machine, even when it has obvious 
economic advantages, is often a very difficult action (Roger, 1995). May innovations 
require a long period from when they become available to the time they are widely 
adopted.  

Although final users constitute a category of actors that in recent years has 
received considerable attention in research on technological development, published 
studies analyzing the impact of farmers’ perceptions in agriculture sector are rare. 
Among those stands out Adesina and Baidu-Forson research study (1995) supporting
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the hypothesis that farmer’s perceptions of technology characteristics significantly 
affect their opinion decision.  

As in other domain, knowing who the future user is, understanding their priorities 
and believes, what they know, what they are after, and how they get the information 
is vital (Nielsen, 1993).  

Having a good knowledge of this information can be very helpful for tractor 
manufactures in developing and designing innovative ICT technologies that satisfy 
user’s needs and in speeding up the process of adopting the new technologies.  

In order to understand the final user, it is important to determine who the targets 
are, their characteristics and demographics, their relative value to the business, and 
what they need and want to purchase. Their root motives can help the manufacture to 
react quickly to customers’ needs, facilitating new product development and 
therefore the meeting of customer requirements in terms of the products they 
subsequently purchase (Jeffrey and Franco, 1996). 

2   The Survey  

The most innovative farmers are now using precision farming which combines 
telecommunications, computer technologies, and global positioning systems (GPS) to 
increase productivity and decrease costs of raising crops (Korsching, 2001). 

According to Griffin and colleagues (2004), we consider important to understand 
farmers’ reasons for non-adoption of ICT technology innovation. 

The focus of analysis of the study reported in this paper is on the adoption of ICT 
technologies among Italian users and/or owners of agricultural tractors. Moreover, 
we aimed at gaining knowledge on farmer’s attitudes, opinions and believes towards 
new technologies applied to agricultural tractors. A survey investigating their views 
and opinions on ISOBUS system, GPS (global positioning system), CVT (continuous 
variable transmission), fleet management and remote diagnostic system applied to 
agricultural tractors has been conduced.  

ISOBUS system is a standardised communication system which links tractors and 
implements together, enabling data to be transferred quickly and simply between the 
tractor and the tools. With the help of a GPS system for positioning and devices for 
application control and data collection, these data can be used for monitoring actual 
field operations.  GPS is often equipped with a automated steering system to assist 
guidance, reducing the use of fertilizer, seed, chemical and fuel costs, as well as 
driver fatigue and allowing a better oversee of the implement to improve the job 
quality.  

A CVT is a transmission system characterized by infinite variability between 
highest gear and the lowest gear. It can change steplessly through an infinite number 
of effective gear ratios, with no discrete gear shifts involved in the process.  During 
operation, the CVT allows the tractor to maximize field efficiency by being able to 
operate at optimum speed. Instead of separate speed ranges like in a powershift, the 
CVT gives the tractor infinite speeds. An operator can select the exact speed for the 
application whereas a powershift must operate within speed ranges. 
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Fleet management technology, called telematics, includes vehicle-tracking devices 
and software that show where all vehicles are located at all times. Remote diagnostic 
system allows diagnosing of a given issue or problem from a distance. Understanding 
how the machine is running also allow the operator to monitor potential problems 
and perform preventative maintenance before they equate to downtime. These 
technologies reduce redundancy, cut down labor costs and expand hours of operation 
(Adrian, Norwood, Mask, 2005). 

2.1   Methodology 

A survey is a tool to understand the views and attitudes of a population on a given 
topic. Data were collected by means of a questionnaire which was completed during 
a face-to-face interview.  

Trained interviewers administered the questionnaire personally to respondents and 
questionnaire responses were directly recorded on a computer. The questionnaire was 
divided into several sections, and respondents had to use a 4 point Likert scale to 
express their opinion on different aspects. Assuming that it is not feasible to adopt a 
new technology if you don’t have any knowledge about it, the questionnaire started 
asking to the participants to give information about their knowledge and perceived 
usefulness of the technology, their source of information, and to describe the aspects 
they considered important in the use of an agricultural tractor.  

Propensity for technological innovation future use was investigated as well.  
The survey ended with a description of the technology installed on their current 

machine and with some background questions to collect information on the sample of 
respondents. 

2.2 Sample 

The data set used in the analysis is based on a questionnaire completed by 305 
people. The convenience sample was obtained through approaching visitors during 
the 5 days of the International Exhibition of Agricultural Machinery (EIMA), the 
biggest event in Italy with regard to technologies for agriculture, held in Bologna in 
November 2010. 

Most of the participants were farmers, farm workers, or independent contractors 
(accounting for 75% of the total number of respondents). The others were students, 
people working in the machinery trade or service sector, or people whose primary 
work activity was not related to agricultural sector or tractors. All the subjects were 
users of agricultural tractors. 

Respondents’ age ranged between 18 and 75 years. Participants were grouped into 
five age classes of ten years each, with the exception of the class of the youngest 
participants, aged between 18 and 25 and the one of the oldest participants, aged over 
55. The percentage distributions is provided in Table 1. 

 One of the peculiarity of Italian farms is their dimension. Based on the recent data 
of the National Institute of Statistics (Istat, 2009), 80% of the farms in Italy are 
smaller than 5 hectares and their average dimension is 7.6 hectares. The greater part 
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of our sample owns or works in a farm larger than 20 hectares. The majority of the 
sample owns or works with a number of tractor between 4 and 6. 

Table 1.  Sample age distribution  

Age Class 
(years) 

Frequency Percentage 

18-25 65 21,3 
26-35 65 21,3 
36-45 64 21,0 
46-55 74 24,3 
> 55 37 12,1 

Total 305 100 

 

2.3   Data analysis 

Data analysis was conducted on 305 questionnaire collected from the sample of 
participants.  

Data were entered into SPSS software version 16 for statistical analysis and 
subjected to univariate and bivariate analyses to know the relationship between and 
among the variables investigated. As the study was based on a convenience sample, 
violating the assumption of a normally distributed population, non-parametric data 
analysis were performed. A P-value<0.05 was considered statistically significant for 
all analyses.  

 

3  Results 

Survey’s results show that ICT technological innovations applied to agricultural 
tractors were little known by the sample of respondents. Indeed, system like the 
ISOBUS was completely unknown by the 45,2% of the sample, the GPS assisted 
guidance system by the 33,3%, fleet management system by the 29,2% and remote 
diagnostic systems by the 20,7%.  

Respondents reported that information on technological innovations were 
primarily obtained through exhibitions and/or conferences, and information given by 
colleagues. Only a reduced number of respondents gained information on new 
technologies through the use of internet. Data analysis shows association between 
respondents age and use of internet to get information on technologies innovations 
(!2=33.951, df=16, p=.006). Younger farmers utilize slightly more the internet as a 
source of information on technological innovation applied to agricultural tractors 
compared to older farmers (rho=-.166, df=303, p<.004).  

As reported in Table 2 no statistical significant difference was found in the 
sample’s answers for the ISOBUS system, while a significant association was found 
between age and knowledge of the GPS-assisted guidance system (!!=31.184, df=16, 
p=.013). Younger farmers were slightly more informed about GPS assisted guidance 
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system applied to agricultural tractors compared to older farmers (rho=-.159, df=303, 
p<.005).  

At the same time a significant association was found between knowledge about 
the CVT system and farm’s dimension (!!=18.883, df=8, p=.016); the bigger is the 
land they work (rho=.206, df=289, p<.000), the more they are informed. 

Further, it was found a statistically significant positive correlation between the 
number of tractors owned or farm’s dimension and the importance given to 
technological innovations such as remote diagnostics (!2=26.833, df=12, p=.008; 
!

2=15.658, df=8, p=.048). It is well established in innovation studies that large firms 
are more often innovative than small firms (Christensen et al, 2011). Indeed, the 
analysis display a week but statistically significant positive correlation between those 
two variables (rho=.156, df=303, p<.006). A new trend in the farming business is to 
replace conventional farming devices with computerized farming devices (Iftikhar 
and Pedersen, 2011). 

Table 2.  Cross-tabulations results 

 Age classes  N° of tractors owned  Farm’s dimension 
 !2 df p  !2 df p  !2 df p 

ISOBUS 12.040 16 .741   12.358 12 .417  6.253 8 .619 
GPS 31.184 16 .013*  20.700 12 .055  15.133 8 .057 
CVT 14.973 16 .527  18.767 12 .094  18.833 8 .016* 
Fleet management 15.659 16 .477  30.009 12 .003*  13.580 8 .093 
Remote diagnostic 24.871 16 .072  26.833 12 .008*  15.658 8 .048* 

 
* significant association between variables 

 
Most respondents considered technological innovations applied to tractors very 

valuable for crop protection and sowing (Fig. 1). Beside, a significant positive 
association between farm dimension and the usefulness of technological innovations 
in tillage was found (!2=17.386, df=6, p=.008). 

 

0%

20%

40%

60%

80%

Tillage Fertilization Crop
protection

Sowing Harvesting Transport

not at all a little somewhat very much

 

Fig. 1. Importance of technological innovation in agricultural tasks. 
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According to almost all participants, ICT technology applied to agricultural 
tractors positively affect the comfort of the operator, the safety, reliability and 
flexibility of the machine (Fig. 2). Differently, their believes regarding the reduction 
of environmental impact of the operations and the reduction of the costs are more 
spread on a negative side of the continuum.  

Some final users firmly believe that the state of the art of this technology does not 
allow them to improve production in a way to gain profit from it, while others deem 
that there is a positive discrepancy between the high purchase cost to adopt the 
technology and the increased production and resulting higher profit. However, 
according to the users, too many variables affect that positive gain, making it not 
reliable. A technology is useful to the extent that it improves production and profit 
and it is applied to the extend that it generates and satisfies users’ needs. 
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Fig. 2. Opinion of the sample’s study on the results of adoption of ICT technological 
innovation .  

The main impediments to the adoption of new technologies cited by the 
participants were the lack of “tailored” technologies and their increased 
sophistication which imposes enhanced mental workload, extension training 
necessary to learn and master the task. One of the main reasons related to the lack of 
adoption of ICT technologies is related to the interfaces issues: too complex and not 
“user friendly”. To adopt and use these technologies, not only do the owners of the 
agricultural tractor(s) have to make financial investments, but they also make 
investments in learning new skills. However, users are aware that in a competitive 
global market they need to adopt new technology to differentiate itself from others 
and to push forward their production. 

According to respondents’ opinions future technological innovations that will be 
very useful are those providing infinite number of power take-off speeds 
independently from those of the engine, and safety and warning systems that enable 
driver identification, prevent risky maneuvers, give information to the driver about 
dangerous situation, and communicate any incidents to a business centre or an 
emergency service. 
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4   Conclusions 

Adoption of technological innovations in agriculture has attracted considerable 
attention among economists and tractors manufacturers. Results of the survey shows 
that a technology is useful to the extent that it improves production and profit and it 
is applied to the extend that it generates and satisfies users’ needs.  

Therefore, it is paramount to gain knowledge of the end users’ opinions when the 
manufactures are designing, developing and applying technological innovations to 
agricultural tractors. The involvement of the final users in planning future ICT 
development could be a possible solution to the problem of adoption of these 
technologies in the agricultural sector. 

While economic benefit is recognized as the primary reason to adopt new 
agricultural technologies, other attitudes play roles in the adoption decision of the 
tractor users. The way an individual perceives the new technology is critical to 
whether they will eventually adopt the innovation. 

Farmers are oriented towards “easy-to-use” new technology. They are aware of 
the need to adopt new technologies requested by a competitive global market, 
however they distrust technologies they perceive too sophisticated to interact with, 
requiring investments in learning new skills.  

As the technology applied in the agriculture sector is becoming increasingly 
complex, the need for a simple and easy way to interact with it is growing among 
farmers. Therefore, man-machine-interfaces which are intuitive, based on natural 
communication channels, are most appreciated and sought-after. 

Tractors manufactures needs to approach the customers by collecting information 
about them, describing them in sufficient detail so that management, salespeople, and 
people providing service can have the opportunity to access information while 
matching the customer needs with product plans and offerings. This continuous 
communication process helps the company manufacture to be in constant touch with 
the customers and it is done with the main aim of improving user satisfaction and 
maximizing profits. 
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Abstract The expected change of climate will influence agriculture in a 
multifactorial manner. Up to now there are few suitable tools and methods for 
agricultural farms and other decision makers to give helpful answers on 
questions like: How will climate change influence regional agriculture and 
ecosystems and what will be possible adaptation strategies for agriculture. The 
newly developed information and decision support system, called LandCaRe-
DSS, closes this gap. It is designed as a user friendly, interactive, model-based, 
and spatial-oriented information and decision support system, can be used on 
different spatial scales, and supports long-term and ensemble simulations on a 
high spatial resolution. The LandCaRe-DSS system assists strategic planning 
in agriculture and sustainable development of rural areas (regions) and 
provides answers concerning the effects and costs of possible adaptation 
measures. Being still a prototype, LandCaRe-DSS is parameterized and 
validated for two German regions at present. The impact models used in 
LandCaRe-DSS, the experience of collaboration with stakeholders, and the 
possibilities and limitations of the LandCare-DSS are described just like 
practical experience gathered during the system development from the 
modelling and implementation point of view. First results of scenario 
simulations based on different climate regionalization methods are presented 
and discussed. 

1   Introduction 

Agriculture is a fundamental human activity, supporting the livelihood of everyone 
on this planet. Of the nearly 14 billion hectares of ice-free land on Earth, about 10% 
are used for crop cultivation, while an additional 25% of land is used for pasture. 
Over 2 billion tons of grains are produced yearly for food and feed, providing
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roughly two-thirds of total direct and indirect protein intake; a mere 10% of this total, 
or 200 million tons, is traded internationally (Tubiello et al, 2007). 

Perhaps the most important challenge that agriculture will face in coming decades 
is represented by the need to feed increasing numbers of people while conserving soil 
and water resources. Existing projections indicate that future population and 
economic growth will require a doubling of current food production, including an 
increase from 2 up to 4 billion tons of grains annually, without significantly 
increasing current arable land. 

At the same time there is a significant concern about the impacts of climate 
change and its variability on agricultural production worldwide. Current research 
confirms that many crops would respond positively to elevated CO2 but the 
associated impacts of high temperatures, altered patterns of precipitation and possibly 
increased frequency of extreme events such as drought and floods will probably 
combine to depress yields and increase production risks in many world regions, 
widening the gap between rich and poor countries (IPCC, 2007).  

Most of the discussion on climate change up to now has focused on mitigation 
measures, for example the Kyoto Protocol. Not much attention has been given to 
climate-change adaptation, which will be critical for many developing countries but 
also for many regions in Europe. Each country should examine separately, how it can 
reduce their vulnerability to climate change and increase desirable outcomes with the 
lowest costs under consideration of the different regional and local economic and 
soil-climate conditions. 

Adaptation to climate change requires resilient knowledge on the potential 
regional and local impacts of climate and weather extremes. Effects of climate 
change on agriculture may be positive or negative, depending on the variability of 
weather conditions, site quality, land use and management. Adaptation must consider 
sustainability with respect to high plant production without loosing different 
ecosystem services like soil protection, purification and recycling of water or 
maintenance of biodiversity. Further, adaptation measures should not enhance 
climate change but reduce greenhouse-gas emissions. That implies decision making 
to consider both socio-economic and ecological consequences of adapted 
management. 

Recent developments in geographical information systems, in the development of 
robust climate impact models, but also better technologies for data acquisition, have 
enabled modelling to identify potentials and environmental constraints to crop 
production at regional and national levels regarding the expected climate change. By 
integrating models in interactive usable decision support systems, farmers and other 
stakeholders have a framework, which can be used to find answers related to the 
most appropriate management practices to adjust the agriculture to the climate 
change. 

Because there is a lack of good model based decision support systems for climate 
adaptation of agriculture on the regional and local scale, five years ago in Germany 
the now finished joint research project LandCaRe 2020 (Land, Climate and 
Resources) had been started. LandCaRe 2020 (www.landcare2020.de) investigated 
effects of regional climate change on agricultural production as well as water and 
matter fluxes to provide a knowledge-based framework for adaptation. The project 
consisted of ten sub-projects co-ordinated by the Department of Meteorology at the 
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Technical University of Dresden and conducted at six research institutes in Germany. 
Funding had been provided by the German Ministry for Education and Research 
within the funding program “Research for climate protection and protection from 
climate impacts”.  

Central objective of the project LandCaRe 2020 was a web-based, dynamic 
decision support system (dDSS), known as LandCaRe-DSS, exemplarily developed 
for two contrasting regions of Eastern Germany (dry lowlands of the State of 
Brandenburg and a humid mountain area of Free State of Saxony). The conceptual 
framework and the integration of different modules within the LandCaRe–DSS are 
represented in Figure 1. 

Fig. 1. Conceptual framework and levels of integration of different modules in the LandCaRe-
DSS 

2   Methods and Materials 

System Structure and Characteristics 

The LandCaRe-DSS consists of five basic system components: 

• Information and advisory system, 

• Analysis of climate data and climate impacts on plant phenology, 
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• Climate change impact assessment for agriculture on national level, 

• Climate change impact assessment on regional and farm level, 

• Simulation and integrated assessment of different agricultural adaptation 
strategies to climate change.  

The basic principle of operation, which can be characterized as an iterative 
procedure from the scenario definition, the evaluation of different agricultural farm 
management adaptation strategies, up to decision, what is the best adaptation strategy 
for the concrete farm, is shown in Figure 2. 

Fig. 2. Basic principle of operation of LandCaRe-DSS 

As distinguished from other Decision Support Systems (DSS) the LandCaRe-DSS 
offer the following special features: 

• Interactive 
(The user decides which simulations and calculations to execute and runs 
almost all models by himself.) 

• Dynamic 
(A large variety of simulations can be run, analyzed and compared with each 
other by the user. The chosen preconditions will affect the simulation results.) 

• Spatial-oriented 
(The user chooses the desired level of detail by zooming between national, 
regional or farm level. Based on this choice different models can be activated 
for execution.) 

• Web-based 
(Central support, control and update of the entire DSS software and all 
supporting data) 

• Extendable 
(Open for further add-ons; frequent update of information, knowledge and 
data.) 
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Short Description of the Functionality 

As a prerequisite for the development of a DSS, potential users like agricultural 
administrations, farmers, water agencies and agro-businesses were included in the 
research process. As far as possible their specific demands of knowledge and 
decision support could be considered. The spatial DSS is interactive and dynamic, 
because it allows new model runs with various sets of scenarios and parameters by 
the user. It includes regional climate trends and weather statistics of the past, 
recorded by climate stations of the German Weather Service (DWD) since 1950, as 
well as different future climate scenarios based on the ECHAM5 Global Circulation 
Model with dynamic downscaling steps (20 to 1 km grid length) using the Europe-
wide regional climate model CLM (Böhm et al. 2006) and results of the statistical-
dynamic model WETTREG (Enke et al. 2005). Besides multi-ensemble climate 
scenarios, socio-economic scenarios are provided by the agricultural information 
system RAUMIS to derive the actual and potential future land use and to provide 
data for the transfer of the system to other regions in Germany. The module 
“ecology” comprises simulations of water, carbon and nitrogen fluxes as well as 
yield predictions of agricultural crops and grassland. Simulations are performed by 
the central, CO2-sensitive model MONICA (MOdel for NItrogen and Carbon in 
Agro-ecosystems, Nendel et al., 2011) developed from components of previous in 
ZALF developed models like THESEUS (Wegehenkel et al, 2004), HERMES 
(Kersebaum, 2007) and AGROSIM (Mirschel & Wenkel, 2007). Further models and 
algorithms are used to derive ecological indicators related to nitrogen and water 
fluxes, water-use efficiency, primary production, greenhouse-gas emission, soil 
erosion and site potential. Modelling is supported by data from FACE (free-air 
carbon dioxide enrichment) experiments with agricultural crop rotations at vTI 
Brunswick. Besides completed experiments with the C3-species sugar beet, wheat 
and barley, the C4-species maize is currently investigated under high CO2 (550 ppm). 
The experiments allowed it to include the CO2 fertilizer effect in modelling which is 
crucially important for the prediction of crop yield with respect to quality, quantity 
and implications on the soil water and energy budget. The project is open for 
participation in the user panel and collaboration with other related projects. At the 
end of the project, the LandCaRe-DSS verified for the two exemplary regions was 
converted into an operative web-based version (http//:www.landcare-dss.de). The 
model framework, adapted software and a defined set of required data provide for 
future transfer to other regions. 

Examples of LandCaRe-DSS Use 

Analysis of Climate and Phenological Data 
Information about the impacts of climate change on the ontogenesis of agricultural 
crops are very important for agro-management . Using the example of winter wheat, 
Figure 3 shows the lengths of different ontogenesis stages between sowing and 
harvest in comparison for two climate time periods. The DSS-user can chose 
different climate scenarios, different time periods and different sowing dates for 
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running the ONTO model. In the result the DSS-user can see the crop reaction and 
can draw the consequences for agricultural measures, for instance in spring.  

Fig. 3. Length of ontogenesis stages for winter wheat (in days) between sowing and harvest in 
comparison between 1975 (inner circle) and 2030 (outward circle). 

Climate Change Impact Assessment on National Scale 
At the national scale maps with information about changes in crop yields, cropping 
structure, farm economies and irrigation demand as a consequence of climate change 
are presented to the stakeholders for different time periods. The maps were created 
by the research group of vTI Brunswick. Within the LandCaRe-DSS the user can 
carry out a statistical analysis which is exemplary shown in Figure 4 (winter wheat 
yield at national scale for Germany with high resolution expected in 2025). 
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Fig. 4. Regional winter wheat yields for Germany in 2025 (results of the RAUMIS model 
simulation from vTI Brunswick) 

Climate Change Impact Assessment on Regional Scale 
On the regional scale the ecological impact assessment of climate and land use 
changes are realized on a high spatial resolution, i.e. on a minimum pixel size of 1 ha 
(100 x 100 m). Most of the models mentioned above can be activated on this level, 
but without a coupling to the economic model on this scale. Using different models 
calculations are possible for the expected impacts of climate change on yields for 
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arable and grassland, on the potential erosion risk, on the regional actual 
evapotranspiration and the whole regional discharge, on the irrigation water demand 
and others. At this regional scale a statistical analysis (average, median, histogram 
…) is automatically realized. In Figure 5 for the Federal State of Brandenburg (BB) 
the irrigation water demand in 2000 (average for BB: 70.7 mm) is compared with the 
situation in 2080 (average for BB: 85.4 mm). From Figure 5 it is seen that in 2080 
the irrigation area is significant larger than in 2000. 

Fig. 5. Distribution of the irrigation water demand in 2000 (left) compared with the situation in 
2080 (right) for the Federal State of Brandenburg (simulation with the model ZUWABE) 

Local or Farm Scale 
At local or farm scale an interactive simulation and integrated impact assessment of 
agricultural adaptation strategies to climate change (crop rotation, soil tillage, 
fertilization, irrigation, price and cost changes, …) is offered by the LandCaRe-DSS. 
The user of the system will be informed about changes of crop productivity (yield, 
yield quality), soil fertility (water, carbon and nitrogen contents), water erosion and 
farm economy. At farm level the MONICA and YIELDSTAT models are coupled to 
the farm economy model (FEM). The LandCaRe-DSS user receives information 
about different economic parameters, fertilizer amounts and costs, irrigation water 
demands and costs and finally about crop yields and sales profits. For all output 
information the variances of results are given based on up to 90 simulation runs. The 
results are visualized using normalized bar graphs for a better comparison between 
different scenario runs. Figure 6 shows an example for the visualized simulation 
results of the model MONICA for a small part of a farm, based at the Google-map 
background. The bar graphs are arranged around the fixed part of the farm which is 
subdivided in 1 ha (100 x 100 m) pixels. In the upper part first the data of the actual 
scenario run can be chosen. Secondly all input information can be activated and 
presented. At the left site of the figure there are shown parts of the dynamic results of 
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MONICA as average for the cropping year and as time course (for example the soil 
carbon dynamic) for the chosen 30-year time period. 

3   Experiences and Conclusions  

Most agricultural systems have a measure of built-in adaptation capacity 
(„autonomous adaptation“) but the rapid rate of climate change will impose new 
pressures on the existing adaptation capacity. Interactive simulation und integrated 
impact assessment of agricultural adaptation strategies to climate change (crop 
rotation, soil tillage, fertilization, irrigation, price and cost changes, …) are very 
important prerequisites to support farmers and other stakeholders to find out cost 
effective adaptation strategies to climate change. Only a well informed user can make 
good decisions 

Fig. 6. Visualization of simulation results for the combined MONICA and FEM models at 
farm level for a small part of a farm within the Uckermark district, Germany. 

The development of an interactively useable decision support system for climate 
change adaption makes high demands on the implementation concept as well as the 
modules included into the system. In order to support fast input/response cycles for 
climate scenario simulations (long term simulations; often necessary to run multiple 
times for decades), it is necessary to utilize the possibilities offered by modern multi-
core computers and often to recode models, available in different programming-
languages, into C++. Another prerequisite is to use a standardized interface to the 
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shared GIS- and parameter database, which feed the models with all necessary 
parameters and input data.  

Additionally some models had to be modified with regards to contents in order to 
make them fit for scenario simulations even in the limited presence of some 
regionalized climate variables (e.g. no availability of high temporal resolution 
precipitation events for the calculation of the RUSLE's R-factor in the erosion 
model). A further important experience is, that the models which are to be included 
into decision support systems have to be robust, well documented and above all have 
to be separately verified in space and time before their inclusion into the DSS 
framework. Trying to find programming mistakes or design errors in a model after 
the inclusion complicates things a lot due to the inherent dynamism build into the 
DSS and the sheer amount of parameter-combinations. 

Because we can use in principle empirical, mechanistic as well as hybrid models 
for long term simulations (e.g. to assess the impacts of climate change on yield and 
biomass production for agricultural crops), the LandCaRe-DSS supports the 
possibility of multi-model-simulations. This is a prerequisite to assess the 
uncertainties resulting from different model types, yielding different simulation 
results with the same inputs.  

Analogously LandCaRe-DSS can be used to evaluate the impacts of different 
climate scenarios (A1B, B1, A2, etc.) and different climate regionalization methods 
(e.g. CLM, WETTREG, STAR2) onto the simulation results. Experiences from 
recent climate impact studies show, that different regionalization methods lead to 
different projections of the main important climate elements (radiation, temperature 
and precipitation) in time. Because all projections are of the same probability and 
interact with the impact-models, the only way to estimate the possible bandwidth of 
regional climate changes onto the development of agricultural yields and other 
important landscape functions is to use multi-ensemble-simulations (simulations with 
data of different climate regionalization methods). For a decision support system this 
means, that it has to offer this functionality to the user in such a way, that he can 
pursue multi-model and/or multi-ensemble-simulations without difficulty. An 
implication of these possibilities is, that the decision support system has to prepare 
the often large amount of simulation results in such a way, that the user gains 
knowledge instead of is loosing track. 

During the development phase of the LandCaRe-DSS a lot of work has been put 
into offering the user different kinds of context sensitive help to empower him to 
create and run the envisioned scenario simulations on his own. But the first results 
from the test phase show, that a reasonable use of such a complex model-based 
decision support system at the farm as well as the landscape planning level is only 
possible either involving the model's creators or specially trained people. 
Furthermore we have learned that a decision support system is never finished. With a 
growing user base also the requirements rise and/or change. Furthermore the 
scientific knowledge changes quickly and leads usually to new and more powerful 
models. This is especially true, if the system is being developed at the cutting edge. 
Thus only if it can be assured that the system's developer-team is able to complete 
and improve the system in the long term, it can be expected, that a complex decision 
support system can enter successfully into the real world. 
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Some important experiences could be attained on the first real applications of the 
models in climate and climate-impact studies regarding the quality of the 
geographical data in digital maps and climate projection data, offered by 
climatologists. Regarding the Geo-data it had to be observed, that often content 
doesn't match or locations are imprecise. This leads to problems during the automatic 
generation of inputs for the impact-models. Even more problematic is the fact that 
the climate projections of different climate regionalization methods sometimes differ 
heavily and extreme events which are of great importance for provision strategies 
either are not available at all, or their estimations are highly uncertain. These 
objectively existing uncertainties in the climate projection data lead to a large 
bandwidth of expected climate-effects and increase the difficulty in the search for 
cost effective climate adaption strategies. Making available more reliable regional 
climate projections which are better harmonized to each other thus proves to be a key 
duty for the climate-impact research and adaption of agriculture to the climate 
change in the future.  
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Rete Natura 2000 Reviewed Through Territorial GIS 
Zoning 

Francesco Riccioli1, Jean Pierre El Asmar2, Toufic El Asmar3

Abstract The province of Grosseto in the region of Tuscany, Italy, is among 
the areas in Europe included in the “Rete Natura 2000” (network Natura 2000) 
EU directive 92/93 CEE “Habitat”, for its peculiar site characteristics. Due to 
intensive human activities through territorial colonization, it is very difficult to 
find uncontaminated natural areas. This work analyses the area of Grosseto 
adopting and adapting the Recreation-Opportunity-Spectrum (ROS) North 
American Methodology to classify the territory based on human presence and 
related activity. It includes both natural protected environment and the 
immediate surrounding colonized milieu. The results of the analysis will allow 
developing a framework of reference for the rehabilitation projects and for 
improved territorial management. 

Keywords Sustainable development, ROS, colonized territory, protected 
habitat 

1 Introduction 

The EU directive 92/43 CEE “Habitat”, entitled “Rete Natura 2000” (network Natura 
2000), in Europe aims at the protection of Biodiversity through the preservation of 
natural and semi-natural habitat, of the flora, and of wildlife. The project consisted in 
the creation of natural protected areas (Regione Toscana, 2009). The areas were 
selected based on the presence of particularly rare species and habitats or on the 
community interest from the scientific and natural points of view. Such activity was 
entrusted to the National Agency for New Technologies, Energies, and Sustainable 
Economic Development (ENEA). ENEA analyzed and located the sites with 
appropriate characteristics to be included in the project Rete Natura 2000 (Natura 
2000 network). Accordingly, each Italian region joined the directive through the 
implementation of regional laws; i.e. Tuscany implemented Regional Law 6 April 
2000, n. 56 (Regulations for the conservation and protection of natural and semi-
natural habitats, flora and fauna) "Norme per la conservazione e la tutela degli 
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habitat naturali e seminaturali, della flora e della fauna selvatiche". This law allows 
identifying areas of particular natural value: such as the sites of community 
importance (SIC) as per above mentioned habitat Directive, and special protection 
zones (ZPS), that were established by the Directive on the conservation of wild birds 
(Regione Toscana, 2009). 
Human activities play a fundamental role for the preservation of biodiversity, 
directly and indirectly. We live in a hugely colonized territory, in which it is difficult 
to find uncontaminated natural spaces. The aim of this work is to analyze the 
territory where such areas were formed taking into consideration the immediate 
environment.  
The directive requires the Member States, and in the case of Italy the Regions too, an 
obligatory result: safeguarding the areas in a satisfactory conservation state, and 
promoting further plans, programs and projects. The projects should not be 
necessarily connected to the safeguard of the site but should have an implication on 
the preservation of natural habitat (the sites of community importance SIC should be 
subjected to impact assessment approved in Italy as per article 5 of the D.P.R. n. 
357/97; Presidential Decree). 
The conservation objectives of the sites under project Rete Natura 2000 are defined 
by management plans (if existing): concerning the SICs the reference is represented 
by D.M. 3/9/20024 (Ministerial decree) - guidelines for the management of the sites 
Rete Natura 2000, and in the acts being established for the designation of the special 
conservation zones (ZSC). Concerning the ZPS the paper refers to the managerial 
recommendations included in the D.M. 17/10/20075 - Minimum uniform criteria for 
the definition of conservation measures relative to ZCSs and ZPSs (Regione Toscana 
2009). 
In the standards, each protected area is described (section 3.2). In the sub-section, 
entitled vulnerability, the area’s health condition is considered. However, the 
approach is very general and is only limited to listing the possible causes of 
disturbance such as fire risks, the excessive presence of ungulates and coast erosion 
(Regione Toscana 2009).  
The aim of this work is to deepen the acquaintance with these areas. This will be 
done by broadening the investigation to include the evaluation of the protected areas. 
These areas are considered at risk due to their proximity to heavily populated parts, 
and to their distance from safe ones. The case study consists of the whole province of 
Grosseto in the region of Tuscany. A zoning plan was developed in Grosseto based 
on the Recreation-Opportunity-Spectrum (ROS) North American methodology 
(Clark and Stankey 1978; Driver, 1990; Blocker et al., 1995). The plan divided the 
territory according to the intensity of human colonization. This plan will allow 
successively, analyzing the percentage of protected areas within hugely colonized 
ones, and the areas located within natural environments. 

                                                
4 D.M. 3/9/2002 Guidelines for the management of Natura 2000 sites
5 D.M. 17/10/2007 Minimum uniform criteria for the definition of conservation measures 

related to the Special Conservation Zones (ZSC) and Special Protection Zones (ZPS)
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2 Territorial Zoning Through The Application Of The ROS 
Methodology 

The Recreation-Opportunity-Spectrum (ROS) is a North American methodology 
developed in the 70’s aiming at classifying the territory (Canadian) based on the 
human presence and related human activities. The method is concerned essentially 
with the territorial land use and orography (geomorphology).   
The aim is to create a ‘zoning’ plan, to be used successively in the territorial 
planning, or for strategic urban planning solutions. The methodology was formalized 
in 1982 through a ministerial decree, in which standards were defined to underpin 
operation phases. The standards were evaluated and amended in 1996, and a second 
draft was developed. The ROS was developed in British Columbia and later adopted 
in the United States. In 1998, procedures to unify the standards started.  
The ROS considers the following three factors:  

! Accessibility 

! Degree of naturalness 

! Degree of colonization  
Different variables are defined to quantify these factors: the distance between roads, 
and the width of the area, allowing to define the accessibility, the presence/absence 
of human beings, the presence of accessible roads (pathways for vehicles), and the 
presence of human activities, to evaluate the degree of naturalness and the degree of 
colonization.       
Based on the quantification of the three factors, the ROS provides a classification of 
the territory by its subdivision into six categories with increasing levels of 
colonization: 

1. Natural; 
2. Semi-natural and no vehicular access; 
3. Semi-natural with vehicular access; 
4. Semi-natural rural; 
5. Rural; 
6. Urban.  

The Ministry of Forests (British Columbia), Forest Practices Branch for the RCI 
1998, defines natural, the areas extending beyond 5000 hectares, 8 Km distant from 
roads, lacking any human activity, where it is possible to experience direct contact 
with natural environment, and where meeting other human being is almost 
impossible. The definition of Urban is the direct opposite of the latter (Clark and 
Stankey 1978; Driver, 1990; Blocker et al., 1995). 
This methodology has resulted useful to define zoning standards. However, it was 
adapted to fit the characteristics of the Italian peninsula, geographically different 
from the British Columbia territory, and the variables considered inapplicable to the 
Italian territory were disregarded. 
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3 The Case Study: Rete Natura 2000 Areas In The Province Of 
Grosseto Subdivided In ROS Categories 

3.1 ROS Classification Of Grosseto Province 

The difference in population density between the case study and the North American 
reality is an essential factor to consider in applying the ROS methodology. The 
Canadian population density is significantly lower than the Italian population 
density. In Canada, the extreme climatic conditions in certain areas affect the 
presence, not only of human activities, but also of human beings on the territory 
(Clark and Stankey 1978; Driver, 1990; Blocker et al., 1995). This is certainly not 
the case in Italy.  
To minimize such difference the province of Grosseto was selected as a case study. 
Grosseto (highlighted with the red circle in figure 1) presents the lowest population 
density in the region of Tuscany; 50 dwellers per Kilometer square, for 227.500 
dwellers over a surface of 4.504 Kilometer square. Grosseto occupies the entire 
southern extremity of Tuscany. The Province of Grosseto currently includes 28 
municipalities, including the capital town Grosseto.   

Figure 1 – Province of Grosseto (highlighted with a red circle) 
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A ROS zoning model was developed based exclusively on three variables, reflecting 
the three typical factors of the ROS. The distance from roads is one of the variables 
chosen concerning the degree of accessibility. Land-use is the variable related to the 
degree of naturalness, and the distance from urban centers is the variable for degree 
of colonization. The three variables were uploaded in the Territorial Information 
System (SIT), using the following cartographic sources: 

1. Road Traffic: the linear geometric components of the regional road network 
and communications promoted by the Tuscany Region in 2003.

2. Land-use: the CorineLand-Cover land-use map of year 2000 developed 
within the “CorineLand-Cover” project according to the European 
regulation on Geographic Information (ENV 12657).

3. Inhabited Centers: the dataset prepared by the Italian National Institute of 
Statistics (ISTAT), containing the polygons that identify the centers, the 
inhabited nucleus, and the spread6 houses surveyed during the 14th general 
census of the population in 2001.  

Typical operations and applications of the SIT were undertaken (essentially 
overlaying and buffering), and the case study has been subdivided into three zones, 
defined as follows: 

Urban Areas (Au) 

Urban areas are the areas in which colonization of the natural environment is 

maximum; the land-use in these areas is prevalently urban and urban streets: 

! Su – Artificial Surfaces  

! Ca – Inhabited Centers  

! Stu– Urban Streets   

Formula 1 synthesizes the definition of the urban area at the map level. The whole 
“urban area” (Au) is defined by the territorial j-units belonging to the respective 
artificial surfaces (Su) and corresponding, within the Corine Land-Cover, to the 
urbanized zones of residential land-use, the industrial zones, the commercial and 
infrastructural zones, the mining areas, the construction sites, to landfills and 
abandoned land, the green spaces, and artificial non-agricultural land (European 

                                                
6 ISTAT Definitions: 

- An inhabited center is an aggregation of contiguous or close vicinity houses with 
interjecting streets, squares or similar, or however by interruptions, characterized by the 
presence of public services (…) in order to prove there exists an organized and properly 
managed social structure. 

- An inhabited nucleus identifies the inhabited locations, lacking community public spaces, 
characterizing inhabited centers. It is composed of attached houses or house in close 
vicinity, with a minimum of five families and interjecting roads, trails, open spaces, 
barns, vegetable gardens (…), provided the interval between two houses is not above 
thirty meters and not anyway below the distance between the nucleus and the closest 
among spread houses. 

- Scattered Houses are those distributed in the municipal territory, and which, distance 
does not allow the constitution of at least an inhabited nucleus.  
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Commission, 1994). Furthermore, urban centers not included in the latter category 
(Ca) and urban streets (the streets that are of the latter category (Stu)), belong to the 
urban area.         

Au = {Aj| Aj " Su # Ca # Stu}    (1) 

Where 
Au = urban area 
Aj = analyzed territorial j-unit 
Su = artificial surfaces   
Ca = inhabited centers 

Stu = urban street = (St $ Su) # (St $ Ca) 

Rural (anthropic) areas (Aa) 

Colonized areas, include the parts close to urban centers, and all the non-urban areas 

in the vicinity of inhabited centers, as well as the roads and adjacent non-urban areas: 

! Sa - Agricultural surfaces outside urban areas 

! Cabuffer - Buffer areas around inhabited centers (but outside these 

centers) 

! Sta – Rural streets; i.e. all streets excluding urban streets. 

! Stabuffer - Buffer areas around rural streets excluding the ones inside 

urban areas.  

Formula 2 synthesizes the definition of rural area (area with medium human 

presence). The group “large area with medium human presence” (Aa) is given by the 

territorial J-units belonging to the agricultural surfaces located in the urban areas 

(Sa). These areas correspond, in the official Corine Land Cover, to the arable lands, 

under permanent crops, the meadows (permanent grassland), and heterogeneous 

agricultural areas (European Commission, 1994). Furthermore, the areas in the 

vicinity and outside the urban centers (Cabuffer), the rural streets (Sta), and the areas 

next to the rural streets and outside the urban areas (Stabuffer), are also considered 

belonging to the large area with medium human presence.  

Aa = {Aj| Aj " [Sa \ (Sa $ Au)] # [Cabuffer \ (Cabuffer $ Au)] # Sta # [Stabuffer \ 

(Stabuffer $ Au)]}      (2) 

Where 

Aa = rural area 

Aj = Analyzed territorial J-unit 

Au = Urban area 

Sa = Agricultural surfaces outside urban areas 

Cabuffer = Areas included 500 meters around the municipal main town and 1 Km  

around the provincial main town 
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Sta = Rural streets = St \ Stu

Stabuffer = Areas included 500 meters around the streets.  

Natural areas (low human presence) (An)

Include all the areas excluded in the precedent groups: mainly the rural natural areas, 

and non urban areas distant from inhabited centers and roads’ network:

! Sn – Remaining part of the territory: all the natural surfaces outside 

urban areas and outside the rural areas.

Finally, the large area with minimal human presence is synthesized in formula 3. In 

formula 3 the group “large area with minimal human presence: i.e. the rest of the 

territory” (An) is represented by the territorial J-units belonging to the rest of the 

territory. In other worlds, this includes all the surfaces outside the urban areas, and 

the rural areas. These areas correspond, in the official Corine Land Cover, to the 

wooded areas, the areas with shrubs, the open areas with sparse or no vegetation, to 

wetlands and water bodies (European Commission, 1994). 

An = {Aj| Aj % (Au # Aa)}    (3) 

Where 

An = natural area: i.e. the rest of the territory 

Aj = Analyzed territorial J-unit 

Au = Urban area 

Aa = Rural area 

Figure 2 shows results. 
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Figure 2 - ROS zoning map of the province of Grosseto

450.000 hectares of the entire province were analyzed and categorized, among which 

10.170 (about 2% of the total provincial area) resulted belonging to the urban area, 

approximately 284.000 (63% of the whole) belonging to inhabited territories, and 

beyond 160.000 (35% of the whole) belonging to the natural areas.    

3.2 Rete Natura 2000 Areas 

The sites of community importance (SCI) are locations that contribute significantly 
to maintaining or restoring a natural habitat type or species in a satisfactory 
condition of preservation. 
Each protected SCI of the Rete Natura 2000 is described in a standard form (updated 
in 2008) that is divided according to the following 5 points:

1. Site identification: the area’s name is described, its code, and date of 
revision (updating); 

2. Site location: the name of the region and province is indicated with related 
codes, surface areas, longitude, latitude, and altitude; 

3. Ecological information: codes and habitat coverage are filled-in; 
4. Species: the presence of species such as birds, reptiles, amphibians, fish, 

invertebrates, and plants is described. 
5. Site description: the characteristics, the quality, the vulnerability, as well as 

the historical documentation (areas’ maps) are identified (Regione Toscana 
2009).  

Among the Mediterranean and continental bio-geographic areas of Tuscany, 127 SIC 
are identified for a total of 305.378,96 ha .  
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The Italian Ministry of Environment and Territorial Preservation designate the SIC 
as Special Zones of Conservation (SZC), within a maximum period of six years, by a 
decree adopted in agreement with each concerned autonomous region and province.  
The SZC are effectively SIC over which conservation measures necessary for the 
maintenance and recovery are applied by the institutions within 6 month. These 
maintenance measures should secure a satisfactory state of the natural habitats and/or 
populations of species for which the site is designated.  
The special protection zones (ZPS) are foreseen and regulated by the community 
Directive 79/409 “Uccelli” (birds) (amended and replaced by Dir. 2009/147/CE). 
The aim of the ZPS is the conservation of all species of birds living naturally in the 
wildness. This aim can be fulfilled by protecting wild birds as well as their natural 
habitat. The ZPS are automatically included in the Natura 2000 network. The ZPS in 
Tuscany are 61, and cover a land surface of 192.645,26 ha. Among which 61.209,26
ha are water surfaces (these are extensions of ZPS in the ocean and related to the 
islands of Capraia, Gorgona, Pianosa, Montecristo e Giannutri). In contrast with the 
SIC, subject to the successive designation as ZSC, the ZPS maintain the same 
designation. 
In the province of Grosseto approximately 73.100 ha belong to the Rete Natura 2000, 
16% of the total province area. These are spread in 40 protected areas belonging to 
the all the Mediterranean bio-geographic region. Table 1 details the first ten 
protected areas in a decreasing order. 

Table 1 - Protected areas in the province of Grosseto (Authors adaptations on 
Regione Toscana 1996 data sheet)

ID Name Hectares

1 Alto corso del Fiume Fiora 7102,12

2 Monte Labbro e alta valle dell'Albegna 6298,71

3 Boschi delle Colline di Capalbio 6024,30

4 Val di Farma 5962,01

5 Monte d'Alma 5842,05

6 Monte Argentario, Isolotto di Porto Ercole e Argentarola 5672,58

7 Monte Leoni 5113,01

8 Monti dell'Uccellina 4439,54

9 Cono vulcanico del Monte Amiata 4343,10

10 Laguna di Orbetello 3694,05

The above areas are geo-referenced and layered over the ROS classification 
previously developed in figure 2. Figure 3 shows related results while Table 2 
summarizes protected areas and municipal surfaces.
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Figure 3 – Areas included in Rete Natura 2000 in the province of Grosseto

Table 2 – Protected areas and municipal surfaces 

MUNICIPALITY
Municipal 

area

Surface 
protected 

areas

% over 
Municipal 

area

% over 
total 

protected 
areas

Grosseto 47611,30 9193,83 19% 13%

Roccastrada 28502,54 6585,75 23% 9%

Capalbio 18835,20 6048,19 32% 8%

Orbetello 22781,04 5873,35 26% 8%

Monte Argentario 6035,50 5651,89 94% 8%

Scarlino 8850,39 4442,36 50% 6%

Arcidosso 9417,14 3249,16 35% 4%

Manciano 37383,76 3104,73 8% 4%

Roccalbegna 12609,65 3088,48 24% 4%

Santa Fiora 6279,62 2956,84 47% 4%

Giglio Island 2449,80 2523,66 103% 3%

Sorano 17463,87 2331,61 13% 3%

Magliano in 
Toscana

24993,00 2259,78 9% 3%

Castell’azzara 6453,79 2051,58 32% 3%

Massa Marritima 28191,00 1867,56 7% 3%
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Pitigliano 10228,32 1821,69 18% 2%

Campagnatico 16271,57 1497,82 9% 2%

Gavorrano 16641,76 1464,93 9% 2%

Civitella Paganico 19184,22 1425,62 7% 2%

Semproniano 8160,92 1186,69 15% 2%

Castel Del Piano 6880,18 1152,87 17% 2%

Montieri 10899,46 986,54 9% 1%

Seggiano 4928,70 840,05 17% 1%

Cast. Della Pescaia 20888,72 792,37 4% 1%

Scansano 27148,84 374,30 1% 1%

Follonica 4796,84 319,44 7% 0%

Cigniano 10130,86 0,00 0% 0%

Monterotondo 
Marittimo

16382,22 0,00 0% 0%

Total 450400,20 73091,09 16% 100%

Taking into consideration the zoning developed through the ROS methodology, 
approximately 27.087 ha of 73.101 ha of protected areas (37% of the total) are 
located in highly inhabited territory, while the remaining 46.003 ha (63% of the total) 
are natural areas (figure 4 and table 3).

Figure 4 – Areas of Rete Natura 2000 in the province of Grosseto divided based on 
ROS categories
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Table 3 – Protected areas subdivided according to ROS categories

MUNICIPALITYY Rural Natural Total %Rural %Nat.

Scansano 290,39 83,92 374,30 78% 22%

Sorrano 1672,51 659,09 2331,61 72% 28%

Manciano 1880,60 1224,13 3104,73 61% 39%

Semproniano 686,12 500,57 1186,69 58% 42%

Pitigliano 947,67 878,02 1821,69 52% 48%

Monte Argentario 2891,02 2760,87 5651,89 51% 49%

Roccalbegna 1522,61 1565,88 3088,48 49% 51%

Capalbio 2935,61 3112,58 6048,19 49% 51%

Orbetello 2594,91 3278,45 5873,35 44% 56%

Archidosso 1384,13 1865,02 3249,16 43% 57%

Grosseto 3323,75 5870,07 9193,83 36% 64%

Castell’azzara 718,51 1333,07 2051,58 35% 65%

Castiglione Della 
Pescaia

269,16 523,21 792,37 34% 66%

Magliano In 
Toscana

752,08 1507,70 2259,78 33% 67%

Giglio Island 799,27 1724,39 2523,66 32% 68%

Santa Fiora 931,85 2024,98 2956,84 32% 68%

Massa Marittima 555,32 1312,24 1867,56 30% 70%

Seggiano 239,00 601,05 840,05 28% 72%

Civitella Paganico 382,36 1043,26 1425,62 27% 73%

Scarlino 926,27 3516,09 4442,36 21% 79%

Roccastrada 942,37 5643,38 6585,75 14% 86%

Gavorrano 205,86 1259,06 1464,93 14% 86%

Motieri 125,76 860,78 986,54 13% 87%

Castel Del Piano 87.62 1065,25 1152,87 8% 92%

Campagnatico 27,17 1470,65 1497,82 2% 98%

Follonica 0,00 319,44 319,44 0% 100%

Cinigiano 0,00 0,00 0,00 0% 0%

Monterotondo 
Marittimo

0,00 0,00 0,00 0% 0%

Total 27087,93 46003,16 73091,09 37% 63%

4 Conclusions 

Rete Natura 2000 sites are areas in which Member States should secure the 
preservation or, if necessary, the restoration of habitat and species, in a satisfactory 
state of conservation. The main problem of these areas is the fact that they are 
generally subject to huge pressure due to human activity. Based upon the Habitat 
directive (art.1) the same state of satisfactory conservation is defined for habitat and 
for species.  
The habitat natural distribution range can be stable or increasing; the structure and 
specific functions necessary for its long-term maintenance are defined and may 
continue to exist for the foreseeable future, and the conservation status of typical 
species is satisfactory. Concerning the species, when the trends of the populations 
indicate that the species continues and may persist to be viable, the natural range is 
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not in decline or may decline in the foreseeable future, and a sufficiently large habitat 
exists and probably continue to exist in order for its population survives for a long 
term.  
Each instrument, relatively to its related scale of representation, gives very important 
information: management plans of SIC and ZPS allow a detailed knowledge of 
physical, biological, socio-economic, and environmental heritage characteristics. 
These data, in turn, feed into higher-level plans that coordinate and allow for a 
holistic understanding and therefore a proper management of the territory. However, 
the emerging framework of action focuses exclusively on the state of the protected 
areas leaving out the territory surrounding them (at least regarding Italy). The 
elevated degree of human activity impinges on, though indirectly, the maintenance of 
the minimal biodiversity characteristics. The aim of this work is to focus the 
attention on the surrounding territory by promoting a zoning for a case study 
(province of Grosseto) in order to identify possible critical protected areas beyond 
their inherent state of health. The north-American Recreation Opportunity Spectrum 
(ROS) method was adapted and the territory was subdivided in three areas according 
to the degree of human activity. The three areas where then used to understand where 
to place the Rete Natura 2000 areas.  
The overall 450.000 ha of the entire province were classified through the ROS and 
subdivided into urban territory (2%), inhabited-rural areas (63%), and natural (35%).  
This zoning was the starting point for the successive analysis of the 40 protected 
areas of the Rete Natura 2000 covering approximately 73.101 ha. (46.003 ha or 63% 
of which are natural areas, and the remaining 27.087 ha equivalent to 37% fall in 
highly inhabited territories. Grosseto embraces the major areas of Rete Natura 2000 
with approximately 9.193 ha equivalent to 13% of the total protected areas (73.101 
ha). It is followed by Roccastrada with 6.585 ha (equivalent to 9% of the whole 
protected areas), and by Capalbio with 6.048 ha (equivalent to 8% of the whole 
protected areas). Examining, however, the extension of the protected areas in relation 
to the total municipal area, the municipality of Monte Argentario has a protected 
surface of 94% of the municipal territory (5651 ha of a total 6036), followed by the 
municipality of Scarlino (4442 ha of a total 8850), equivalent to 50%.  
Among these, the areas considered “safer” (highlighted in dark green in figure 4), 
because of their significant distance from heavily populated ones, are those located in 
the municipality of Campagnatico (1470 ha of a total 1496 equivalent to 98% of the 
entire protected area), followed by those of Castel del Piano (1065 ha of a total 1152 
equivalent to 92%), and those of the municipality of Montieri (860 ha of 986 
equivalent to 87% of the total protected area). In contrast, the protected areas 
presenting higher threats (rural areas highlighted in light green in figure 4) are 
mainly concentrated in the municipality of Scansano (290 ha of a total of 374 
equivalent to 78%), followed by the town of Sorano including 72% ha of its 
protected areas located in heavily populated areas (1672 ha of a total 2331) and the 
municipality of Manciano with 1880 ha of a total 3104 ha (61%). 
It is recommended that the effort of the administrative institution be focused on these 
areas suffering from huge human presence and activity.
Against a backdrop of increasing environmental policies aimed at safeguarding the 
environment, the importance given to the Rural Development Plans in the guidelines 
of the Common Agricultural Policy presenting a clear example (European 
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Commission, 2011), it is of fundamental importance to develop an instrument 
capable of guiding the public decision-maker towards correct planning choices able 
to perceive any environmental emergencies.
In fact the aim of this work is to propose a territorial management methodology able 
to widen the scope of the management plans of the SIC and ZPS, that currently are 
evaluated through impact assessment and strategic environmental assessment, to 
include all the areas around the protected areas. 
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Abstract. Various methods were utilized for assessment of soil consumption 
patterns and trends in the cities of Central Europe within Urban Soil 
Management Strategy (URBAN-SMS) project. They included ex-post 
assessment of soil loss based on land use change data, modeling of future soil 
loss and participatory impact assessment. The major data inputs for ex-post 
and ex-ante assessments were satellite image based land use maps and soil 
maps. The participatory impact assessment involved series of meetings with 
stakeholders and collecting their opinions in a semi-quantitative form. Existing 
soil management systems in these cities did not efficiently protect the best soils 
until 2006. Continuation of current management would lead to further non-
sustainable trends. The analysis revealed that there is no strong conflict 
between soil protection goals and demand for land related to economic 
development of the cities.   

 

Keywords: land use, modeling, participatory impact assessment, soil, sealing 

 

1. Introduction 
 
During the last decade more emphasis was given to functions of landscapes 

and their sustainability as a response to a need to minimize the depletion of 
agricultural land resources and to reduce environmental and social impacts caused by 
land use changes. The changes are not limited to land cover only, but potentially lead 
to disturbance of landscape functions. The soil framework strategy presented by the 
European Commission (COM 231, 2006) identifies number of threats to maintaining 
soil functions in Europe: erosion, decline of organic matter, local and diffuse
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contamination, sealing, compaction, decline in biodiversity, salinisation, floods and 
landslides. Sealing is one of main threats itself, additionally urbanization of 
agricultural land may accelerate the other degradation processes (Stuczynski, 2007).  

Urbanization can be considered as a pressure on landscape reducing its 
buffering capacity and resistance to degradation (Antrop, 2004). Evaluation of these 
pressures is fundamental for development of strategies for protection of soils and soil 
functions. Soil plays a particular role in supporting the environmental stability based 
on its retention, buffering or provision of biodiversity potential. Soil quality is also 
important to food safety and broadly understood population health.  

There are different approaches for impact assessment of spatial development 
or soil protection policies. Analytical approaches utilizing spatial information 
systems are represented by ex-post or ex-ante assessments of soil loss during 
urbanization process. Another approach involves participation of local stakeholders 
and, thus, might be called ‘participatory impact assessment’. The major part of this 
approach is collecting opinions of stakeholders on possible urbanization 
consequences. The advantage of this method is that it involves individuals familiar 
with local circumstances and needs, and allows to collect data also on social and 
economic issues - which data is usually scarce and not present in spatial format.  

The objective of the paper is to present various approaches for assessment of 
urbanization pressure consequences for soil resources within cities of Central Europe. 
The detailed goals were: 

- to conduct an ex-post analysis of land use change, responding to different 
soil protection regulations in several Central Europe cities 

- to forecast urbanization sprawl in the pilot cities up to year 2030 for the 
baseline scenario that assumes that there are no limitations for soil 
consumption as related to soil quality 

- to gather opinions of stakeholders on key sustainability issues in cities of 
Central Europe and potential impacts of soil protection scenarios in a semi-
quantitative form  
  

2. Materials and Methods 
2.1. Data 
 

One of major constraints in spatial analysis of land use change is the quality 
of mapping and uncertainties of cartographic information related to different sources, 
scales and methodologies of land use map preparation. Resolution of official 
European land use database Corine Land Cover (CLC) is inadequate for detailed 
analysis of transition occurring in urban and suburban zones (EAA, 2005). Thus, 
satellite images gathered from one source were employed for analysis of land use 
conversion trends in the test areas in order to ensure consistency of land cover data 
and allow comparability of results between cities. These were 10-meter resolution 
SPOT satellite images. The B&W SPOT image is monospectral, color photo is a 
combination of 4 bands of different wavelengths. 

The images represented two periods to enable the study of land use change 
trends within reasonable timeframe. The black and white photos were captured in 
1990-1992 and color photos were taken in 2006-2007 period. One or two year 
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difference between cities was justified by the necessity to avoid low quality images, 
e.g. due to excessive cloudiness. 

Due to diverse soil quality assessment systems, present in different Central 
European countries, and content of the soil maps the polygons on each map were 
grouped into 3 classes. They represented high, medium and low quality soils (either 
from perspective of production function, ecosystem function, buffering, retention 
etc.). For example, the soil map of Bratislava contains soil quality classes according 
to Slovakian valorization system in the 1 to 9 scale. Classes 1-4 were taken to the 
high quality soils group, 5-6 to medium quality while classes 7-9 were considered as 
low quality soils. 

 
2.2. Analytical Approaches 
 
Ex-post soil consumption assessment. The framework of the analysis of loss of 
high quality soils in test areas involved development of land use change maps based 
on consistent satellite image data, analysis of land use change trends within 15 years 
period and subsequent assessment of on what soils the urbanization took place. The 
analysis was performed for Bratislava, Prague, Vienna, Stuttgart, Milan, Salzburg 
and Wroclaw. Land use maps of 10-meter resolution were produced for two periods 
representing years 1990-1992 and 2006-2007 through classification of the satellite 
images in Definiens Professional software. Land use maps contained 13 different 
land use classes. Subsequently, the land use change information was superimposed 
on maps of soil quality to gather information on soil quality cover by the expansion 
of the following land use classes: continuous residential area, commercial/industrial 
area and transport facilities. The soils under these new land use types fully lost their 
environmental functions.  

In order to assess what is the scale of valuable soils loss through urban 
sprawl, a transition index (TI) was used. It reflects the intensity of land use flows in 
the context of soil quality [Stuczynski, 2007]. The contribution of e.g. soils of high 
productivity or high water retention potential to the total soil cover may vary greatly 
between regions – therefore the size (measured in hectares) of change is not a good 
indicator if these soils are preferentially taken by urbanization. Preferential flows 
occur when a certain soil type (characteristics) represents a larger share in the 
changed land as compared to the share of this type in the general soil cover. 

The TI is the ratio between the share of a given soil type (class) within 
the changed area and the share of this class in the total soil cover.  

It must be noted that for calculation of share of different soil quality classes 
in whole area only soils that were not sealed in 1990-1992 were taken into account. 
In most cities soil maps did not cover forest areas, except Stuttgart and Prague, for 
these two cities forest areas were excluded from the calculation since they are 
generally protected against urbanization. 
Interpreting the transition index is straightforward – for example, if the percentage 
share of high quality soils within area changed into built-up areas is considerably 
smaller than 1 (e.g 0.5) it means that these soils are protected from expansion of 
artificial surfaces.  
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Ex-ante assessment of future soil loss. Modeling is becoming an important tool in 
context of conflicts between urbanization and landscape or soil protection, since 
urbanization driven degradation processes are often irreversible. Even if the 
prediction power of models is sometime limited, they can provide valuable insights 
into the development of trends caused by different soil protection regulations or 
simply spatial distribution of valuable soils. The idea of using models lies in their 
ability to detect possible conflicts which may arise as a result of existing or 
implementing given new policies affecting land use (Hilferink & Rietveld, 1999; 
Westhoek et al., 2006). 

In the analysis we used the Cellular Automata-based Metronamica model. 
The software was developed and provided by the Research Institute from Knowledge 
Systems (RIKS) from Maastricht, The Netherlands (RIKS B.V., 2005). The software 
utilizes cellular automata model to spatially distribute areas of particular land use 
classes. Cellular automata (CA) is a discrete model which uses regular grid of cells, 
each classified within finite number of states. In case of Metronamica land use 
change modeling, these states refer to land use classes.   
 The land use maps and the soil maps, described in the previous section were 
converted to raster data with grid resolution of 50 meters. It has been observed that 
new residential areas were rather clustered and did not exhibit elements smaller that 
50 meters.  
 In the modeling process the neighborhood of a cell (surrounding cells) 
influences the transition of this cell into other class in the next time step. The cells 
located further away have a smaller effect than cells closer to the centre cell. The 
transition rules are the core of the CA and determine if, and how, the state of each 
cell in the next time step changes.  
The neighborhood effect in this analysis is defined as: the attraction or repulsion 
effect of surrounding cells which eventually causes a change in cell status (type of 
land use) of the centre cell. For each land use function, a set of rules determines the 
degree to which it is attracted to, or repelled by, the other functions present in the 
neighborhood.  
 In our simulation, based on the neighborhood land use interaction and, so 
called, land suitability, the model calculates the value of transition potential (Pk) for 
each cell and land use function and for every simulation time step. All cells are 
ranked according to their transition potential, and cell transitions begin with the 
highest ranked cell and the transition process proceeds downward.  
 Land suitability is used here to describe the degree to which a cell is able to 
support a particular land use function. For transition into residential areas the Land 
Suitability (LS) includes four factors: terrain suitability S (slope), road accessibility S 
(distance to road), urban potential S (density of urbanized cells) and soil suitability S 
(soil). It is also assumed that these factors work independently so that the final land 
suitability (LS) is a product of them (1): 
 

LS = S (slope) . S (dist. To road) . S (urban potential) . S (soil) (1) 
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Values for first three factors were derived from share of new urbanized cells that 
appeared in the selected groups (percent slope or distance to road or density of 
residential area in a neighborhood of cell) between 1990/92 and 2006/2007.  
All three partial suitability layers were normalized to reach values within range from 
0 to 100 (0 means that a given cell is not useful for residential area, 100 means that 
there are no limitations to allocate urban function in this cell). Since in the baseline 
scenario, described in this paper, no limitation in soil take up was assumed, the soil 
suitability values for all three soil quality classes had the same value, equal 100.  
The exemplary input data used for preparing maps of suitability components of the 
Land Suitability for Bratislava are presented on Figure 1. 
 

  
1a) Road accessibility.                   1b) Terrain suitability. 

  
1c) Urban potential suitability.       1d) Soil suitability. 
Figure 1. Spatial input data for land suitability components for Bratislava area 
 
Similarly as the ex-post analysis, the ex-ante assessment was performed for 
Bratislava, Prague, Vienna, Stuttgart, Milan, Salzburg and Wroclaw. 
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For the modeling purposes the original 13-class classification was reclassified to 4 
classes representing 4 groups of urban land utilization: 
0) agricultural and semi-natural 
1) residential continuous and discontinuous, commercial and industrial, dump and 
mineral extraction sites, airports, transport facilities, sport and leisure facilities 
2) forests, green recreation areas 
3) water bodies. 
In the simulation process it was assumed that urbanization may take place only on 
agricultural and semi-natural areas (class 0), thus this group of land uses served as 
land pool available for the potential sealing. Generally use of forest areas is restricted 
in all cities, thus this class was excluded from allocation of new urban fabrics. Class 
2 (forests and green recreation areas) and class 3 (water bodies) remained unchanged 
in the modeling – their areas did not increase nor were not reduced. 
 The maps were generated by Monte Carlo method (100 runs) to display 
probabilities for transformation of a given cell of agricultural or semi-natural area 
into urban function and were compared to the historical changes (Figure 2). The 
forecasted sealing sprawl was superimposed on the soil quality information in order 
to provide information on potential future loss of soil resources. Thus, the TIs were 
calculated also for the predicted future soil losses.  
 
 

  
2a) historical changes                2b) forecasted no protection scenario 
Figure 2. Historical (1990/92-2006/07) and forecasted soil sealing in Wroclaw. The 
forecast is expressed as probability (intensive color – the highest) of sealing of a 
given soil class (orange –high, blue – medium, green – low quality) 

 
Participatory impact assessment. The applied approach was a modification of the 
novel methodology used in SENSOR project that was proposed by Morris et al. 
(2011). It is a participatory impact assessment method that involves work with a 
group of stakeholders representative for the area of interest. The procedure involved 
series of workshops during which the detailed set of questions led the stakeholders 
through steps of impact assessment in order to gather their opinions in a semi-
quantitative form. Consistent methodology was applied to each pilot study area in 
order to explore locally defined sustainability issues, scenario impacts and 
sustainability limits, all in a form enabling comparison between cities. The 
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workshops was organized for the following pilot cities: Celje, Vienna, Milan, Prague, 
Wroclaw, Bratislava.  

The assessed soil functions were grouped into 3 sustainability pillars: social, 
economic and environmental – each pillar is represented by 3 functions. The group of 
social functions was represented by cultural, recreation and health functions. Cultural 
function of soil can be understood e.g. as resource of archeological information 
useful for capturing natural and human history of the site. Recreation function refers 
to soil ability to provide sites of natural character for spending leisure time. This is an 
important aspect of mental condition of the human population. Health function of 
soil has a direct link to soil quality – soil contamination with inorganic (e.g. cadmium 
or lead) or organic contaminants (e.g. Polycyclic Aromatic Hydrocarbons) may affect 
human health through number of pathways such as food contamination, soil 
inhalation, direst ingestion of soil dust or secondary ground, surface or drinking 
water contamination.     

In traditional agricultural understanding soil function is considered as 
production of food and feed. This serves as one of economic functions. The two other 
are related to role of soil as a ground for industrial or residential construction and 
transport infrastructure.  

Nowadays increasing attention is given to environmental functions of soils. 
In our analysis they were represented by habitat (biodiversity), buffering and 
retention functions. Habitat function is related to the role of soil in functioning of 
non-agricultural ecosystems and ensuring biodiversity of landscape. Buffering 
function of soil controls migration of contaminants in the environment. Sorption of 
organic contaminants or metals in soil protects against the contaminants transfer to 
biotic and abiotic components of ecosystem. Retention function is responsible for 
holding water in a soil profile and limiting risk of flood after heavy or long-lasting 
rains. Movement of contaminants and nutrients in profile of soil with high water 
holding capacity is slower since such soil reaches the full saturation much later.  

The functions were ranked by the participants in scale from 9 to 1 with the 
assumption that each score may appear only once. Score 9 meant the most important 
soil function for the local conditions. The following functions were scored: cultural 
heritage (SOC-1), recreation (SOC-2), health (SOC-3), land based production 
(agricultural) (ECO-1), transport infrastructure (ECO-2), housing and workplace 
provision (ECO-3), biodiversity (ENV-1), retention (ENV-2), buffering and filtering 
(ENV-3).   

Three scenarios representing different soil protection approaches were 
proposed to be assessed regarding their impacts on the soil functions in long-term 
perspective. They basically reflected the following criteria:  
Scenario 1 (the baseline scenario) 
It assumed that nothing would change in regulations concerning soil protection. Soil 
protection efficiency remains at the present level.  
Scenario 2 (moderate protection)  
City planners have to take into account the quality of soils and constructions can be 
placed on low and medium quality soils mainly.  
Scenario 3 (strong protection)  
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Construction is placed on brownfields and low quality soils; if more area is needed 
construction can be placed on medium but more open space needs to be planned in 
these zones.  

In the subsequent part of the meeting the potential impact of these scenarios 
on the soil functions was assessed. Each expert individually scored the potential 
impacts of a given policy scenario on the soil function within the range: -3 to 3:  
-3 (strongly negative impact), -2 (moderately negative impact), -1 (slightly negative 
impact), 0 (no effect), 1 (slightly positive impact), 2 (moderately positive impact), 3 
(strongly positive impact).  

The last part of the meeting was aimed to discuss and set sustainability 
limits for each soil function in the context of the particular city. The experts were 
asked to consider what impact on a given function (expressed by the indicator) 
within urbanization process, within range –3 to 3, can be accepted.  

 
3. Results and Discussion 
3.1. Trends of Soil Loss – Ex-post Assessment 
 

It is essential to understand what is the rate and pattern of changes in land 
use and how soil sealing affects the overall performance of the soil function within 
the city area.  Such an analysis is thought to raise awareness on trends of soil 
consumption within urban development process and provide information on 
effectiveness of the current soil protection measures. Soils differ in properties and, 
thus, ability to fulfill such functions as retention, biodiversity, filtering, crop 
productivity. Land use change size and pattern usually reflects a combination of the 
geographic location, a specific setting of socioeconomic, historical and 
environmental conditions and national or regional land/soil protection policies. 
Therefore it is not practical to analyze these changes for the group of cities as a 
whole, but instead analyzing them separately since the test areas represent different 
mechanisms driving land conversion processes. It is well known that the size of 
conversion of agricultural land into artificial surfaces such as into urban and 
industrial/commercial units is mainly driven by population growth (both through 
natural growth and migrations) as well as GDP whereas the spatial sprawl of urban 
fabrics is partly an independent process and partly is steered by spatial planning. 

The area sealed within 15 y period in the test areas ranged from 160 to 780 
ha. The data provided here may be somewhat different from the official statistics that 
use different methodologies. Our study utilized satellite images for detection of land 
use changes – such a method is burdened with a dose of uncertainty. However the 
advantage of the applied approach is that it enables analysis of spatial trends of land 
use change and their linkage to soil quality information. 
The expansion of artificial surfaces took place mostly on arable lands, except 
Wroclaw and Stuttgart where semi-natural areas were also sealed substantially. New 
artificial surfaces mostly comprised with residential fabrics, however in some cities 
(Bratislava and Vienna) development of industrial and commercial constructions was 
predominant. 
It is evident in the light of this study that the best soils are efficiently protected in 
Bratislava. The share of best soils in newly urbanized areas is in Bratislava 5 times 
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smaller than their share in total area – TI=0.2 for the high quality soils. It is assumed 
that the regulations present in Slovakia help to protect the most valuable soils. The 
soils classified as high quality in our assessment are covered by a fee payment 
system (1-4 classes from total 9). Transformation of these agricultural lands into 
other purposes is loaded with obligatory payment with a range of payment from 6 to 
15 EUR per square meter. The similar system had existed in Poland until 2008. 
However this practice did not ensure the efficient protection of most valuable soils in 
Wroclaw. In Stuttgart and Milan the consumption of high quality soils was rather 
proportional to their share in the total soil pool. The assessments performed for 
Wroclaw, Prague, Vienna and Salzburg revealed negative trends of preferential use 
of the most valuable soils. It must be noted that the analysis of soil protection 
efficiency refers to the period between early nineties to 2006/2007, thus it assesses 
the regulations existing within this period. It should not be referred to the soil 
management systems introduced recently. 

The similar analytical approach as presented in this report can be used for 
testing how urban growth alters degradation processes (e.g. erosion, contamination) 
and affects soil function performance (organic matter accumulation, retention 
potential, buffering capacity) if such spatial information layers are employed in the 
assessment. 

A comparison of a sealing rate within last 15 years and availability of low 
and medium quality soils indicates that there is no strong conflict between soil 
protection goals and development needs of the cities (Table 1). Such competition 
may exist locally but, considering this in context of overall city area, the pool of 
available low and medium quality soils is, for most cities, much greater than land 
demand for the city development (industry, commerce, transport infrastructure, sport 
facilities, etc.). This demand is measured by the rate of land transformation into 
artificial surfaces within last 15 years. 

 
Table 1. Comparison of soil availability and land demand in the test areas. 
Test area Low quality 

soils1 
Low and medium 

quality soils2  
Land demand3 

Milan 160 3103 364 
Bratislava 3033 8941 391 
Wroclaw 5547 7806 412 
Stuttgart 706 1693 138 
Prague 6863 18825 718 
Salzburg 791 5601 82 
Vienna 418 1850 213 
1 soils belonging to low quality agricultural lands (arable and grasslands) within areas 
covered by the soil maps 
2soils belonging to low and medium quality agricultural lands (arable and grasslands) 
within area covered by the soil maps 
3rate of artificial surface increase within 15 years in the area covered by the soil maps 
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3.2. Forecast of Soil Consumption up to 2030 
 

Table 2 summarizes the forecasted Transition Indexes for high, medium and 
low quality soils in the test cities. Information provided by these statistics informs on 
potential allocation of artificial surfaces when no particular protection of valuable 
soils is present. In such case urban fabrics appear in most attractive locations in terms 
of distance to transport network and other types of land use and slope. The scenario 
with no particular protection instruments would result in continuation of non-
sustainable soil management in the cities.  
 
Table 2. Transition Indexes for soil consumption in cities of Central Europe 
forecasted for ‘no protection scenario’  
soil 
quality 
class 

Wroclaw Prague Bratislava Milan Vienna Stuttgart Salzburg 

high  0.86 0.86 0.63 0.59 0.65 1.04 1.25 
medium  0.75 1.03 1.74 1.04 1.34 0.64 0.82 
low  1.19 0.97 0.75 3.47 0.72 0.87 1.70 
 

The transition indexes for simulated spatial sealing are compared to the 
similar indexes calculated for historical data on urbanization in each city (Figure 3). 
The TI’s for high quality soils are in the ‘no protection scenario’ somewhat lower 
than in the past period, except Bratislava and Stuttgart. The most likely reason is 
drainage of stock of high quality soils in areas most attractive for built up. However 
the TI’s would still remain at level near 1, which number must be treated as 
indicative of non-sustainable soil management.  

 

 
Figure 3. Comparison of the Transition Indexes (TI) for historical and forecasted 
sealing of high quality soils 
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3.3. Stakeholder Inclusive Impact Assessment of Soil Protection Scenarios 

The approach of the impact assessment presented here involves participation 
of local stakeholders and is based on collecting their opinions on possible 
urbanization consequences. In general two economic soil functions ‘Housing and 
workplace provision’ and ‘Transport infrastructure’ were set as most important by 
the stakeholders. These circumstances make soil protection activities even more 
important. All environmental soil functions were classified as important to protect in 
all cities.  The baseline scenario was assessed as favorable to economic functions 
‘Housing and workplace provision’ and ‘Transport infrastructure’ whereas all 
environmental functions were deemed as threatened. Medium soil protection (no 
sealing on high quality soils) would basically sustain the soil environmental 
functions at the current level. The very important observation is that certain 
strengthening of soil protection (medium soil protection) would not restrict 
infrastructure and housing/industry construction below the limit acceptable by the 
local stakeholders (Figure 4). Exclusion of both medium and high quality soils from 
sealing (strong protection scenario) would be, according to the stakeholders, 
unacceptable obstacle for development of housing and workplace sector. However, 
this extreme scenario would highly improve the environmental soil functions. There 
is a general demand for improvement of soil environmental functions, such as 
retention, biodiversity and buffering, in the pilot cities. 

 
Figure 4. The average impact (across all cities) of soil protection scenarios on social, 
economic and environmental soil functions. Bubble size represents the average 
(across all cities) importance of the soil function. Rhombus represents the 
sustainability limit 
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4. Conclusions 
Expansion of artificial surfaces in the test areas took place mostly on arable 

lands. High quality soils were efficiently protected in Bratislava which, at least 
partly, might be the effect of the fee payment system. The most valuable soils were 
preferentially taken for urbanization in Vienna, Wroclaw, Prague and Salzburg while 
in Stuttgart and Milan their consumption was proportional to their share in total area. 
Soil management systems in these cities did not efficiently protect the best soils until 
2006. Interestingly, there is no strong conflict between soil protection goals and 
demand for land related to economic development of cities. The pool of available 
low and medium quality soils is much grater than the land demand for urbanization.  

According to the cellular automata modeling, the baseline scenario, 
assuming no system for protection of most valuable soils, would result in 
continuation of non-sustainable soil transformation trends. If spatial distribution of 
valuable soils favors their sealing (located in attractive  sites) more intervention 
policy is needed to protect best soils under moderate protection scenarios. There is a 
need for involving more detailed soil data in impact assessments of different soil 
protection scenarios and real soil management practices.  

The participatory impact assessment revealed that in all the cities 
continuation of current soil protection regulations would lead to loss of all 
environmental soil functions. Economic functions were set as key issues for city 
development which makes awareness of soil role even more important. Better 
protection of soils is required to sustain or improve the quality of life in the cities. 
There is an expectation of stakeholders for improvement of environment status in the 
pilot cities. According to stakeholders – strengthening of soil protection (medium 
protection scenario) would not limit the economic development (land availability for 
new industrial and transport constructions) 
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Abstract. The growing number and effectiveness of earth observation satellite 
systems, along with the increasing reliability of remote sensing methodologies 
and techniques, present a wide range of new capabilities in monitoring and 
assessing droughts. In this paper, several drought features are analyzed and 
assessed by using remotely sensed Reconnaissance Drought Index (RDI). The 
developed methodology is applied to the region of Thessaly in Central Greece, 
which is the major agricultural area in the country. In particular, severity, areal 
extent, duration, onset and end time are analyzed from monthly RDI images 
over the period 1981-2001. The results show  an increase in the areal extent of 
drought during each episode and that droughts are classified in two classes, 
namely mild to moderate and severe to extreme, respectively, lasting about one 
hydrological year. The onset of severe to extreme droughts coincides with the 
beginning of the hydrological year, whereas the onset of mild to moderate 
droughts is in spring.   

Keywords: RDI, Remote Sensing, drought features  

1 Introduction 

Drought is one of the major natural hazards with significant impact to 
environment, agriculture, economy and society. There is a great variety of sectors 
affected by drought and its spatiotemporal variability (Heim, 2002). The basic cause 
of drought is the lack of precipitation events over a period of time in a region. 
Droughts occur in both high and low rainfall areas and virtually all climate regimes. 
There are several definitions and types of drought as a hazard, namely 
meteorological, agricultural, hydrological drought, as well as socioeconomic impacts, 
which are based on the temporal and spatial scale of the selected approach. Drought 
impacts are very critical affecting societies more than any other natural disaster 
(Keyantash and Dracup, 2002). However it is difficult to determine the effects of 
drought as it constitutes a complicated phenomenon evolving gradually in any single 
region. Monitoring and assessing drought conditions is usually performed through 
drought indicators and indices.
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The quantification of drought is not an easy task.  It is common practice that 
several indicators can be synthesized into a single indicator in quantitative terms, 
called a drought index. There are several widely used drought indices using 
conventional and/or remote sensing data (Kanellou et al., 2008). Historically, drought 
quantification methods are based on conventional hydrometeorological data, such as 
precipitation and temperature, which are limited, often inaccurate and unavailable in 
near real-time (Thenkabail et al, 2004). On the other hand, satellite-based data are 
consistently available and can be used to detect several features (Kanellou et al., 
2008). In fact, over the last decades, remote sensing has gradually become an 
important tool for the detection of the spatial and temporal distribution and 
characteristics of drought at different scales. Thus, the growing number and 
effectiveness of earth observation satellite systems, along with the increasing 
reliability of remote sensing methods and techniques, present a wide range of new 
capabilities in monitoring and assessing droughts. 

Remotely sensed drought features and characteristics have recently become key 
parameters in any drought preparedness and mitigation plan in the framework of 
drought risk management (Rossi, 2000). In particular, in order to assess and monitor 
drought episodes and to alleviate the impacts of droughts it is necessary to detect 
several drought features such as severity, duration, periodicity, areal extent, onset and 
end time and to link drought variability to climate and its variability (Loukas et al., 
2002). It is clear that there is a need for proper quantification of drought impacts. 
Thus monitoring of drought development is of critical importance in economically 
and environmentally sensitive regions. In this paper, the remote sensing potential in 
terms of data and methods is explored in order to quantify drought and classify 
drought severity based on several drought features by using RDI. 

RDI provides information for the water deficit in a region as it is based not only 
on precipitation, but also on potential evapotranspiration. In the computation of RDI 
the innovation consists of employing Blaney-Criddle method for potential 
evapotranspiration instead of Thornthwaite method, since it is more appropriate for 
the Mediterranean region with dry and hot summers (Blaney and Criddle, 1950). 
Several drought features and characteristics are analyzed from monthly remotely 
sensed RDI images for the period 1981-2001 for Thessaly, Greece. Specifically, areal 
extent and severity during drought episodes signify the spatiotemporal variability of 
droughts in Thessaly.  The paper is organized as follows: in section 2 remote sensing 
in drought assessment is described; in section 3 classification of drought severity is 
presented; in section 4 the methodology is developed and section 5 delineates the 
analysis and discussion of results. 

2 Remote Sensing in Drought Assessment 

In this section the remote sensing potential in drought assessment is presented along 
with drought indices based on remote sensing. 
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2.1 Remote Sensing Potential 

The application and utility of remote sensing to drought assessment is growing 
rapidly, mainly due to the increasing number of pertinent satellite systems and their 
capabilities as well as to the International Decade for Natural Disaster Reduction and 
impacts of climatic variability and/or change. Remote sensing methodologies and 
techniques can be employed in several aspects of drought, such as vulnerability and 
damage assessment and warning. Exposure to drought can be controlled as well as an 
effort can be undertaken to alleviate the effects of drought. There are three steps 
which outline the elements of drought monitoring and, in general hazard monitoring 
and management, and are briefly described as follows: prevention which involves 
activities designed to provide permanent protection from hazards such as hazard and 
land cover mapping and vulnerability assessment; preparedness, which involves 
activities designed to minimize loss of life and damage including hazard warning; 
and relief, which involves assistance and/or intervention during or after hazard. The 
possible contribution of remote sensing could be focused on relief and, possibly, 
preparedness or warning although in many cases remote sensing can make a valuable 
contribution to disaster prevention, where frequency of observation is not such a 
prohibitive limitation.  

A major consideration for development of remote sensing for drought assessment 
and disaster reduction is the extent to which operational users can rely on a continued 
supply of data. There are two types of remote sensing systems for drought 
assessment, namely meteorological and environmental (or resource) satellites. 
Meteorological satellites are usually operational, since there is a commitment to 
continually provide data. Besides weather forecasting, meteorological satellites have 
found application in several other important hazard applications mainly due to the 
high frequency of coverage and moderate resolution. The two meteorological 
satellites, namely METEOSAT and NOAA/AVHRR, can contribute to operational 
monitoring and assessment of drought. In addition, environmental satellites such as 
LANDSAT, SPOT and recently Ikonos, WV2 with high to very high resolution, but 
low frequency of coverage, can contribute to land-use classification and qualitative 
features of drought and less to quantitative assessments.  

Monitoring the extent of drought is best achieved in near arid areas by the extent 
of vegetation. This can be done by multispectral visible imagery from polar orbiting 
satellites. In particular, the Normalized Difference Vegetation Index (NDVI) of the 
visible channels (Ch1 and Ch2) of NOAA/VHRR is effectively used (Kogan, 2002). 
The technique can be calibrated against biomass and give good guidance on 
extending drought affected areas. Soil moisture can be directly measured in the 
microwave region and interpretation of Synthetic Aperture Radar (SAR) data may 
provide some information on soil moisture. 

2.2. Remotely Sensed Drought Indices 

If drought is considered as a phenomenon, it is certainly an atmospheric 
phenomenon. However, if drought is considered as a hazard, there is a tendency to 
classify drought types into three categories, namely meteorological or climatological, 
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agricultural and hydrological drought and to include as a fourth class the 
socioeconomic impacts of drought (Keyantash and Dracup, 2002). Table 1 shows a 
list of satellite-based drought indices for the quantification of drought. 

Table 1. Satellite-based Drought Indices

1.   Normalized Difference Vegetation Index

2.   Deviation NDVI index

3.   Enhanced Vegetation Index

4.   Vegetation Condition Index

5.   Monthly Vegetation Condition Index

6.   Temperature Condition Index

7.   Vegetation Health Index

8.   Normalised Difference Temperature Index

9.   Crop Water Stress Index

10. Drought Severity Index

11. Temperature - Vegetation Dryness Index

12. Normalized Difference Water Index

13. Reconnaissance Drought Index

In this paper, RDI is used based on remote sensing. The Reconnaissance Drought 
Index (RDI) is a new index, which is used for hydrorneteorological  drought 
estimation (Tsakiris and Vangelis, 2005). RDI is a physically-based and general 
index and can be used in a variety of climatic conditions. Moreover, RDI provides 
information for the water deficit in an area as it is based not only on precipitation, but 
also on potential evapotranspiration. In order to assess and monitor drought, it is 
necessary to detect several drought features. Moreover, remote sensing data and 
methods can delineate the spatial and temporal variability of several drought features 
in quantitative terms.

3 Classification of Drought Severity 

The classification of drought severity is achieved through the combination of 
several drought features using remote sensing data. A brief summary of the study 
area and description of drought features follows.  

3.1 Study Area 

The region of Thessaly overtakes the central - Eastern department of continental 
Greece and overtakes a total areal extent of 14036 Km2 (10.6% of total extent of the 
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country). The 36.0% of ground are in a plain, the 17.1% semi-mountain, while the 
44.9% is mountainous. High mountains surround the plain of Thessaly, which 
constitutes the bigger plain of the country that divides westwards to Eastern from the 
river Pinios that is the third bigger river of country. Pinios River is springing the 
western slopes of Pindos Mountains and outflows, after 216 km, in the Aegean Sea. 
Its main tributaries are Titarisios, Enipeas, Kalentzis and Litheos. Surface and 
groundwater resources are jointly used to cover rural, urban and industrial needs, 
whilst on the same time they are essential to the preservation of the wetland 
developed in the area. The main watershed in Thessaly water district is the Pinios 
basin which covers 9500 km2. Thessaly is one of the thirteen hydrological districts of 
the country and it is located in Central Greece (Figure 1). Thessaly plain is a drought-
prone area, which is also the main agricultural region of Greece. 

Fig.1. Location and geographical map of Thessaly region. 

At the western side of Thessaly the climate is continental; the winters are cold and 
the summers are hot and the temperature difference between the two seasons is large. 
At the eastern side of Thessaly the climate is typical Mediterranean. Summers in 
Thessaly are usually very hot and dry, and in July and August temperatures can reach 
40o C. Mean annual precipitation over the whole Thessaly region is about 700mm 
and it is distributed unevenly in space and time. The mean annual precipitation varies 
from about 400mm at the central plain area to more than 1850mm at the western 
mountain peaks. 

3.2 Drought Features 

The major drought features are defined as follows: 
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Severity: severity or intensity of drought consists of the classification and escalation 
of the phenomenon from mild to moderate, severe and extreme. The severity is 
usually determined through drought indicators and indices, which include the above 
mentioned classes. 

Duration: duration of a drought episode is the time interval from the start and end 
time usually in months. Since drought is a complex phenomenon and hazard the 
assessment of start and end time is a complicated issue. 
Onset: the beginning of drought is determined by the appearance of drought episode. 
The beginning of droughts is assessed through indicators or indices reaching certain 
threshold value.
End time: end time of drought episode signifies the termination of drought based 
again on threshold values of indicators or indices.
Areal extent: areal extent of drought is considered the spatial coverage of the 
phenomenon as it is quantified in classes by indicators or indices. Areal extent varies 
in time and remote sensing has contributed significantly in the delineation of this 
parameter. 

Table 2. Drought categories based on RDI, VHI and PDSI 

Drought Categories RDI Values
VHI 

values
PDSI Values

Incipient dry spell - - -0.5 to -0.99

Mild drought 0 to -0.99 <40.0 -1.0 to -1.99

Moderately Dry -1.00 to -1.49 <30.0 -2.0 to -2.99

Severely Dry -1.50 to -1.99 <20.0 -3.0 to -3.99

Extremely Dry <-2.00 <10.0 < -4.0

4 Methodology 

The methodology covers the estimation of RDI based on remote sensing data and 
techniques. Specifically, the methodology follows the described steps, which include 
prepossessing of satellite data, calculation of air temperature, estimation of potential 
evapotranspiration with the use of satellite data, rain map extraction and remotely 
sensed estimation of RDI. A brief description follows. 

4.1 Data base and Prepossessing of satellite data 

For the RDI estimation the following data is used:  
! Daily precipitation of Thessaly water district in 50 x 50 km2 spatial analysis 
derived by ground measurements provided by the .Joint Research Center (JRC) of 
EC, lspra, ltaly.  
! Crop coefficients maps extracted by Corine Hellas 2000 for each month of the 
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year.  
! Monthly maps of daytime sunshine duration for 39.39° Middle North Latitude of 
Thessaly.  
! A time series of ten-day Brightness temperature (BT) images extracted from 
Channels 4 and 5 of NOAA/AVHRR for 20 consecutive hydrological years (October 
1981 - September 2001) 8x8 km2  provided by NOAA. The variables which are 
extracted from satellite data are Brightness Temperature (BT) and Normalized 
Difference Vegetation Index (NDVI) on monthly time step. Next step is the 
geometric and atmospheric correction of all images with the use of software Erdas 
Imagine. 

4.2 Calculation of air temperature 

Air temperature maps are derived from LST satellite images based on regression 

analysis between LST values and ground measurements of air temperature from 

meteorological station of Larissa, which is located in the region. LST is calculated 

with the use of BT and NDVI images on a pixel basis (Kanellou et al., 2008). The 

derived empirical relationship between LST and air temperature (Tair) is given by:  

3674.76143.0 !"# LSTTair 82.02 $R  (1) 

4.3 Estimation of potential evapotranspiration with the use of satellite data 

The RDI uses precipitation and potential evapotranspiration. In this paper 
potential evapotranspiration is estimated with the use of Blaney-Criddle method. This 
method is selected as it is appropriate for subtropical climates with dry and hot 
summers such as Mediterranean region, since it has been applied in California,
instead of Thornthwaite method, which is more appropriate for climates with wet and 
hot summers (e.g. East U.S.A). Blaney and Criddle (1950) estimated the monthly 
potential evapotranspiration (ETm) in mm, by the equation (2):  

% & pTkETm *16.846.0* !#  (2) 

where T is the mean monthly air temperature, p is the monthly daytime sunshine 
duration, which depends on the latitude of the area, and k is the crop coefficient, 
different for each cultivation, vegetation type, season and land use.  

Maps of mean monthly crop coefficients for each vegetation type and land use in 
500x 500 m2 pixel size, as well as maps of daytime sunshine duration (p) for each 
monthly value for the Thessaly water district (39,39° North Latitude) are extracted in 
a GIS environment (ArcMap 9 .1. software) (Kanellou et al., 2008).  

The monthly crop coefficient and the maps of daytime sunshine duration are 
combined with the air temperature maps for the whole data set in order to extract 
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Blaney-Criddle potential evapotranspiration for each month in the time series (1981-
2001).  

Fig. 2. Crop coefficient map (August).              Fig. 3. Blaney-Criddle ETp for June 1982. 

4.4 Rain map extraction 

For the estimation of RDI it is required to estimate monthly areal precipitation. 
Rain maps over Thessaly on a monthly basis are provided by JRC, ISPRA. These 
data cover Greece from 1975 to 2005 per 50x50 km2. From daily values of all time 
series the monthly cumulative rain of each hydrological year from 1975 to 2005 is 
calculated. Then rain maps produced every month using linear interpolation. 

4.5 Remotely sensed estimation of RDI 

Estimation of RDI is achieved with the use of models in software Erdas Imagine,
in which are used monthly temperature maps, crop coefficient (Kc) maps, sunlight 
maps (p), potential evapotranspitration Blaney- Criddle (!"p) maps and rain maps 
(P). In this study, RDI is calculated on a monthly and annual basis

The calculation of the index starts with the estimation of ak coefficient (Tsakiris 
and Vangelis, 2005), as it is given by the equation:  
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where Pj and PETj are the precipitation and potential evapotranspiration, 

respectively, of the j-th month of the hydrological year. The hydrological year for the 

Mediterranean region starts in October, hence for October k=l.  
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RDIn is the Normalised RDI, which is given by:  
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The Standardised RDI (RDlst) is given by: 
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where yk is the ln ak, ky is its arithmetic mean and 
^

k( is its standard deviation. 

5 Results and Discussion 

The results include quantification of drought through RDI estimation on a monthly 
basis (1981-2001) using remote sensing data, as well as extraction of several drought 
features. The analysis results are presented in tables 3 and 4 and figures 4 and 5. In 
particular, Table 3 presents the drought periods, their duration along with the start 
and end times based on RDI monthly estimates. This table indicates that during the 
20-year period there are eight drought episodes lasting one hydrological year, with 
minor exceptions. Moreover, Table 4 presents the areal extent of the monthly RDI 
values including all the drought classes in terms of number of pixels for each drought 
episode. 

From Tables 3 and 4 it can be stated that the eight drought episodes are classified 
in two severity classes, namely mild to moderate drought (five cases) and severe to 
extreme drought (three cases). The next step consists of plotting the values, which are 
less than -2.0 of Table 4 in two separate figures, one for the mild class and another 
for the extreme class, respectively, along with a fitted curve for each plot. 

Table 3. Duration of drought episodes (in months in Thessaly)

Drougth Years Start End Duration

Oct 1984 - Oct 1985 Oct 1984 Oct 1985 13

Oct 1987 - Oct 1988 Oct 1987 Oct 1988 13

Sep 1989 - Oct 1990 Sep 1989 Oct 1990 13
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Oct 1991 - Sep 1992 Oct 1991 Sep 1992 12

Oct 1992  -Oct 1993 Oct 1992 Oct 1993 13

Oct 1996 - Sep 1997 Oct 1996 Sep 1997 12

Oct 1999 - Sep 2000 Oct 1999 Sep 2000 12

Oct 2000 - Sep 2001 Oct 2000 Sep 2001 12

Table 4. Monthly Areal Extent of Drought years for the period 1981-2001. The values are in 
number of pixels (each pixel= 8x8 km2) 

Years 1984-

1985

1987-

1988

1989-

1990

1991-

1992

1992-

1993

1996-

1997

1999-

2000

2000-

2001

Month

Oct 207.704 0.039 75.214 81.906 111.175 2.589 25.984 16.675

Nov 84.984 0.234 167.91 163.812 128.343 207.769 8.398 207.691

Dec 95.527 66.21 23.019 205.765 203.183 45.351 74.156 205.273

Jan 82.093 86.312 207.714 207.648 199.039 72.425 199.3 40.957

Feb 2.441 0.238 207.789 207.496 45.347 199.359 22.148 164.46

Mar 0.265 0.218 207.789 203.925 199.718 201.363 207.417 207.617

Apr 167.148 127.707 159.589 0.222 206.437 0.41 203.73 4.847

May 125.921 196.152 2.089 12.472 0.105 207.753 185.269 14.039

Jun 205.144 59.792 161.484 8.48 114.875 16.73 12.289 133.984

Jul 128.741 60.468 40.132 8.386 201.535 146.554 171.257 0.089

Aug 114.992 130.746 0.25 203.839 191.9609 0.128 193.574 49.066

Sep 123.332 83.679 77.0234 204.066 81.285 203.824 75.566 199.304

Total 1338.27 811.8 1330.007 1508.023 1683.007 1304.261 1379.093 1244.007

The results are shown in Figures 4 (extreme class) and 5 (mild class), respectively. 
It is interesting to notice that in Figure 4 the fitted curve starts at the beginning of the 
hydrological year with at least 50 pixels and the areal extent is also increasing 
throughout the year. On the other hand, in Figure 5 the fitted curve starts in spring 
with even less than five pixels and the areal extent is also increasing throughout the 
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year, but not reaching high values. It is, thus, evidence in Thessaly that droughts can 
be classified in two classes, namely mild to moderate and severe to extreme, 
respectively, and that the former starts in spring, whereas the latter starts in October. 
This finding can certainly be used for prognostic assessment purposes. It simply 
requires more cases for verification. 

Fig. 4. Cumulative Areal Extent (Number of pixels 8X8 km2) of extreme drought (<-2.0) 
during drought episodes based on remotely sensed RDI

Fig. 5. Cumulative Areal Extent (Number of pixels 8X8 km2) of mild drought (<-2.0) during 
drought episodes based on remotely sensed RDI
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6 Conclusions 

In this paper drought quantification is conducted through the estimation of remotely 
sensed monthly RDI (1981-2001) in Thessaly, central Greece. Moreover, the remote 
sensing potential is explored by assessing several drought features towards drought 
severity classification. The results are encouraging since drought episodes are 
classified in two distinct classes with prognostic ability for each class.    
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Abstract 
Trans-European IT services are provided by DG TAXUD in two main ways: either in a 
distributed way to allow the exchange of information between national administrations, or in a 
"hub" and "spoke" way concerning the exchange of information. 
In parallel, the emergence of the Web and the irresistible push towards eGovernment offers an 
increasing number of services to the citizen. These services provide the traders with a view of 
the critical business information which is exchanged between the Commission and the national 
administrations1. DG TAXUD also provides IT services to serve its own internal business 
needs in the area of customs. It is crucially important to understand that, in order to serve its 
user base, DG TAXUD manages IT services which rely on a set of “trans-European systems”
made up of geographically spread, but tightly interoperating and collaborating as a Business-
to-Government service. 

Key words: eGovernment, Interoperability, eCustoms, B2G, Service Oriented Architecture, 
Web Services 

1. Introduction 

For more than 15 years, the EU customs policy has required the implementation of 
IT trans-European services. Since 2003, when the Commission issued a 
Communication on a simple and paperless environment for customs and trade2 that 
was subsequently endorsed by the Council,3 the efforts towards creating increasingly 
efficient, effective and interoperable information and communication systems have 
been bundled under the electronic customs initiative. On 15 January 2008, the 
European Parliament and the Council adopted the so-called E-Customs Decision 
(70/2008/EC), which foresees that the Commission and the Member States set up 
secure, integrated, interoperable and accessible electronic customs systems for the 
exchange of data contained in customs declarations, documents accompanying 
customs declarations and certificates and the exchange of other relevant information. 

                                                           
1 http://ec.europa.eu/taxation_customs/common/databases/index_en.htm 
2 COM (2003) 452, 24.07.2003 
3 OJ No C 305, p. 1. 
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These electronic customs systems aim to make customs clearance more efficient, 
to reduce administrative burdens, to combat fraud, organized crime and terrorism, to 
serve fiscal interests, to protect intellectual property and cultural heritage, to increase 
the safety of goods and the security of international trade, to enhance health and 
environmental protection, to allow for a seamless flow of data between export and 
import countries and to improve clearance times.  

The creation of a single, shared computer portal will ensure that Member States' 
electronic Customs systems are compatible with each other - although all Member 
States have electronic Customs systems, they are not currently inter-connected. 
Therefore, the e-Customs Initiative is a significant development for the EU's 
Customs Union. 

Essentially, there are three components of legislation that constitute the Electronic 
Customs Initiative: Security Amendment to the Customs Code4; Electronic Customs 
Decision (e-Customs Decision)5; and Modernised Customs Code (MCC)6. They 
promote the use of modern tools and technology, with the MCC and e-Customs 
Decision in particular generating a reengineering of procedures through radical 
simplification and modernisation. This will promote uniform application of the law 
and reduce costs for business and the risk of error. 

2. eCustoms 

An example of how governments may help e-commerce transactions by 
developing new concepts, which also ease governmental tasks, is given by the 
introduction of electronic customs. In the European Union, national electronic 
customs declaration systems are already used in many countries, e.g., Atlas in 
Germany, CHIEF in UK, Aida in Italy or Sagitta Entry in the Netherlands. However, 
a common standardized electronic customs system is still missing but it is topic of 
research promoted by the EU. The goal of a common customs system is to overcome 
interface barriers between national systems. 

The EU has already started the implementation of standardized systems (European 
Commission, 2007a); together with the already existing Community Customs Code, 
this implementation will facilitate European trade. The implementation is composed 
of four key stages: 
1. The first stage builds on existing work; namely the New Computerized Transit 
System (NCTS) and risk management tools. It creates the foundation for an 
electronic customs declaration environment by adding systems for Import (ICS) and 
Export (ECS), applying the International Road Transport Convention for Transit 
(NCTS-TIR), and including the Economic Operators Registration and Identification 
System;
2. The second stage is seen as providing aspects of the electronic customs vision 
which primarily addresses trader concerns: the Economic Operators Registration and

                                                           
4 Regulation (EC) 648/2005 
5 Dec No 70/2008/EC 
6 Regulation 450/2008 
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Identification System and the Authorized Economic Operator, together with the 
Common Customs Information Portal and the Single Electronic Access Point; 
3. The third stage is based on the Modernized Customs Code concept, (European 
Commission, 2007b) and is focused on more ambitious aspects of the electronic 
environment. These projects would lead to the completion of a fully Automated 
Export and Import System (AES and AIS), as well as the completion of the Common 
Customs Tariff and Integrated Tariff of the European Communities (Taric), which 
came into force in 1987 (European Commission, 1987); 
4. The fourth stage is related to the Single Window project as described in the 
Council’s proposal for a paperless environment for customs and trade. 

The goal of the EU customs project is to enable a paperless environment for 
customs and trade, i.e., to develop a common standardized ecustoms system. The 
envisioned e-customs system will be based on Single Window (SW) and Authorized 
Economic Operator (AEO).

3. Customs Trans-European Systems  

The table and diagram below provide a summary of the customs trans-European 
Systems developed and operated by DG TAXUD, and their operational status. 
 

Figure 1.1 - Custom Trans – European Systems 
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Customs Operational Systems (Trans – European Systems) 
The initiatives that fall under Customs Operational Systems can best be described as 

traditional Customs procedures (import, export and transit). As part of the modernization of 
Customs these procedures will be conducted, across the Member States, on electronic 
platforms which aim to ease complexity in Customs procedures and avoid duplication. The 
necessary data will be processed through the Automated Import System, the Automated Export 
System and the New Computerized Transit System. 

1 Automated 
Import System 
(AIS) 

Will ultimately allow for the full computerization of import 
procedures and thereby support the exchange of information between 
Customs offices and traders, ensuring that import operations involving 
Customs authorities of more than one Member State can be completed 
without the resubmission of the same information. AIS will include the 
exchange of electronic messages (entry summary declarations, risk 
information, etc.) related to the different stages of goods moving 
through and out of the Community. 

Implementation will occur in two phases - Import Control System 
(ICS) and full deployment - culminating in a fully interoperable 
electronic organism (Member State to Member State, Member State to 
Commission and vice versa). 
! Phase 1: ICS. Provides the platform for safety and security 

controls at import 
! Phase 2: Full deployment of AIS 

1.1. Automated 
Import System 
Phase 1: Import 
Control System 

ICS is for the safety and security of cargo entering the EU, 
providing for the handling of entry summary declarations received from 
carriers or their agreed representative, e.g. freight forwarder or agent. 
The data collected will be used for risk analysis and appropriate 
messages relating to the goods (e.g. "do not load") will be issued. 
Traders will be required to provide information (entry summary 
declaration) in advance of goods being imported into, or transiting 
through, the EU. 

Business 
Overview 

! It will be the carrier's responsibility to ensure entry summary 
declarations are presented to Customs (as the person who brings 
the goods, or who assumes responsibility for the carriage of the 
goods into the Customs territory of the Community) 

! There will be the possibility to lodge entry summary declarations 
at a Customs office other than the Customs office of first entry, in 
the medium to longer term 

! The data requirements and time limits for submission vary 
slightly between modes: 
o Maritime containerised cargo: 24 hours prior to loading at the 

port of departure 
o Maritime bulk and break bulk cargo: at least four hours prior 

to arrival 
o Maritime sea voyages of fewer than 24 hours: at least two 

hours prior to arrival 
o Short haul flights (i.e. flights of fewer than four hours' 

duration): at the time of actual take-off 
o Long haul flights: at least four hours prior to arrival 
o Rail and inland waterway traffic: at least two hours prior to 
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arrival 
o Road traffic: at least one hour prior to arrival 

1.2. AIS – 
Phase 2 Full 
Deployment 
(Centralised 
Clearance and 
Simplifications) 

The objective is to allow the full computerisation, based on the 
national IT systems, of the import procedure in cases where the 
customs authorities of more than one MS are involved, enabling 
electronic exchange of information between customs offices and 
traders. 

It will keep and expand the functions of ICS, and in particular it will 
add the notification of arrival and the presentation of goods, and the 
centralised clearance approach. 

Business 
overview 

! Easier connection with Customs authorities 
! The avoidance of the transit procedure 

2. New 
Computerized 
Transit System - 
NCTS 

NCTS will, with the support of electronic declarations and 
processing, streamline and harmonize the core transit process whilst 
incorporating the data required for security purposes. 

NCTS facilitates the management and control of Community transit 
thereby enabling non-Community goods (those that are not in free 
circulation) to move between two points within the Community without 
being subject to import duties and other charges. 
! Phase 1: NCTS. Covering Community/common transit 
! Phase 2: NCTS-TIR. Control of the Community leg of TIR 

movements 
! Phase 3: NCTS-Safety and Security. Incorporation of security 

data elements 
! Phase 4: NCTS-Enquiry/Recovery. Upgraded enquiry procedure 

and introducing the recovery procedure  
The objective of NCTS is to enable full control of the "core" transit 

procedure including the guarantee management and enquiry 
procedures, with the support of IT facilities. 

2.1. NCTS – 
Safety and 
Security Aspects 
(including the 
ATIS 
amendments) 

This enhancement to NCTS will incorporate into the system the 
additional features arising from the Security Amendment to the 
Customs Code and its implementing provisions. Customs will thereby 
be able to obtain information for risk analysis on transit shipments. In 
addition, a development in the Anti-Fraud Transit Information System 
(ATIS) will enable the system to forward a copy of transit movements 
to DG OLAF (the European Anti-Fraud Office) for movements 
including sensitive goods. 

Business 
Overview 

! for the administrations: faster and more effective 
control/discharge of transactions involving goods in transit in the 
customs territory of the Community; more efficient handling at 
the offices of transit; With the "security amendment": possibility 
of reusing the already existing transit declaration for another 
purpose. 

! for the economic operators: time and cost savings arising from 
more effective functioning of the transit procedure; with the 
"security amendment": possibility of using a single declaration for 
2 purposes. 

3 Automated 
Export System 
(AES) 

The objective of the AES is to ensure that operations started in one 
MS can be finalised in another MS. This includes the exchange of 
electronic messages related to the different stages of the operations 
amongst the various actors (customs, traders and other governmental 
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administrations). 
development of this project has been divided into 3 phases: 
a. ECS Phase 1 – exit "fiscal" control: operation started in January 

2007 in several MS, with full application agreed from 1 July 2007; 
b. ECS Phase 2 – exit "security" control linked to the 

implementation of Regulation (EC) No 648/2005; 
c. AES – full deployment. 

3.1. Export 
Control System 
(ECS) Phase 1 

ECS Phase 1, as the initial step of the AES, is to provide for the full 
control of the conclusion of export operations through the electronic 
exchange of export/exit information between customs offices of export 
and customs offices of exit, in particular where different MS are 
involved. 

ECS is built according to the NCTS logic, but re-adapted for the 
export procedure. 

It starts when a Trader submits an export declaration to the proper 
Customs Office of Export. Then, after the acceptance of the export 
declaration, he/she receives the Export Accompanying Document 
(EAD) with a unique Movement Reference Number (MRN) which 
identifies the movement. Then the means of transport carrying the 
consignment covered by this document goes to the Office of Exit. 

Normally, the consignment arrives at the Office of Exit. The goods 
are presented to the Actual Office of Exit which processes the exit of 
the goods. Once the exit process is completed, the Office of Export 
finalizes the export operation. 

The core element of the ECS is the information exchange between 
the office of export and the office of exit: 
! to inform the office of exit of the anticipated arrival of goods for 

which export formalities have been completed at the office of 
export; 

! to handle diversions; 
! to inform the office of export of confirmation of exit and/or 

control results including the date of exit from the customs 
territory of the European Union; and 

! to handle partial and consolidated shipments. 
Business 

Overview 
! Early confirmation of export operations 
! Faster accounting of VAT deductions, export refunds, etc. 
! The ability to chase up problem movements at the earliest 

opportunity 
3.2. Export 

Control System 
(ECS) Phase 2 

ECS Phase 2 provides for the electronic handling of combined 
export declarations/exit summary declarations under the Security 
Amendment. It will require additional information to be included in 
export declarations for safety and security purposes, amongst other 
things. This provides Customs administrations with the infrastructure 
for fast reception and treatment (particularly risk analysis) of the pre-
departure declarations. This Phase preserves and builds upon the 
functionalities delivered in ECS Phase 1 giving better control of 
movements and a more rational use of resources. 

Business 
Overview 

! for the administrations: fast reception and treatment (notably, risk 
analysis) of the pre-departure declarations; better control of 
movements, and a more rational use of resources for control; 

! for the economic operators: flexibility in their connection with the 
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customs authorities. 
3.3. Automated 

Export System 
(ECS) - Full 
development 
(Centralised 
Clearance and 
Simplifications) 

Full deployment of AES will allow for the full computerisation of 
export procedures and ensure full integration of all export-related 
requirements (e.g. T5, sanitary controls). It builds upon and includes 
the functionalities of ECS Phases 1, 2 and the addition of the 
centralised clearance approach is planned. Customs administrations 
across the EU will have a completely automated procedure for the 
reception and treatment of all information linked to export declarations. 

Business 
Overview 

The AES is a further evolution of the ECS (phase 1 of the AES) and 
the first implementation of the eCustoms initiative. At the same time, 
ECS is the second customs procedure, after the New Computerised 
Transit System (NCTS), for which a Europe-wide IT-solution is 
applicable. AES will allow for the full computerisation, based on the 
national IT systems, of the export procedure, ensuring full integration 
of all export-related requirements (e.g. T5, sanitary controls). 

AES will build upon and include the functionalities of ECS Phases 1 
and 2. In particular, it will add the central clearance approach. 

The advantages brought by this system are: 
! for the administrations: a completely automated procedure for the 

reception and treatment of all information linked to export 
declarations, including subsequent input to other national 
administrations and agencies where necessary; 

! for the economic operators: an easier connection with all the 
customs authorities via the “centralised” clearance at export, 
avoiding, inter alia, the cumbersome procedures currently in force 
in “triangular” traffic.  

4. Others 

4.1. EU 
Customs 
Information 
Portal (ECIP) 

To enable economic operators to access information related to 
import/export requirements, as well as information on the operational 
status of movements through a customs information portal. Such a 
portal would mainly contain all relevant information about rules on the 
movement of goods across borders, and also relevant information from 
domains other than pure customs (e.g. agricultural, environmental and 
other legislation). This approach is in line with the e-Government 
roadmap. 

Links will be provided to more detailed and/or national information 
featuring on the customs information portals of the national customs 
administrations. Also national administrations will be provided with an 
opportunity to feed info to the EU customs information portal. 

Business 
Overview 

! for Commission and national administrations: reduced enquiries, 
leading to costsa vings; it will ensure a further evolution of the 
Data Dissemination System and its integration into the ECIP. 

! for economic operators: facilitated access to any information 
pertaining to customs transactions; it will also simplify the task of 
traders and allow them to save on training and expertise costs. 

Can be used as a basic tool to prepare electronic declarations. 
4.2 Single 

Electronic Access 
Points (SEAPs) 

The development of SEAPs will mean that the lodging of electronic 
entry/exit summary declarations, summary and Customs declarations 
will be able to be done through a single interface of the trader’s choice 
– irrespective of which Member State’s Customs authority is concerned 
with an individual movement. The data inputed through SEAP will be 
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available to any Customs office responsible for the location where the 
goods have been, or are to be, presented. The role of access point 
providers (Member State’s Customs services or authorised private 
companies) will initially be limited to the passing on of the required 
data for processing by the competent Customs administration. 

Business 
Overview 

! Only need one access point to lodge Customs declarations 
! Existing electronic connections could be maintained 

4.3. Single 
Window (SW) 

The eCustoms “Single Window” is the most challenging integration 
project of eCustoms as it will require eventually achieving both 
business processes and technical interoperability amongst some 150+ 
governmental agencies across the Community and possibly other 
parties in third countries. Its deployment will be a major co-ordination 
challenge, before being a technical one. 

The objective of SW is to enable economic operators to lodge 
electronically, and once only, all the information required by customs 
and non-customs legislation for EU cross-border movements of goods. 
The initiative is currently presided over by DG TAXUD. 

There will be (at least) one SW per Member State. These SW will be 
supported by the SEAP functions for lodging of declarations (if 
available). The handling of certificates and licences needed for the 
declaration will be based on the Community tariff and supplementary 
information specific to the MS concerned. Certificates and licences 
from other MS will be transferred via the connection between the MS, 
the Commission and 3rd countries (SPEED platform), as well as 
between Commission systems, where required. 

SW shall also make information available on how to request 
certificates and licences from competent bodies. 

Business 
Overview 

! for the administrations: efficient risk management, increased 
streamlining, simplification and security of the customs 
operations, easier cooperation with other government authorities, 
even those in different member states; 

! for the economic operators: streamlining the lodging of 
supporting documents resulting in time and money savings; 
ability to request licences and certificates from competent bodies. 

4. Conclusions 

The proper functioning of the customs union, and the achievement of its different 
objectives, depends in the first instance on the applicable customs legislation. The 
strategic decisions (e.g. on the Modernized Customs Code, the Safety and Security 
Amendment, or the E-Customs Decision) are taken in the relevant political decision-
making fora, and are thus largely an external variable as far as the Customs 2013 
programme is concerned. However, the C2013 plays a very significant role in 
ensuring that customs legislation is implemented, interpreted and applied uniformly 
across the entire EU, and in a way that is effective and strikes an appropriate balance 
between combating fraud and tackling safety and security-related risks on the one 
hand, and minimizing the burden for legitimate trade on the other. 
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It can be suggested that the contribution of C2013 is greatest towards the 
harmonization of the working methods of national customs administrations, since this 
results, to a greater or lesser extent, from nearly all joint actions and IT systems that 
standardize approaches, bring together national customs officials and facilitate the 
exchange of information and best practices. At the other end of the spectrum, there 
are indications that the ongoing focus on the implementation of the Safety and 
Security Amendment means that trade facilitation often continues to play a somewhat 
secondary role in many programme activities; therefore, while progress has been 
made in this field, it has tended to be slower than in the others. 

C2013 has been able to make a significant contribution to the proper functioning 
of the customs union (and to the objectives that form the basis for this) through a 
wide array of interventions, including both joint actions and IT systems. The broad 
and flexible nature of the toolkit available to the programme is one of its greatest 
strengths.  
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Abstract.  Social communication and microblogging services, together with 
the ubiquitous online access which keep Internet users constantly connected, 
provide unprecedented capabilities for the constant connectivity of people and 
offer a tremendous facility for expressing their opinions, attitudes or reactions 
about every human activity. In this paper we present an initial investigation of 
the use of social media for the continuous monitoring and mining of consumer 
behaviour. We analysed thousands of tweets containing branding comments, 
sentiments, and opinions about food products. Initial results which are 
presented in this paper are in line with other results reported in the literature 
and make us believe that given their dominant use by millions of Internet 
users, and their distinct characteristics and opportunities, these microblogging 
services can play a key role in supporting and enhancing important business 
processes in food industry such as company to customer relationship, brand 
image building, word-of-mouth branding.  

Keywords: Microblogging Social Media, Word of Mouth, Consumer 
Behaviour, Sentiment Analysis. 

1   Introduction 

The number of people that use social sites such as Twitter, LinkedIn, Facebook and 
other microblogging social networking services has grown exponentially the last 
decade (Huberman et al, 2008). This fact, together with the ubiquitous online access, 
the increasing adoption of smartphones and the convergence of digital devices, 
provides unprecedented ground for the constant connectivity of people and offers 
tremendous capabilities for publicly expressing their opinions, attitudes or reactions 
about many aspects of everyday human activities. There are so many open questions 
about the overall impact of these online social services and there is an exponentially 
increasing interest to study their effects in many sectors and domains from health 
(Hawn, 2009), to important business processes (Jansen et al, 2009) and education 
(Junco et al, 2011). In this paper we present an initial investigation of the effects of
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social media for the continuous monitoring and mining of consumer behaviour. 
Using methods from information retrieval, computational linguistics and sentiment 
analysis, we analyzed roughly 700,000 microblogging messages (so-called tweets) 
which are mostly dedicated to the discussion of food companies or food products, on 
a daily basis. We analysed the sentiment of tweets and found some associations with 
various events related to brand advertisement activities or food policies and crises.  

Twitter is a microblogging service allowing users to publish short messages with 
up to 140 characters, so-called “tweets”. Millions of tweets are posted daily by 200 
million users, generating 350 million tweets a day and handling over 1.6 billion 
search queries per day (Twitter engineering blog, July 2011). It is sometimes 
described as the "SMS of the Internet". These messages usually express personal 
views of the user, or cover topics such as current political issues, or feelings and 
attitudes about a new product or a company.  

Tweets are visible on a message board of the Tweeter website (http://twitter.com/) 
or through various third-party applications. Users can subscribe to (i.e. “follow”) a 
selection of favourite authors. In such a way one can build a trusted Word of Mouth 
(WOM) communication channel and can then rely on family, friends and others in 
their social network to receive opinions about various products. In addition to 
following a selection of twitter users/authors, and because tweets are also archival 
and searchable through search engines, users can search for messages containing a 
specific key word (e.g. a stock symbol, a product which has been recently released, 
opinions about current political issues).  This feature supplies to the opinions which 
are expressed a certain degree of permanence and increases the effect this electronic 
WOM, in the form of microblogging, can have in important business processes such 
brand name development, attention enlargement, reputation management.  

The simplicity of publishing short messages on the microblogging services from 
various communication channels made social websites very popular. A standard 
tweet is approximately one or two short sentences which make it very easy to create 
but also to read, making the whole social microblogging service extremely scalable. 
Internet users prefer microblogs to traditional communication tools such as e-mail. In 
addition, popular microblogs such as Facebook is often the most visited website on 
the web, overcoming the popularity of established search engines such as Google 
(Harvey, 2010). The growing popularity of microblogging services and the content of 
the published messages led researchers to use them for marketing or social studies 
(Pak and Paroubek, 2010). 

Many of these messages are dedicated to the discussion of food brands and food 
products. As a result, for customer relationship management or marketing 
departments of food companies there are tremendous opportunities to obtain useful 
information they find on social media websites to continuously monitor consumer 
attitudes, their opinions about brands and reactions about products, and perhaps 
“understand” their buying behaviour. Twitter based systems have been developed by 
financial professionals to alert users of sentiment based investment opportunities 
(Bloomberg, 2010) and by academic researchers to predict break-points in financial 
time-series (Vincent and Armstrong, 2010). In this paper we aim to present an initial 
investigation to the issue and to bring attention and discuss a practical application of 
mining consumer attitude related to food products or brands:  what people liked, how 
they feel and what they would like to see in upcoming products and/or experiences. 
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For these purposes we would like to examine how these microblogs deliver 
immediate sentiment which can be monitored and analysed to provide insightful 
views about products and brands. 

In the current research we used Twitter and a system for collecting user generated 
data (i.e. tweets) for a period of time (approximately one month). We used an 
algorithm for sentiment analysis proposed by Paltoglou and Thelwall (2011) to 
automatically analyse the expressed emotion of these microblogs, in terms of a 
ternary classification scheme, i.e. positive emotion, negative emotion or lack or 
(objective). The algorithm is based on an unsupervised, lexicon-based approach that 
identifies sentiment in microblogs and has shown to attain state-of-the-art 
performance in a variety of social media environments (Paltoglou and Thelwall, 
2011).  

2   Related Work 

Much research has been conducted on sentiment analysis for the domain of blogs and 
product reviews (e.g. Pang et al., 2002; Blitzer et al. 2007). However, most of this 
research is based on metadata such as “number of stars”. This is different from 
extracting opinions from microblogging services. Traditional blogs are very different 
from microblogs. The main differences between traditional review pages and 
microblogs are: 

! Reviews and text in blogs are longer than the messages that appear on 
microblogging services. 

! Reviews refer to a specific product which is discussed under a topic. On the 
contrary, the topic of a posted message on microblogs varies. 

! Internet users tend to use an informal language that contains non-standard 
spellings when they post messages on microblogging services (Thelwall and 
Wilkinson, 2010). This creates a unique and heterogeneous content.  

Also, messages on Twitter have characteristics that make them unique: 

! Length: the maximum length of a tweet is 140 characters. For this reason, 
research using tweets is different from research based on longer text. 

! Data Collection: twitter API allows millions of tweeters to be collected for 
research. That means that the research can be based on real data.  

! Language: users post in an informal language and it is likely their posts to 
contain misspellings.  

! Domain: users post their comments about any topic they want unlike sites 
that are focused on a specific topic as movies review.  

 
Twitter has attracted much interest the last few years from researchers in the 

domain of stock prediction and sentiment based investments (e.g. Sprenger & Welpe, 
2010; Bollen et al, 2011) and several research efforts have been presented in the 
media (e.g. BBC news, http://www.bbc.co.uk/news/technology-12976254) and also 
resulted in working systems (e.g. http://tweettrader.net/) where the real-time 
sentiment for individual stocks can be accessed. Another utilisation of microblogging 
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messages is the use of Twitter as a form of electronic word-of-mouth for sharing 
consumer opinions concerning brands (e.g. Bernard et al, 2009). In this research a 
large number of tweets are analysed and the researchers conclude that microblogging 
can be used as an online tool for customer word of mouth communications and could 
have implications for corporations using microblogging as part of their overall 
marketing strategy. 

The idea behind these research efforts which are based on tracking Twitter is an 
appealing one: there are millions of people talking about the things they like or don’t 
like or expressing their opinions and attitudes via the Twitter service. Things that 
they talk about can be books, brands, food, movies, sports or celebrities. If we could 
analyse the sentiment which is expressed in these microblogging messages, these 
“sentiment indicators” can be compiled, monitored and analysed by the marketing or 
other departments within enterprises, or this analysis can be conducted by external 
service providers specialising in this type of microblogging analysis. As a result very 
useful information can be timely provided to individuals or organisations such as for 
example investors, marketing directors, food inspection authorities, which can 
tremendously help them to improve many of their decisions and processes. 

 
2.1 Sentiment analysis  

 
Profoundly, the problem of sentiment analysis, which aims to determine the 

attitude of a speaker or a writer with respect to some topic or the overall contextual 
polarity of a document, becomes very important. Several researchers have focused on 
the problem of sentiment analysis. Pang and Lee (2008) present an overview of the 
existing work on sentiment analysis. The authors describe and analyze approaches 
and techniques that can be used for an opinion-oriented information retrieval system.  

Much research has been done for text classification using machine learning. Pang 
et al. (2002) focused on movie reviews. They tried to solve the problem of sentiment 
classification using machine learning methods. In particular, they examined the 
effectiveness of Support Vector Machines (SVMs), Naive Bayes and Maximum 
Entropy classifiers combined with features such as unigrams and bigrams. They 
achieved an accuracy of 82,9% using SVM and a unigram model. Turney (2002) 
tried to solve the problem of sentiment detection by proposing a simple algorithm, 
the semantic orientation. Pang and Lee (2004) also presented a solution for sentiment 
detection and analysis. They proposed a hierarchical scheme which first classified the 
text as opinionated and then as negative or positive. Emoticons such as :-) and :-( 
have been also used as labels for positive or negative sentiment. Read (2005) used 
those emoticons to collect training data for the sentiment classification.  

 
2.2 Unsupervised sentiment analysis in social media 

 
Paltoglou and Thelwal (2011) proposed an unsupervised, lexicon-based classifier to 
address the problem of sentiment analysis on microblogging services. The classifier 
can estimate the level of emotional valence in text to make a ternary prediction. The 
proposed algorithm is designed to make opinion detection (i.e. determine whether a 
text expresses opinion or not) and polarity detection (i.e. whether the opinionated text 
is positive or negative). The classifier has many linguistically-driven functionalities 
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that improve its accuracy and suitability for microblogging services. For example, 
there are negation/capitalization detection, intensifier/diminisher detection and 
emoticon/exclamation detection. Experiments were conducted for the evaluation of 
the algorithm. The dataset that was used was extracted from social websites. The 
results showed that the proposed classifier outperformed machine learning 
approaches in the task of polarity detection. The lexicon-based approach performed 
very well in the opinion detection task in the majority of environments. The 
experimental results showed that the proposed solution is a reliable solution to 
address the problem of sentiment analysis on social media (Paltoglou and Thelwall, 
2011).  

The base of their algorithm is the emotional dictionary of the “Linguistic Inquiry 
and Word Count" (LIWC) software (Pennebaker J. and R., 2001). LIWC contains a 
broad dictionary list combined with emotional categories for each lemma that were 
assigned by human. This list was used mainly for two reasons: 

 
1. This dictionary was developed for psychological studies and is extensively 

used in psychological research. 
2. This dictionary is appropriate for informal communication which dominates 

in social media (Thelwall et al., 2010).   
 
 
2.3 Systems for Twitter Sentiment Analysis 

 
A number of online sentiment analysis systems have been developed that use 

Twitter. These systems, like ours which will be presented in the next Section, use the 
Twitter Search API that can retrieve tweets according to a query term. Most of them 
are still in the early stages of development and many are focussed on stock market 
and other sentiment based investments. Some of the most popular applications that 
can identify sentiment on tweets are presented and discussed below: 

! http://tweettrader.net/. TweetTrader.net strives to be the most innovative 
forum for stock microblogs. It is still in the early stages of development. 

! http://www.tweetfeel.com/. TweetFeel is a free or subscription based service 
that allows users to track and compare various keywords according to how 
people use them in Twitter.  

! http://www.socialmention.com/. Using Social Mention one can receive free 
daily email alerts (like Google alerts) of a brand, company, marketing 
campaign, or on a developing news story, a competitor. 

! Google alerts (http://www.google.com/alerts). Google Alerts are email 
updates of the latest relevant Google results (web, news, etc.) based on a 
choice of query or topic. 

 

 
3. System Description  

 
To experiment with microblogging senmtiment analysis, we developed an 
application that collected data from Twitter services which we aimed to analyze 
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about their sentiment. The Twitter platform was used to collect the data because it 
has attracted customer behaviour corporations’ interest as it is the largest 
microblogging service. It is estimated that a million tweets are published every day 
which reveal customers’ opinion and behaviour about companies and brands. Twitter 
increasing popularity makes it an appropriate source of information to collect data 
and analyze customer behaviour. That was the reason that Twitter was selected to 
address the research questions of this paper. The results are expected to be the same 
if another microblogging service was used as they share a number of similar 
characteristics. 

Twitter provides the Application Program Interface (API) which allows 
programmatically accessing and retrieving tweets by a query term. The Twitter API 
takes a set of parameters related to features such as the language, the format of the 
results, the published date, the number of tweets and a query and returns the tweets 
that contain the query and meet the parameters. In our system, only tweets written in 
English were collected as they represent the majority of the published tweets.  

An application was developed to collect and store the data. The application 
queried the Twitter API daily to collect tweets that were posted the day before. 
Positive and negative tweets were also separately collected with the aid of the Twitter 
API. For each query, we daily collected the first 1000 tweets, if there are 1000, that 
were posted the day before. To do so, we used the page parameter as the Twitter API 
has a limit of 100 tweets for a single request.  

We used 35 queries to collect data. The data were stored in a “.json” format to 
facilitate their analysis. Each json file consists of 100 entries. Each entry refers to a 
separate tweet. For each tweet the following are stored: 

1. Id – id of the tweet 
2. Published – date that the tweet was published 
3. Link – the link for the tweet 
4. Title – title of the tweet 
5. Content – content of the tweet 
6. Updated – last date the tweet was updated  
7. Author – name and uri for the author of the tweet 

 
4. Results & Discussion 

 
The collected data were analyzed for their sentiment. For the sentiment analysis, an 
unsupervised method was followed (Paltoglou and Thelwal, 2011). Because of time 
limitations related to the conference submission deadlines, in this paper we present 
only results from few keywords related to some basic food products such as “milk” 
(Figure 1), “seafood” (Figure 2) but also brand names (“McDonalds”, Figure 3). 
Figures present the percentage of tweets having one of three sentiments (positive, 
negative and objective) on the  

In Figure 1 we can observe that generally there are 4 times more positive 
sentiments about seafood in comparison to negative opinions while there are about 
approximately 50% of them that are characterised as objective (neutral). This simple 
chart expressing the proportion of negative and positive opinions over a period of 
time can be a very useful tool, especially if its analysis is made in parallel to 
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advertisement or other events (e.g. periods that seafood consumption signifies a 
religious fest).  

 

Figure 1: Seafood 

Figure 2 illustrates another interesting example about the power of continuous 
monitoring of microblogging services such as Twitter. In Figure 2 which depicts 
positive, neutral and negative opinions about “milk” we can observe a similar pattern 
of consumer attitude, i.e. there is a relatively stable proportion of positive, negative 
and neutral opinions based on data retrieved using the word “milk” as the keyword. 
However, on a specific day (8/4/2011) there is a significant increase in messages 
expressing negative opinions. A careful examination of this day reveals that was the 
day of death accidents which reported in China and their cause was related to bad 
quality or tainted milk. Continuous monitoring can recognize such “abnormal” 
behaviors immediately and alert food inspection authorities, traceability mechanisms 
etc.  

 

Figure 2: Milk 
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Figure 3: McDonalds 

Figure 3 represents an example of how Twitter microblogging can play the role of 
electronic Word of Mouth (WOM). Literature indicates that people appear to trust 
seemingly disinterested opinions from people outside their immediate social network, 
such as online reviews (Duana et al., 2008). This form is known as online WOM 
(OWOM) or electronic WOM (eWOM). This type of eWOM provides consumers 
tremendous power in influencing brand image and perceptions. For the food industry, 
in today’s “attention economy” (Davenport & Beck, 2002) where companies 
compete for the attention of consumers continuously, such sentiment analysis of 
microblogging data over a period of time can be an tremendous tools to understand 
how consumers describe things of interest and express attitudes that they are willing 
to share with others about brands, new food products, concerns about food crises or 
policies. 

Overall, the results show that customers’ sentiment does not change significantly 
within a small period of time, except when there is a significant reason. This was 
clearly demonstrated when significant change in sentiment is observed for the query 
“milk” for which the negative sentiment is increased on 8th of April 2011. However, 
by tracking, collecting and analysing data over longer period of time, it could reveal 
much more information about the success or not of important business processes 
such as brand building. 

 
5. Conclusion 

Microblogging has become one of the major types of the communication and this 
trend is expected to continue. Research indicates Twitter as an important online 
word-of-mouth mechanism (Jansen et al., 2009). We believe, the large amount of 
information contained in microblogging web-sites makes them an invaluable source 
of data for continuous monitoring of consumer behaviour using opinion mining and 
sentiment analysis techniques. 

In our research, we have presented an initial system and method for an automatic 
collection of microblogging messages from Twitter that are used to understand the 
opinions and attitudes of consumers towards food products or food related brands. 
We used an unsupervised, lexicon-based classifier to address the problem of 
sentiment analysis on microblogging services. 
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In the future, we plan to expand this work by collecting a larger corpus of Twitter 
data and analyse how the sentiment analysis of tweets can be used for better 
understanding of consumer behaviour and how it can be used to improve important 
business processes in food industry. 
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Abstract. The world economy is changing due to the use of Information and 
Communication Technologies (ICT). The ICTs affect and change the entire 
socioeconomic framework. Consequently, new forms of communication are 
created which facilitate the flow of information around the world, like “social 
media”. Social media brought people “closer” by facilitating the interaction 
between them. Social media appeal mainly to younger people since young 
generation mostly “exploits” Internet and new technologies.  
The paper examines the relationship between the students and social media 
platforms.  Thereby, it presents the use of social media platforms by students 
aged 19-31. Specifically it examines how much time they spend “socializing” 
through social media and the reasons they use them. Moreover, students 
evaluate the most important advantages and disadvantages of social media. In 
addition, the paper studies to what extend students believe that agribusiness can 
benefit by the “exploitation” of social media platforms.    

Keywords: Social media, social networking, agribusiness, ICTs  

1   Introduction 

    The exponential growth of Information and Communication Technologies (ICT) as 
well as the development of Internet during the last two decades has changed the 
business environment to a large extent. Governments, companies and organizations 
exploit through the ICTs new potentials and opportunities that are presented. The 
growth of the ICTs, the broadband technology and the wireless third generation 
technologies led to innovative ideas, new products and services and at the same time 
improved the flow of information in the companies. The companies, due to the new 
potentials, opportunities and new business processes offered by the ICTs, were able 
to reduce their costs and adapt to the new business and social framework that has 
been created by new technologies. 

 A major outcome of the growth and exploitation of the ICTs and the Internet was 
the creation of a new type of “website” that helped people create, share, chat and 
modify user - generated content, “the social media”. Today there are hundreds of 
social media platforms worldwide. There are different types of platforms that the user

_______________________________
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can join and use such as social networks, blogs and discussion groups.  (Hanna, et. al. 
2011, Xiang and Gretzel, 2010, Pitt and Berthon, 2011)   

Social media are very popular especially among younger users. They are very easy 
to access since there is more than one way to log in social media platforms like 
mobile and computer-based technology. The most popular platforms of social media 
are the social networking platforms. These platforms allow users to interact thought 
personal profiles they create and they can invite friends to access those profiles and 
send e-mails, share photos, videos and audio files with each other. The profile the 
user creates includes photos, various personal information, video and audio files. 
Examples of such platforms are Facebook, Wayn and MySpace. (Kietzmann, et. al. 
2011, Yates and Paquette, 2011) 

The popularity of the social media leads to a new communication framework 
where individuals have the power to interact, collaborate and share information. 
Through that process individuals create a new trend that influences on a large extent 
the way companies interact with the customer. (Hanna, et. al. 2011, Mangold and 
Faulds, 2009, Freberg, et. al. 2011) 

 In that way the social media democratized the on-line communication and shifted 
the power to the users since previously the companies, through their marketing 
strategy, could control the flow of information provided to the customer, create new 
trends and influence people on a large extent. (Kietzmann, et. al. 2011)  

Social networks can also improve collaborative governance processes by 
facilitating, (i) the generation, acquisition and diffusion of different types of 
knowledge and information about the systems under management (Crona and Bodin, 
2006), (ii) mobilization and allocation of key resources for effective governance ( 
Carlsson and Sandstrom, 2008), (iii) commitment to common rules among actors 
fostering willingness to engage in monitoring and sanctioning programs ( Scholz and 
Wang, 2006), and (iv) resolution of conflicts (Hahn et al., 2006).

The Greek reality of Social Networks according to research firm MRB, shows that 
a 72% of Greek users have profiles on Facebook, 36% have a personal page on 
YouTube and about 18% of Greeks have a Twitter profile. In addition, a 30% of 
online users have at some point start (and still maintain) a blog and a 52% of online 
users have made online purchases (MRB, 2009, 2011).     

According to another survey approximately one third of the Greek advertising 
companies embody the possibilities of social media in marketing strategies while 
only about 26% of the Greek enterprises are using Facebook as branding, target 
marketing and promotional tool (Burson Masteller, 2010).  

Today more agribusinesses are oriented to Internet, and use it as a tool for 
information, advertising and communication with their clients and colleagues. The 
on-line presence of agribusinesses is expected for those interested in establishing and 
growing their trade (Seretakis et al., 2010). This presence has become more 
interactive and turns to new communication frameworks. 

Twitter, Facebook and other social media have built their reputation by helping 
people keep in touch with family and friends, but this seems to change. A growing 
cadre of professionals, among them agronomists and farmers are harnessing social 
media as a tool for communicating with fellow colleagues, consumers and future 
clients about the business of agriculture.  
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This paper aims at exploring the level of social media use by students of 
agriculture and their opinions about the influence of social media on agribusiness. 

2   Methodology - Materials 

The survey was conducted in March 2011, by the Laboratory of Computer & 
Multimedia of the Department of Agricultural Development and Agribusiness 
Management (AD), of the Technological Educational Institute of Thessaloniki. The 
method used for this paper was the completion of questionnaires. A questionnaire 
with questions, of close and open type, was completed by each one of the students. 
Questionnaires were distributed to the students of the 2nd and 4th semester of the AD 
Department, attending the courses of “Informatics II” and “Database Management”.
Questionnaires were delivered and collected by hand. At the time of the collection,
there was maximum response level. The questionnaire includes fifteen questions, 
divided in three groups. The first set of questions aims at collecting information 
about the use of social media among students. The next set of questions focuses on 
social media and their use in education and communication regarding agricultural 
issues. Finally, the last group of questions concerns the presence of agribusinesses in 
social media and the outcomes.

 The statistical analysis was performed with Ms Excel 2007 statistical package. 

3   Results  

3.1   Quantitative Features  

The sample of the survey was comprised 57,14 % by women and 42,86% by men. 
The use of social media by females reaches a 51,79% and a 37,5% by male as shown 
in Figure 1.  

 

 
 
Fig. 1. Percentage of female and male students using social media  
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The number of male and female students that do not use social media is equal. 

Regarding the time spend on-line by students the majority of the students, a 41,07% 
stay on-line less than two hours daily. A 33,93% stay on-line for about two to  
maximum five  hours and a 14,29% spend over five  hours daily on-line.  

In addition, a 62,50 % of students spend the majority of their on-line time in social 
media and stay on-line less than two hours daily, while a 19,64%  of students spend 
from a minimum of two to a maximum of five hours in social media daily. At the 
same time a 7,14% of students spend over five  hours daily in social media as shown
in Figure 2. 

 
 

Fig. 2. Daily time spent on-line by students   

One of the main reasons for using social media is spending time, as pointed out by 
a significant number of students (57,14% ). The other reasons with descended order 
are networking (19,64%), sharing interests (10,71%) and other (1,79%) as shown in 
Table 1. 

Table 1. Reasons for using Social Media.   

Reason Percentage 

Networking 19,64% 

Share of interests 10,71% 

Killing time 57,14% 

Other 1,79% 
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 Regarding the most favorite social media platform, first comes Facebook with the 
devastating 80,56%, followed by Twitter (8,93%), and Myspace (5,36%), as shown 
in Figure 3. 

 

Fig. 3. Most popular social media platforms 

 
Among their social media contacts students, of the Department of Agricultural 

Development and Agribusiness Management, have at a 42,86% befriended with a 
contact of agricultural interest or agricultural occupation or agribusinesses as shown 
in Figure 4. 

 

 

Fig. 4. Percentage of social contacts of agricultural interest 

 
Students believe that the use of social media by agricultural firms can enhance and 

promote agribusinesses in a percentage of 85,71%. They suppose that encouragement 
of agribusiness can be achieved in certain ways like: addressing to a new and bigger 
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audience (31%), better advertising of the products (37%) and improved promotion of 
the image of the company (32%) as shown in Figure 5. 

 

 
 
Fig. 5. Enhancement of Agribusiness through social media 

3.2   Qualitative Features 

Positive effects of the use of social media on students are considered to be 
enjoyment (58,93%),  new ways of informing (53,57%), dating (44,64%),  easier 
exchange of views ( 35,71%) and contribution to knowledge (23,21%) as shown in 
Figure 6.

 

 

Fig. 6. Positive effects of the use of social media on students 
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Negative effects of the use of social media on students are violation of privacy 
(53,57%), alienation of people (51,79%) and waste of time (33,93%) as shown in 
Figure 7.  

 
 

 

 Fig. 7. Negative effects of the use of social media on students 
 

Finally, students do not use social media for the following reasons in decreasing 
order: violation of privacy, personal contact, unsafe environment, electronic listing, 
and absence of time, as shown in Figure 8.   

 

 
 
Fig. 8.  Reasons for not using social media 
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4   Conclusions 

 
The Internet has changed and became more interactive than it was before. 

Consumers’ behavior is what defines the business strategy and if consumers use the 
internet more than ever to learn about new products, to shop online, to criticize and 
exchange views with other consumers, e-commerce is the channel through which is 
carried an advertising dialogue between companies and consumers. Nowadays a 
company's presence in electronic markets is inevitable.  

New trends in communication technologies changed social contacts and lead to 
new forms of interaction like the online communities. The interest of agriculturists in 
social networks is motivated by the fact that social networks are an important channel 
that provides information to people and in addition can be used as a target marketing 
and promotional tool.

Young students, who study subjects regarding agriculture, are familiar with the 
recent evolutions in technology issues and use social media services mainly to 
communicate, to spend their time and to retrieve information. The percentage of the 
students who use social media to retrieve information is lower compared to the other 
two services. The interest of the students in social media is considerable and the need 
for a better and more systematic approach is requested. 

The use and number of Social Media platforms dramatically increased and are 
showing great potential in issues such as:  
• The expectation for knowledge / information and the identification (of people) 
against the contractually mass media. People can be open to new things like, 
socializing, entertainment, communication, innovative ideas, dissemination of good 
practices and governance techniques regarding all disciplines and sectors of 
economic development, including natural resources and agriculture 
• The cheap advertisement of products and the creation of new Brands which can be 
an asset for agribusinesses  
• The opportunity for small businesses to communicate with more clients than 
through traditional channels 

The rise of social media can support efforts of open innovation and enable agro-
companies to develop channels of communication with customers, academics and 
experts, which before could not be reached. Farmers on the other hand, are advised to 
first establish goals for how to use the tools, become familiar with what opportunities 
these tools have to offer and then develop a strategy for using these tools. 
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Abstract. The permeation of new technologies combined with the high cost for 
running a shop force enterprises to search for new sales methods. Network applications 
and ICT (Information and Communication Technology) can help achieve e-commerce 
goals. In Greece, many enterprises in the agro-food and drink sector already have an 
internet presence. This paper studies the adoption of e-commerce in websites that 
support e-commerce activities within the agro-food and drink sector. Therefore, the 
paper aims to identify and evaluate their qualitative and quantitative content 
characteristics, rank them according to 6 content characteristics/criteria using the 
multicriteria method of PROMETHEE II and classify them in groups of similar 
adoption. The findings of this study reveal the rate of adoption of e-commerce in the 
sector and can be a valuable model for the designers of the websites that promote e-
commerce activities within the wider area of wood.  

 
Keywords: e-marketing, internet, network, database, e-commerce, agro-food 

and drink sector 

 
1.! Introduction 
 

Nowadays, the Internet, apart from a channel to collect information of all kind, it 
has also become a means of promotion and consequently, an effective business tool 
(Tsekouropoulos et al., 2011). Enterprises use the internet not only for retrieving 
information and marketing but also for the enhancement of their communication with 
business-partners and customers (Tsekouropoulos et al., 2005). The enterprises aim 
at their participation in the internet society since the benefits are high and electronic 
systems are ready to serve customers all over the world 24 hours per day 7 days a 
week (Andreopoulou, 2008), when the cost keeps decreasing.
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E-marketing can be defined as the use of Internet and related digital technologies 
to achieve marketing objectives and support the modern marketing concept (Eszes, 
2010). It includes both direct response marketing and indirect marketing elements, 
and uses a range of technologies to help connect businesses to their customers. By 
such a definition, e-marketing encompasses all the activities a business conducts via 
the worldwide web with the aim of attracting new business, retaining current 
business and developing its brand identity (Quirk eMarketing, 2006). E-marketing is 
a subset of e-Business that utilizes electronic medium to perform marketing activities 
and achieve desired marketing objectives for an organization (Petrovic, 2010). E-
commerce is also a part of e-business. It is the purchasing, selling, and exchanging of 
goods and services over computer networks, such as the Internet, through which 
transactions or terms of sale are performed electronically (DigitSmith, 2006).   

E-marketing gives business of any size access to the mass market at an affordable 
price and allows truly personalized marketing. Specific benefits of e-marketing 
include (Department of Trade and Industry of United Kingdom, 2004), (The National 
B2B Centre, 2011): 

!! Global reach. A website allows finding new markets and trading globally. 

!! Lower cost. A properly planned and effectively targeted e-marketing campaign 
can reach the right customers at a much lower cost than traditional marketing 
methods. 

!! Trackable, measurable results. Web-analytics and other online metric tools 
make it easier to establish how effective the campaign has been.  

!! 24-Hour marketing. With a website the customers can find out about the 
products even if the office is closed. 

!! Shorter lead times. If there is a website or an e-mail template, the reaction to 
events will be more quickly, giving a much more contemporary feel. 

!! A level playing field. With a well-designed website, the enterprise could look 
like professional and credible as the larger competitors. 

!! Personalization. If the customer database is linked to the website, then 
whenever someone visits the site, can be greeted with targeted offers. DataBase 
Management System (DBMS) is a software package that allows data to be 
effectively stored, retrieved and manipulated (Andreopoulou et al., 2011). 

!! Openness. By having a social media presence and managing it carefully, the 
entrepreneur can built customer loyalty and create a reputation for being easy to 
engage with. 

!! Social currency. E-marketing lets the entrepreneur create engaging campaigns 
which can gain social currency-being passed from user to user and becoming 
viral. 

!! Improved conversion rates. If the enterprise has a website, then the customers 
are only ever a few clicks away from completing a purchase. 

Together, all of these aspects of e-marketing have the potential to add up to more 
sales. 

However, e-marketing does have few disadvantages such as (Eszes, 2010): lack 
of personal approach, dependability on technology, security-privacy issues, 
maintenance costs due to a constantly evolving environment, higher transparency of 
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pricing, increased price competition and worldwide competition through 
globalization. 

E-marketing also includes management of digital customer data and Electronic 
Customer Relationship Management (ECRM) systems accomplished through the 
Internet, e-mail, and wireless media. Enterprises find in the internet a means to 
reduce customer-service costs, to further sustain customer relationships, to extend 
marketing messages personally and thus enable mass customization (Johnson, 2002). 
Mass customization was defined by Tseng & Jiao (2001) as "producing goods and 
services to meet individual customer's needs with near mass production efficiency". 
Marketing is considered as a core activity (Basahel & Irani, 2009). 

 
1.1. The website role of an e-market place 

 
Website design is a key issue and also its usability becomes a fundamental 

concern. It refers to the fluency or ease with which the client is able to interact with 
the system without ‘thinking’ about it. This is in line with the definition of usability 
offered by the International Organization for Standardization, which is: ‘‘the 
effectiveness, efficiency, and satisfaction with which specified users achieve 
specified goals in particular environments’’ (Hillier, 2003). 

But it is not only usability that affects an e-market’s appeal and visits, but also 
security, vividness, its correlate riskiness, approval by referent others, feature 
organization, quality of content, price, recognizability/desirability of brand, and time 
delay/download speed (Blake et al., 2005). Another important factor is the cultural 
context of the audience that needs to be taken into consideration.  

Since the primary measures of portal success are high levels of user acquisition 
and retention, only those e-market places’ websites that attract and maintain the 
desired target audience and build valuable customer relationships will have the 
potential for long-term success. Even private/informational portals, to become 
successful, must entice busy employees to alter well-established informational search 
habits (Clarke & Flaherty, 2003). 

In Greece, specifically in the sector of food and drink several enterprises have 
already a presence in the internet. That facilitates the increase of their total sales as 
they attract costumers not only locally at shops but also on the e-shops in the internet. 
There are also enterprises without physical shop for holding transactions with the 
public thus they exist only in the internet (Seretakis et al., 2010). Nevertheless, it is 
evident that there is not yet a complete system in the internet which will fully secure 
the safety of e-transactions (Tsekouropoulos, 2009). 

This paper provides the case study of SMEs in agro-food and drink sector in 
Greek internet. SMEs are ranked and classified in groups as to their e-marketing 
features and internet functions accomplished. Additionally, an integrated-dynamic 
framework is developed for ranking 66 SMEs in agro-food and drink sector based on 
PROMETHEE II and the results are discussed. 
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2.! Methodology 
 
The SME websites that were used for the research, were collected from the Greek 

Internet with the use of proper search engines and keywords concerning, e-
commerce, agro-food and drink, website activities, on-line transactions, e-marketing 
e.t.c..  

Initially, qualitative analysis was performed in order to examine the type of 
common e-marketing criteria found in these e-shop web pages; then a quantitative 
analysis was carried out, in order to examine the presence or absence of these 
criteria/characteristics.  

Various e-marketing services were introduced in the retrieved websites and 6 
different criteria were identified and introduced in each website. Each e-marketing 
service constitutes a criteria/characteristic and it is finally attributed in a variable xi 

(Table 1). Additionally, a 2-dimentional table was developed and was used in order 
to examine the existence of criteria and evaluate the services of the websites. 

 
Table 1. Variables attributed to e-marketing criteria to be achieved by the e-shop website 

Variable E-marketing services to become criteria achieved by the e-shop 
website 

X1 Autonomous presence within the internet 
X2 Reliability of recipes / Quality certificates 
X3 Product exposure / Information provision to consumers 
X4 Possibility of access in other websites 
X5 Form of communication / FAQ 
X6 E-shop / Shopping cart 

 
For that purpose the values were attributed to variables x1 to x6, respectively. 

Whenever a criterion was achieved for a website the value 1 was attributed to the 
respective variable aiming at justifying the relative service within the evaluation of 
the website. 

The total amount of e-marketing criteria achieved in each website was also 
studied. For each food and drink enterprise website, the total number of achieved 
criteria is attributed to a new variable, named t. Variable t presents the sum of e-
marketing services achieved, therefore takes a value between 1 and 6. 

Then, the total ranking of the websites was studied. The method that was used for 
the total ranking was the multicriteria analysis named PROMETHEE II. That method 
applies a linear form of service in the particular case, using the e-marketing services 
of the websites identified as criteria. The PROMETHEE II method is part of 
outranking relations theory (Brans & Vicke, 1985; Brans et al., 1986; Siskos & 
Zopounidis, 1987; Brans et al., 1987; Brans et al., 1998; Zopounidis, 2001). A 
similar multicriteria method was used for the total ranking of websites for 
agricultural products (Andreopoulou et al., 2008). The PROMETHEE II method for 
multi criteria analysis uses six types of general criteria with the corresponding 
criteria services, in order to determine the superiority (outranking) between two 
alternative solutions. 
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In this specific case, the aim was to determine the superiority of one website over 
another website. The general level test criterion was selected for this project, 
corresponding to a criterion service, which has an interval region for the 
determination of superiority (Brans & Vicke, 1985; Roy, 1991). The websites that 
were retrieved in the Internet concerning enterprises in food and drinks sector were 
examined in pairs as alternative solutions (ki, kj) with i= 1, 2, 66 and j=1, 2………66 
as to their supremacy, i.e. which of the two websites excelled based on the criteria 
used. 

The service H (d), which was used to express superiority, was the following:  

                   P (vi , vj), outranking of website vi , if d "  0 
H (d) = {  (1) 
                   P (vj , vi), outranking of website vj , if d < 0                         
Where P(vi, vj), P(vj, vi) are the services of preference, and d is the difference 

between the values of each pair of websites (vi, vj), for the criterion under evaluation. 
When we examined which of the two websites (vi, vj) is superior, the superiority 
service H(d) was applied according to the value d (positive or negative) for each 
criterion. 

In this study, variables X1,…..,X6 were used, which are the criteria described in 
Table 1. The variables are unambiguous and are marked with either 0 or 1. For this 
reason, the service used is of linear form "=1. 

The multicriteria indicator of preference #(vi, vj) which is a weighted mean of the 
preference services P(vi, vj) with weights wi, express the superiority of website vi 
against website vj after all the criteria have been tested.   

The values of #(vi, vj) are calculated using the following equation (Brans et al., 
1986): 
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We receive 50 scenarios of weights (one scenario of weights wi corresponds to all 
criteria) and for each scenario of weights we receive 10 scenarios on the standard 
deviation for every criterion. In total, we have 500 different net flow values for each 
website of food and drinks sector enterprise. We use the average of these 500 values 
as the final net flow value for each website of enterprise.  

K is defined as the number of criteria and Pt(vi, vj) the preference services for the 
k criteria. The multicriteria preference indicator #(vi, vj) takes values between 0 and 
1. When two websites (vi, vj) are compared, one is assigned two flow values: 
outgoing flow and incoming flow. The outgoing flow is calculated by the following 
equation (Baourakis et al., 2001): 

 # $ # $,
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In both cases, A is defined as the number of alternative solutions for websites vj. 
The outgoing flow expresses the total superiority of website vi against all other 
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websites vj for all criteria. The incoming flow is determined by the following 
equation (Baourakis et al., 2001): 

 # $ # $,
j

i i j

v A

v v v!

+

, % ()   (4) 

The incoming flow expresses the total superiority of all other websites vi against 
website vj for all criteria. The net flow for each website vi is estimated by the 
following formula:  

 # $ # $ # $i i iv v v* !, % , !,   (5)  

The net flow is the final number that is used for the comparison between the websites 
in order to obtain the ranking. The ten values (scenarios) range between 0.25s and 
2.5s with step 0.25s, where s is the standard deviation of all differences d for each 
criterion. In total, we take 500 net flow values for each website and find the website’s 
average value. Each website with a higher net flow is considered superior in the final 
ranking. Finally, they were classified in groups according to their net flow. 
 

3.  Results 
 
Research through search engines on the Internet resulted in the retrieve of 66 

websites concerning enterprises in the Greek agro-food and drink sector that have an 
internet presence through an e-shop. 

In Figure 1, the achievement of each one of the 6 e-marketing 
criteria/characteristics, expressed in variables x1 to x6 is displayed. 

 

 
Figure 1. Achievement of e-marketing criteria about the SME websites 

 
Regarding both physical and e-presence of an enterprise (x1), 95.5% of them fulfill 

that feature. 
Quality certificates for the products are promoted through the e-shop website in 

89.4% of enterprises and so as the reliability of the recipes. These features often go 
hand in hand and are represented with variable x2. 

 In most of the enterprises (93.9%) are promoted the products, providing various 
information to the consumers. E-promotion of the products is shown through variable 
x3. 
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Concerning now the feature about the presence or the absence of other links inside 
the website of each enterprise, represented with variable x4, 95.5% of enterprises in 
the sample offer the possibility of access in other websites. 

Moreover, almost 85% of the enterprises in the sample, within the framework of 
qualitative policy applied, support the communication with the customer through 
suitable forms of communication (x5) aiming to provide additional information on the 
products, services and transactions, to receive complaints, to give advice and to also 
support after sales service. There is also the function of Frequently Asked Questions 
(FAQ) for provision of further information.  

Finally, variable x6 represents the presence of shopping cart. A shopping cart is a 
software application that typically runs on the computer where the website of the 
enterprise is located and allows the customers to do things such as searching for a 
product in the store catalog, adding selected product to a basket and placing an order 
for it. 

Regarding variable t, that is the sum of e-marketing criteria accomplished by e-
shop websites, they are shown in Figure 2. Only 7 enterprises of the sample 
accomplishes all six e-marketing criteria (t=6). 48 businesses accomplish five e-
marketing criteria (t=5) and 7 businesses of the sample four (t=4). Moreover, 1 
business accomplishes three e-marketing criteria (t=3) and none of them two (t=2) or 
one (t=1). Finally, 3 enterprises accomplish no one criterion (t=0).  
 

 
Figure 2. Sum of the e-marketing criteria accomplished by enterprises 

 
4.1.! Ranking and classifying e-shops websites using the multicriteria method 

PROMETHEE II 
 

Based on the application of the multicriteria analysis method PROMETHEE II, 
the total ranking of the e-shop websites is presented in Table 2. In the same Table it 
is also presented the total net flow that is estimated for each website and it is used for 
the comparison between the websites in order to obtain the total ranking, as each 
website with a higher net flow is considered superior in ranking. Also, I the same 
table, the sum of the achieved criteria for each website and the classification in 
groups appear. 

According to these findings, the values that were estimated for the total net flows 
$ present a great spectrum of values between (+9.936) to (-47.846) and that indicates 
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a great difference concerning the ‘superiority’ between the first and last case in the 
ranking of the enterprises’ websites. Moreover, the total flows $ of the enterprises’ 
websites, as derived from the application of the PROMETHEE II method, allow a 
further grouping of the cases and generate four groups: 

!!Group 1: classified in this group are 8 websites of the enterprises that achieve 5-6 
criteria and very high total flows (+9.936) to (6.943) that present a ‘high 
superiority” against the rest of the cases.  

!!Group 2: classified in this group are 47 websites of the enterprises that achieve 5 
criteria and medium total flows (+3.218) to (0.466) that present a ‘low superiority’ 
against the rest of the cases. 

!!Group 3: classified in this group are 6 websites of the enterprises that achieve 4 
criteria and average negative total flows (-0.426) to (-3.156) that present an 
‘average lag’ against the rest of the cases. 

!!Group 4: classified in this group are 5 websites of the enterprises that achieve 0-4 
criteria and average negative total flows (-8.478) to (-47.846) that present a ‘high 
lag’ against the rest of the cases. 
 

Table 2. The total ranking of the websites, the total net flows of each website and the 
classification in groups. 

Final Ranking URL of SME Net flow ! Groups 

1 www.e-anemos.gr 9,936 group-1 

2 www.foccacia.gr 7,91 group-1 

3 www.aristeos.gr 7,91 group-1 

4 www.agapitos.gr 7,91 group-1 

5 www.absinthe.gr 7,037 group-1 

6 www.agelidiscava.gr 7,037 group-1 

7 www.cavaarion.gr 7,037 group-1 

8 www.stivos.net 6,943 group-1 

9 www.skouna.gr 3,218 group-2 

10 www.tragakis.com 3,218 group-2 

11 www.papmar.gr 3,077 group-2 

12 www.helmos.com 3,003 group-2 

13 www.golden-
sandwich.gr  

3,003 group-2 

14 www.trofodosia.gr 3,003 group-2 

15 www.mastfoods.com 3,003 group-2 

16 www.provinco.gr 3,003 group-2 

17 www.troficom.gr 3,003 group-2 

18 www.pitenis.gr 3,003 group-2 

19 www.aretousa.gr 3,003 group-2 

20 www.AristonFoods.gr 3,003 group-2 

21 www.thymiopoulos.gr 3,003 group-2 

22 www.lena.com.gr 3,003 group-2 

23 www.tropis.gr 3,003 group-2 
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24 www.biofresco.gr 3,003 group-2 

25 www.bioshop.gr 3,003 group-2 

26 www.arvanitis.gr 3,003 group-2 

27 www.fikas.gr 3,003 group-2 

28 www.metsovosa.gr 3,003 group-2 

29 www.agrovim.gr 3,003 group-2 

30 www.filippos-sa.gr 3,003 group-2 

31 www.fresca.gr 3,003 group-2 

32 www.chrisanidis.gr 3,003 group-2 

33 www.elinos.gr 3,003 group-2 

34 www.greek-ouzo.com 2,53 group-2 

35 www.coffee-nettos.gr 2,53 group-2 

36 www.ellvino.gr 2,101 group-2 

37 www.pilavas.gr 2,101 group-2 

38 www.karoniswineshop.gr 2,101 group-2 

39 www.fileloinon.gr 2,101 group-2 

40 www.kavapergola.gr 1,928 group-2 

41 www.cava-semeli.gr 1,928 group-2 

42 www.onassis-foods.gr 1,879 group-2 

43 www.sisitis.gr 1,879 group-2 

44 www.kordonismarket.gr  1,879 group-2 

45 www.nektar.gr  1,879 group-2 

46 www.amphion.gr 1,879 group-2 

47 www.minosfoods.gr 1,173 group-2 

48 www.melissa.gr 1,173 group-2 

49 www.biotrofos.gr 1,173 group-2 

50 www.elgeka.gr 1,173 group-2 

51 www.sunspices.gr 1,173 group-2 

52 www.ionikigr.com 1,173 group-2 

53 www.konva.gr 1,173 group-2 

54 www.trofotechniki.gr 1,173 group-2 

55 www.mi-alpha.gr 0,466 group-2 

56 www.pikounis.gr -0,426 group-3 

57 www.seafood.triton.gr -0,426 group-3 

58 www.antonio.gr -2,512 group-3 

59 www.aromathellas.gr -2,512 group-3 

60 www.cava-sfetsiou.gr -3,156 group-3 

61 www.boikos.gr  -3,156 group-3 

62  www.cibshellas.com -8,478 group-4 

63 www.cookieman.gr -18,708 group-4 

64 topalis@kar.forthnet.gr -40,495 group-4 

65 mamas@mamas.gr -46,143 group-4 
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66 alcosa@otenet.gr  -47,846 group-4 

4.  Conclusions 
 

Internet has become a most effective means for promoting and enhancing 
purchasing via the promotion of products and the provision of any possible 
information existing, before selling. Also it contributes in facilitating the customers 
when buying and ordering, it helps financial transactions, secures delivering of 
products and preserves the prestige of the company while keeping clients satisfied 
after sales service (Andreopoulou et.al. 2009). 

Internet research has retrieved 66 websites that represent SME Greek enterprises 
in agro-food and drink sector. With the aim of studying the adoption of e-marketing 
and internet functions, the websites were qualitative studied and 6 different criteria 
that promote e-commerce activities. The enterprises have adopted various internet 
tools and techniques to achieve e-marketing.  

The findings show that the majority of the websites achieve 5 criteria while 83% 
of the websites achieve 5-6 e-marketing criteria and internet functions. Quality 
certificates for the products are promoted through the websites in 89.4% of 
enterprises. E-promotion of the products is found in 93% of the websites. 

In the second Group, that presents low superiority, were classified 47 websites 
(71.21%). In Groups 3 and 4, 17% of the cases are classified, meaning that few 
websites present a lag, achieve few criteria and occupy negative total net flows. The 
enterprises, which belong to this group, should be optimized considering Group 1 a 
model. Although only 12% of the websites are classified in Group 1 and achieve 5-6 
criteria, they consequently appear to have a high superiority against the rest of the 
cases, representing a high level of e-commerce adoption.  

According to these findings, the values that were estimated for the total net flows 
$ present a great spectrum of values and that points out a great difference that 
concerns the ‘superiority’ between the first and last case in the ranking of the 
enterprises’ websites. Besides, the total net flows $ of the enterprises’ websites, as 
derived from the application of the PROMETHEE II method, allow a further 
grouping of the cases and the initial creation of four groups, plus a single case that 
would be considered as the fifth group. 

The results of this study can be an effective tool while designing similar websites 
for an enterprise that aims to initially or further involve itself in the e-commerce 
activities in the agro-food and drink sector. Therefore, it is pointed out that these 
enterprises in Greece have to adjust to the new ‘information era’ and aim to become 
more effective and efficient while accomplishing e-commerce activities. As the 
majority of the enterprises in this sector are generally still in the initial adoption 
phase (usually a promotional level), they should further mature in the next phases of 
e-commerce adoption, as those stages of adoption characterized for their dynamic 
interaction with potential clients and finally, the total integration of e-commerce 
activities and the optimization of the supply chain. 

The findings are useful in improving e-commerce adoption through the improved 
design and implementation of a website to fulfill certain features and characteristics. 
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Abstract. Plant  diseases cause significant crop loss throughout the world. 

Impact on yield depends on the disease involved, the crop species grown, the 

management practices followed, and various environmental factors. Integrate 

plant disease management advocates the use of multiple control measures, 

including, if possible, a rational system for predicting the risk of disease 

outbreaks. Presently, web-based technologies have led to great strides in the 

development and employment of decision support systems. The present work 

illustrates an approach towards that direction by the use of novel programming 

languages and technology for the development of a web-based system for 

model implementation and delivery. The objective of this work was 1) To  use 

generic and modular simulation models for predicting diseases establishment 

based on weather data and 2) To implement a disease warning system using 

simulation models and the near real-time weather data acquisition system plus 

local specific weather forecast. 

Keywords: simulation models, weather-driven, disease epidemics, warning 

system.

1   Introduction

Plant diseases cause significant loss of valuable food crops throughout the world. 

Diseases account for at least 10% of crop losses globally and are, in part, responsible 

for the lack adequate food (Strange and Scott, 2005). Plant diseases may reduce crop 

yields depending on the diseases involved, the crop species grown, the management 

practices followed, and various environmental factors. An integrated disease-control 

program, based on knowledge of pathogen biology and which diseases are most 

likely to occur in an area, is the most effective and efficient means of controlling 

diseases in the long run. The integrated disease management is a system that, in the 

context of the associated environment and the population dynamics of the pathogen 

species, utilizes all suitable techniques and methods in a manner as compatible as
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possible and maintains the pathogen population at levels below those causing 

economic injury. Moreover, integrate plant disease management advocates the use of 

multiple control measures, including, if possible, a rational system for predicting the 

risk of disease outbreaks. Therefore, a support system for decision-making can be a 

valuable tool for farmers and crop advisers aiming for integrated disease 

management.

Disease forecasting has become an established component of quantitative 

epidemiology. The mathematics of disease development has matured to the point 

where it is a powerful and respected component of disease forecasting and 

management. However, many plant disease forecast models have not lived up to the 

expectations that they would play a major role in better disease management. 

Amongst the reasons, the presumption of a disease forecast model is that it makes 

future projections of major events in disease development – and most present 

forecast models do not (Seem, 2001). An exciting development in this area is the 

possibility to use weather forecasts as input into disease models and consequently 

output “true disease forecasts”. As weather forecasts improve together with more 

accurate estimations of environmental variables useful for plant disease models, as 

such precipitation and leaf wetness duration, it will be possible to provide seasonal 

estimates of disease likelihood and forecast outbreaks. This is especially interesting 

for crop management for the reason that unnecessary sprays has a significant impact 

on production costs, and no timely applications may result in inadequate control. 

Computer modeling has provided a tool for using weather data to predict disease 

outbreaks. Traditional plant disease models have used accumulated hours of wetness 

duration combined with temperature requirements to predict the infection process 

and identify times of high disease risk. These types of models use recorded weather 

data to track when enough favorable disease hours have occurred to warrant 

management action. These models have been part of integrated pest management 

control measures. 

The revolution in web-based technologies has led to great strides in the 

development and employment of decision support systems for growers and pest 

management specialists. The present work illustrates an approach towards that 

direction by the use of novel programming languages and technology for the 

development of a web-based system for model implementation and delivery. 

SISALERT is a multi-model platform that unleashes the power of hourly weather 

station data and hour-by-hour weather forecast information using sophisticated 

disease risk assessment models. These models interpret weather data giving 

information on past or recent disease behavior as well as predicted disease risk. The 

uniqueness of SISALERT format is the modularity that allows coupling crop and 

disease models depending on which model is under run. 

The objective of this work was 1) To use generic and modular simulation models 

for predicting diseases establishment based on weather data and 2)  To implement a 
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disease warning system using simulation models and the near real-time weather data 

acquisition system plus local specific weather forecast.

2   Material and Methods

The software architecture was based on the MVC design pattern (Model-View-

Controller), an application development model that uses layers during the 

programming. It was divided into three layers or functional areas: Model, View and 

Controller (Veit and Herrmann, 2003). The Model part represented the "business 

logic", the state and behavior of components, managing and leading all 

transformations. The View provided the data produced by the model, managing what 

could be seen in his state, presenting them in shape images, graphs or tabular data 

through web pages or mobile devices. The Controller determined the flow of the 

application, managing the user interaction/system with the Model (Figure 1).

Servers were designed to process requests and ensure the execution. They were 

divided into five servers: weather data management server (WDMS), database server 

(DBS), disease forecasting model server (DFMS), web server (WS), and crop model 

server (CMS). The WDMS consisted in a recovery data module to retrieve weather 

data from remote sites, updating the data into the DBS. The data retrieval module, 

which was executed every hour by the “crontab” Linux command, searches for a 

station file in the script directory to access an automated weather station via Internet. 

In the station file, the station name, IP address, and the last data retrieval were 

specified to telecommunicate with an automated weather station, provided by 

INMET (National Institute of Meteorology). 

To facilitate the access to station’s data, specific software was design to be 

deployed on remote computers, allowing to receive data from a particular station 

network. This software was developed in a generic and configurable way, allowing 

the use in a variety of operating systems and weather stations configuration, filtering, 

validating and preparing the data for transferring and storing. 

In addition, numerical weather forecast data, provided by INPE (National Institute 

for Space Research) was retrieved by FTP protocol. PostgreSQL was the core of 

DBS and stores weather data, as well the identifiers for weather station and run-time 

parameters as cultivar, planting date, previous crop, and others used by the CMS. 

The collected meteorological data are considered adequate to generate warnings of 

epidemics in extensive crops such as grains (wheat, soybeans, rice, etc.), but cannot 

provide the desired quality for diseases alerts in crops with high commercial value, 

where any damage may result in substantial marketing penalties. In a vineyard, for 

example, the values for meteorological variables within plant canopy may differ from 

those collected in a nearby weather station. Therefore, onsite data was also obtained 
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by means of a low-cost temperature and relative humidity logging sensors that can be 

deployed in a spatially dense network.

DBS was interfaced with WDMS and DFMS using a Java API, and with WS using 

an SQL module in a JSP script engine. WS retrieved information from DBS upon 

request by users through a client-side interface (web-browser, desktop and 

Smartphone applications). 

Model outputs are displayed either in textual or graphical formats by using a 

server-side plotting script. Besides the option of defining a weather station in the 

database, the system allowed users to input their own weather data, such as 

precipitation, temperature, relative humidity, etc., customizing the results for site-

specific conditions.

Fig. 1. Architecture designed for gathering and storing actual and forecast weather data to  run 

a disease simulation to forecast a risk. The server programs are: weather data management 

server (WDMS), database server (DBS), disease forecasting model server (DFMS), crop 

model server (CMS), and web server (WS).

The system used either hourly or daily weather data from DBS, and DFMS 

produces daily risk infection index by using near real-time and anticipated risks by 

combining historical with 7-day numerical weather forecast. During the simulation 

process, each sub-model uses data from WDMS. The daily output is a risk infection 

index calculated based on daily outputs from each sub-model. 
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3 Results

By incorporating the automated weather monitoring system, the disease forecasting 

models, and the Internet, the information delivery system denominated SISALERT 

described in this paper has many advantages. These includes (1)  increased accuracy 

and site-specificity of the forecasting information, (2) real-time delivery of the 

forecasting information, (3) effectiveness in sharing information on the Internet by 

multiple users, and (4)  cost efficiency in the system implementation by using public 

domain software and programming tools. In addition, Information stored in the 

database is presented to users through a series of interactive web pages which are 

dynamically generated through a combination of scripts which interface between the 

website and relational database. To illustrate some of the functionalities of the system 

examples of punctual advisories and regional forecasts are presented bellow.  

3.1 Local specific risk of infection warnings

In North of Rio Grande do Sul, Brazil, losses due to Apple Scab, caused by the 

fungus Venturia ineaqualis, are of great concern (Santos et al., 2005). Up to 12 

fungicide applications per season are necessary to maintain a healthy crop in years 

highly favorable for disease development. Improved prediction of epidemic onset 

and identification of periods when fungicides are not required would increase control 

efficiency and reduce production costs.  An Apple Scab model, adapted from the 

classic Mill’s table, has proven to be useful to described the relationships between 

environmental variables and disease increase. Therefore, disease advisories based on 

algorithms of weather thresholds are available for apple growers in the area. Apple 

Scab advisory is based on an algorithm that accounts for rainfall, air temperature, and 

leaf wetness duration. First trapped ascospores start on the advisory system. 

Fungicide use based on these algorithms provided control comparable to, and in 

some cases better than, which obtained by the conventional method. To make the 

information system user-friendly, the weather and disease forecast data are provided 

in graphs, and text forms. In the figure 2, it is shown the information that local user 

can retrieve upon request. In addition, short messages indicating eminent infection 

risk are automatically delivered to mobile phones or/and e-mail addresses of 

registered users.
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Fig. 2.  Daily temperature, precipitation, and relative humidity observed in the municipality of 

Vacaria in the north of state of Rio Grande do Sul, Brazil, during the summer of 2011 and 

associated Apple Scab warnings indicated by vertical the line.

3.2 Risk Mapping to Support Decision Making on Plant Disease Management

Fusarium head blight (FHB) outbreaks increased considerably in many countries in 

the last two decades. In Brazil, FHB epidemics have become more frequent and often 

resulting in significant yield losses. The main causal agent of the disease in Brazil is 

the fungus Gibberella zeae that survives in host debris. FHB is best known as a 

disease of flowering stage but evidences suggest that wheat may be susceptible at 

later stages of kernel development. Economic losses result from decreased grain 

yield and quality because of contamination by toxins produced by the fungus, mainly 

deoxynivalenol (DON).  A FHB infection-risk simulation model was developed and 

model details have been reported (Del Ponte et al., 2005). The FHB  infection-risk 

model has a component for the disease cycle and component for growth and 

development of wheat spikes.  The disease cycle, simulates the development of all 

cohorts of G. zea ascospores, from density in the air to infection. While spike 

susceptibility from emergence to late kernel development is given by the host 

component. In brief, a successful infection on a particular day depends on host tissue 
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susceptible factor, inoculum density, temperature, daily precipitation and mean 

relative humidity in a 24-hour window. The risk index is the sum of daily successful 

infections. The goal of this predictive system is to help growers assess the risk of 

Fusarium head blight in their region. Users are asked to identify the flowering date 

for their fields. To make the information system more intuitive, the weather and 

infection risk data are provided in graphs and maps forms. FHB risk maps are 

computer-generated images depicting infection risk using special interpolation 

techniques for point estimations of the risks by site-specific weather stations and 

forecasted weather within a wheat growing area. The final risk maps are made by 

color transparency layers which overlays a geographic map delivered on the web.  

Therefore, it is important for growers to monitor conditions carefully in their area to 

evaluate the potential need for fungicide applications. In addition, maps may be 

useful for the fine-tuning of wheat zoning and for the identification of pos-harvest 

areas with lower or higher risk of mycotoxin contamination. In the figure 3, are 

presented post-harvested weather patterns and FHB risk maps for the years of 2009 

and 2010, in the state of Rio Grande do Sul, Brazil. 

Fig. 3.  Average of daily precipitation, temperature, and relative humidity observed in the state 

of Rio Grande do Sul, Brazil, during head stage of wheat  (2009 and 2010) and associated FHB 

risk infection maps.

Up to this far, SISALERT is operational to predict risk of infection of two wheat 

diseases and five apple diseases. Epidemiological models for strawberry (Pavan et 
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al., 2011), and grape diseases are under final evaluation. Disease cycle models for 

extensive crops such as wheat, rice, soybean and dry beans are under development 

(Fernandes et al., 2007).     

A major obstacle in disease forecasting is the validity of the disease forecasting 

models. Although accuracy weather information could be improved by using on site 

weather data associated to weather forecast data, the model itself may cause 

inaccurate forecasting due to its limitation of validity. There is a need for continuous 

and systematic effort to develop better models. Its is, therefore, imperative that 

attempts should be made to establish a network for testing and model comparison.

The information delivery system in this study can be applied to forecast other 

diseases and insects pests just by changing forecasting models in the program server. 

Also, if mesh climatic data are available at a fine scale in the future, the system can 

produce the disease forecasting information at the same scale without automated 

weather stations at every site. In conjunction with geographical information systems, 

this system can be used to generate maps to illustrate disease development over the 

country.

4. Final Remarks

In the apple production area, the current advisory has enabled growers to manage 

fungicide use, time, and resources much more efficiently and profitably. 

Improvements to this system could only increase profit and efficiency, and reduce 

unnecessary dependency on fungicides. 

Besides extending risk information for a large geographical region the use of 

intuitive images representing epidemic risks may facilitate dissemination and 

understanding of risks to guide decision-making on plant disease management. In 

addition, maps may be useful for the fine tuning of crop zoning and for the 

identification of quality aspects in post-harvested areas. Further work is under way to 

expand this framework to other pests, agronomic risks and crops.
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Abstract. The paper presents the internet tool for decision support and data 
acquisition for Polish biogas market. This system helps investors to plan the 
size and potential power of biogas plant with usage of selected, own substrates. 
Because of open access via internet, the BiogasWebPlanner® allows to create 
one of the biggest database about future Polish biogas market. 

Keywords: biogas, Polish market, data acquisition, Internet, modelling. 

1   Introduction 

In Central Europe, the biomass will be the main source of renewable energy in 
the horizon of 2020 (Pilarski et al, 2009). The biogas production (and further 
electricity and heat production) will be one of the most important aims of biomass 
usage (Igli!ski et al. 2011). What is also very important, the biogas plants are very 
efficient in deodorization of slurry and other malodorous wastes. However, in Poland 
the new anti-odour regulations will be implemented soon, the European Commission 
works also with the anti-odour directive project. Looking on this fact as well as the 
Polish target for electricity production from renewable source of energy (15% in 
2020), the perspectives for development of biogas market in Poland are huge (Krzak 
2009). That is why in 2010 the Polish government established the national program 
for biogas plant development (2500 installations with the power of 1-3 MWel built 
before 2020). With additionally 15-30 thousands of small installations (below 0,4 
MWel) planned to build before 2030 by farmers, Poland seems to be actually the 
biggest future biogas market in Europe (Popczyk 2011). 

However, currently there are 13 agricultural biogas plants working in Poland and 
several hundreds localization for future installations. Looking on the targets 
mentioned above, the Polish biogas market is still almost empty (Pilarski et al. 2010). 
But thousands of investors (big international companies, Polish businessmen, farmers 
etc.) are interested in planning of biogas plants and they need some support. Poznan 
University of Life Sciences has got a unique in Poland Laboratory of Eco-
Technologies, where the research on biogas production are largely developed. Within
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last 4 years, the amount of questions and inquiries concerning substrates usage and 
biogas plant planning from private sector increased significantly. That is why we 
decided to create the BiogasWebPlanner® (BWP) as a tool for decision support for 
private investors.  
 The BWP project came to life as an idea to create a web based application that 
can help farmers and investors interested in entering the biogas market to simulate 
and calculate potential Return On Investment and provide answers for the entry-level 
questions that they were asking during conferences and via e-mail or phone calls. On 
the other hand, from the scientific perspective we wanted to gather the data about the 
potential biogas industry in Poland and to be able to point out the key regions of 
Poland actively interested in such development. 
 The aim of this study is to check the potential of data collecting from Polish 
biogas market with usage of BWP as a free internet tool. Moreover we want to 
analyse the structure of planned market, including size of the planned installations, 
their geographic distribution in Poland and the substrates taking into account for 
future biogas plants. This study is also the part of two scientific projects: 
Technologies of reduction of methane emission from animal production and manure 
management in the context of GHG taxation” and “Technologies of management the 
wastes from biofuels production” (research projects financed by the Polish Ministry 
of Science and Higher Education, Contract numbers: N N313 271338 and N N313 
050036). 

2   Material and methods 

At the beginning of the project we have decided how the overall architecture of 
the solution should look like. We wanted to keep the link between the Excel 
Spreadsheet (which contained the model and the basis for the calculations) and the 
new Web Application. This allows us to do frequent updates of the BWP whenever 
the underlying model changes or develops. The BWP was also designed to be placed 
on the website of The Laboratory of Eco-Technologies 
(http://www.ekolab.up.poznan.pl ). Furthermore, we decided, that we will maintain a 
database of substrates that we have been experiment with or read about in 
publications along with the ability for the users to provide their own substrates or 
mix those two categories in a single simulation. With all that in mind, we also 
thought about the usability and the user-friendly interface during the design of the 
interaction.  

As a part of the solution we are using the Spreadsheet Converter® 
(http://exceleverywhere.com) which does the conversion between the Excel native 
file format and html/javascript which is the standard set of languages of the Internet. 
With the use of more advanced features of the Spreadsheet Converter® extended by 
Google Analytics® platform we are able to gather the data about the use of our 
application. It is important that users are aware of that background process of 
gathering the data for scientific purposes. 

Some of the new features that we are currently working on for the future 
releases of the BWP: to extend the capabilities of the application by adding new 
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calculation models (cost of the bank loan and how it affects the overall ROI, cost of 
transport and utilization of the pulp as the natural fertilizers) and more advanced 
analytical module (including Software as a Service architecture for gathering the data 
and custom build module for processing). 

3   Results 

Before we introduce the BiogasWebPlanner® on the laboratory website there 
were around 250 visits per month on average. Our visitors were looking for contact 
information and other general information about The Laboratory of Eco-
Technologies (fig. 1).  

Fig. 1. Details of visits on laboratory website before BWP run .  

After the full year from the start of the Biogas Web Planner the traffic on our 
website increased over 10 times and we have reached almost the whole country (but 
also from other counties like Western Europe, USA, Brazil, China). From the data we 
were able to define what are the key regions interested in the Biogas industry (fig. 2). 
A lot of traffic came from the largest cities of Poland, probably because they are the 
places where the consulting companies and/or investors have their offices. 
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Fig. 2. Details of visits on laboratory website after BWP run .  

 
About 30 % of the visitors came from Poznan, which is the city where our 

University is located (fig. 3). Probably several hundreds of that traffic were our 
students working with the application during their courses but from the direct 
contacts (via email and phone calls) made with us we know that the Biogas Web 
Planner was used by the biogas companies as well. 
 

 
Fig. 3. Geographic distribution of BWP users from Poland.  
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In order to analyse the data collected from the users activities, we cancelled 
the users from all University IP numbers (including the numbers from student houses 
which can be the effect of the projects made by the students). The users of BWP 
applied in their calculations mainly agricultural substrates like slurry, maize or grass 
silages and manure (fig. 4). However, 28% of future investors take into account 
usage of biowaste substrates. This suggests that in Poland industrial biogas plants 
worked with wastes can take much bigger percentage than in Germany (only below 
10% of industrial biogas plant, over 90% is agricultural). 
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Fig. 4. Frequency of different substrates usage in planned installations.  

 
Analysing the size of planned plants, there are clearly 2 dominant groups of 

biogas plant size (fig. 5).  
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Fig. 5. Distribution of electric power size in calculated installations.  

 
The most often calculated were the installations over 1200 kW of electric 

power, however small installations (below 400 kWel) had together 49%. It confirms 
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the prognosis that in Poland two groups of biogas plant will dominate: big (1-3 
MWel) realized within governmental program and small (below 400 kWel) built by 
the farmers. 

4   Conclusions 

After 2 years of BiogasWebPlanner® working and data acquisition, we came to the 
conclusions: 

1. BiogasWebPlanner® is a good internet tool for planning the parameters of 
biogas plant installation for future investors. 

2. The concept of data acquisition based on open usage internet tool works well 
and allow to collect the huge amount of information without any costs. 

3. The collected data about geographic distribution of planned biogas plant as 
well as the parameters of installations and used substrates created the 
biggest database about Polish biogas market. This information will be used 
in the future in scientific activities but also for governmental and regional 
projects and planning.  
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Abstract. This Paper describes the design and development of an innovative 
Information system application that uses Google maps and GIS to record and 
present Natura 2000. For the pilot case study it was selected Natura 2000 in 
Central Macedonia, Greece. It constitutes a web application and can be 
expanded to record all Natura 2000 in Greece. It addresses to simple users 
which will have the opportunity to gain information and explore Natura 2000 
in Central Macedonia over the map. 

Keywords: information system, google maps, GIS, environmental data, 
protected areas, Natura 2000 

1   Introduction 

Today, in “information age” where knowledge is power it is generally 
acknowledged that organizations depend on their information. The convergence of 
Information and Communication technologies (ICT), the Internet and all kinds of 
web-based projects are emerging in a fast pace in our society to generate numerous 
ICT techniques, tools and services (Andreopoulou, 2011). 

It is highly appreciated that our society is characterized by significant changes that 
shape the new society of evolution science, global economy, information and new 
technologies. Consequently technology helps human efforts to solve environmental 
problems. So the various sectors of technology such as, databases, networks, 
information systems and geographical information systems can contribute decisively 
to the solution of various environmental issues (Papastavrou et. al., 2008). Web 
technology, the Internet and all kinds of intranets along with web-based projects are 
emerging in a fast pace in our society and a huge amount of information move across 
the WWW worldwide (Andreopoulou, 2009).  

Information systems and computers are the driving force behind the transition 
industrial society to information society (Long, 1998). Moreover it helps to control,
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coordinate, and analyze the problems to decide and develop new products 
(Tasopoulos, 2005).  

Internet is an open community of users and computer networks and acts as a 
provider for various services and information around the world (Andreopoulou, 
2009). Is one of the largest developments in the world of computer networking and 
represents thousands of individual networks in the entire world. In addition the 
scientific exploitation becomes exceedingly because daily allows to students, 
researchers etc. to upload and share programs, books and any information 
applications fast with precision (Papastavrou et al., 2008). 

Google maps is a tool that uses Internet and gives access to free layouts, offers a 
choice between maps and satellite images. The coverage is global with an image 
resolution varies according to region and can reach up to 15cm in some areas. Apart 
from application google gives an Application Program Interface (API) as a tool to 
create new applications tailored to the needs of the programmer.  

1.1   Natura 2000 

The Network Natura 2000 constitutes a European Ecological Network of regions 
that includes natural habitat types and species habitats that are important in European 
level. The legal bases of Natura 2000 from its founding in 1992 are two instructions 
of EE the Special Protected areas – SPA 92/43/EU and Sites of Community 
Importance – SCI 79/409/EE. (Dafis 1996, Tsitsoni 2009). 

SPA following the designation by States Members, includes automatically in 
Natura 2000 and managed to follow the provisions Directive Article 92/43/EU. In 
contrast SCI intergrade by a scientific evaluation and negotiation between State 
Members of European Commission, according to the results of ecological unit at 
biogeographic seminars (Min. Of Environment Energy & Climate Change, 2010). 

Each member of the European Union should prepare a list of areas that contain 
species listed in both instructions. Then the list submitted to the European 
Commission, which after checking added to the network. Greece responded to the 
Habitants Directive, which aims the conservation of biodiversity with sustainable use 
of natural resources by creating a network of protected areas. During the 
implementation of European policy for conservation, 27 operators established in 61 
Natura areas (Apostolopoulou and Pantis 2009). 

Natura 2000 network protects 18% of the land in 15 countries that constitutes 
European Union before the accession of new country members in 2004 and 
negotiated the number and size of protected areas to new countries. 

The Directive on Habitats in 1992 requires each EU country to single out those 
geographical areas the importance of ecological identity makes sites of European 
importance. Moreover, it requires from EU members to develop management plans. 
These projects should combine harmoniously the conservation of wild fauna and 
flora with economic and social activities and be integrated into sustainable 
development strategy. These sites compose Natura 2000 network. 

Meanwhile, authorities have sent valuable information for each area of Natura 
2000. As a result, the EU has available over 9.000 maps and 220 sets of digital data. 

242



With these data EU has begun to create a geographical information system which 
will provide potential information for EU. 

Since, the classification of areas is almost complete EU 2007, focusing on the 
direction of management particularly to assess whether the Natura 2000 network 
eventually effectively protect the species and habitats (Martínez et al., 2006, 
Sánchez-Fernández et al. 2008). The Habitats Directive aims to conserve biodiversity 
through sustainable use of natural resources and strengthens decision-making 
processes to create or improve national systems of protected areas (Maiorano et al., 
2007). The effective implementation of European policy on the conservation areas 
NATURA 2000 is a highly complex process, involving many different contexts 
indifferent EU Member States (Hiedanpää, 2002). 

Addition to restricting trade with endangered species, bird protection directive and 
directive on the conservation of natural habitats of wild fauna and flora are 
centralized of Community law for nature conservation and species. Natura 2000 
based on the finding that habitat protection is the basis for a successful protection of 
species (Wikipedia, 2009). 

Sites of Community importance relating to habitats that are in danger of 
disappearing from the natural range have a limited natural range due to the reduction 
or because their land and are important examples of typical characteristics of one or 
more of the regions: Alpine, Atlantic, Continental and Mediterranean. The articles 
that focus on the Community interest are those which are in danger, are vulnerable 
and may in future include in endangered species and are rare (KALLISTO, 2009). 

Central Macedonia hosts 40 NATURA 2000 sites, the largest number, and 
represent the 13,5% of total. Includes the prefectures of Hmathia 2 sites, Thessaloniki 
8 sites, Kilkis 4 sites, Pella 5 sites, Pieria 9 sites and Xalkdiki 12 sites. 

The aim of this project is to design and develop an information system, which will 
record and present specific environmental information with a focus on Natura 2000 
sites and will be offered to any scientist or citizen or organization directly, in a valid, 
reliable and comprehensible way.  

In particular, this paper has as various objectives: to develop a geographical 
application that exploits free backgrounds using Google Maps API, to provide 
centralized display information on Natura 2000 in Central Macedonia, to create an 
application where the base will be enriched with specific environmental information 
on protected areas and to offer easy, immediate and pleasant access to users who will 
have the opportunity to gain information and to explore the Central Macedonia over 
the map. 

2   Methods and Materials 

To create the application we used spatial data of Natura 2000 sites occurring in 
central Macedonia, and documents containing information about the area. For the 
collection of data addressed to companies that provide geographical information as 
well as official websites of Greek authorities to ensure that the data are valid. 

The information system that will be designed will be a web application. For this 
reason it was necessary to construct an interactive website which will support online 
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the application, and the Application Program Interface API Google, the model that 
we used to integrate Google maps on our website. This is a set of classes with 
Properties, Events, Methods structured in a way that enable access to data and allow 
them to recover and enrich them before display. The API has been created for use 
with the programming language JavaScript. Alternatively, the proposed methodology 
using PHP or ASP Script that creates the HTML commands in JavaScript. A variant 
of this method has been developed in this work. Inside the main application 
environment is created at runtime (at runtime) HTML code with JavaScript 
commands that use the Google Maps API. 

The programming languages were used PHP and JavaScript. PHP is a script 
language from the server side, designed for web and an open source product. PHP 
code translates in the web server by creating HTML code or other output (Welling 
and Tomson, 2006). Javascript is a scripting language and is used for creating 
interactive webpages as our application and integrated to the code, when the page 
reaches the browser reads the script and follow the instructions (Siafakas and 
Xrimatopoulos, 2009). 

To design the structure and appearance of the application firstly we used Arc map 
with tool "export to kml" to extract shapefiles to KML (Keyhole markup language) 
format that is valid for application.  

KML is a file format used to display geographic data in an Earth browser such as 
Google Earth, Google Maps, and Google Maps for mobile. KML uses a tag-based 
structure with nested elements and attributes and is based on the XML standard. Kml 
processing, was produced in Microsoft Visual Studio and Google Earth. 

Finally to integrate kml files and documents we used MySQL which is a powerful 
system for managing relational databases. So the next step taken after the stage of 
collecting and processing data was organized and putting them into a database and 
then SQL through PHP calls the base and displays the data in the application. 

3   Results 

The application is based on Google Maps platform which provides integrated 
digital backgrounds (cartographic and satellite).  

The Home page of application “Natura 2000-Central Macedonia” presented in 
Fig. 1, consists of the following: Map area and tools (Zoom in-out, Scroll, Swap 
View, Back view), Selection of thematic levels (Natura SCI, Natura SPA) and 
Library.  
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Fig. 1. Home Page.  

3.1   Map tools 

We can move the map just by holding the left mouse button or with the tool 
located on the left tab of the map (Fig. 2). To make zoom in-out move the bar which 
is below the navigation buttons or with the mouse by scroll in-out. 

 

Fig. 2. Map tools that help users to locate in the map. 

Moreover there is a possibility to change the map display format to Map, Satellite 
and Hybrid and the final map views are presented in Fig. 3, Fig. 4. and Fig.5. 
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Fig. 3. Map View 

 

Fig. 4. Satellite View 

 

Fig. 5. Hybrid View 

3.2   Contents 

Application has two basic categories and each one has subcategories. To show the 
contents of the subcategories we make click on the arrow icon or double click to the 
text of subcategory.   
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Library Menu includes environmental information about Natura 2000 in Central 
Macedonia such as Directive 92/43/EU about Natura 2000, Features about Natura in 
Central Macedonia and Catalog of Natura 2000 sites. By choosing the document the 
user wants one new tab opens to browser in a pdf format. (Fig.6)  

 

Fig. 6. Left frame menu and contents. 

Resources Menu is the basic menu of the application and includes kml files about 
Natura 2000 displaying to the map. The two subcategories are:  Special Protected 
Areas – SPA and Sites of Community Importance – SCI. To display those information 
to the map just check the checkbox before the text.(Fig.6) 

SCI maps of Central Macedonia are also presented in the map. By clicking over 
the icon of the Natura 2000 site user wants, an explanation window appears and 
shows the name and the code of Natura 2000 site. There is a link below which opens 
a pdf file for further information (Fig. 7) 

 

Fig. 7. SCI sites of Central Macedonia displaying on the map.  

SPA sites of Central Macedonia are displayed on the map. By clicking over the 
icon of the Natura 2000 site user wants an explanation window appears and shows 
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the code of Natura 2000 site. There is a link below which opens a pdf file for further 
information (Fig. 8) 

 

 

Fig. 8. SPA sites of Central Macedonia displaying on the map.  

 

4   Conclusion 

The application is named “Natura 2000-Central Macedonia” and it is an 
Information system application that uses Google maps and GIS to record and present 
Natura 2000. For the pilot case study it was selected Natura 2000 areas  in Central 
Macedonia, Greece. It constitutes a web application and can be expanded to record 
all Natura 2000 in Greece. It addresses to simple users, which will have the 
opportunity to gain information and explore Natura 2000 in Central Macedonia over 
the map.  

Nowadays, internet is the primary information tool and is part of our everyday life 
because provide to users free access to a vast range information.  

In addition, development of science and technology require the use of information 
in the forestry sector since the industry was facing several problems. Briefly mention 
the use of information technology to sectors in forestry, forestry legislation, forest 
protection area, improvement and expansion of forest management, exploitation and 
development of forests, environmental organization and management of the forest 
service, field research, planning and development (Panitsidis, 2010). Information 
systems are vital part of sector of planning and development, and that application 
described can be a useful tool in planning and development process in Central 
Macedonia. 

This project was created using Google Maps API, offers to any citizen, scientist or 
institution effective information about Natura 2000 found in Central Macedonia and 
specific forestry knowledge about Natura 2000 protective areas. 
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This application has the following advantages:  

! Graphical user interface: The user interface is fully graphical (GUI) after 
using all known features (mouse, windows, menus, functions, function 
buttons and pick lists 

! Interface based to Internet technologies: All functions are available via web 
interface. Access is widely used by all Internet browsers (Internet Explorer, 
Mozilla Firefox, Opera, Apple Safari, etc) without having to install 
additional applications. 

! The user interface has an open design philosophy to not confuse the user. 
This concerns the use of a common color palette and the use of common 
symbols for identical and similar functions. 

! The response time of the computer system is minimized, so the user does 
not have to look at the computer screen waiting for the results. 

! Its use does not require any specialized computer knowledge. 

! Easy and quick search, navigation and access to hierarchical directories and 
files in accordance with multiple thematic categorizations. 

! The application data is completely reliable that can be used as data for new 
studies work and any form of research. 

! Easy updating, adding and deleting information available in case of changes 
points of interest or additional special events. 

! Ability to print the displayed maps and information 
 
A future extend of the “Natura 2000-Central Macedonia” application would be to 

incorporate data for  all Greece territory, to add new detail categories, to enhance 
connection with a Geographical Information System, to extract kml for personal use, 
to communicate with construction projects and management of databases that may 
have other special features, to import audio and video and to finally become a user-
friendly multimedia application. 

The application is edited in the Greek language as it is targeted to Greek users, 
however, a future extend would also be to be also edited in English and german 
language, aiming to expand the target audience. 
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  Abstract. There is a growing concern that climate changes will lead to 
significant impact to agriculture, thus having a global effect in food 
production. The application of crop models to study the potential impact of 
climate change and climate variability provides a direct link between models, 
science and the concerns of the society. The objective of this work is to 
demonstrate an information architecture that consistently and coherently 
achieves the requirements for data availability and use model integration for 
crop models researchers. The system includes a database structure for storage 
of model input and output data. The information architecture, and its 
constituent crop models, is being applied in evaluating farming practices, 
technological innovation and climate variability/change impact on agriculture 
in Southern part of Brazil. This effort is part of the global Agricultural Model 
Intercomparison and Improvement Project (AgMip).  

Keywords: climate change, technological innovation, food production, 
adaptation. 

1   Introduction 

Agricultural productivity in both developing and developed countries will have to 
improve to achieve substantial increases in food production by 2050 while land and 
water resources become less abundant and the effects of climate change introduce 
much uncertainty (Antle, 2009). There is a growing concern that the security and 
quality of global food production may be affected at large and local spatial scales by 
future climate and weather. Adaptation to climate change through changes in farming 
practices, cropping patterns, and use of new technologies will help to ease the impact 
(Huang et al., 2011).   

In the last two decades, substantial efforts have been directed toward 
understanding climate change impacts on agricultural systems. The resulting 
advances in our understanding of climate impacts have come from the collection of 
better data and the observation of actual changes in climate and its impacts. Such 
knowledge is critical as we contemplate the use of crop models to design innovative
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technologies and policies to mitigate climate change and facilitate adaptation to the 
changes that now appear inevitable in the next several decades and beyond.  

The application of crop models to study the potential impact of climate change 
and climate variability provides a direct link between models, science and the 
concerns of the society. Changing markets, technological innovation and 
organizational progress in recent years have increased the intensity and scale of 
agricultural land use.  

The objective of this work is to demonstrate an information architecture that 
consistently and coherently achieves the requirements for data availability and use 
and model integration for crop models researchers. Here, we define information 
architecture as the structural design of an information space to facilitate task 
completion and intuitive access to content. The system includes a database structure 
for storage of model input and output data. The constituent crop models within the 
information architecture are being applied in evaluating farming practices, 
technological innovation and climate variability/change impact on agriculture in 
Southern part of Brazil. This data interface enables users to reproduce crop model 
simulations, to modify and re-simulate scenarios, and also serves as an archive. The 
system also provides the needed tools for databases management. A case study for 
the assessment of the impact of climate variability/change on crops such as soybean 
and wheat in the state of Paraná will be used to illustrate data flows between weather, 
crop models and to effectively perform analyses and present results. Finally, this 
effort is part of the global Agricultural Model Intercomparison and Improvement 
Project (AgMip) aiming to improve substantially the characterization of risk of 
hunger and world food security due to climate change and to enhance adaptation 
capacity in both developing and developed countries. 

2   Material and Methods 

2.1 Crop models overview 

The CSM-CROPGRO: Soybean model and the CSM-CERES-CROPSIM: Wheat 
model contained within DSSAT (Jones et al., 2003) simulate plant growth and 
development from sowing to maturity using a daily time step, and ultimately predict 
yield. The physiological processes that are simulated characterize the crop's response 
to the major weather factors, including temperature, precipitation and solar radiation, 
and to soil characterizations such as the amount of extractable soil water and 
nutrients. Daily photosynthesis is a function of light interception and the pool of 
carbohydrates available for growth is estimated by daily maintenance and growth 
respiration. The remaining carbohydrates are partitioned to vegetative and 
reproductive growth as a function of the developmental phase (Boote et al., 1998). 
The soil water balance is calculated on a daily basis and is a function of precipitation, 
irrigation, transpiration, soil evaporation, and runoff from the soil surface and 
drainage from the bottom of the profile. The user distributes soil water among 
different horizontal soil layers with depth increments specified. The water content for 
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any soil layer can decrease by soil evaporation, root absorption or flow to an adjacent 
layer (Faria and Bowen, 2003). Water stress causes a reduction in photosynthesis and 
canopy development, a change in partitioning of biomass and an increase in 
senescence or abscission of plant material, depending on the timing and severity of 
the stress. Biotic stresses such as those caused by foliar disease causes a reduction in 
available photosynthetic tissue and photosynthesis efficiency (Pavan and Fernandes, 
2009). 

2.2 Climate and soil data 

Daily records of weather data are available from Parana Agronomic Institute 
(IAPAR) for 28 locations within different agroecological zones (Figure. 1) covering 
the state of Paraná, Brazil. For all locations historical records cover 30 or more years 
of observations. Changes observed between the period 1980-2009 in temperature and 
rainfall were used to develop a future climatic scenario using a weather generator. 
The stochastic weather generator can be used for the simulation of weather data at 
single sites. Required input data are daily time-series of precipitation, maximum and 
minimum temperature, relative humidity, wind speed and solar radiation. The 
weather generator calculates a set of statistical properties of historical observations, 
creates empirical distributions and generates daily weather datasets. Similarly, 
GCM’s (General Circulation Model) outputs from the IPCC Data Distribution 
Center, for example, can promptly be inserted in the database. For all locations 
which weather was recorded the soil profile data was also available. Soil data 
includes soil classification, surface slope, soil color, permeability, and drainage class. 
The whole state of Paraná was divided into agroecological zones. Therefore, crop 
simulation focused on indicated zones for growing wheat or soybean. 
 

 

Fig. 1. Map of Paraná state showing the agroecological zones and locations (dots) with soil 
and climate data to serve as input to crop models. 
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2.3 Data management 

The proposed study considers two approaches for simulating the effect of climate on 
wheat and soybean growth and development in the state of Paraná. First, the 
estimated potential impacts of past climate on agricultural productivity can be 
examined by driving wheat and soybean simulation models with observed weather 
data. Secondly the output from a stochastic weather generator can be used in order to 
produce climate change scenarios, which are suitable for use in agricultural impact 
assessment. In both, crop models can be integrated into geographic information 
systems with past and future climate data, to generate map layers representing 
interannually variability on phenological dates, yield, disease intensity among others. 

The architecture we propose envisions a system designed and implemented on the 
top of the PostgreSQL database management system. PostgreSQL extends the 
relational data model with support for complex objects, and allows users to add new 
programming languages (procedural languages - PL) to be available for writing 
special functions and procedures. For the architecture proposed, among other 
technologies, we implemented R (pl/r) to sort, analyze and visualize data from crop 
model runs.  In Figure 2, we present a general a schematic representation of system 
architecture that manipulates crop model’s input and output data, making available 
through generic web services, implemented to access the database and dynamically 
assemble data as requested. 

Fig. 2. Database management and exchange system schematic (Adapted from AgMip, 2011). 

2.4 Data analysis 

The information architecture evaluates performance of CSM-CERES-CROPSIM: 
Wheat and CSM-CROPGRO: Soybean model by calculating the Pearson correlation 
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coefficient (r) and root mean squared error (RMSE) between the modeled and the 
corresponding observed yield series at both the crop model local scale and state 
scale. Furthermore, temporal and spatial changes of wheat and soybean productivity 
can be presented in a probabilistic framework, based on simulation outputs. For 
example, probability density functions (PDFs) of wheat and soybean yield changes 
during 2030s, 2050s, and 2080s, respectively, relative to 1980–2009, at the 
representative locality. Across all the wheat and soybean cultivation regions in the 
state of Paraná, the system is also programmed to derive histogram and cumulative 
distribution function (CDF) of wheat and soybean yields during 1980–2009, and 
wheat and soybean yield changes during 2030s, 2050s, and 2080s, respectively. 
Finally, the system can plot the spatial changes of mean and standard deviations of 
wheat and soybean productivity during 1980–2009, and their changes during 2030s, 
2050s, and 2080s, across the study region. 

3. Results 

A dynamically build webpage provides access to figures and code from the 
simulation experiment. It can be viewed with any standards compliant browser with 
Javascript and CSS support enabled. User can click on the treatments links for 
treatment details and a listing of links for corresponding plots (Figure 3). 

Lattice (Sarkar, 2008), which is an R data visualization package, proved to be very 
useful for handling multivariate simulation output data. The attraction to lattice is 
derived from wide variety of displayable graphics, its portability as it is written 
entirely in R. Customizability is owing to a variety of graphical parameters, flexible 
use of panel functions, extensibility through the object model and its leverage of the 
underlying R grid graphics system (R Development Core Team 2011) upon which it 
is built. The nature of lattice is shown in the multipanel graphic (Figure 4.). Here, 
yield is numeric while Agroecological Zones, Variety and Sowing Dates are factors. 
These illustrated the simulation of soybean yield in two contrasting agroecological 
zones. Soybean crop was simulated using three sowing dates with observed weather 
data during the period of 1980 through 2009. 

Hopefully, this information system will prove to be worthwhile in the assessment 
of impact of climate variability/change in agriculture across a wide region. Thus, 
enhancing capabilities in the developed and developing world for responding to 
climate change by building scientific and technical capacity, advancing scientific 
knowledge, and linking scientific and policy communities. 
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Fig. 3. Webpage screen capture showing experiment list, corresponding plots and R code. 
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Fig. 4. Simulated soybean yield (Kg/ha) of three soybean varieties, three sowing dates 
(October 1st, November 1st and December 1st ), using observed weather data during 1980-2009 
in the agroecological zones of Southern and Northern  of Paraná state, Brazil. 
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Abstract. Climate change can compromise the development of the territorial 
systems with rural vocation. Nevertheless, these last can influence, both 
positively than negatively, the factors that determine climate change. Starting 
from this dichotomous vision of the relationship between climate change and 
rural development, this study focuses on the role that Internet and the web 
marketing strategies can develop in the mitigation and in the adaptation to 
climate change trough the spread of information on virtuous behaviour by 
individuals and firms. In such optics, the study, looking over agritourism as 
multifunctional farm with an orientation to sustainability, provides a survey to 
evaluate the diffusion of Internet in the Campania Region and the propensity of 
firms to use the web in order to promote responsible behaviour among the 
users of websites (suggesting virtuous behaviours) or to valorize their 
commitment in the fight against climate change.  

Keywords: rural systems, climate change, web marketing, multifunctionality. 

1   Introduction 

In the last years, global issues have exposed rural systems to challenges that have 
begun to pretend a declination in key of sustainability of the relative development 
processes. These challenges are very complex: management of natural resources and 
the fight against climate change, the balanced development of territories and the 
availability of healthy and safe foods, ask for strategic, but above all sustainable 
answers, based on the integrated and shared vision of all the stakeholders in the 
territory.
_______________________________
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So, among the environmental factors that could jeopardize the development of 
rural systems we have climate changes (Peixoto and Oort, 1992, European 
Commission, 2010; Andreopoulou et al., 2011).  

After the industrial revolution, in fact, the strong increase in the greenhouse gas 
(GHG) indicated the existence of an unbalance among the different economic 
sectors, society, environment and the different territories with their specific 
particularities. The relationship between climate change and development has always 
been considered from two points of view: both in terms of the impact that 
development determines on the climate and in terms of the effect that climate change 
can have on development (The International Bank for Reconstruction and 
Development, 2010).  

Starting from this dichotomous vision of the relationship between development 
and climate change, this study focuses on the rural development, looking at the role 
of agriculture. In this regard, it focuses on agritourism like an innovative form of 
multifunctional agriculture projected towards sustainability. In fact, climate change 
can be compromised by the development of the territorial systems with rural 
vocation, but, vice versa the agricultural component of these systems can influence 
the factors that determine climate change, either positively or negatively. In 
particular, with the purpose of emphasizing the strategic role that today these rural 
systems could play, in order to develop and overcome this challenge, the study looks 
at the principal levers which are able to sustain their development by projecting them 
in a perspective of sustainability. Among these, the modern Information and 
Communication Technologies (ICT) constitute more and more the representative 
tools of an innovating society moving towards an economy based on ever increasing 
knowledge and information. In particular, considering the role that Internet and the 
web marketing strategies can develop in the mitigation and in the adaptation to 
climate change trough the sharing or the spread of information on the causes of 
climate change or on virtuous behaviour by individuals and firms, a survey has been 
conducted with the aim to provide useful reflections for policy makers, evaluating the 
diffusion of Internet among the agritourisms of the Campania Region and, especially, 
the marketing strategies they’ve implemented through the web with the aim to share 
information on climate change, suggesting virtuous behaviours to users or valorizing 
the commitment of the firm in the battle to fight climate change. 

All this, to testify the propensity of agritourisms to assume responsible behaviour 
toward the society, or better, toward a global and worrying question for the society. 

2   Rural systems and challenge of climate change: the role of ICTs 

Rural territories are areas of notable interest for modern development, 
representing development systems directly interested in the consequences of climate 
change: increase of mean temperature and extreme meteorological phenomena, 
diminution of water resources, biodiversity loss and degradation of ecosystems. At 
the same time, rural systems could determine climate change because of an incorrect 
management of their physical and anthropic components, for example: the natural 
systems - like parks, reserves, forest ecosystems, etc. - or the biological systems 
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modified by mankind like the agricultural ecosystems. In fact, in such optics, rural 
systems would be ecosystems resulting from interaction between the environment 
and man. Man, would have modified, in particular, some original features of the 
natural resources and, at the same time, helped in determining its specificities, both 
in terms of biodiversity and in socio-cultural terms (that is all the competences, uses 
and traditions that mark out the local communities)1 (Inea, 2001; Cesaretti and 
Scarpato, 2010). 

The relationship between rural systems and climate change is very complex, due 
to a multiplicity of interrelations and interdependences involving environmental, 
social and economic aspects that evolve dynamically and in an unpredictable way. 
Besides, this complexity subsequently increases when we try to classify the 
responsibilities of the different components of the same system (e.g. agriculture and 
other productive sectors, traditional handicraft, landscape and architectural 
excellences, local institutions, eno-gastronomic tourism) towards climate change, and 
when we try to classify the impacts of climate change on the rural systems.  

This study focuses only on the agricultural component of a rural system. 
It’s now broadly recognized that agriculture develops a double role towards 

climate change because it passively suffers its effects but at the same time it can 
increase or limit global warming (Essex et al., 2005). In fact, agriculture represents a 
source and a reservoir of GHG, because it causes emissions in the atmosphere and 
removes carbonic anhydride from the atmosphere through photosynthesis and the 
memorization of the same process in vegetation and in the ground (a process known 
as sequestration) (Bishop, 1993; Misso, 2010). Due to the link between nature and 
agriculture, from the production point of view soil becomes a mix of biological, 
cultural, social values, a source of biodiversity and hydrogeological equilibrium, 
setting itself as nerve centre of the system of natural, human and social capital that 
creates a territory and that from it takes energies. 

In such optics, rural systems sustainability would be more and more connected to 
the quality of life, or better: sustainability would represent the ability of rural systems 
to assure economic, social and environmental wellbeing to the community living in a 
territory, both for the present and for the future (Cesaretti and Misso, 2011). In this 
respect, traditional measures for the wellbeing of the rural territory claim an 
innovative model of rurality, able to develop and to know how to take opportunities 
for example by ICT and this, above all, in light of the need to overcome more and 
more complex global challenges like, for instance, climate change (Marsden and 
Murdoch, 1994; OECD, 2001a; Commissione delle Comunità Europee, 2009; 
Cesaretti, 2011). 

                                                           
1 In other terms, the rural and agricultural areas are not only considered in systemic key due to 

their complex structure constituted by resources and relationships (exchanges of material, 
energy, information) that they establish among them; but also and above all since they show 
an inside organization that varies with their degree of development and a behaviour 
(maintenance, reproduction, self-regulation, cycle of life) that according to the theory of the 
systems, would aim to the equilibrium and the reproduction of the same system, in face of 
climatic, demographic or technological changes. Finally, external relationships, the presence 
of institutions (among which the marketplace), help in determining these areas as an open 
system (Inea, 2001). 
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So, the overcoming of the challenge of climate change imposes new strategies and 
tools on rural systems which are able to reread the territories of reference in light of a 
multidimensional and integrated vision of their specificities, but especially in view of 
a new culture of rurality. This last, in particular, has to be intended as an expression 
of: 
! a more and more diversified and multifunctional agriculture, strongly rooted in 

the territory; 
! environmental and landscaping resources which are increasingly more 

integrated in identity and innovating matrixes; 
! relational and institutional assets based on systems of sustainability oriented 

values.  
According to Hodge (1986) rural development can be defined as "a general 

increase in the wellbeing of the residents of the rural areas and, in general, in the 
contribution that the rural resources give to the wellbeing of the whole population". 
Just because of this last contribution, all the components of a rural system, in 
particular the agricultural ones (e.g. agritourisms, farms, agricultural and territorial 
institutions, tourist agencies), have to contribute in the overcoming of the challenges 
to the sustainability, including precisely climate change (Hoggart, 1988; Groote et 
al., 2000). In particular, this becomes the key to interpreting the ability of 
development of a territory and of its typical elements. This is true for the rural 
territories, for which the challenge of climate change is a real constraining factor of 
development that requires a substantial review of the territorial strategies with a view 
to sustainability2. In fact, the complex meaning attributed to rural development must, 
necessarily, consider the changes in the role of the agriculture in the economy of a 
territorial system. Today, agriculture has a multifunctional role, so it not only 
provides for the production of foodstuffs and non, but also for the production of 
protection and conservation services for the territory, receptive and recreational 
services, through the valorization of the local resources. 

In the last few years, the multifunctionality of agriculture, has attracted the 
specific attention of the people responsible for the politics of agricultural and rural 
development, both in industrialized and in developing countries, and on the definition 
of such functions. The key functions of the agriculture are the following: food safety; 
environmental function; economic function; social function (FAO, 2000a). The 
importance of multifunctionality of agriculture, can be examined in relation to 

                                                           
2 Literature has consolidated the strategic vision of the territory in which the analysis of all 

the present components, their different combinations and their different levels of 
radication provide a more appropriate theoretical picture in the study of context with rural 
and agrifood vocation. At the same time, the analyses to support the rural development 
strongly underline the territorial features, considering the development as a socio-
economic, cultural and environmental phenomenon deriving from "local" features.  All of 
this, obviously, pushes towards the recognition of the non homogeneity of the territory, 
and of the necessity to read and interpret the differences of the rural areas and to 
undertake trajectories of sustainable development calibrated on the specificities of each 
one. 
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specific global environmental problems, such as climate change3, desertification, 
biodiversities, the quality and the availability of water and pollution (FAO, 2000b). 

Moreover, on the wave of the new orientations of Common Agricultural Policy 
founded on the multifunctional and sustainable European agricultural model, rural 
systems are living a moment of strong innovation, starting with the rediscovery of the 
multifunctional nature of agriculture and with the new awareness that the farmer has 
of this, with the development of agricultural practices with smaller environmental 
impact4 or new approaches to consumption and to distribution (for instance, km0 or 
biological products), and the spread of new productive and consumption models 
more and more inspired and founded on innovation (OECD, 2001b).  

Therefore today, more than ever rural systems have to testify on their ability to 
innovate themselves and to offer their own contribution to the construction of a 
productive system able to answer social claims on environmental issues, like the 
struggle to combat climate change, besides the need to obtain margins of sustainable 
competitiveness on the markets.  

It is in the sphere of this process that ICTs play an important role. Their advent (in 
particular of Internet) has become an important production and organizational factor 
in the search for new opportunities both for enterprises and for rural systems, but also 
an important tool for the environmental, social, economic and territorial 
sustainability. Many companies, for example, are developing projects on Green ICT5, 
but this last play also a significant role in enhancing rural development in developing 
countries and in general as a key enabler of renewed and sustainable growth, given 
that it has become an essential element of the infrastructure underpinning competitive 
economies (Niederhauser et al., 2008). In this way, ICT can play an equally central 
role in promoting environmental and social sustainability, both as an industry and as 
a key element of enabling infrastructure (Guimarães Pereira et al., 1999; Guimarães 
Pereira and O’Connor, 1999; Pade et al., 2006; Dutta e Mia, 2010). From the phases 
of production to processing and marketing, the firm has the opportunity to use 
precision farming or web marketing tools and to adopt a variety of technological 
applications: all this for the pursuit of their sustainability and for the sustainability of 
society. 

                                                           
3 Agriculture can contribute to reducing the greenhouse effect, through better management in 

the use of nitrate fertilizers and replacing coal with the use of bio-fuels. Moreover, it 
supports the development of "green economy" by promoting a model of energy production 
by small-or medium-sized cogeneration plants powered by renewable sources. Moreover, 
the efforts for agro-energy, in reference to the overall development of renewable energy is 
one of the main challenges of the new agricultural and environmental policy that will 
contribute significantly to CO2 reduction and the achievement of the 2020 objectives of 
Kyoto and the European ones. 

4 The no-till land, the minimum tillage, establishment of grasslands and permanent crops, the 
cultivation of a deep root, the use of manure and compost, crop residue management 
including their use for energy production, improving techniques of fertilization and 
irrigation, the reintroduction of rotations, the spread of organic and all so-called land use 
changes that characterize the transformation of farmland into forests, meadows and pastures. 

5 The formulas of Enterprise 2.0, for example, allow to reduce significantly costs de-locating 
their data and using social platforms Software-as-a-Service. 
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3   Internet and sustainability of rural systems: the case of 
agritourism in Campania Region 

The challenge of climate change exposes the rural systems and farms that operate 
in them to constant search of innovative approaches, in terms of managing internal 
and external relations. To support these requirements are involved:  
! the new formulas of increasingly multifunctional and diversified agriculture; 
! ICT as an undisputed lever of sustainability. 

As regards the first aspect, a multifunctional farm innovates itself developing a 
series of activities besides the traditional ones. The agricultural entrepreneurs have to 
rethink their own activity not only so that it can be more and more competitive, but 
also because they are called to take upon new responsibilities in society, aiming more 
and more to innovation. In the last decades the most remarkable example of 
multifuntionality is represented by agritourism which is also seen as the most 
important innovation of product which has involved Italian agriculture. The 
remarkable spread of agritourisms in Italy has indicated on, one side, new 
possibilities of economic development in agriculture, and on the other, the role of the 
agricultural sector in the promotion of the territory and in the satisfaction of the 
claims of society in terms of environmental and social sustainability.  

Agritourisms are determinant and "innovative" components of the development of 
the rural systems and so they assume a key role in the orientation of such territories 
to sustainability and therefore, they can also affect, in a significant way, the 
contribution that rural systems can give to the fight against climate change.  

As regards the second aspect, instead, among the numerous applications of ICT, 
the Internet is now widely used at individual and institutional level and very 
important for the sharing of economic, social, environmental or territorial 
information (Anderson and Weert, 2002; Steinke and Nickolette, 2003; Schiefer, 
2008). In the companies, Internet can be used with different modalities, not only for 
e-commerce but also in support of commercial activity in pre- and post-selling 
phases and as a channel of communication to and from markets as a means of 
promotion and marketing (Canavari et al., 2000; Wolcott et al., 2008; Wang, 2008). 

Company policies have evolved, focusing on “information” and on company-
client relations in an integrated vision that may produce value. In such optics, 
enterprises have developed web marketing strategies with high potential for agrifood 
products (especially for highly differentiated products), giving enterprises located far 
from the main commercial areas access to direct and short commercial channels and 
visibility with the ever-growing public of web surfers. As recognized by Canavari et 
al. (2005) Italian agrifood companies although recognizing that Internet increases 
their visibility in the world markets, have yet to exploit it as a relational tool to 
increase competitiveness, or better, they must invest more in websites that are more 
coherent with more general communication and promotional strategies6.  

                                                           
6 Among the latter, advergames or the new opportunities of exploiting knowledge and 

information offered by the Web 2.0, blogs, forums, online videos, are innovative web 
marketing tools. 
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Based on the spread of Internet, the use of web marketing has increased with the 
evolution of relational marketing (innovative web marketing tools, for example are 
linked to the Web 2.0) that allows enterprises to understand consumers and to adapt 
their strategies to the consumers’ needs. In this way, the possible applications offered 
by Internet represent important tools for the implementation of strategies that aim to 
satisfy collective and more global interest (e.g. consumer health) because it allows 
enterprises to keep a fine tuning with society’s needs. As regards rural areas, 
however, it is indisputable that the provision of infrastructural networks and 
telecommunication services, accompanied by access to Internet at high speed 
(broadband) by now constitutes an essential condition for the development of such 
areas, as they are able to reduce isolation, stimulate and transfer innovation to 
improve the quality of life (Commissione Europea, 2010).  

So, one of the most pressing challenges facing humankind and in particular the 
rural systems is climate change. Taking this into account, we have investigated the 
diffusion of Internet in agritourisms as an innovative form of the farm business 
which, in multifunctionality, find its orientation to the sustainability of development.  

In particular, this study wants to investigate on the propensity of these firms to 
implement web marketing strategies that testify their responsibility towards the 
challenge of climate change (Borrelli et al., 2011). In such optics it focuses on the 
type of information they provide by the websites to give a contribution in the fight to 
climate change, promoting responsible behaviour among the users of websites 
(suggesting virtuous behaviours) or valorizing their commitment in the fight against 
climate change. Especially, the survey has aimed to evaluate the diffusion of Internet 
among the agritourisms of the Campania Region by their presence on the world wide 
web, the characteristics of the websites and, overall, their capability to share 
information on climate change (Havlìcek et al., 2009, 2010; Niederhauser et al., 
2008). 

3.1   Brief presentation of Campania agritourism 

According to the data of the National institute of Statistic (Istat), in 2009, in Italy 
there are 19.019 farms authorized to exercise agritourism (539 more (+2,9%) in 
comparison to the previous year). The major increases regard catering and 
accommodation, increasing respectively of 407 and 347 units. 

The 44,9% of agritourisms are located in the North of the Country, 35,2% in the 
Centre and the remaining 19,9% in the South. In particular, the highest percentage of 
farms with catering (respectively 44,2% and 31,4% of the total) are in the northern 
regions and in the South, while in central Italy 59,1% of the agritourisms also have 
tasting. 

In the Campania Region, the agritourist activity has significant dimensions. 
Considering that a firm can be authorized to exercise one or more typologies of 

the agritourism activities (e.g. lodging, catering or tasting). Istat data (2009) observes 
that in Campania there is 7% (in comparison to the National total) of the firms 
authorized to exercise catering. Those firms however represent around 22% of the 
firms of the Southern of Italy. Whilst as regards the firms authorized to exercise 
tasting, Campania represents about 8% of the National total, but 50% in comparison 
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to Southern Italy. In regards to lodgings the percentage of representative decreases 
significantly, to about 4% in comparison to the National total and to 19,6% in 
comparison to the South.  

On the basis of the typology of the majority of lodgings some regional 
specializations can be distinguished and, as regards full board, it is more available in 
Campania (480 lodgings, i.e. to 78,9%).  

The combination of restoration with lodging and other activities, although present 
in all regions, is mostly diffused in Campania (besides Tuscany, Emilia-Romagna 
and Sardinia). 

However, the Campania Region is a territory in which a strong rural vocation 
persists, especially in the inside zones, where the wealth of biodiversity, local 
wisdom and popular traditions, have preserved its wine-gastronomic patrimony 
which only in the last few years is receiving adequate valorization through the 
development and the diffusion of the agritouristic activity. 

Fig. 1. Farms authorized to exercise the activity of agritourism in Campania Region.  

In July 2009, there were 1.345 farms registered in the regional register authorized 
to exercise the activity of agritourism. In the five provinces of the Region the number 
of authorized farms is distributed as follows: 14.3% in the Province of Avellino, 
21.9% in the Province of Benevento, 13.2% in the province of Caserta, 10.9% in the 
Province of Naples; 39.7% in the Province of Salerno. 

3.2   Methods, targets and main results 

Internet provides two different ways of online presence of agritourisms: an active 
presence and a passive presence. The first concerns the presence of web sites of the 
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owner of the firm. The second, provides the availability of informative elements (e.g. 
mail address, phone contacts, photo, video) or comments on the firm that circulate on 
the web through forum, blog or other portals. 

Starting from these considerations, the study has aimed first of all to investigate 
the attention that agritourisms of the Campania Region give to the use of Internet, 
defining the kinds of participation in the network in an active or passive way.  

In particular, research aims to give some indications about the tendency of 
Campania Region agritourism to employ the web as a supplementary instrument for 
marketing policies, trying to understand the consistency of planned offline marketing 
strategies with web marketing tools in order to inform users or to suggest virtuous 
behaviour regarding the commitment of the firm in the fight against climate change. 

Specifically the empiric analysis proposal was to achieve the following goals: 
! Verify the presence of Campania Region agritourism on the world wide web; 
! Illustrate the use of Internet in agritourism marketing strategies, analyzing the 

typology of diffused information. 
! To analyze the web marketing strategies and their possible correspondence with 

the management model of the firm. 
Firstly, to achieve these goals, the analysis has identified, surfed, directly observed 

and evaluated the web sites of Campania Region agritourism. 
From the research, in particular, it has emerged that only 20% (271) of the 1.345 

farms on the regional register and authorized to exercise agritourism is online. As 
regards the kind of involvement online, unfortunately, the percentage of active 
presence is rather modest: in fact only the 61% (or, only 166 firms) is online with a 
well structured web site, while the remaining firms use the net with the purely 
promotional purpose of the activity providing principal information such as location, 
e-mail contacts and phone numbers and the typology of services offered (lodging, 
restoration, spoken languages, number of seats) or extras such as swimming pool, 
park for children or solarium. Primarily, such firms are on other portals that 
sometimes simply allow users to get directly in touch with the agritourism, whilst 
others contain a whole lot of information for each agritourism such as: 
! clients’ comments about their stay;  
! location and proximity sites of interest; 
! prices; 
! equipment and facilities offered. 

We are speaking substantially of information of a structural and economic type 
useful to the client that substantially expresses the potentialities of the Net in 
transmitting the vitality of the firms and which cannot be considered satisfactory not 
even from the touristic point of view. Starting from this data a casual sample 
composed of 25 agritourisms reflecting the regional distribution and representing 
about 40% of the total number of regional agritourisms with an active online 
presence has been extracted. 

The devices of the virtual retailing mix has been used to observe and analyze the 
elements used in the web marketing strategies. The analysis has substantiated that 
most of the agritourism websites have an informative and promotional character. 

The information commonly found in the websites is essentially related to the 
description of the offered services, the prices, the equipment of the structure. Rarely 
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(only in 10% of the cases) the web sites draw the attention of the consumer to the 
management philosophy of the firm or to the values and the traditions of the territory 
of reference. On the other hand, video and virtual visits (60% of the cases) to the 
agritourism to see the eventual bedrooms and the structural equipment of the firm are 
used. Only in one case the site offers the possibility to purchase products of the firm 
through a service of e-commerce, while in all the other cases for information or for 
bookings (which is obligatory in 87% of the cases), the site promotes e-mail contact 
or telephone contacts. 

Moreover, the websites don’t offer advanced and interactive services to the guests, 
like discussion forums, blogs, virtual visits, and so on. 

Finally, it is significant to underline that in about 90% of the cases the websites 
visited have an English version and only in 10 cases is the website available in 
another language, mainly German. 

In other words, the sites resemble business cards in which the active role of the 
agritourism doesn't appear and that substantially it denotes a state of backwardness in 
marketing strategies which, in fact, seem to offer only a tourist answer, giving little 
importance to the agricultural component. 

With the aim to analyze the strategies of web marketing and their possible 
correspondence with the model of management of the firm, a focus group with 6 
managers of the investigated firms has been conducted.  

In particular, two farms were chosen for the province of Salerno, while for the 
other four provinces one farm. The choice of the six entrepreneurs was made on the 
basis of: 
! the presence of the farm on the world wide web with a well-structured site; 
! the territorial relevance of the company7; 
! and finally, above all the willingness of the entrepreneur to participate in the 

focus. 
First of all, the managers were asked, in particular, to express their interest 

regarding the fight to combat climate change. Further topic of discussion regarded 
their trust in Internet and the role that they assigned to it. In fact, the focus group 
showed the elevated attention and worry of the managers of the agritourism in regard 
to climate change even if, in effect, none of the firms tries any specific actions to 
mitigate the effects of such changes. In other words, it appears evident that the firms 
consider themselves more the victims than the cause of the changes of climate 
because they still haven’t acquired awareness of their role. The lack of information 
on the sites (concerning the theme of climate change) is therefore justified by the fact 
that none of the firms undertake concrete actions in the fight to combat climate 
change denouncing thus a substantial backwardness of the rural systems of reference. 
However as regards Internet, the managers of the 6 firms recognize the importance of 
such tool to communicate commercial information to tourists (not only foreigners but 
also local) while they don't give any value to the use of such tool to communicate 

                                                           
7 Have partecipated in the focus the following agritourisms: Di Meo (Avellino: 

http://www.dimeo.it/); Torre Gaia (Benevento: http://www.torregaia.net/home.php); 
Masseria Giò Sole (Caserta: http://www.masseriagiosole.com/masseriagiosole/); La 
Villanella (Napoli: http://www.lavillanella.it/); Petrosa and Scaraiazzo for the province of 
Salerno (www.lapetrosa.it; http://www.loscaraiazzo.it/) . 
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information that we could define as extra-commercial, as for example those 
connected to the themes of health, environment, territory and so on.  

5   Conclusion 

This study wants to offer some points of reflection for the future of agritourisms in 
Campania Region. In fact, we are faced with a clear case of scarce exploitation of the 
potentialities offered by Internet to share information, but also with an evident case 
of educational indifference, by part of the firms, in regard to the theme of 
environmental order of notable interest for the rural society. 

The main findings of this survey on one hand encourage a deeper research on the 
typologies of firms investigated to verify their propensity to innovation but overall on 
their real interest to participate to the fight to one of the most pressing challenges 
facing humankind and in particular the rural systems like climate change. Moreover, 
these findings push to understand if really the agritourisms have consciousness of 
their responsibility towards the environment and the society. 

On the other hand, this study aims to offer important suggestions to the policy 
makers of the Campania region regarding the necessary actions to ri-direct the 
agritourist sector towards more responsible web-marketing strategies. These latter, in 
particular, have to find foundation in a more aware use of Internet that is, the 
employment of Internet has to consist of an exploitation both of its informative 
potentialities and its educational ones. In this optics, fundamental will be the 
territorial governance to make the tools of ICT the lever for sustainability of its 
territorial system with rural vocation, promoting a responsible use of them by the 
enterprises and in this case by the agritourisms. 
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Abstract. There are many fields of application in the agro-food industry where 
interoperability of information system would be essential. Amongst others 
food tracking and tracing, logistics, Supplier Relationship Management (SRM) 
and Customer Relationship Management (CRM) integration all need 
interoperability solution in a heterogeneous environment. In order to carry out 
a successful research on this topic, we studied the „Open Source” Information 
and Communication Technology (ICT) solutions and tools that can be applied 
by the Small and Medium-sized Enterprises (SMEs). Furthermore, based on 
the researched technologies and systems, we assessed the electronic business 
activities of the Northern Great Plain Region of Hungary. Based on the results 
of the survey and analysis (variance analysis, cluster analysis, LISREL 
models) we pointed out other key information and we proposed an adequate 
solution system that uses open source solutions for the SME through the 
development of a prototype based on a Digital Business Ecosystem (DBE) 
concept. 

Keywords: business ecosystem, information systems, agri-food, SME 

1   Introduction 

The ICT technologies are present in every area of life. They have become important 
production resource for the enterprises. In this aspect, the situation of the SME is 
difficult, as the utilisation of these technologies does not reach the desired level 
neither in Hungary, nor in the European Union. The SMEs have a difficult time 
adjusting to the integrated corporate information systems developed for the use large 
enterprises. Moreover, the systems developed for the SME market (especially 
systems produced by developers) do not make possible the accomplishment of 
inexpensive and flexible inter operational business relationships between the small 
enterprises. As SMEs are decisive factors for the economy of every country, many 
enterprises spotted the potential market in this segment. Unfortunately, these systems
_________________________________ 
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cover primarily the internal processes within the enterprise, so they do not provide 
enough support for the relationships and processes between the enterprises. 

In general, integrated information systems ensure the integration of the suppliers 
and buyers (clients) into the business’ own systems (communication). However, in 
case the companies used different information systems (from different vendors) in 
order to get on-line (real-time) connection they required special developments. Small 
and medium-sized enterprises which have implemented enterprise information 
system recognized that this system does not provide them with interoperability. The 
collaborative concept to achieve the particular case of SMEs may give benefits and 
ensures the appropriate use of different kind of Toolsets can provide interoperability. 
Our goal was to facilitate the implementation of the Digital Business Ecosystem 
concept modules, which allows existing systems to get access to the common 
marketplace more easily. 

2.   Research goals 

The EU affirmed that new technologies need to be developed and implemented that 
can successfully used by the SMEs in their daily electronic business activities. In 
order to carry out a successful research on this topic, we wanted to study the „Open 
Source” ICT solutions and tools that can be applied by the SMEs. Furthermore, based 
on the researched technologies and systems, we would like to assess the electronic 
business activities of the Northern Great Plain Region of Hungary. 

The analysis of the data gathered through our research, based on which we would 
like to assess the attitude of the SMEs of the Northern Great Plain Region of 
Hungary in relations to ICT solutions.  

The development of a prototype, based on the existing technologies, methods and 
results of the analysis carried out at the enterprises of the region; a prototype that 
uses accessible free solutions through which the digital market space of the SMEs 
can be extended. 

The theme of the research is in part defined by the Internet standards, e-commerce 
regulations and developed practices and regulations. Therefore one of our main 
objectives are to process, systemize and analyse from our theme’s point of view the 
technological regulations and practical solutions pertaining to our theme. 

The small and medium enterprises are not able to invest lot of money into 
studying the ever-growing Internet technologies and selecting the ones that could be 
useful for their business activities. At the same time implementing and using the 
newest technologies are keys to maintaining and improving one’s competitiveness. 
Therefore our objective is also to present the technologies that are to be used when 
implementing the suggested prototype. To evaluate the conditions (e-preparedness) 
under which the new technologies can be applied we carried out a survey, in order to 
analyse the digital business communication of the small and medium enterprises of 
the Northern Great Plain Region of Hungary in 2010.  

Based on the results of the survey we proposed an adequate solution system that 
uses open source solutions for the SME through the development of a prototype 
based on a „Digital Business Ecosystem” (DBE) concept. In relation to the above we 
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have set as objective the development of a „hub – share centre” prototype portal 
aimed at gathering information and publishing it to the respective enterprises and 
experts.  

2   DBE concept and tools 

The Digital Business Ecosystem is an evolutionary, self-organized system, which can 
contribute to the sustainability of the local and regional development through a well-
defined software platform. Moore first introduced the concept of a business 
ecosystem as a strategic plan (Moore, 1993). Moore indicated that organizations form 
a part of a business ecosystem and as such they should be viewed as a collective 
rather than an individual entity. The idea of the Digital Business Ecosystem is "to 
create an integrated, distributed pervasive network of local digital ecosystems for 
small business organizations and for local e-governance which cooperate exchanging 
dynamically resources, applications, services and knowledge." (Nachira, 2002). As 
envisioned by Nachira, the DBE is intended to foster new and flexible ways of co-
operation and networking through a dynamic aggregation and self-organizing 
evolution of services and organizations by means of open-source methods of 
software and service creation. According to Nachira (2005), the key elements of a 
business ecosystem (top-most layer) include 1) governance, regulations and 
industrial policy, 2) human capital, knowledge and practices, 3) service and technical 
infrastructure, and 4) business and financial conditions. 

The idea of a technology (or industrial) ecosystem has been used to describe 
relationships between technologies and organizations (Adomavicius at al, 2007). As 
an example, consider the specific ecosystem view, which had laptop computers as the 
focal technology and the wireless networking capabilities as the context. The 
framework is based on a laptop-related Wi-Fi technology ecosystem, but business 
ecosystem evolves participants to a new landscape (Li, 2009). Another more 
comprehensive demonstration of the analytical approach is an ecosystem model of 
technology evolution facilitates by focusing on the digital music industry 
(Adomavicius at al, 2007). The interoperability focuses on inter-enterprise distributed 
business processes and flows. According to IEEE’s definition (IEEE, 1990), 
interoperability represents "the ability of two or more systems or components to 
exchange information and to use the information that has been exchanged". 
Application integration (comprising message, process, transport and interface) 
represents the technological part, while information integration refers to the 
linguistic, social and philosophical solution (comprising data, context, ontology and 
interpreter) (Peltoniemi and Vuori, 2004). By integration we mean the cooperation of 
processes and applications at the event and message levels while multiple systems 
become one logical unit (Chituc, 2007). 

The very important point is the issue of the interoperability. The aims of the 
INTEROP project were to harmonize and synthesize existing researches around new, 
flexible and adaptive architectures of the interoperability, - such as the model driven 
approach, service-oriented architecture approaches, peer-2-peer architectures, agent 
architectures and federated architectures (Panetto at al, 2004). A P2P network is built 
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of interconnected smaller networks which are the result of long-running transactions 
corresponding to automated (B2B) business activities (Pappas at al, 2007; Razavi at 
al, 2009). ERPs for SMEs do not have such wide of range functions as ERP II which 
is for a  organisation but many basic functions are necessary for the interoperability 
features with other SMEs in the DBE (Fig. 2.). An example for creation of a DBE for 
the shoe domain which requires a reliable and secure communication infrastructure 
among SMEs describe by Chituc at al (2007).  

Interoperability is a multidimensional problem that can concern different layers of 
the enterprise (Salampasis at al, 2005; Tektonidis at al, 2006). The above mentioned 
problem is mainly caused by incompatibility in the information representation and in 
the adopted software application methods (Jardim-Goncalves at al, 2006). 
Information /knowledge interoperability has to focus on the following aspects: 
information/knowledge representation and management, learning ability, rights to 
access information, knowledge sharing, aspect related to adaptation and 
recombination of knowledge in a collaborative network during its life-cycle. The 
Framework for Enterprise Interoperability (FEI), which is currently under 
standardisation (CEN/ISO 11354) defines a classification scheme for the 
categorisation of knowledge for interoperability in the line of three dimensions: 
interoperability barriers, interoperability approaches, and enterprise levels (Naudet at 
al, 2010). The technical architecture of KodA is based on SOA and subsequently 
consists of three basic layers: business process management layer, business services 
layer, business application layer. In food tracking and tracing system we have to 
create a communication channels among partners (Manicas and Manos, 2009; 
Manicas at al, 2010) The KodA focuses on the supply chain for processing food 
products which was communicated and discussed at different forums. This has 
resulted in establishing the agriXchange group that has the objective of harmonizing 
agricultural data exchange on a European level (Wolfert at al, 2009). 

3.   Research methods 

The methods and tools of the electronic business technologies (e-business) and the 
Information and Communication Technologies (ICTs) pertaining to business 
applications. The activities accomplished through e-business mean both the e-
commerce transactions (procurement, acquisition, sales) performed in the B2B 
(Business to Business) relations, as well as implementing ICT technology for the 
internal and external business processes with the proper IT support. The business 
opportunities offered by the e-commerce and the Internet reach beyond the earlier 
solutions. They contain new and constantly changing possibilities with their direction 
changing dynamically, but their impact being sensed in our everyday life. The 
technological pressure generated by the Internet presents the enterprises with new 
challenges day by day. It is not easy for the company leaders to adapt the ever 
changing Internet to their existing systems in order to achieve the strategic goals of 
the company. 

On the electronic market appeared not only businesses but the private as well as 
state sectors with the aim to carry out their internal and external business transactions 
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in electronic form, through the Internet. Multinational companies – as they were the 
first ones to step into the network – forced and are still forcing all other participants 
of the business sector to perform their business transactions in this way. Connecting 
to these systems that have great resource requirements is a great burden for the small- 
and medium enterprises (SME). 

The starting point of the analysis was in-depth professional interviews and 
consultations were pivotal to preparing the case studies. The professional interviews 
provided vital and direct background information that helps understand the examined 
topic. Thus the validity of the gathered information was not only supported by the 
quantity research but also by primary type quality research as well.  

As the result of the professional interviews and primary research we have prepared 
the appropriate questionnaire with the aim of analysing the digital business 
communication of the small and medium-sized enterprises of the Northern Great 
Plain Region of Hungary. The professionalism of the questionnaire was checked by 
professional-, and it’s interoperability by 20 randomly selected control groups. We 
have amended the questionnaire based on the feedback of the control groups. As 
target group for the research we have considered all existing small and medium size 
enterprises that are based in the Northern Great Plain Region of Hungary. 

In order to support the survey, an on-line version of the questionnaire was 
prepared with the help of the Lime Survey software system. The survey was needed 
for the research to set up in a way so that the audience could answer the essential 
questions regardless of their professional background. As there aren’t holistic and 
accessible statistics about this period on this topic, we wanted to scan the actual 
status of the region through the help of the survey. Purpose of the research was to 
have the following questions answered: 

What type of IT infrastructure do the SME of the Northern Great Plain Region of 
Hungary have? To what extent do they take advantage of the new software 
technologies that appear on the market? What is the degree of importance of the 
different info-communication tools at the given „connection points” during day to 
day operation? What is the mental attitude of the given SME towards the ICT tools? 
What is the level of ICT preparedness of the SME of the Northern Great Plain 
Region of Hungary? What percentage of the yearly revenue is designated to maintain 
their IT systems? 

We selected 750 companies that we approached in person and/or per telephone. Of 
these, 250 were willing to fill out the questionnaire. We have mailed the 
questionnaire to them and 210 were returned by deadline. Some of the questionnaires 
that were sent out were filled out on-line through the research server of our faculty. 
Based on this, the 210 responses meant that the willingness to respond was over 
25%. 

As the survey encompasses 15 questions and 17 question blocks (224 questions 
altogether), we have reduced the questions – with the help of the main component 
analysis – into 22 components. As aim of the main component analysis is to expose 
the background variables (dimensions) that control the variables in a way that the 
variables that are connected with each other are gathered into a main component, we 
have gained data that was easier to handle without substantial loss of information. 
Moreover 2 quantitative and 4 qualitative characteristics were preserved. On the 
resulting main components we applied the Variance Analysis and built 2 LISREL 
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(Linear Structural Equation System Involving Multiple Indicators of Unmeasured 
Variables) models. Beside this we tried to point out other key information with the 
help of cluster analysis.  

Our method of approach was to draw general conclusions about e-business and 
observe trends based on considering and systemizing both the theories revealed in the 
first part of this work as well as the knowledge gained from the interviews and 
survey (inductive approach). 

4.   Results of survey 

With the help of variance analysis we were looking to find the differences in the 
attitude of the SMEs based on their answers, while grouping them based on specific 
criteria. Using cluster analysis we have examined the areas of connective operation 
that companies should concentrate more on. With help of LISREL models we 
examined the factors that impact the use of the community applications and the 
factors that impact the increase of the on-line sales. 

4.1. Differences in attitude of SMEs 

After performing the analysis we have made the following main observations. 
No company, regardless of category, makes use of the advantages offered by the 

gathering pages and free on-line voice transmission solutions. 
In companies with low revenues the spread of the ICT products is hindered to a 

greater extent, when compared to others, by 
! lack of sufficient IT expertise of the employees,  
! the fact that they do not know the services provided,  
! employees handle the tools with difficulty.  

Personal referral is an important factor in every category, but it is relatively of 
most importance in services, constructions and commerce.  

Short and long term profit, as a goal is important in every sector, with the 
relatively highest role in the group of commerce and other industrial enterprises.  

There was a sensible difference in how companies viewed the potential business 
impact of the gathering pages and free on-line voice transmission solutions. In case 
of the industrial sector these applications have a relatively lesser role compared to the 
agricultural sector where their role is relatively great. 

The role of company website and web shop is significant in the commerce and in 
the other industrial enterprises sector. 

The spread of the ICT products is hindered to a greater extent by the lack of 
sufficient IT expertise of the employees, their lack of knowledge about the services 
provided, and the fact that they handle the tools with difficulty in agriculture, 
commerce and industry and seems to be less of a problem in the area of services. 

The IT development increases in direct proportion to the increase in the number of 
personnel. Searching and browsing is relatively high in companies with 11-250 
employees. 
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The spread of the ICT products is hindered to a greater extent by the lack of 
sufficient IT expertise of the employees, their lack of knowledge about the services 
provided, and the fact that they handle the tools with difficulty in companies with 
less than 50 employees. 

4.2. Analysis the types of communication 

To determine this we have inserted questions into the survey to reveal who is the 
communication partner for the given company. We have made a distinction between 
internal-, customer-, and vendor communication. Once providing these three forms, 
we have defined the form and purpose of communication. We then created the three 
tables that provided an easy possibility for the experts of the different companies to 
give an answer. After the survey was completed and the answers systemised through 
cluster analysis, we were able to determine the communication areas that the 
enterprises should also consider based on their existing preferences. We have 
conducted the analysis for each sector separately and illustrated the results on the Fig 
1. Below is the description of the three part connotation for the proper interpretation 
of the diagram: XYZ 

X: Communication Channel: SZ: personal, T: telephone, E: e-mail, H: Internet 
voice solutions, F: forum, K: Community platforms, I: Information system based 

Y: Other party (With whom I am in contact): B internal, Ü: customer, S: Vendor 
Z: Name of business process: G: gathering information, É: inquiry, A: requesting 

an offer, M: ordering, F: payment, S: services 

 
Fig. 1. Cluster analysis for the agri-food sector 

The following conclusions can be drawn through cluster analysis. Any enterprise, 
once the sector of activity is defined, has to find the communication channels listed 
on the diagrams that are considered to be important (For example the information 
gathering done via E-mail (EBG)). Once the appropriate clusters are defined, they 
can then find within the clusters further methods that could be important for their 
business. From these, only the existing ones are worth improving. 
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4.3. Impact factors for e-sale 

We developed two LISREL models aiming to examine the factors that impact the use 
of the community applications and how they impact them, as well as the factors that 
impact the increase of the on-line sales. 

In the case of both models the GFI value shows an over 0.8 value that proves the 
validity of the model from a statistical perspective. After analysing the completed 
models we were able to draw the following conclusions. 

There is an increase in importance from the business perspective of the internet 
community market spheres, the B2C and C2C market spheres and of the community 
platforms.  

There is a decrease in importance from the business perspective of the internet 
community market spheres, the B2C and C2C market spheres and of the community 
platforms, if the main goal is cost reduction, because the introduction of a new 
technology at corporate level definitely implies an increase of expenses in the first 
stage of the rollout. 

From business perspective the personal community spheres are important in case 
the goal is to increase the on-line income. Not overly surprising is their expectation 
that these spheres will help improve their image and lead to cost reductions. Of 
course maintaining and updating such sites demands time and energy, therefore the 
businesses need to invest money in it.  

The information sharing community portals are advantageous for those businesses 
that consider searching and browsing to be important by default. They are considered 
to be important by the businesses that believe that more on-line presence will lead to 
an increase in both short term and long term profit. Furthermore they are considered 
to be important by those businesses that believe that such spheres will help improve 
their image and lead to cost reductions. 

4   A Prototype Solution and Possible Application Domains 

Applications based on DBE philosophy can be used in many places. As it can be seen 
in the figure (Fig. 2) the data are stored in individual peers separately and there are 
DBE servers which require data from these peers. This structure of the data storage 
creates the possibility that all of the data owner store own data securely and the data 
are send only to an appropriate request by a duly authenticated server. This method is 
very advantageous in many ways. 

The Fig. 2 shows that many master servers can be implied in the ecosystem and 
the peers can connect to them. 
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Fig. 1. The DBE model 

Since it is designed in a way that a peer can connect to more than one main servers 
the data modified in one place (maintained) can be displayed in several places 
(servers). The contact between peers and servers are made by XML, so a peer can 
connect to any of this ready-made ERP for accepting the request to join. 

With our prototype solution the SMEs can provide safe, transparent, direct 
services to potential customers. According to the Client-Server architecture, all data 
are stored on an assigned server. This can provide great advantages for the server’s 
owner. Our vision is based on P2P SOA technology and all components are written 
with Open Source tools. In multi-agent systems, the underlying networks in a Digital 
Business Ecosystem are always dynamic and network topologies are always 
changing over the time.  

 

Fig. 3. Layered model of the prototype 

The main server is always able to work, but the other habitats sometimes are up or 
down. The P2P communications are working via OWL (Web Ontology Language), 
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WSDL (Web Services Description Language), XML, RDF (Resource Description 
Framework) technologies (Fig. 3). 

The Fig. 4 shows the structure of the database and as it can be seen in the portal it 
is made up of modules. Some modules are compulsory (example user or log), and 
others are optional. The peer tables are installed on the peers. The peer-specific 
offerings are stored in these tables, which are downloaded to the portal after the site 
selection process. The other tables are located in the main server (portal). These 
tables help to communicate, sharing the knowledge, blogging, etc. (Fig. 4) 

 

 
Fig. 4. Database structure of the prototype  

4.1 Applications in (agro) tourism 

We believe that it is worth to capitalize the potential of the DBE philosophy in much 
more fields. Our prototype can assist that kind of businesses which are able to join to 
any value chain. For instance the typical good application area is the tourism 
management, especially the destination management.  

Many SMEs who work variety of business activity can join to the value chains in 
tourism sector. These SMEs can create value chains according to community 
principles and find our places within the value chain. Additional services make the 
site to become more useful for the members of the community and for the potential 
costumers as well. The different types of knowledge basis which are characterized by 
meta-data attached to each other and to adequate part of the value chain as well thus 
extend the usefulness of the portal. Because the most of enterprises already use 
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different ERP system or at least their data are stored somehow. To get out the 
problem of the duplicate storing, we offer the opportunity supplying the data from 
their own database with the help of XML technology. With the XML technology the 
companies without any particular investment can join to the DBE community and 
they can find new markets, knowledge and community. 

4.2 A prototype tracing solution in the agri-food sector 

The food chain traceability are more and more important (Herdon and Füzesi, 2011) 
and it could be based on DBE solutions. One of the most important properties of this 
method that all data is stored in the owner database and the data is served if it is 
requested by the authenticated DBE server. All connected nodes have own database 
are stored in their own database server. Forasmuch many organizations have exiting 
information system (ERP), where they store the necessary data. We assure possibility 
to connect other existing systems to the DBE by XML technology (We use the 
portability property of the XML). 

The database structure is available for download and use. In case of the 
traceability the XML file contains the following information: Company name, TRU 
(Traceable Resource Unit) identification number, Output id., Input id. In addition, we 
need a web server where the portal software is running. The portal was prepared with 
open source tools according to DBE principles. The prototype system is suitable for 
both top-down and bottom-up tracking and tracing.  

With this prototype we have an opportunity to trace the full path of life of the 
product, if only all participant have been joined to the community. The above 
solution can greatly facilitate the precise monitoring the flow of substances occurring 
in food. Thus, the appearance of any food safety hazard we have opportunity to 
achieve rapid and efficient product recall. 

Conclusions 

Enterprises are faced with new challenges as they try to keep up with the 
continuous technological changes. The decision makers of the enterprises are in a 
more and more difficult situation trying to figure out which systems they should 
integrate into their existing systems, and which ones they should introduce in order to 
support their business processes. We have carried out our research along these 
questions. The results of our research have proven that the introduction of modern IT 
solutions could significantly enhance the business opportunities of the SME, and they 
could thereby ensure for themselves a sustainable presence in the on-line segment. Of 
all the results of our research, we would like to highlight the following. 

Utilising the main component and variance analysis methods, we have grouped – 
based on the answers to the survey - the communication directions and types 
according to importance. The survey makes it possible for the SME to identify the 
useful, yet unused communication forms, and develop their communications 
portfolio along these forms.  
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Using the method of variance analysis we have observed that although considered 
as very important by the private sector, the advantages of the free on-line voice 
transmitting solutions and of the gathering pages is not being exploited by the SME.  

We have prepared 2 LISREL models, through which we have concluded, that the 
on-line market spheres, the B2C, C2C community spheres are important for the 
businesses that would like to avoid leeway, are interested in long-, and short term 
profit increase and those that recognise that training of the employees and getting 
them familiarised with new technologies, methods and procedures is very important. 

We have designed and created a prototype system that can be used for the set-up 
of digital business networks, with its most important partial results being. 
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Abstract. For more than 15 years, the EU customs policy has required the implementation of 
IT trans-European systems to enable the exchange of information between national customs 
administration, the Commission, and in some cases traders. Since 2003, when the Commission 
issued a Communication on a simple and paperless environment for customs and trade that 
was subsequently endorsed by the Council, the efforts towards creating increasingly efficient, 
effective and interoperable information and communication systems have been bundled under 
the electronic customs initiative.  
In parallel, the emergence of the Web and the irresistible push towards eGovernment offers an 
increasing number of services to the citizen. These services provide the citizen with a view of 
the critical business information which is exchanged between the Commission and the national 
administrations1. DG TAXUD also provides IT services to serve its own internal business 
needs in the area of customs. It is crucially important to understand that, in order to serve its 
Member States base, DG TAXUD manages IT services which rely on “Centrally Developed 
Applications” operated by the Commission acting as Government-to-Government service. 

Key words: eGovernment, Interoperability, eCustoms, G2G, G2B, Service Oriented 
Architecture, Web Services 

1. Introduction 

At present, the C2013 programme provides funding for more than 20 separate IT 
systems in the area of customs. In some cases, this means covering the development 
and maintenance cost of central customs applications that are common to the 
Commission and all Member States (such as TARif Intégré Communautaire – 
TARIC, or the Community Risk Management System – CRMS). In other cases, each 
Member State operates its own national IT system, but these need to be interoperable 
and comply with common specifications. For such trans-European systems (such as 
the New Computerized Transit System –NCTS or the Export Control System– ECS), 
C2013 supports the production of common system specifications, co-ordination of 
the deployment, conformance testing, quality of service monitoring, etc.  
Most of the central and trans-European customs systems rely on the secure Common 
Communications Network (CCN-CSI) to supply the necessary communication 
services and associated connectivity. CCN links national customs and taxation 

                                                           
1 http://ec.europa.eu/taxation_customs/common/databases/index_en.htm 
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administrations in 29 countries, DG TAXUD and other DGs, like OLAF. It allows 
them to exchange data in a large number of customs and taxation domains. The 
graphs below provide an indication of the evolution of the volume of traffic through 
CCN, and of the percentage of the total number of messages exchanged that 
correspond to different applications (Vogel T. et al, 2008). 

Figure 1 – CCN traffic evolution (Volumes: 2004-2010) 

 

2. Customs 2013 Programme 

Customs 2013 is a programme which gives the national customs administrations of 
the EU, together with the European Commission, the opportunity to co-operate in 
areas of common and high interest. 
The Customs 2013 programme was established by Decision 624/2007/EC of 23 May 
2007 and will run from 1 January 2008 to 31 December 2013.  

2.1 Objectives 

The Customs 2013 programme was designed to meet five objectives specified in the 
Decision, namely ensuring that customs administrations: 

a) Carry out coordinated action to make sure that customs activities match 
the needs of the internal market, including supply chain security and 
trade facilitation, as well as support the strategy for growth and jobs; 

b) Interact and perform their duties as efficiently as though they were one 
administration, ensuring controls with equivalent results at every point of 
the Community customs territory and the support of legitimate business 
activity; 

c) Provide the necessary protection of the financial interests of the 
Community; 

d) Contribute to strengthening security and safety; and  
e) Take the necessary steps to prepare the countries for accession, including 

by means of the sharing of experience and knowledge with the customs 
administrations of those countries. 

288



The Customs 2013 programme is primarily aimed at providing support to and 
fostering co-operation and co-ordination between the national customs 
administrations of the Member States - who are the programme’s primary 
beneficiaries - to ensure the effective functioning of the internal market in the 
customs field. 

3. Customs Central Applications  

The customs applications developed by DG TAXUD, and their operational status are 
organised by families as follows: 

! Internal Application Family: includes applications that are used by 
commission staff to manage the publications (e.g. the Combined 
Nomenclature), the budget and other deliverables, 

! Internet Application Family: is mainly represented by the unique application 
(DDS – Data Dissemination Systems) that permits citizens to consult 
public information retrieved from the CDAs (Centrally Developed 
Applications) through the Internet, 

!Economic Operators Application Family: includes applications that identify 
and certify economic operators, 

!Movement Supporting Application Family: includes all CDAs that are used 
by NCTS and ECS for the management of reference data and statistics, 
and for reporting and testing purposes, 

!Product Family: includes all applications that concern products and product 
classification, 

!Risk Analysis and Control Application Family: includes applications that 
are used to analyse and control customs risks. 

The following figure and table provide a summary of the customs applications 
developed by DG TAXUD: 
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Figure 2 – Custom Central Applications 
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Customs Central Applications 
In general, if DG TAXUD decides to move to a more "centralised systems" implementation 
model, the functionality and interface of most of the customs applications will be affected, and 
the volume of specification and development work will increase. 

1 Internal Application Family 
1.1. Specimen 

Management System 
(SMS) 

at the Community border, for importation or transit, they are 
accompanied by documents and/or authentication attributes 
such as stamps, seals, signatures, etc. These may be subject to 
forgery, usually with the aim of obtaining a more advantageous 
tariff regime. In order to fight fraud, the Commission co-
operates with the competent government authorities in partner 
and third countries. Partner countries are those which are 
closely involved in implementing the co-operation procedure. 
They deliver information to the Commission and also take part 
in the dissemination of it. The co-operation is established in 
several domains under the centralised administration of the 
Commission. Depending on the domain, the partner countries 
are all the Member States, and possibly other countries. 

Business Overview The IT system offers functionality to: 
! create, modify and consult the required information, 
! generate a notification to registered users whenever SMS 

information is created or changed, 
! allow the Member States to develop their own information 

system based on a system-to-system interface. 
1.2. Suspension 

(SUSP) 
The IT system is offers functionality to: 
! create, modify and consult the required information; 
! generate information and control reports and produce 

statistical information; 
! transfer nomenclature descriptions to the TARIC system. 

1.3. Combined 
Nomenclature 
Management System 
(CN) 

The CN application manages and prepares combined 
nomenclature publications. 
In order to monitor the flow of goods into and out of the 
European Union, the goods are identified with reference to a 
nomenclature for tariff and statistical purposes, the Combined 
Nomenclature. The CN consists of a table of goods descriptions 
with related codes together with rules and notes for its 
interpretation. 
The CN management system enables the users to: 
! edit the CN regulation/CNENs electronically and in a user-

friendly way; 
! manage the version process; 
! manage the translation process; 
! produce a voting document; 
! assess the impact of a set of changes, proposed or already 

approved, on the regulation as a whole; 
! provide OOPEC with the manuscript in electronic form; 
! export all/updated CN descriptions to TARIC. 

1.4. Active Reporting 
Tool (ART) 

The information to be gathered concerns both the follow-up of 
activities and the management of the financial data. 
The IT system is based on a central database and it offers 
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functionality to: 
! create, modify and consult the required information; 
! generate information reports and produce statistical 

information. 
1.5. Tool for 

Automated Supply 
Management (TASMAN) 

TASMAN will be the future information system of DG 
TAXUD Units A3 & A4 to follow up and control the 
outsourced IT deliverables and services from contract initiation 
to invoice verification ("conforme aux faits" process). 
TASMAN does not offer any budget, financial and contractual 
related functions. Its objective is to provide an automated 
workflow to support the relevant supply management processes 
between the sectors of Units A3 & A4, to improve the 
monitoring of the IT supply management as a whole, to reduce 
risks by enforcing compliance with internal controls, and to 
ensure more efficiency in the administrative work. TASMAN 
will be implemented in phases and it will provide the following 
functionalities: 
! Registration and filing of deliverables (interface with 

ARES8 and CIRCA), 
! Definition, planning and tracking of deliverables, 
! Deliverable review/acceptance process, 
! Service Quantities monitoring process (alias stock 

management), 
! Performance & Quality monitoring process via quality 

indicators (SQIs /GQIs), 
! User interface for Commission staff and contractors; 
! Tracking of orders (RfE, Triggers, RFA), 
! Support to operational verification of deliveries (tracking 

deliverables and services linked to payment terms). 
2. Internet Application Family 
2.1. Data 

Dissemination System 
(DDS2) 

DDS2 is a technological evolution of DDS. Basically all 
services will be migrated from DDS to DDS2. DDS2 will also 
include Web Content Management techniques permitting the 
publication of non-structured information such as newsletters, 
newsflashes and specific documents. 
DDS2 is scheduled to be operational in 09/2009. 

3. Economic Operators Family 
3.1. Authorised 

Economic Operators 
Phase 1 (AEO PH. 1) 

AEO provides an operational tool at the initial stage of the AEO 
introduction. AEO phase 1 system will primarily enable: 
! central management of the AEO applications and 

certificates; 
! downloading of the information on AEO into the national 

operational systems and 
! publishing the list of AEOs who gave their prior agreement 

on DDS/Internet. 
3.2. Authorised 

Economic Operators 
(AEO) – Full System 

AEO Full System builds on AEO Phase 1 and adds the 
workflow and/or collaborative functions. 

Business Overview The AEO Full System will provide, in addition to the AEO 
Phase 1 functionalities, for AEO certificate re-assessment 
management; different consultations between MS and timeline 
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management as of 1 July 2009. 
3.3. Economic 

Operators’ Registration 
and Identification System 
(EORI) 

EORI was created to make the implementation of the security 
measures in Regulation 648/2005 more effective by enabling 
persons concerned to be identified by a common number that is 
unique to each person and valid throughout the Community. 
The EORI system of registration and identification for 
economic operators is meant to include recognition of 
authorisations granted to an economic operator. Therefore, it is 
understood that through this single system all authorisations 
given by any of the Member States will be identified and 
recognised across the Community. 
A central electronic information and communication system 
will be developed for storing data on the registration of 
economic operators and for the exchange of data on the EORI 
numbers between Customs authorities. Customs authorities in 
the EU will thus have easy and reliable access to economic 
operator's EORI data. From their national systems, Member 
States will upload EORI information to the EU central system. 
The central system will in turn "push" EORI data to all Member 
States' system, thereby synchronising the national systems to the 
central system. 

Business Overview The objective of the Economic Operators’ Registration and 
Identification System (EORI) is to establish in the EU a system 
of registration and identification for EO. EO will have a single 
registration number that can be used for all customs operations 
throughout the EU. This will also facilitate administrative tasks, 
as the customs operations will be simplified and will be highly 
secured. The system will also allow the recognition of all the 
authorisations granted to the economic operators. 
From an IT architectural viewpoint, information will be 
consolidated at a central point and MS will be responsible for 
replicating this data in their national systems at regular 
intervals. 

3.4. Single 
Authorization for 
Simplified Procedures 
(SASP) 

The objective is to create an IT system to manage the 
application and consultation procedures in respect of single 
authorisations for simplified procedures in cases where more 
than one customs administration is involved. The system will 
also enable decisions and information flow related to the 
management of: 
! Single Authorisations for simplified procedures; 
! Single Authorisations for customs procedures with 

economic impact and end-use,for which rules are laid down 
in Regulation (EEC) No 2454/93, Articles 292 and 500. 

Business Overview ! for the administrations: to have at their disposal a system 
capable of handling the application/authorisation process 
for Single Authorisations for simplified procedures, 
customs procedures with economic impact and end-use; to 
maintain a database for all Single Authorisations and 
similar authorisations. 

! for the economic operators: the possibility of using the 
simplified procedure in more than one MS under only one 
authorisation issued by the customs authority of the MS 
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where they are established; an easier and automated system 
to apply for and be granted Single Authorisations and 
similar authorisations. 

3.5. Registered 
Exporters Exchange 
(REX) 

The objective of the Registered Exporters system (REX) is to 
make available up-to-date and complete information on 
registered exporters established in third countries concerned 
with the export of goods to the EU enjoying preferential tariff 
rates based upon compliance with the applicable rules of origin. 
Registered Exporters are seen as known and trusted partners in 
a particular set of rules of origin. The system will also include 
exporters to be registered in the EU for the purpose of exporting 
to partner countries who enjoy preferential arrangements Only 
Registered Exporters will be entitled to make out statements on 
the origin of the goods they export under preferential 
arrangements. The Commission will set up a system to 
disseminate information concerning Registered Exporters, 
which will be available throughout the EU and in the partner 
countries for authorised users. While the system at first will 
only cover some preferential arrangements (GSP and later on 
ACP-EPAs) , it might be expected that a similar approach could 
be taken for all preferential arrangements, whereby all 
information would be available in a single system. 

Business Overview for administrations: availability of up to date and complete 
information, will be useful for input on risk analysis and will be 
a good basis for subsequent verifications of origin and fraud 
investigations; 
for economic operators: the REX system will help importers to 
identify reliable exporters which will increase the chances that 
preferential rates can be obtained without difficulties. Exporters 
will be able to state the origin without the need of requesting 
certificates for every consignment. 

4. Movement Supporting Applications Family 
 The applications in this family support the NCTS, ECS and ICS 

Trans-European Systems. More specifically, applications under 
this family include: 
! MCC (Minimal Common Core) application for supporting 

the transit movements exchange between national 
administrations in NCTS, 

! ECN (EDIFACT CSI Node) application supporting the 
transit/export movements between national administrations 
in NCTS and ECS T!S systems, 

! ECN+ (light ECS application) for supporting the MS in the 
context of the ECS system, 

! CS/MIS (Central Services/Management Information 
System) for supporting the Commission and national 
administrations under NCTS, ECS and ICS T!S systems, 

! CS/RD (Central Services/Reference Data) for supporting 
the Commission and national administrations under NCTS, 
ECS and ICS T!S systems, 

! STTA (Standard Transit Test Application) for supporting 
conformance testing activities under NCTS, ECS and ICS 
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T!S systems, 
! TTA (Transit Test Application) conformance testing 

activities under NCTS, ECS and ICS TES systems, 
! SPEED-ECN for supporting the Automated Information 

Exchange with 3rd countries (currently it supports the 
NCTS TIR Russia T!S system), 

! SSTA (Standard SPEED Test Application) for testing the 
Automated Information Exchange with 3rd countries, and 

! Customs Monitoring Application (CMA) for monitoring 
availability of the central and national systems. 

5. Product Family 
5.1. Tarif Integre 

Communautaire2 
(TARIC2/TARIC3) 

The aim of the TARIC is to be a compilation of the community 
tariff, commercial and agricultural legislation, codified in a 
unique and consistent way. It is implemented by a central 
database managed by DG Taxation and Customs Union. 
By integrating and coding these measures, the TARIC secures 
their uniform application and gives all economic operators a 
clear view of all measures to be undertaken when importing or 
exporting goods. It also makes it possible to collect 
Community-wide statistics for the measures concerned. 
It should be noted that the TARIC contains tariff measures 
(third country duty, suspension of duties, tariff quotas and tariff 
preferences), agricultural measures (agricultural components, 
additional duties on sugar and flour contents, countervailing 
charges and refunds for export of basic agricultural goods), 
commercial measures (antidumping measures, countervailing 
duties, safeguard measures, retaliation measures); measures 
relating to restriction of movements (import and export 
prohibitions, import and export restrictions and quantitative 
limits) and measures for gathering of statistical data (import and 
export surveillances). 

Business Overview ! for the administrations: consistent application of tariff and 
commercial legislation throughout the customs union; 

! for the economic operators: TARIC provides immediate 
and up-to-date information 

5.2. European 
Customs Inventory of 
Chemical Substances2 
(ECICS2) 

ECICS Ensures a consistent and harmonized classification of 
chemical products in the EU and help customs authorities to 
identify chemical products. 
With ECICS already functioning, the current initiative is an 
update of the system to improve its performance and add new 
tools according to the needs expressed by different types of 
users. 

5.3. Surveillance 2 The main purpose of Surveillance 2 is to ensure the collection 
of data in the framework of import - export monitoring 
(surveillance). 

Business Overview for the administrations: automatic delivery of statistics required 
by several services of the Commission (DG OLAF, DG 
TRADE, DG AGRI, etc.).. 

5.4. European Binding 
Tariff Information 
System (EBTI 3) 

EBTI ensures the correct issuing of all BTIs and to have a 
database of all applications and issued BTIs. 
A further evolution could result from the Modernised Customs 
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Code when the holder of a BTI will have the obligation to apply 
the BTI when declaring the covered goods. 

Business Overview ! for the administrations: allow for faster and better 
comparisons of any request with existing BTIs avoiding all 
divergences; enable control of the use of BTIs; 

! for the economic operators: provides legal certainty with 
regard to the tariff classification of goods for a specific 
period of time, and consequently certainty with regard to 
customs duties and any other customs charges dependant 
on classification for which those goods may be liable. 

 
5.5. Information 

System for Processing 
Procedure (ISPP) 

The main objective of the application is to manage information 
concerning the IPR (Inward Processing Relief) authorizations. 
The system facilities allow registration of applications for 
import with a view to processing and re-exportation (inward 
processing) and decisions regarding granting, rejection, 
annulment, revocation. 
The inward processing arrangements allow Community 
operators to be relieved from import duties for components 
imported from third countries with a view to being processed in 
the Community and subsequently re-exported. Inward 
processing is categorized as a customs procedure with economic 
impact. Therefore the use of this regime is conditional upon the 
grant of an authorization by the customs authorities. This 
authorization contains all particulars and conditions in relation 
to the use of the procedure. 

5.6. Intra Laboratory 
Inventory of Analytical 
Determination (ILIADE) 

The “Intra-Laboratory Inventory for Analytical Determination” 
database is currently hosted by the Italian administration. The 
Member States have suggested transferring the application to 
DG TAXUD in order to secure its maintenance and operational 
continuity. 

6. Risk Analysis and Control Application Family 
6.1. Community 

(Customs) Risk 
Management System 
(CRMS-RIF) 

The objective of the Community Customs Risk Management 
System is to provide for the rapid, direct and secure exchange of 
risk information to support targeting of consignments for 
customs controls, and for the Commission to be able to 
disseminate information concerning Community-wide threats. 
The first phase of the CRMS, the electronic Risk Information 
Form system, was launched in April 2005. The second phase 
involved an upgrade of the RIF system to include new user 
requirements arising from the practical experience gained by the 
users of the system. This second phase was launched in April 
2007. The RIF and CPCA constitute together the CRMS. 

Business Overview For administrations: risk information can be communicated 
rapidly and directly to all customs offices to be incorporated 
into national and local risk profiles; customs administrations 
will benefit from the use of RIF/CRMS because controls can be 
better focused on higher risk consignments. 

6.2. Counterfeiting & 
Piracy System (COPIS) 

The purpose of the Counterfeiting and Piracy System (COPIS) 
is to protect the Intellectual Property Rights as set down in the 
Council Regulation (EC) No 1383/2003 and the Commission 
Regulation (EC) No 1891/2004. To protect themselves from 
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counterfeiting and piracy, right holders can request the 
intervention of customs in order to take measures against goods 
infringing certain intellectual property rights at the border. 
COPIS will simplify and reduce the work in MS and COM and 
improve the cooperation in the area of IPR protection. 

Business Overview COPIS will provide services for: 
! compiling all Community Applications for Action, 
! storing all the valid National Applications for Action, 
! collecting and managing all the data provided by Art. 8 of 

Commission Regulation No 1891/2004. 

4. Conclusions 

The future perspectives for IT in customs applications are composed of: 
1, major upgrades of the current systems; 2, the emergence of other small- or 
medium-sized systems and applications; and 3, the deployment of major new IT 
systems (Raus, M., 2010). 
The following steps need to be made to make the system functional and Europe-wide 
harmonized: 

! a potential decision is necessary from DG TAXUD to move gradually from 
decentralised systems (mostly the case now) to more centralised systems in 
future in order to meet more effectively the high complexity brought about 
by the implementation of the new MCC;. 

! the emerging need to exchange data with the customs administrations of 
neighbouring countries (Ukraine for example) and other third countries such 
as, but not limited to, China and Russia needs to be recognized; 

! the evolution towards a single standard technical architecture framework for 
the central applications needs to be pursued; 

! the Modernised Customs Code (MCC) needs to be implemented by 2013, 
especially in the import and export domain; 

! the Single Electronic Access Point needs to be implemented by 2014 for 
ECS, NCTS and AIS. 

The issues of capacity, continuity, availability and security management (associated 
with risk management) will be of increasing importance for DG TAXUD in the 
coming years. In addition, it is likely that DG TAXUD will have to deploy and 
provide yet other new IT services, as well as upgrades of existing ones, to meet the 
future business needs which will arise in the scope of the Community customs 
policies (Kuiper, E. J., 2007). 
From a geographical perspective, the provision of IT services may expand from the 
current 27 Member States (MS), the EFTA countries (Switzerland, Norway, Iceland, 
Liechtenstein) to other Candidate Countries such as Croatia (HR), the former 
Yugoslav Republic of Macedonia (MK), and Turkey (TR), to other neighbouring 
countries, and to other third countries such as, but not limited to, China, Japan, USA 
and Russia as needed. 
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Abstract. Nowadays the concepts “vacations” and “tourism” have become
intertwined. Tourism, among others, has eventually become a symbol of social 
status. Recently, however, alternative forms of tourism including agrotourism 
have emerged, which have the potential of relieving the congestion of ordinary 
holiday resorts. Agrotourism constitutes neither a symbol of social status, nor a 
means of social distinction. Instead, agrotourists live a healthy life in a natural 
environment and consume local products and services, while protecting the 
environment. This paper attempts to identify new growth patterns of 
agrotourist businesses within the context of their contribution to local 
development. Web tools are most helpful in this respect.  Through the 
construction of informative websites, agrotourist handicrafts promote their 
products and attract visitors in localities.

Keywords: Greece, local development, agrotourism, agrotourist handicrafts,
information technologies, website.

1 Introduction

Tourism is neither a phenomenon, nor an aggregation of economic fields. Most of all, 
it is a human activity which involves human behavior, utilization of resources, as 
well as contacts and relationships among people, economies, and environments. In 
addition, it concerns the natural movement of people toward regions which are 
different from those where they normally live and work (Bull, 2002).

Agrotourism is a special form of tourism that has emerged through the need for 
survival of small farmers and land-owners, who have therefore decided to apply 
traditional methods of land cultivation, avoiding pesticides and chemical substances. 
Although products of these cultivations witness a growing demand, these lots are 
rarely profitable. Therefore, in their endeavor to supplement their income, small 
owners have been offering alternative forms of tourism to visitors who wish to return 
to nature (Higham and Luck, 2002), to contact traditional modes of land cultivation, 
even to participate actively in them.
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People who select this kind of holidays savor landscapes of exquisite natural 
beauty and are engaged in a series of refreshing activities like hiking, cycling, riding, 
swimming etc. Moreover, they have the opportunity to taste the local cuisine and 
recipes, to consume traditional local health products, but also to contact manners and 
customs of the countryside, which have been long forgotten by the city people 
(Exarhos and Karagiannis, 2004).  

Agrotourism constitutes a major contributor to local development. Establishment 
and manning of hospices entails creation of new jobs. Development of agrotourism 
yields additional profits for the rural sector, and most of all, dissuades migration of 
rural population to cities and retains younger people in the countryside. Moreover, 
agrotourism entails the revival of social life in remote villages, something that is 
urgently needed by inhabitants of small and remote settlements. 

There has been witnessed that a substantial portion of profits acquired through 
agrotourism is often reinvested in agriculture - the main occupation of the country 
people. A considerable part of the agricultural income in certain regions is due to the 
active participation of women in the development of agrotourism, a fact denoting that 
agrotourism contributes to the emergence of movements, activities, and initiatives on 
the part of inactive social groups so far (Karagiannis and Exarhos, 2006). Initiatives 
and actions for the promotion of agrotourism have been observed in several parts of 
Greece. Selective examples concern Langadas, Kroussia (Kilkis), Grevena (Pindos), 
Kalambaka – Meteora, Karpenissi, Strofylia (Achaia), Sykamia (Lesbos), Plataies 
(Voiotia), Lissos (Crete), the former St Panteleaiimon (Olympus), Galatista, Arnaia, 
Vrasna, Ouranoupolis, Delvinaki and elsewhere in settlements near the Delta of the 
Ebro river, in the “Forest of Dadia”, in the Pangaion Mt, in Rodopi, in Agrafa, in the 
mountainous Konitsa, and elsewhere.

This paper attempts to shed some light on the perspectives and benefits obtained 
through the application of internet technologies by Greek agrotourist business, and 
on the other hand to identify problems and difficulties to this end. Benefits involve, 
among others, the advertisement of tourist attractions of localities, the interactive 
representation of data, and the virtual accessibility of remote areas by prospective 
visitors. Application of web technologies in the field of agrotourism is a one-way 
process, but it might be hindered due to the mentality of people of the countryside, as 
well as by the ignorance of opportunities offered through the web technologies.

2 The Agrotour ism Product: Agro-handicrafts & Agrotour ist 
Cooperatives

From the previous it is derived that in order to flourish in an independent form, 
agrotourism has to surpass its traditional role as a provider of housing and nutrition. 
It has to develop a wide range of integrated tourist services in order to satisfy needs 
and to come up to the expectations of tourists who were attracted by advertisements 
in the internet and thereafter opted to pass their vacations in the countryside.  

Attraction of visitors and tourists to rural areas is not an easy task. In order to earn 
a complementary income and to secure an acceptable standard of living, agricultural 
communities have to pay particular attention to the quality of the tourist product they 
provide. Communal endeavors and entrepreneurial activities can be greatly enhanced 
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through the creation of websites (Andreopoulou et al, 2003). On the other hand, by 
browsing web pages from relevant thematic fields, users are capable of locating
useful information.   

The European and the national regulatory framework (Mytoula, 2006),
particularly the provisions 797/1985 and 2088/1985 concerning the Mediterranean 
Integrated Programs (MOP), the Law 2169/1993 concerning rural cooperatives and 
the Law 1667/1986 concerning urban cooperatives, provided the framework for the 
creation of women agrotourist cooperatives. Thereby, women were offered an 
opportunity to contribute to community development, and in particular to the 
development of lagging and degraded agricultural areas. These initiatives aim at 
retaining rural populations to their land, at creating new jobs, at supplementing 
agricultural income, at reviving traditional production modes and cultural events, at 
utilizing local business resources, and at developing entrepreneurship at the 
countryside.

In due course, new legal interventions, such as the Regulation 2328/1991, have 
enhanced the initiatives for the establishment of rural enterprises (agro-handicrafts) 
which aim at improving agricultural income, at retaining rural populations to their 
land, even at motivating rural people who have migrated to return to their 
mountainous homelands. Moreover, the Law 2810/2000 concerning agricultural 
cooperatives provided for new forms and processes of organization of cooperatives, 
while the Law 3208/2003 imposed additional terms and restrictions concerning the 
protection of forests and forestal ecosystems. Under the legal framework mentioned 
above, more than 45 women agro-handicraft / agrotourist cooperatives have been 
established. According to their statutes, women agro-handicraft and agrotourist 
cooperatives function under the principle of equitable participation and mutual aid of 
members. They aim at the economic, social, and cultural development of their 
members, among others, through the following activities:

! Establishment and operation of agrotourist units and accommodations, 
development of ecotourism, social tourism and social works.

! Procurement of any kind of technical equipment or means of transportation 
that may be helpful to the fulfillment of the cooperative goals.

! Concentration, packaging, standardization, storage, conservation, 
transportation, and selling of products of the cooperative.

! Establishment of kiosks, stalls, and exhibition points.

! Procurement or renting rural or urban real estate for the creation of tourist 
infrastructure.

! Establishment and operation of restaurants, taverns, and bars.

! Utilization and promotion of products manufactured by members (dishes, 
handiwork, embroidery etc), or products of agrotourism.

! Establishment of units for manufacturing traditional products (jams, 
desserts, pasta, frumenty etc).   

! Distribution of products to local, domestic, and international markets.

! Publicity and promotion of products and services of the cooperative.  
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3 Web Domains for  Business

Development and promotion of new technologies is amply supported by the EC 
policies. As reiterated in the previous, the web, as well as the digital and network 
services, are utilized in order to enhance development of agrotourism.  By now 
internet providers offer their subscribers free software for web browsing, also free 
hosting in web pages.

The internet is a most powerful and innovative business tool. It constitutes by far 
the largest information channel in contemporary society. In Greece an intense interest 
is witnessed recently regarding digital products and services through the web, while 
major improvements of broadband platforms have been carried out. Nowadays 
internet access is facilitated through various appliances at acceptable prices (PC, 
netbooks, tablet PC, cell phones etc) (Zacharopoulos, 2008). 

Fig.1. Broadband Subscribers per 100 inhabitants in 2007 (Source: OECD Broadband Portal). 

By now Greece attempts to enter the broadband era, an era of particular 
importance, since broadband in the 21th century can be likened to the channels, 
railways, and highways of the 20th century. Broadband accessibility of selected 
countries is shown in Fig. 1. Even though Greece occupied the lowest positions in 
2007, evidence from the OECD broadband portal shows that its Penetration Increase 
Rate has been continuously rising (Kopanas, 2008). 
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4 Agrotour ism and the Internet 

Cooperation between agricultural policy and tourist policy can yield benefits for both 
economic sectors. For the development of agrotourism, a close co-operation between 
tourist business and agricultural business is indicated. This constructive and creative 
synergy will be most beneficial when the appropriate internet technology, which has 
proved successful so far, is adopted (e.g. Worldwide web, E-mail, File Transfer 
Protocol, Teleconference) (Arapoglou et al, 2006). Through this synergy, as well as 
through the application of internet technologies, agrotourism has been emerging as 
an important contributor to the tertiary sector of the Greek economy. According to a 
recent research in enterprises of semi-mountainous and mountainous regions in 
Greece (Gaitanis and Karavangelis, 2008), about 50% possess PC and retain files 
containing useful information in written or electronic form, while the rest do not keep 
a file system. Most companies (71%) agree that nowadays it is a necessity to 
establish and retain an electronic filing system, but also to process electronic 
information. Moreover, the diffusion and exchange of information through the 
cooperation between institutions and enterprises in Greece and abroad has been 
suggested by them.

Consequently, close cooperation between agrotourism and the internet normally 
begins with selective information. A platform has to be determined, upon which 
relevant data disclosing information on agrotourism and on provision of services will 
be based. Under these circumstances, agrotourism completes its activities and amply 
compensates producers against a probable reduction of their income that might stem 
from slacking off their ordinary agricultural works. Compensation for lost incomes
will be achieved by cooperation through the network and through the novel activities 
of agricultural production.          

Nevertheless we consider that even though agrotourism constitutes a “small-scale 
phenomenon”, it resides in large areas and contributes substantially to the reduction 
of environmental damages, mostly owed to the excessive concentration of population 
per surface unit. Therefore, it is apparent that agrotourism plays an important role in 
environmental protection and in upgrading physical resources and soil.

Finally, although agrotourism is a form of “native tourism”, it is combined with 
local entrepreneurial initiatives, thereafter subjected to developments and 
interdependent activities which yield an immediate benefit to the socio-economic 
progress of the affected zones/localities.

The Regulation for Tourism 92/421/EU (17.7.1992) states that “Tourism in EC 
has to respect local populations, as well as the physical and the cultural 
environment, so that quality of supply will be promoted.” The same Regulation 
stresses the development of agrotourism, because “aim of the EC action in this sector 
is the development of tourist activities in the countryside, in particular of 
Agrotourism, of small family hotels, or of activities of associations, municipalities, or 
local institutions.”

In the endeavor for the creation of a business plan in agrotourism, the investment 
in electronic service is justified by means of being more economical than the 
conventional means of knowledge transfer. Within business, administration of 
knowledge actually does not represent a cost factor, but rather constitutes a form of 
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important capital, since the web constitutes the fundamental tool for electronic 
communication (Talanti and Polymenakou, 2008).

5 Promotion of Agrotour ism Services through the Web

Agrotourism, as an alternative form of tourism, can be limited neither to the 
enterprises providing accommodations (rooms, hospices etc), nor to food services 
(restaurants, taverns etc) which undoubtedly comprise the basic infrastructure
required for its development. In this sector are incorporated, among others, centers of 
healthy living conditions, home handicrafts & handicrafts of traditional hand-woven 
needlework and fabrics, home handicrafts & handicrafts for processing and 
packaging agricultural products, home handicrafts & handicrafts for processing and 
packaging dairy products, units for collection and processing aromatic herbs etc. 
Moreover, wherever history has been impinged through monuments and memorials 
in the periphery, an endeavor is made in order to elevate the historical identity of the 
particular area, so that it becomes a desirable destination for tourists (Oikonomou & 
Mytoula, 2010). 

The agrotourist product has to be accessible and attractive to visitors, and to 
communicate them directly with the physical environment, with the architectural 
features and inheritance of the community, with the local people and residents of the 
countryside. This means that it has to be connected to the network and to the 
information technologies which have been gradually utilized within the Greek 
context in the recent years. The agrotourist product has to be based on an interactive 
presentation of data, so that the prospective visitor will be capable of finding relevant 
information about the region and its infrastructures (Papastavrou et al, 2005). In this 
context, people of the countryside are the protagonists of the endeavor for the 
formation and development of agrotourism. Their task is to motivate tired city people 
so that they spend their holidays in a meaningful and healthy way of life. By 
establishing creative websites, local people are capable of showing-up the natural and 
cultural elements of their community, thus attracting visitors for time intervals longer 
than 24 hours, and leading them to extend their vacation time in the area 
(Andreopoulou et al, 2006). They may offer high-quality tourist products to people
who wish to pass-by even for one day, or for the weekend, in order to win their 
gratitude and make them come again for longer.    

The network provides a flexible platform for information exchange. Nowadays the 
internet and information technologies constitute indispensable tools for the 
developmental strategy of agrotourist business.  Agrotourists are best served through 
interactive presentation of data, so that they become capable of locating information 
about the locality and its infrastructure (Papastavrou et al, 2005).

The network offers new perspectives through the provision of high-quality 
agrotourist services within their developing domain. Agrotourist companies of today 
have to create web pages since promotion of their services and activities contribute to 
the promotion of the overall agrotourist product, thus serving their ultimate objective, 
which is the attraction of visitors. Realization of this project is both simple and 
cheap, since it requires only the existence of elementary telecommunications 
infrastructure, telephone lines, and internet connection. Thereafter, unbarred 
communication with potential agrotourists will be established irrespective of the 
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location of their residence, under the condition that the web pages contain all 
necessary information and relevant data (Lallas and Papastavrou, 2008).

Following this trend, through the inclusion of the website into thematic indices, 
users are capable of locating helpful information by moving from general topics to 
special ones. Therefore, an important precondition for the success of a commercial 
website is, on the one hand to provide users with accurate, detailed and updated 
information, and on the other hand, to identify its target groups through market 
segmentation (Capron, 1998).  Purpose of the website is to offer a wide range of 
information, to develop an interactive data base about the locality and to promote 
local agrotourist activities (Andreopoulou et al, 2006).   

The website ensures presence of the agrotourist business in the network, and ought
to be accessible to all interested users. Promotion of the agrotourist business entails a
detailed presentation of the various activities and services in multiple languages, as 
well as sufficient communication data, including property details, address, telephone, 
fax, email etc. 

Beyond a mere presence in the global network, the contemporary agrotourist 
website has to contain rich informative material about the locality and its scenic 
beauties, e.g. videos, photo collections etc. Additional features that would be helpful 
to agrotourists include a search engine, useful links, temperature and weather 
forecasting, distances from nearby urban centers, interesting sights and refreshment 
grounds of the region (archaeological sites, ski resorts etc), and indicated itinerary 
and transport information on how to reach the locality. Interactive browsing 
constitutes a “must” for the agrotourist website of today. Interactive elements 
concern, among others, the capability to browse among detailed maps and the use a 
web camera. Social networking and the Facebook have opened new pathways of 
digital connection through forums, chat groups, and online visitors’ books where 
tourists may exchange their experiences and impressions. 

From the above it is derived that the contemporary agrotourist website constitutes 
an integrated information system which is capable of administering fully the whole 
tourist transaction.  In this respect, commercial exploitation of the web page as a 
distinct product is feasible by hosting advertisements, as well as by establishing
personal contact with users through passwords. This way, user-members have access 
to customized data and receive information according to their case-history and
individual preferences. 

6 Concluding Remarks

Agrotourism has emerged as a necessity due to the unfavorable developments in the 
agricultural sector and the depopulation of the Greek countryside. Nevertheless, 
nowadays it constitutes a capital dimension of the new regional development strategy 
of Greece in view of the year 2020 (Andreopoulou, 2010). Agrotourist activities offer 
new perspectives to the development of the mountainous countryside. They are 
offered at a low price, they do not require high investment costs, and they are free 
from influences by foreign patterns of consumption. Nevertheless, they require the 
sensitization of the rural population toward the direction of a decentralized and 
balanced socio-economic development. This mode of development can be achieved
through the mild exploitation of the physical and natural environment, as well as 
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through the organization of an integrated promotion campaign in order to set-off the 
beauty and the power of the countryside.   

Agro-handicrafts that are involved in agrotourism receive a favorable treatment by 
the national and EC authorities through beneficial legal provisions and subsidies. 
This is apparent in the case of the 45 “Women Cooperatives of Agricultural 
Handicraft and Cottage Industry”, who have established the “Union of Agro-
Handicraft and Agrotourist Cooperatives” since 1999 in order to facilitate promotion 
and coordination of activities of members.

As reiterated in the previous, a necessary precondition for the development of 
agrotourist areas, as well as for the successful function of agrotourist business, is the 
evolvement of a new mentality, oriented toward traditional patterns of land 
exploitation and overall lifestyle. Revival of tradition, however, does not entail
prevalence of “technophobia”, or disregard of technical developments and 
innovations. Instead, information and communication technologies must be readily 
applied as an integral part of and a most powerful tool for marketing and promotion
of agrotourist activities. Creation and continuous improvement of competitive
websites for municipalities and agrotourist associations is most helpful for the 
development of interaction among local population, as well as for the elevation of the 
locality (Lefakis et al, 2007).   

This paper ends up with the suggestion for the promotion, integration, and 
application of all means of electronic communication, so that participation of local 
societies and agrotourist business in digital social networks will be feasible. Within 
the context of the promotion of agrotourism, an authentic dialogue can be initiated
through exchange of viewpoints and experiences between agrotourists and 
inhabitants of the locality. Social dialogue today is largely facilitated through web 
applications such as blogs, collective web authors’ endeavors (wiki’s), social 
networking domains (MySpace, Facebook, Twitter), video collections (utube), 
photograph collections (Flickr, PicasaWeb), and audio web transmissions (Podcasts). 

Novel web applications constitute an integral part of the contemporary strategies 
for the promotion of agrotourism. Technically, the potential for promotion has been 
boosted due to the fast broadband connections. Functionally, the potential for 
promotion has been upgraded through the new mentality designating the use of the 
web, named “Participative Web”, or “International Web 2.0”. Broadband technology, 
which is necessary for the transition to the Web 2.0, constitutes the driving force for 
the economic development of regions of agrotourist interest. 

The Report of the Special Secretariat for Digital Design titled “Digital Strategy for 
Greece 2007-2013” states that the target of the strategy is “the creation of equal 
opportunities and new perspectives through the information and communication 
technologies, so that qualifications of citizens will come in the limelight … it does 
not impose binding restrictions to citizens to adopt new means.” Therefore, 
application of modern technology by businessmen and institutions in the field of 
agrotourism is not an end itself, but a means for development (Lytra and
Apostolopoulos, 2007).      
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Abstract. Machine repair models play an important role in many 
applications including computer systems, maintenance operations, and 
manufacturing systems. In this paper the machine repair model was 
adapted to describe, analyze, and simulate an agricultural application: 
the bin loading process during manual harvest of two specialty crops – 
grapes in Greece and sweet cherries in USA. In addition, a 
management tool was developed in Matlab®, based on the proposed 
algorithm, to evaluate the performance of the system and find the 
optimal combination of bin “carriers” and “service stations”. The use 
of repair models for agricultural operations shows promise for 
developing seasonable solutions for similar applications in other
specialty crops (e.g. peach and apples).

Keywords: queueing systems, modeling, simulation, specialty crop harvest,
machine repair model, finite source model. 

1   Introduction

Specialty crops compete on most farms for limited capital, land, labor and 
management resources. These crops are characterized generally by high costs of 
production, heavy dependence upon manual labor, and high crop value. Harvest costs 
are often the single greatest expense for specialty crop producers. Harvest costs for 
sweet cherries (Prunus avium L.), for example, account for approximately 60% of 
total cost of production (Seavert et al., 2002, 2008). Fruit crops are also highly 
perishable and inefficiency in the harvest and handling process can have detrimental 
effects on product quality and storability. Proper management and optimization of
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harvest operations is essential for reducing costs and maintaining fruit quality. The 
window for harvesting fruit crops at optimum maturity varies by species but is 
generally considered to be a matter of days. Harvesting sweet cherries prematurely or 
beyond optimal timing affects consumer satisfaction with the fruit (Chauvin et al., 
2009).  

To optimize harvest efficiency the number of the machines and workers necessary 
for harvesting, handling, and transport, as well as the execution of field operations 
need to be planned.  Recently, optimization algorithms for dynamic optimal planning 
of harvesting operations for agronomic crops (e.g. wheat, corn, and cotton) was 
introduced (Bochtis et al., 2006, 2007). The optimization criterion for planning the 
cooperation of a fleet of combines supported by a fleet of transport carts is the 
minimization of the total traveled length. Other optimization criteria include the 
minimization of the non-productive time, fuel consumption, in-field travel distance, 
and soil compaction in the field (Sørensena and Bochtis, 2010; Bochtis and 
Vougioukas, 2009; Bocthis et al., 2007b).

For specialty crops however, few simulation tools have been adopted successfully 
to improve work methods. Bechar et al. (2007) applied industrial engineering 
techniques to improve horticultural production in greenhouse tomato. They used two 
simulation models (Arena tool and an algorithm in Visual Basic) to compare 
alternative working methods in the trellising and harvesting stages and documented 
potential savings of up to 32% of manual labor. Guan et al. (2006, 2008) designed 
and formulated the farm work planning problem for geographically dispersed farms, 
based on the hybrid Petri nets, but they did not develop an optimization algorithm to 
improve farming process (farm work flow). Ampatzidis (2010) developed a 
simulation tool in Matlab, based in UML and hybrid Petri nets analysis, to calculate 
harvest efficiency during manual harvest of tree fruit in Greece. This algorithm does 
not optimize the harvest process but, an optimal solution can be achieved simulating 
a number of scenarios. 

In this paper the bin loading process during manual harvest of specialty crop is 
modeled adopting a modified machine repair model (machine interference problem), 
from the operations research area. An algorithm was developed in Matlab®, based on 
the above model, in order to estimate the performance of the system (waiting time, 
expected number of worker/machines at the loading unit etc.) and improve 
confidence in sizing the fleet (workers and machines).  Two different case studies are
modeled using this algorithm: i) manual table grape harvest in Greece, and ii) sweet 
cherry harvest in Washington State, USA. First, the two different harvesting 
procedures are described. Then the machine repair model is formulated to model the 
harvest process. Finally, the bin loading process during grape harvest, in Greece, is
simulated, as an example, and results are presented. 

2   Harvesting Procedure

In this section, a brief description of the bin loading processes during manual 
harvest of grapes in Greece and sweet cherries in US are presented. Generally, the 
harvest process can be split into two discrete parts!"#$"%&'(&)*"+,-&."&)./"0&)1 (pick); 
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2$" '/334'.ing the full fruit bins from the orchard (load) (Ampatzidis, 2010). The 
5&1',4.4" %6,." 7#$" &1" 484'-.45" 639/1." &)" .:4" 1694" ;6<" +/," 0/.:" '/-).,&41; only the 
capacity of the bins differs – 10 or 20 kg in Greece vs. ca. 170 kg in US. The 
procedure for loading differs however: in Greece, workers collect bins full of grapes 
using small hand-pushed carts whereas in USA, small tractors push a bin trailer able 
to collect up to 4 bins. 

2.1 Manual Grape Harvest in Greece

Typically in Greece, manual grape harvesting is carried out with crews of 30 to 50 
persons per field. There are typically two kinds of workers (Ampatzidis et al., 2008): 
the fruit pickers who harvest fruit from the vine, and the carriers who load filled bins 
onto small two-wheeled carts (Fig. 1) and manually transport them to a central 
collection point where the bins are loaded in trucks. The process is the following: 
grapes are harvested manually by fruit pickers and placed in vented plastic bins 
whose capacity is ca. 10 kg. Once filled, the bins are left on the ground next to the 
vine that was harvested. Next, the bins are loaded by the carriers into small carts (5-8
bins) which are transferred to a central location and loaded on a truck. After 
harvesting a field, the workers and their equipment are transported to another field 
which may or may not belong to the same farmer. When a truck is filled with bins it 
returns to the packinghouse; otherwise the truck’s remaining free space is filled with 
bins from the next field. 

Fig. 1. The “fruit pickers”, who collect the grapes and the “carrier”, who load bins into small 
hand-pushed cart.

2.2 Manual Sweet Cherries Harvest in WA

The general harvest process for sweet cherry fruit has not evolved in over a 
century. Pickers carry and place their ladder (2.75 to 4.5 m tall), climb to access fruit, 
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place fruit into a metal bucket, whose capacity is limited by human carrying 
capability (7 kg), secured over their shoulders with straps. Fruit are harvested by 
grabbing pedicels and twisting, releasing them from the spur tissue.  If the picking 
bucket is full, or all reachable fruit are harvested, pickers then climb down and dump 
fruit into a larger plastic or wood bin (capacity ca. 170 kg; 1.2 x 1.2 x 0.6 m), or 
continue to harvest until the bucket is filled. Next, the bins are collected, by a fleet of 
small tractors pushing hydraulic bin trailers that collect and transport up to 4 bins 
(referred to as “carriers”, Fig. 2).  Full bins are transferred to a central location and 
loaded on refrigerated trucks by forklift. Finally, they are delivered to local packing 
sheds for cooling, sorting, cleaning and packaging.

Fig. 2. Tractor pushes a bin trailer (“carriers”) able to collect up to 4 bin.

3 Review of the Machine Repair Model

The machine repair (or machine interference, or finite-population, or machine-
servicing etc.) model (MRM) is a finite source model, in which arrivals (or 
customers) are drawn from a small (finite) population (Winston, 2004). These 
systems consist of K machines subject to periodical breakdowns, and S repair 
persons. When a machine breaks down it is repaired by a crew of repair persons who 
therefore unavailable for repair other broken machines at the same time (Chen, 
2006). Thus, the system performance (e.g. the expected number of broken machines, 
the expected time a machine spends waiting for repair, the time a particular repair 
person is idle) can be derived if key parameters of the system could be estimated, 
such as the breakdown and service rate. Also, the cost and profit analysis of the 
machine repair problem could be investigated (Ke and Wang, 1999; Armstrong, 
2002; Schultz, 2004).

In a queuing system (A/B/C):(D/E/F), A denotes the arrival rate, B the service rate, 
C represents the number of the service stations, D states some general queue 
disciplines regarding the priority of serving (e.g. first-come, first-served, FCFS; last-
come, first-served, LCFS; service in random order, SIRO), E denotes the maximum 
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number of the customers allowed in the queuing system, and F states the size of the 
population that the customers are drawn. The finite model (M/M/S):(GD/K/K)
denotes that the incoming traffic is modeled via a Poisson distribution (e.g. the 
machine breakdown rate (!, inter-arrival rate) and service rate (") follow an 
exponential distribution (M)). The number of the machines is finite K, which can be 
repaired by a number of repair persons S<K. The queue discipline is first-come, first-
served (FCFS). In this system arrivals are drawn from a small (finite) population K. 

3.1 Adapting Machine Repair Model to Describe the Bin Loading 
Process

In this study the MRM was modified to model the bin loading process during 
manual harvest of two specialty crops (grape and sweet cherry). The “carriers” are 
treated as machine breakdowns and the trucks (or general the unloading points) are 
servers (repair persons) in the system. For example, in manual grape harvesting the 
“carriers” collect the bins (machine breakdowns) and move to the “unloading point”, 
where some other workers (one per truck - repair person), placed on the truck, unload 
and stack the bins into the truck.

Consider a MRM that consists of K “carriers” and S servers (unloading points), 
which work parallel and independent from each other. It is supposed the arrival rate 
(!) of the “carriers” follows an exponential distribution (M). At any instant in time, a 
particular “carrier” either collects a bin in the orchard (outside the system), or 
unloads bins into the truck (waiting in queue or being served). When a “carrier” 
collects the bins (machine breaks down) and all the unloading station-servers are 
busy, it has to wait (Fig. 3). The first-come, first-served scheduling discipline is 
followed by the system, and hence when a server will be available, it will serve the 
first “carrier” in the line. Once a “carrier” is served (machine is repaired), it returns 
back to collect more bin (machine returns to good condition).

Fig. 3. A finite-source queuing model (machine repair model).
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Further, the standard equations of the above queuing system are analyzed, using 
the theory of the birth-death processes and the limit theorems of probability theory 
(Sztrik and Bunday, 1993; Shashiashvili, 2007). 

The steady state probability that there are n carriers (customers) in the queueing 
system will be given by equation: 
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The expected average number of carrier waiting for service Lq (number of carries
in the queue, queue length), the expected (average or mean) number of carries in the 
queuing system L (queue and service), and the expected (average or mean) number of 

carries receiving service Ls, when the system is in the steady state, can be calculated 
by equations:
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The average time a carrier spends in the queue
qW is calculated by:
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The expected average waiting time in the system: 
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Let E be the percentage of time that a carrier spends working outside the queuing 
system (carriers collect bins):
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Also, if A is the average number of carries working outside the queuing system 
(collecting bins): 
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(9) 

Finally, a management tool was created, utilizing the above equations, in Matlab 
R2009a, in order to estimate the performance of the system.

Below, the performance of a bin loading system was evaluated (number of 
carriers-servers, waiting time etc.), using the proposed algorithm, during the yield 
measurement and identification of grapes in a small vineyard in Greece.

3.2 Experimental Design

In this paper, bin loading systems are simulated, based on real measurements in 
the field, using a standard number of carriers and different number of service station 
(trucks). The performance of each system is evaluated.

At any instant in time, a particular carrier is in either “collecting bin from the 
field” or “unloading bins onto the trucks” condition. When a carrier arrives at a 
moment that all service stations are busy, it has to wait the carriers being served. 
Once a carrier is served, it returns to collect more bins. Hence, the parameters: arrival 
rate !, and service rate ", must be calculated, as they are used as “inputs” in the 
algorithm. Also, it must be investigated if these parameters follow an exponential 
(Poisson) distribution or some other distribution. 

The arrival and service rates were calculated during loading and reckoning of the 
bin weight and ID in a small vineyard (size ~500 m2), located at Folia Kavalas, in 
Northern Greece (Ampatzidis et al., 2008). In this experiment, a portable 
identification and weighing unit (PIWU, Fig. 4a) was mounted on the truck and 
hence each bin was identified and weighed as it entered the truck (Fig. 4b). In this 
queuing system the PIWU (and the trunk) treated as the servers and the carriers as the 
customers. Then, a number of carrier K=10 was selected and the system performance 
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was evaluated under different number of the service stations (trunks with PIWU) 
S=1-4. 

a b

Fig. 4. a) A portable identification and weighing unit (PIWU), with barcode reader and digital 
scale, b) Each bin can be identified and weighed as it enters the truck (Ampatzidis et al., 
2008). 

4   Results and Discussion

The carriers’ arrival rate, as well as the service rate, followed a Poisson 
distribution, applying the Pearson's chi-square test (=2, test of goodness of fit, which 
establishes whether or not an observed frequency distribution differs from a normal 
distribution). Further, the average se,>&'4" ,6.4";61"'63'-36.45"61"?@ABC"'6,,&4,1D9&)"
6)5" .:4" '6,,&4,1" 6,,&>63" ,6.4" 61" E@FBAG" '6,,&4,1D9&)B" H31/I" 04'6-14" .:4" ,6.&/"

/ 0.1125 1# $ %2 2 , the system is in equilibrium, has the Markov property and is 

ergodic, so that it has a unique equilibrium status and the equations 1-9 can be used. 
Using the proposed algorithm the manager of the farm can know the expected 
number of carriers in the queuing system, the expected number of carriers waiting for 
service, the expected average time a carrier spends in the queue or in the system etc. 

Table 1 presents the system performance under different number of service stations 
(1 to 4), using the equations (and the algorithm) 1-9. It is observed, that using two 
service stations (trucks) the characteristics of system are improved satisfactorily and 
hence, two service stations (trucks) can be chosen for this system (ten carriers).
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Table 1: Queuing systems characteristics. The service stations vary between 1 to 4.

Service 
Station #

System 
Characteristics

S=1, 
K=10

S=2, 
K=10

S=3, 
K=10

S=4, 
K=10

P# 0.171 0.330 0.349 0.351
P(1) 0.189 0.364 0.385 0.387
P(2) 0.187 0.181 0.191 0.192
P(3) 0.165 0.080 0.056 0.056
P(4) 0.127 0.031 0.014 0.011

Lq (carriers) 1.654 0.187 0.023 0.002
L (carriers) 2.482 1.161 1.014 0.995
Wq (min) 1.247 0.120 0.015 0.002
W (min) 1.872 0.745 0.640 0.627

E 0.752 0.884 0.899 0.901
A (carriers) 7.518 8.893 8.99 9.005

5 Conclusion

A paradigm for the planning and evaluation of a bin loading operation executed by 
bin carriers and transport trucks was presented in this paper. In this paradigm a 
mathematical modeling and optimization tool, from operation research, was adapted 
to model a common agricultural process for specialty crops. Further, a management 
tool was developed to evaluate this procedure. Using the proposed method and 
software, farm managers could investigate the performance of a bin loading system 
(e.g. the time a carrier or a service station –truck- is idle etc.) and choose the 
appropriate number of worker and machines for each orchard. Differenced harvest 
process for two specialty crops, grapes in Greece and sweet cherries in USA, can 
efficiently planning using the above model.

This algorithm could be used as a part of a general simulation tool which utilizes 
operation research techniques and optimization algorithms in order to model and 
improve the total harvest process and minimize the probability a worker or machine 
will be idle for a long period of time. Overall, the execution of harvest operations 
with a crew of workers and a fleet of machines must careful planned in order to 
collect, pack and distribute for sale, fruit with optimal quality and in the proper time.
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Abstract. A tractor gearbox test rig has been used to collect signals from different types of 
bearing faults. For vibration monitoring accelerometers have been used to obtain vibration 
data. For fuel-injectors a bearing checker has been used in order to collect acoustic data. One 
class Self Organizing Maps (OCSOM) are used for detecting faults when exposed to actual 
data from the system representing a yet unknown state. Feature extraction was performed 
using seven features. The feature vectors are then fed to the OCSOM for training. OCSOM 
classification gave promising results (more than 95% correct classification). The fusion of 
features from both the vertical and the horizontal accelerometer resulted in accurate fault 
detection. In the case of the fuel-injectors the feasibility of using one-class SOM has been 
tested in the detection of signal deviations indicating failure with high detection performance.  

Keywords: novelty detection, condition monitoring, neural networks, unsupervised 
learning, self organizing map. 

1   Introduction 

The use of vibration signals is quite common in the field of condition monitoring of 
rotating machinery. By comparing the signals of a machine running in normal and 
faulty conditions, detection of faults like mass unbalance, rotor rub, shaft 
misalignment, gear failures and bearing defects is possible. These signals can also be 
used to detect the incipient failures of the machine components, through an on-line 
monitoring system, reducing the possibility of catastrophic damage and the down 
time. The procedure of fault diagnosis starts with data acquisition, followed by 
feature extraction, fault detection and identification. Feature extraction is critical for 
the success of the diagnostic procedure. Extended defects in the inner and outer races 
are common in rolling element bearings (see an example in Fig. 1). 

The use of vibration signals is quite common in the field of condition monitoring 
and fault diagnosis of bearings (Xu et al., 2009). To inspect raw vibration signals, a
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wide variety of techniques have been introduced that may be categorized into two 
main groups: classic signal processing (McFadden and Smith, 1984) and intelligent 
systems (Paya et al., 1997).  

 

 
 

Fig. 1. Example of an extended fault in the inner race.  

In the current work vibration monitoring is applied in the health condition 
monitoring and fault detection of two tractor components, the tractor gear box and 
the fuel-injectors. An approach from artificial intelligence, Self Organizing Maps 
(SOM) are used in the form of One Class SOM for detecting deviations in the 
vibration response of faulty bearings and subsequently in the acoustic response of 
fuel-injectors associated with malfunction due to wear. 

2   Materials and Methods 

Two experimental platforms (one for bearings and one for fuel-injectors) have been 
developed and used for commissioning experiments on fault detection and 
performing data acquisition. These data were further processed to extract specific 
features and develop novelty detection techniques relevant to fault presence. Details 
are presented in the following sections. 

2.1   Gear box test platform data acquisition 

A gearbox test rig has been used in order to collect signals from different types of 
bearing faults. A photograph of the rig showing the position of the accelerometers 
and the encoder at the output shaft is shown in Fig. 2 (Sawalhi, 2007). Two types of 
faults (inner race and outer race crack) were tested under a 50 Nm load, while setting 
the output shaft speed to 10 Hz (600 rpm). Vibration signals were collected using two 
accelerometers positioned on the top of the gearbox casing above the defective 
bearing (vertical accelerometer) and sideways respectively (horizontal 
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accelerometer). The 1.35 seconds (65536 samples) signals were sampled at 48 kHz. 
A photo-reflective switch was placed near the output shaft to measure its speed by 
providing a once per rev tacho signal. The torque for each case was measured at the 
input shaft. 

 

Fig. 2. The spur gear rig.  

2.2   Fuel-injector data acquisition 

The Bearing Checker (manufactured by SPM Instrument) was used for the fuel-
injector measurements (Fig. 3). Normally, this instrument is used to measure the 
level of impulse during operation of the machine via an embedded microprocessor 
impulse analyzer samples from different bearings and record the operational status. 
The Bearing Checker has a 1.5 mm headphone jack as shown in. The computer's 
sound card has a corresponding audio input. So the wire with nail jack 1.5 mm was 
connecting the output of the Bearing checker to the input of the computer sound card. 
In this the transfer of sound from the Bearing checker to the computer. The 
registration and storage of sound was performed using the free program Audacity. 
The sound was saved in mp3 format with Bit rate 128kbps. To control the audio 
recording earphones were used which were connected to a computer. 

Data acquisition of fuel-injector sounds was performed on fuel-injectors of a New 
Holland TN65N multipurpose tractor, three fuel-injectors controlled electronically, 
one healthy (fuel-injector1), one slightly damaged (fuel-injector2) and one audibly 
deviating from a healthy state (fuel-injector3). 

Additionally, data acquisition of fuel-injector sounds was performed on fuel-
injectors of a Zetor 7711 tractor, used for viticulture, four fuel-injectors controlled 
mechanically, fuel-injectors4-5-6-7 all deviating from healthy state. All 
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malfunctioning fuel-injectors needed cleaning to restore their functionality. 
Additionally, a newly installed fuel-injector8 was added for testing. 

 

Fig. 3. Data acquisition setup for sounds emitted from malfunctioning fuel-injectors. The 
Bearing checker (by SPM Instrument) is shown on the left.  

2.3   Signal processing and feature determination acquisition 

To inspect raw vibration or sound signals, a wide variety of techniques have been 
introduced that may be categorized into two main groups: classic signal processing 
and intelligent systems. To make mention of a few, FFT, Wigner–Ville distribution, 
wavelets, blind source separation, statistical signal analysis, and their combinations 
are classic signal processing methods. Neural network based, genetic algorithm 
based, fuzzy logic based, various similar classifiers, expert systems, and hybrid 
algorithms can be classified as intelligent systems. Feature extraction was performed 
using seven features. The first six features were introduced in (Lei et al., 2009): 
Kurtosis, Skewness, Crest, Clearance, Shape and Impulse Indicators. A newly 
proposed feature consisting of the line integral of the acceleration or the sound signal 
is introduced in this work. All the used features provide statistical information about 
the nature of data, and were found to be reasonably good features for bearing fault 
detection. The Kurtosis is the fourth moment about the mean normalized with 
variance and for N points is given by Eq. 1. All other features are given by Eqs. 2-6. 
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In Eqs. 1-6 X!  and X"  refer to mean value and standard deviation. The new 

line integral feature for N sampling points is given by Eq. 7: 
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Where N is the number of sample points (equal to 500) in the window used to 

calculate Kurtosis and the other features and the newly proposed line integral feature 
and Ts is the sampling period. The presented features were used for both the case of 
vibration signals from the gearbox test rig and the sounds collected from the fuel-
injectors. 

2.4   Self Organizing Map  

The Self-Organizing Map also called SOM (Kohonen, 2001) is a neural network that 
maps signals from a high-dimensional space to a one- or two-dimensional discrete 
lattice (M) of neuron units. Each neuron stores a weight. The map preserves 
topological relationships between inputs in a way that neighbouring inputs in the 
input space are mapped to neighbouring neurons in the map space. SOM mimics the 
clustering behavior observed in biological neural networks, by grouping units that 
respond to similar stimuli together. Nerve cells, neurons, in the cortex of the brain 
seem to be clustered by their function. For example brain cells responsible for vision, 
form the visual cortex and those responsible for hearing form the auditory cortex. 
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The learning rule of the SOM consists of two distinct phases: when an input x  is 
presented, search for the best matching unit or bmu through competition, and the 
update of the codebook patterns of the bmu and its neighbours. In the basic SOM the 
activations of the units are inversely proportional to their Euclidean distances from 
the input pattern hence the bmu can therefore be defined as: 

 

( ) arg min i
i M

b
1

# $x x m (8)

 

where ( )b x  is the index of the bmu, im  is the codebook vector of unit i and x

is the input pattern vector. The update part of the rule moves the bmu and its 
neighbours toward x to slightly enforce maps response to the pattern. The update 
rule can be written as follows: 

 

( ( ), )( )i ih b i23 # 4 $m x x m (9)

 

where 2 is a learning rate parameter and ( ( ), )h b ix captures the neighborhood 

interaction between the bmu ( )b x and the unit i being updated. We can also write 

equation (9) as: 
 

( , )( )i iH i23 # 4 $m x x m (10)

 

where ( , )H ix  is a shorthand notation for ( ( ), )h b ix . Equations (8) and (10) 

define a Hebbian learning rule, where the strength of the training step is determined 
not only by the learning rate parameter 0<2 !1, but also by the relationship of the 

updated unit i with the bmu ( )b x on the map. 

The inter-unit relationships are captured by the neighborhood ( , )h i j which 

defines how strongly units are attracted to each other. In essence the learning rule of 
the SOM defines the model as a collection of competitive units that are related 
through the neighborhood function. In practice, the units are placed on a regular low 
dimensional grid and the neighborhood is defined as a monotonically decreasing 
function on the distance of the units on the map lattice, thus creating a latent space, 
which has the dimension of the map grid and flexibility determined by the 
neighborhood function. The SOM can produce a flawless, in the sense that the map 
follows the manifold, embedding when the dimension of the map grid matches the 
dimension of the input data manifold. A typical choice for the neighborhood function 
is a Gaussian: 
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where ( , )Md i j is a distance measure in the map space (M), 
2"  is the variance 

of the Gaussian. The radius of the neighborhood is usually but not necessarily 
decreased during training. Likewise, the learning rate parameter 2 is normally 

decreased in accordance to a predetermined cooling schedule, aiming to allow the 
map sufficient time and freedom to organize before fine tuning the codebook.  

2.5   One Class SOM 

In most cases of fault development in machinery there is no unique description of the 
faults but there are available a number of components that are either new or in 
different stages of malfunctioning behavior, which can not be quantified exactly. 
This is a common situation since the possible faults are either too many to reproduce 
or it is too costly to reproduce them. In some cases it is even impossible if the 
components that might experience a fault are involved in safety critical 
infrastructure. In safety critical applications, it is important to detect the occurrence 
of abnormal events as quickly as possible before significant performance degradation 
results. 

Therefore, contrary to the approach followed for the cases where there are specific 
faults clearly defined, in usual cases only the healthy components can be used as 
target classification class and subsequently one-class classification methods are 
preferred. One-class classification has the following characteristics: 

• Only information of target class (not outlier class) is available;  
• Boundary between the two classes has to be estimated from data of only 

genuine class;  
• Task: to define a boundary around the target class (to accept as much of the 

target objects as possible, to minimize the chance of accepting outlier objects). 
As shown if Fig. 4, given a target domain XT there are two errors that can be 

defined EI related to false rejected target objects and EII related to false accepted 
outlier objects. The circular area corresponds to the rough description of the target 
domain by the selected one class classifier.  

Using a uniform outlier distribution also means that when EII is minimized, the 
data description with minimal volume is obtained. So instead of minimizing both EI 
and EII, a combination of EI and the volume of the description can be minimized to 
obtain a good data description. 

 

Fig. 4. Domains of target dataset and one-class classifier.  
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At first, an one class SOM (OCSOM) is trained with normal operation data. Then 
the feature vector corresponding to the unidentified measurement is compared with 
the weight vectors of all map units, and if the smallest difference exceeds a 
predetermined threshold, the process is probably in a fault situation. This conclusion 
is based on the assumption that a large quantization error corresponding to the 
operation point belonging to the space not covered by the training data. Therefore, 
the situation is new and something is possibly going abnormal. Depending on how 
far away the current process is deviating from the normal operation state, a 
quantitative degradation index can be calculated. 

In the condition monitoring application, the one-class SOM (OCSOM) builds a 
model from training on healthy bearing and fuel-injector data and then classifies test 
data as either normal or outlier based on its geometrical deviation from the healthy 
training data. During novelty recognition, the unseen exemplar from a bearing or 
fuel-injector of unknown health state forms the input to the network and the SOM 
algorithm determines the best matching unit. In Saunders & Gero (Saunders and 
Gero, 2001) and Vesanto (Vesanto et al., 1998), if the vector distance or quantisation 
error between the best matching unit (bmu) and new exemplar data (xNEW) exceeds 
some pre-specified threshold (d) then the exemplar is classified as novel. Eq. 12 
gives the minimum vector distance for the bmu and compares this to the threshold.  
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Where M represents the SOM grid of neurons as in equation (8). 
There are many different heuristics to define a threshold depending on the utility 

of the threshold and the particular structure of the data set. A simple way to 
determine a threshold (d) relies on the distances between codebook vectors and target 
vectors in the training set that have selected them as bmu which is a measure of the 
quantization error. These distances have to be calculated first according to Eq. 13: 
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The threshold is determined according to the Matlab code given here which is 

further explained below: 
 
distances_sorted=sort(distances);
frac=round(fraction_targets*length(target_set));
threshold=(distances_sorted(frac)+distances_sorted(frac+1))/2;

 
By selecting the threshold to represent a fraction of the distances for the whole 

training set we can get distance values representing the most proximal to the 
codebooks data vectors when the distances are sorted. In this case the quantisation 
errors might be due to outliers so the fraction error would represent the distances that 
were calculated for a distribution of the distances including outlier values. By taking 
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the 99% fraction of the distances between data and codebooks as belonging to the 
dataset we define a description hypersphere that has a radius including the 99% of 
the data. This leaves a 1% outliers that will be classified as such since they exceed 
the target set description radius. Corresponding to Fig. 4 this would be the 
contributing factor to EI while we have minimized the target data description by 
thresholding according to a fraction of the data. In plain terms it means that by 
tightening the target data description we can afford to a number of false rejects in 
order to obtain a more accurate novelty detection which would be impossible with a 
very wide region of acceptance due to a very high threshold. In an explanatory 
schematic (Fig. 5) one can see the different areas defined by the threshold to the best 
matching units and the Voronoi polygons defining the domains of the OCSOM 
neurons. It can be seen that some data points that would be classified as belonging to 
a neuron now fall outside the threshold-defined polygon that delimits the target data 
from the novel data belonging to vibration and acoustic signatures from damaged 
components (this is just an illustration, the actual data are high dimensional and can 
not be visualized directly). 

 

 

Fig. 5. Domains of target dataset and associated Voronoi polygons and threshold based 
classifier for OCSOM. The threshold defined target data fall inside the grey border line.  

3   Results and discussion 

For the bearing fault recognition an OCSOM was used. A validation set was used to 
test the generalisation performance of the OCSOM. To test the effectiveness of 
OCSOM, the 75% of the target set containing only healthy bearing instances have 
been used for training while the 25% have been used in order to test the 
generalisation of the OCSOM. These were results for an OCSOM of 64 neurons 
(arranged in a 8x8 grid) which gave the best results by testing different sizes between 
5 and 25. The implementation used the simulation software Matlab 2010b 
(Mathworks). Seven features of the same type from each accelerometer were used. 
The same order has been used for the horizontal accelerometer in order to build the 
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fusion vector. The fusion (by direct concatenation) of 14 vibration features from both 
the vertical and the horizontal accelerometer, due to their complementary nature, 
results in more accurate separation of classes regarding fault position as one can 
deduce from the results presented in Table 1. The correct novelty detection 
percentage for fusion reaches 94.31% which is higher than the results for both 
horizontal (67.65%) and vertical (90.02%) which means one accelerometer alone 
cannot detect fault presence accurately. The complementarity of features was 
expected because the vibration modes were measured in two orthogonal directions 
(vertical and horizontal) which carry projections of the vibration shapes on these 
independent axes. When using 25 neurons (5x5 grid) the false rejects decrease and a 
97.35% correct healthy bearing recognition is achieved. At the same time the correct 
novelty detection percentage falls to 90.39%. So, overall, the 64-neuron architecture 
is better for novelty detection. This could be due to the complexity of the damaged 
bearing data due to incorporating two different damage types (inner and outer race 
fault). The added value of the newly introduced feature of line integral is proven 
from training and testing with and without the line integral features. In the case the 
line integrals of the vertical and horizontal accelerometer signals are omitted (12 out 
of 14 features kept), the result is 92.94% for healthy and 81.37% for novelty 
detection which is much less than when they are included (see Table 1, the result for 
fusion). When omitting only the line integral of the vertical accelerometer signal (13 
out of 14 fusion features kept) the result is 94.51% for healthy and 84.31% for 
novelty detection. When omitting only the line integral of the horizontal 
accelerometer signal the result is 94.90% for healthy and 90.20% for novelty 
detection. So, the inclusion of the line integral feature enhances the results. 

Table 1.  Results of OCSOM with 64 neurons predicting bearing health condition.  

Actual 
health state 

Healthy bearing according to 
OCSOM 

Extended fault according to 
OCSOM 

Healthy 
bearing 

96.08% (fusion) 
96.86% (vertical) 
94.90% (horizontal) 

3.92% (fusion) 

Extended 
fault 

5.69% (fusion) 
94.31% (fusion) 
90.02% (vertical) 
67.65% (horizontal) 

 
The OCSOM was used to classify the fuel-injectors to a target class corresponding 

to healthy fuel-injectors and detect outliers indicating fuel-injectors that are 
malfunctioning. As target class, features belonging to fuel-injector1 have been used. 
All other fuel-injectors have been used for testing the performance of the OCSOM. 
The OCSOM was calibrated by splitting the data to 75% training of the target set 
containing only healthy bearing instances and 25% testing sets has resulted in 100% 
correct classification for the target class of fuel-injector1 and 99.65% (97.89% 
without using the feature of the line integral) when using fuel-injector7 as outlier 
class for testing. These were results for a OCSOM of 100 neurons (arranged in a 
10x10 grid) which gave the best results by testing different sizes between 5 and 25. 
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Further testing of the obtained OCSOM classifier was performed using all available 
fuel-injectors. Results are shown in Table 2. It is evident that all fuel-injectors have 
been identified correctly based on their respective condition. The slightly damaged 
second fuel-injector has also been identified as midway to damage which is accurate 
according to the expert opinion based on the sound emission from that fuel-injector. 

Table 2.  Results of OCSOM based classification of fuel-injector health condition.  

Fuel-injector no. # Actual 

condition 

OCSOM classifies as 

healthy (percentage) 

OCSOM classifies 

as outlier (damaged) 

1 Healthy 99.21 0.79 

2 Slight damage 27.02 72.98 

3 Damaged 1.75 98.25 

4 Damaged 6.49 93.51 

5 Damaged 9.65 90.35 

6 Damaged 2.81 97.19 

7 Damaged 1.32 98.68 

8 Healthy 95.44 4.56 

 
In safety critical applications of novelty fault detection it is important to establish 

what degree of change is significant. Normal system behaviour may shift, for 
example, due to aging, system modifications, seasonal changes and change in 
operating conditions. An important issue concerns obtaining robust novelty 
thresholds that lead to reliable novelty detection. Novelty detection algorithms based 
on one-class neural networks have to be trained with data which adequately span the 
operating envelope so that false positives would not occur during normal operation.  

4   Conclusions 

It has been shown that the OCSOM can perform data fusion from accelerometer 
sensors through combining vibration features. These features can be used to detect 
faults in roller bearings and can therefore prove to be a powerful tool for bearing 
health monitoring. Different bearing faults can be detected against healthy bearings 
with high accuracy by using the collective response of several features and the fusion 
of different sensors, which may not be obvious by just looking at the data using other 
diagnostic techniques. The use of several features and a newly introduced feature, the 
line integral of the acceleration signal has given promising results in detecting the 
position of bearing faults. The feature based fusion of the vertical and horizontal 
accelerometer signals has increased the accuracy of bearing fault detection to more 
than 95% (more than 96% for healthy and 94% for faulty bearings). In the case of 
fuel-injector malfunctioning detection, the same type of features has been used. Due 
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to the nature of the problem, relying only on acoustic signatures from healthy fuel-
injectors, one-class classification has been used. A one-class SOM has been used and 
has given very promising results. Further it was possible to detect correctly the 
condition of all the fuel-injectors that were presented to the one-class SOM. This 
result indicates that OCSOM is a robust classifier and can be used for detecting fuel-
injector malfunction with high confidence. It is planned that this work be extended to 
include more real data, different features and fault types for bearings and gear boxes 
and also different types of fuel-injectors. A further improvement of OCSOM could 
result from defining context sensitive thresholds and also activation profiles that 
could be implemented as a kernel map indicating novelty through neuron activity 
bursts. The presented OCSOM technique for novelty detection can be extended to 
other fields where activity monitoring and novelty detection are needed, like process 
control, network security and sensor networks for various applications. 
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Abstract. The accuracy of different GPS devices for sampling of trees 
required for the early yield forecast was studied in two years’ campaign. In our 
experiment March II, PDA ASUS P565 and Nokia 5800 XpressMusic were 
used. To determine the positions and their accuracy, 245 randomly trees were 
selected from 245 orchards. We found out that the measurements made in two 
years with MARCH II deviated in average in diagonal for 16.72 m, in ASUS 
P565 for 15.41 m and in Nokia 5800 XpressMusic for 46.14 m. ASUS P565 
was found to be the most accurate device because the two season’s 
measurements deviated in average in diagonal only for 1.31 m from MARCH 
II, but there was no significant difference. Despite the fact that discrepancies in 
individual trees were minimal (0.33 m) in particular measurement, those two 
devices are not precise sufficiently to identify unequivocally the position of 
sample trees. 

Keywords: GPS / positioning / orchard / sampling 

1   Introduction 

In the European Union (EU-25), about 10 million tons of apples are harvested yearly, 
but with great fluctuations from year to year and from orchard to orchard. 
Yield prediction is hence a pre-requisite for all partners in the food chain; orchard 
owners, trade, shippers and retailers all require data on fruit quantity at different fruit 
growth stages, since a tree bearing an excessive number of fruits will yield small, 
undersized fruits. Thus, modelling of fruit growth with an emphasis on tree 
variability is a crucial step in the management of fruit quantity and quality through 
horticultural practices (Lescourret et al., 1998) with a great impact on yield 
prediction per hectare in every growing region. Oriade and Dillon (1997) 
investigated the variability of fruit growth by using a stochastic approach of fruit 
growth rates and considering the sink strength of the fruit. However, all these models 
simulate the environmental conditions in the orchard, which can significantly vary 
from the real values. To overcome these disadvantages, Welte (1991) refined the 
original Bavendorf model (Winter, 1986) by introducing orchard measurements in
________________________________
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the mechanistic models. However, fruits were still manually counted on the tree in 
the orchard by visual inspection on a few selected sample trees, which was a labour 
intensive and time consuming procedure, hence leaving this method inappropriate for 
modelling fruit yield in an individual orchard as required by the fruit industry 
(Stajnko et al., 2004). 
Due to time-consuming counting and the lack of experts a lot of inaccurate forecasts 
appeared in Slovenia from 1998-2004. From these reasons the Bavendorf method 
was changed by the method of image analysis introduced by Stajnko et al. (2004, 
2009). However, even though the method itself was very accurate for forecasting the 
yield on particular parcel, the small number of sample orchard made it rather vague 
for entire country. It happened in the individual years that the estimated yield 
differed from the actual production for 5 to 25%.  
Therefore it was decided in 2009 to increase the sample population to 245 orchards 
selected form the register of orchards. However, for accurate forecasting, in which 
‘in situ’ samples are used for predictions, it is essential that they are always taken at 
the same location. Then we can talk about the real data with which we can design the 
organization in advance. 
The main advantage of image analysis method is its possibility to capture a lot of 
images in a variety of orchards in a short time in order to improve forecast accuracy. 
However, it is desirable very much that each year the images are captured from the 
same trees. Everyone who was already sampling the trees from the orchards is aware 
that it is very difficult to locate the positions without any additional marks, as it 
requires a lot of walking. 
The solution of these problems should represent a global positioning system (GPS) as 
the most frequent method for localization (Panzieri et al. 2007), which enables the 
user to have access to selected trees for the taking of samples quickly and easily. 
Since in the sampling method of image analysis we already have camera, we were 
interested in researching the smart phone with built-in GPS receiver as a substitute 
for professional GPS equipment. 
The objective of our research was to determine whether three different GPS devices 
(March II, ASUS P565 and Nokia 5800 XpressMusic) lead us to the same position of 
sample tree, even one year after the first measurement was taken. Another aim was 
also to determine whether the hail network that are installed on the new plantations 
affect the signal reception and accuracy of measurements. 
 
 
 
2 Material and Methods 
 
From the Slovenian register of intensive crops, owned by the Ministry of Agriculture, 
245 locations of the orchards were selected in June 2009 according to the different 
apple varieties, planting year and growing form. In the same time when the samples 
of tree images were taken from the particular orchard four tees were additionally 
marked by the plastic label (Fig. 1).  One year later in June 2010 the samples of 
images were captured again and the position of particular mark tree on all three 
devices was checked.    
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Fig. 1. A sample of marked tree (left), the orto-photo image of selected orchard with sampled 
trees (right) 

For our research three different GPS devices were used according to the price and 
accuracy reference. 

2.1   Description of Devices 

March II is a professional hand-held GPS receiver for field data capture. It uses a 
Motorola integrated 8-channel GPS receiver whose referencing provides a horizontal 
accuracy of less than 3 m. Its main characteristic is a compact unit, which integrates 
the receiver, antenna, computer and software that is designed to easily capture the 
spatial data. Data were gathered in the field based on a pre-established list of objects 
that we want to record (map) and their properties.  

 
ASUS P565 is also called a ‘smart phone’ driven by an 800 MHz processor and 
operates on Windows Mobile 6.1 environment and built-in digital camera with a 
resolution of 3.0 mega pixels. It has got good sensitivity (<-159 dBm), a positioning 
accuracy (<2.5 m), quick start (standby <1 s), small size (3.12 x 3.17 x 0.4 mm) and 
the ability to track the frequency L1 (1575.42 MHz). For this handheld PDA in 2008 
software Garmin Mobile XT was uploaded and a program FK mobile was developed 
by !injur et al. (2008), which enables autonomous guiding to the marked trees by 
integrated compass function.    

 
Nokia 5800 XpressMusic is a music-oriented GSM phone, which boasts a modern 
attractive design, but also is practical and user friendly. The phone has a touch screen 
and built-in digital camera with a resolution of 3.2 mega pixels. It supports GPS for 
car navigation and pedestrian navigation and Nokia Maps 2.0 Touch. The device also 
supports Assisted GPS (A-GPS), which is used to provide packet data connection, 
which assists in the calculation of the coordinates of the current location when your 
device is receiving signals from satellites.  
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2.2   Procedure for Calculating the Differences 
 
All devices used in the experiment operate in a coordinate system WGS84 which 
refers the position in the usual geographical coordinate format (Lat. 13 ° 39’48.7’’, 
Lon. 45 ° 57’ 41.1’’), however a direct subtract for calculating differences in position 
is not possible. Therefore, we applied the Excel forms (Fig. 2), which first record the 
geographical coordinates of degrees, minutes, and seconds in the decimal 
representation (column E) and in coordinate form (column F). Once we got the 
difference in decimal format we had to convert it again back in the geographical 
coordinates (column G). Finally, the difference in meters was calculated from 
geographical units so that the ! (latitude) was multiplied by 31 m and " (longitude) 
by 22 m (column H). 
 

Fig. 2. A sample procedure for calculating the difference in m between two measurements 

Statistical analysis was performed with a SPSS Statistics 17.0 for Windows ® as the 
most familiar and widespread statistical programs in Slovenian education and 
research field. To analyze the difference between three GPS devices a ‘paired 
samples analysis’ at # <0.05 was used. 
 

 
3   Results 
 
The mean differences and standard deviations between the 2009 and the 2010 
measurements for the device ASUS P565 is represented in Table 1, which shows that 
the mean difference for X coordinate was 3.48 m and for Y coordinate 13.85 m, with 
standard deviations of 3.35 m for X and  17.87 m for Y. So in the diagonal the mean 
difference was 15.41 m with standard deviation of 17.21 m. With those results ASUS 
P565 was proved to be statistically most accurate only in X measurements, whereby 
Y measurements did differ significantly only from Nokia 5800 XpressMusic.  
In MARCH II, the mean difference between 2009 and 2010 measurements was 11.41 
m for X coordinate and 10.56 m for Y coordinate, respectively, with standard 
deviations of 9.48 m for X and  10.68 m for Y. So in the diagonal the mean 
calculated difference was 16.72 m with standard deviation of 12.84 m. Those 
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measurements did not differ significantly from the ASUS P565, but they were much 
better from Nokia 5800 XpressMusic. 

Table 1.  The mean and standard deviation between two measurements for three different GPS                           
devices 

X-measurements 
(m) 

Y-measurements 
(m) 

Diagonal  
(m) 

Device 

Mean Std. 
Deviation 

Mean Std. 
Deviation 

Mean Std. 
Deviation 

ASUS P565 3.48* 3.35 13.85* 17.87 15.41* 17.21 
MARCH II 11.41 9.48 10.56* 10.68 16.72* 12.84 

Nokia 5800 
XpressMusic 
 

11.37 15.19 39.60 49.83 46.14 47.61 

* statistically significant at p$ 0.05 (Paired Samples Test). 
 

 
The mean difference between all measurements done with Nokia 5800 
XpressMusicfor showed 11.37 m difference in X coordinate and  39.60 m for Y 
coordinate with standard deviations of 15.19 m for X and  49.83 m for Y 
measurements. So in the diagonal the mean difference was 46.14 m with standard 
deviation of 47.61 m, which was significantly different from both devices ASUS 
P565 as well as MARCH II. Therefore, the Nokia 5800 XpressMusic device was 
found to be inaccurate for precise horticulture. For example, once standing 30 m deep 
in the orchard, the device would still indicate the position coordinates outside the 
plantation. 
 
The main reason for not receiving declared accuracy lay in the weather conditions 
and the number of satellites, which was not ideal. Anyway, on the average we 
achieve a relative accuracy of approximately ± 10 m. It turns out that the error in 
measurements was most affected by the number of satellites, given in our situation. 
For example, when we performed measurements of 08/26/2009, we received on the 
average a signal from eight satellites, while on 07/01/2010 we accepted the signal 
from just 6 satellites, which was otherwise satisfactory to take measurements, but 
obviously not enough to improve accuracy. 
A very important finding is also the fact that a hail network did not affect the signal 
quality, since the same number of satellites was detected under and outside the 
network.  

 
4 Conclusions 

Absolute accuracy of the declared facilities for MARCH II and ASUS P565 applied 
in the experiment would be up to ± 10 m, except Nokia 5800, where the producer 
recalls that it should not be used for very precise measurements. The manufacturer 
contends, moreover, that the accuracy of the MARCH II and ASUS P565 is even 
below 2.5 m, but in practice it was very difficult to achieve. 
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We can make a general conclusion that in spite of particular very precise 
measurements, these devices are not sufficiently reliable to indicate the position of 
sample trees with less than 0.7 m, which is usual space between trees in the lines. 
They can be applied only for determining a wider space of orchard from which the 
samples were taken one year before. This fact can help us or another person in 
finding easily the sampling zone, which is without doubt a very useful tool for saving 
time in locating the correct part of orchards.  

 
Acknowledgement 
This article was partly created as a result of the applied project "Preparation of a 
register of yields of apples and pears by visualization of the volume of native trees" 
(V4-0537). The project was funded by the Public Research Agency of the Republic 
of Slovenia and the Ministry of Agriculture, Forestry and Food of the Republic of 
Slovenia. 
 

References

1. Lescourret, F., Mimoun, M.B. and Génard, M. (1998) A simulation model 
of growth at the shoot-bearing fruit level, I. Description and 
parameterization for peach, European Journal of Agronomy, 9, p. 173–188. 

2. Oriade, C.A. and Dillon, C.R. (1997) Developments and biophysical and bio 
economic simulation of agricultural systems: a review. Agricultural 
Economics 17, 45-48. 

3. Panzieri, S., Pascucci, F.  and Ulivi G. (2007) An Outdoor Navigation 
System Using GPS and Inertial Platform, Mechatronics, IEEE/ASME 
Transactions on, Volume 7, Number 2, p. 134 -142.  

4. Stajnko, D., Lakota, M. and Ho%evar, M. (2004). Estimation of number and 
diameter of apple fruits in the orchard during the growing season by thermal 
imaging. Computers and Electronics in Agriculture, 42(1), p. 31-42.  

5. Stajnko, D., Rakun, J. and Blanke, M. (2009) Modelling apple fruit yield 
using image analysis for fruit colour, shape and texture. European journal of 
horticultural science, 74 (6) p. 260-267. 

6. !injur, S., Zazula, D. and Stajnko, D. (2009). Sistem za avtomatsko 
lociranje drevesnih nasadov in zajemanje podatkov o pridelku na terenu (=A 
system for automated plantation location and field data acquisition on the 
harvest). V: ZAJC, Baldomir (ur.), TROST, Andrej (ur.). Zbornik 
Osemnajste mednarodne elektrotehni!ke in ra!unalni!ke konference - ERK 
2009, 21-23. september 2009, Portoro", Slovenija. Ljubljana: IEEE Region 
8, Slovenska sekcija IEEE, zv. B, p. 59-62. 

7. Winter F. (1986): Modelling the biological and economic development of an 
apple orchard, Acta Horticulturae 160, p. 353-360.  

8. Welte H. (1991): Analyse und Simulation des Fruchtwachstums von Äpfeln, 
Grauer Verlag, Stuttgart, 161 p. 

338



!

"#$%&'!()!*'!*+,('(-(+$!.(/(,%0!1#2%03#!*'4!

4#1#3(5-#',!()!*!$+%,*/3#!&.%55#.!)(.!2*.1#$,%'&!$#'$%,%1#!

*&.%0+3,+.*3!5.(4+0,$!

!"#$%&#%'#"$()&*'$$+$,-(./&#0+1"$(2&*'#'$3(

,4+5&*%6+#%("7(.1+8%*'8&1(.#0'#++*'#0-(9+8:#"1"0'8&1(.;<8&%'"#&1(=#$%'%<%+("7(>+$%+*#(
2&8+;"#'&-(?*++8+-(+@6&'1A(B5&*C%+'B"DE0*(

32+8:&#'8&1(.#0'#++*(FGE.E(H(2EI8E('#(2+8:E(.#0E-(2&$%+*('#(2+8:&%*"#'8$J(
2&8+;"#'&-(?*++8+-(+@6&'1A(+6&*'#'$C06&'1E8"6(

6/$,.*0,7(9:'$(5&5+*(5*+$+#%$( %:+(;+$'0#("7(&#(&<%"#"6"<$(/+:'81+(K'%:(&(L@
1'#B(*"M"%'8(&*6(&#;(%:+(;+$'0#-(5*"%"%N5+(8"#$%*<8%'"#(&#;('#'%'&1(%+$%'#0("7(&(
*"M"%'8( 0*'55+*( 7"*( :&*/+$%'#0( $+#$'%'/+( &0*'8<1%<*&1( 5*";<8%$E( =%( '$( &(6";<1&*(
;+$'0#( <%'1'D'#0( '#%+*8:&#0+&M1+( O7'#0+*$P-( K:'8:( &11"K$( %:+( :&*/+$%'#0( "7(
;'77+*+#%( B'#;$( F"*( $'D+$J( "7( 7*<'%E( I%&%'8( %+$%'#0( "7( %:+( 5*"%"%N5+( 0*'55+*(
5*"/';+;( +Q8+11+#%( *+$<1%$E( 9:+( &<%"6&%+;@*"M"%'8( :&*/+$%'#0( "7( 8*"5$( '$( "7(
:'0:($'0#'7'8&#8+(%"(%:+(?*++B(+8"#"6NE(

8#9:(.4$;!R<%"#"6"<$(:&*/+$%'#0(/+:'81+-(0*'55+*-(0*++#:"<$+(&<%"6&%'"#E(

<!!!=',.(4+0,%('!

S"K&;&N$-(%:+(%+8:#"1"0N("7(6+8:&#'8&1(:&*/+$%'#0('$(7"8<$+;("#(:&*/+$%'#0(51&#%$(
"7(1&*0+(8*"5$(F+E0E(K:+&%-(8"*#J(<$'#0($5+8'&1(6"K+*$("7(1&*0+($'D+(&#;(8"$%E(T#(%:+(
"%:+*(:&#;-('#($5'%+("7(%:+(0*+&%(%+8:#"1"0'8&1(&;/&#8+$-(%:+(:&*/+$%'#0("7(/+0+%&M1+$(
&#;( 7*<'%$( ;+5+#;$( 5*'6&*'1N( "#( :<6&#( 1&M"*E( 9:'$( &77+8%$( 6&'#1N( %:+( 8"$%( "7(
5*";<8%'"#-(%:+(5*";<8%U$(V<&1'%N-(&$(K+11(&$(%:+($&7+%N("7(K"*B+*$('#(8*"5$(%:&%(:&/+(
M++#($5*&N+;(K'%:(5+$%'8';+$(F+E0E(0*++#:"<$+$JE(9:+(6&'#(*+&$"#$(7"*(%:+($:"*%&0+("7(
&<%"6&%+;($"1<%'"#$(&*+A((
,J(9:+(;'77'8<1%N('#(%*&8B'#0(%:+(7*<'%$(&#;((
3J(9:+(;'77'8<1%N('#($'6<1%&#+"<$1N(8<%%'#0(&#;(8"11+8%'#0(%:+(7*<'%$(K'%:"<%(;&6&0'#0(
%:+6E(
9:+$+(;'77'8<1%'+$( &*'$+( 7*"6( %:+( '**+0<1&*( $:&5+("7( 51&#%$-( %:+( *&#;"6(5"$'%'"#( &#;(
"*'+#%&%'"#("7(%:+(7*<'%-(%:+(5"$$'M'1'%N("7(5&*%'&1("*(%"%&1(8"/+*&0+("7(%:+(7*<'%(MN(%:+(
51&#%U$( 7"1'&0+-( 8"1"*( $'6'1&*'%N( M+%K++#( %:+( 7*<'%( &#;( %:+( 7"1'&0+-( &#;( %:+(
/<1#+*&M'1'%N("7(6&#N(7*<'%$(%"(6+8:&#'8&1(5*+$$<*+("*(7*'8%'"#E(
=#(0+#+*&1-(%:+(0*++#:"<$+(8*"5$(&*+(&(0*"K'#0(5&*%("7(&0*'8<1%<*&1(5*";<8%'"#(M"%:('#(
?*++8+(&#;('#%+*#&%'"#&11NE(2"*+"/+*-(%:+$+(8*"5$(&*+("7(0*+&%(+8"#"6'8($'0#'7'8&#8+(
M+8&<$+("7( %:+(&M'1'%N( 7"*("77@$+&$"#(5*";<8%'"#E( =#$';+(0*++#:"<$+$( %:+(8*+&%'"#("7

________________________________
Copyright ©by the paper’s authors. Copying permitted only for private and academic purposes.    
In: M. Salampasis, A. Matopoulos (eds.): Proceedings of the International Conference on Information 
and Communication Technologies     
for Sustainable Agri-production and Environment (HAICTA 2011), Skiathos, 8-11 September, 2011.(

 
 
 
 
 
 
 
339



';+&1(8"#;'%'"#$(7"*(51&#%(0*"K%:('$(7+&$'M1+(MN(<$'#0(81'6&%+(8"#%*"1($N$%+6$E(9:+$+(
8"#;'%'"#$(&*+(8:&*&8%+*'D+;(MN(:'0:(:<6';'%N(&#;( %+65+*&%<*+(&#;( '#8*+&$+;( 1+/+1$(
"7(8&*M"#(;'"Q';+(F7"*( '#8*+&$+;(5:"%"$N#%:+$'$JE( =#(&;;'%'"#-( %:+*+( '$(+Q%+#$'/+(<$+(
"7( 7+*%'1'D+*$E( 9:+$+( 8"#;'%'"#$( 7&/"*( %:+( ;+/+1"56+#%( "7( 7<#0&1$( &#;( "%:+*(
5:N%"5&%:"0+#'8( 6'8*"( "*0&#'$6$( :&*67<1( %"( 51&#%( 0*"K%:E( 9:+*+7"*+-( 7*+V<+#%(
$5*&N'#0(K'%:(5+$%'8';+$('$(#+8+$$&*N-(&1"#0(K'%:(%:+(<$+("7(7+*%'1'D+*$E(
4<*'#0( %:+( :&*/+$%-( '%( '$( 0+#+*&11N( ;'77'8<1%( 7"*( 7&*6+*$( %"( %*&/+1( 1"#0( ;'$%&#8+$(
M+%K++#(8*"5$(%"(8"11+8%(%:+(7*<'%$("7(%:+(;&NE(W$<&11N-(5""*(8"#;'%'"#$(&*+(5*+/&'1'#0(
'#(%:+(K"*B51&8+-($<8:(&$(6+#%'"#+;(&M"/+E(9:+(<$+("7(&<%"6&%'"#('#(K"*B$($<8:(&$(
K&%+*'#0-( 7+*%'1'D'#0-( $"K'#0-( &#;( '#( *+8+#%( N+&*$( '#( $5*&N'#0( &#;( :&*/+$%'#0-( '$(
M+8"6'#0('#8*+&$'#01N(#+8+$$&*N('#("*;+*(%"('#8*+&$+(5*";<8%'/'%N(&#;(*+;<8+("/+*&11(
5*";<8%'"#( 8"$%E(2"*+"/+*-( '#( "*;+*( %"(5*"%+8%( %:+( &0*'8<1%<*&1( 7"*8+( 7*"6(5+$%'8';+(
<$+(&#;(%+#;(%"(&#('#8*+&$+;(;+6&#;(7"*(0*++#(5*";<8%$-('%('$("7%+#(#+8+$$&*N(%"(<$+(
7<11N("*(5&*%'&11N(&<%"#"6"<$(*"M"%'8($N$%+6$E(
R$(&( *+$<1%("7( %:+(&M"/+-(6&X"*( *+$+&*8:(+77"*%$(:&/+(M++#(6&;+( %"(&551N(&;/&#8+;(
%+8:#'V<+$('#(&0*'8<1%<*+E(S+/+*%:+1+$$-(%:+(<$+("7(:<6&#(1&M"*('$($%'11(:'0:-(+/+#('#(
K+$%+*#(8"<#%*'+$(K:+*+( %:+(:"<*1N( 1&M"*(8"$%( '$(/+*N(:'0:-(K:'1+(&<%"6&%'"#( '$(#"%(
&551'+;(%"(%:+($&6+(+Q%+#%(&$( '%( '$( '#('#;<$%*NE(R1%:"<0:(%:+(K"*B("7(:&*/+$%'#0(&#;(
$5*&N'#0( '$( 5*'6&*'1N( 6&#<&1( 1&M"*-( %:+( $&1&*'+$( &*+( '#8*+&$'#0E( 9:+*+7"*+( K+( #++;(
6"*+(&551'+;(*+$+&*8:(%"(&11"K(7"*(M+%%+*(&11"8&%'"#("7(:<6&#(*+$"<*8+$E((
R(M*'+7($<66&*N("7(/&*'"<$(*+$+&*8:(+77"*%$($"(7&*('$(5*+$+#%+;-($"(&$(%"('11<$%*&%+(%:+(
'#%+#$+( *+$+&*8:( '#%+*+$%( M<%( &1$"( %:+( 1&8B("7( $"1<%'"#$( 7"*( :&*/+$%'#0(;'77+*+#%( 7*<'%(
<$'#0(%:+($&6+(:&*/+$%+*E((
9:+(*+$+&*8:(7"8<$+$("#(5*"M1+6$(*+1&%'#0(%"(;*'/'#0-(:&*/+$%'#0-($5*&N'#0-($++;'#0-(
+%8E(9'11+%(F,YYYJ(&#;(R88&8'&(+%(&1E(F3ZZ[J(0'/+(&#("/+*/'+K("7(*"M"%'8(&551'8&%'"#$(
'#( :"*%'8<1%<*+E( \&*'"<$( +77"*%$( 7"*( %:+( &<%"6&%'8( 8"11+8%'"#( "7( 7*<'%$( <$'#0( &( *"M"%(
:&/+(M++#(5<M1'$:+;E(I5+8'7'8&11N-(%:+(&<%"6&%'8(:&*/+$%'#0("7(8<8<6M+*('$(;'$8<$$+;(
'#(\&#(]+#%+#(+%(&1E(F3ZZ^J-("7(6<$:*""6$('#(_++;(+%(&1E(F3ZZ,J-(("7(1+%%<8+('#(!:"((+%(
&1E(F3ZZ3J-("7($%*&KM+**'+$('#(`"#;"(+%(&1E(F,YYYJ-("7("*&#0+$('#()1+MM+(+%(&1E(F3ZZ,J-((
"7($K++%(5+55+*$('#(`'%&6<*&(+%(&1E(F3ZZLJ(&#;("7(0*&5+$('#(2"#%&(+%(&1E(F,YYLJE((R11(
"7(%:+(&M"/+('#/"1/+(*"M"%$(;+$'0#+;(7"*(&($5+8'7'8(8*"5(+&8:E(T#1N(7+K(5<M1'8&%'"#$(
&*+(*+5"*%+;(;+&1'#0(K'%:(*"M"%$(8&5&M1+("7(K"*B'#0(K'%:(6"*+(%:&#("#+(%N5+("7(8*"5-(
$<8:( &$( %:"$+( "7( G+17"*%+( F3ZZaJ( &#;( `&/"<$&#"$( F3ZZbJE( 4+%&'1$( 7"*( %:+(
6&#<7&8%<*'#0( "7( /+:'81+$( 8&#( M+( 7"<#;( '#( R$%*&#;( +%( &1E( F3ZZ3J( K:+*+( &#(
&<%"#"6"<$(*"M"%'8(/+:'81+(7"*(K++;(8"#%*"1('$(5*+$+#%+;-('#(G&B(+%(&1E(F3ZZ^J(K:'8:(
;+&1$(K'%:( &#( &<%"#"6"<$( /+:'81+( 7"*( 7'#;'#0(K++;$-( '#( I"<%:&11( +%( &1E( F3ZZ3J( &#;(
G<*0"$(+%( &1E( F3Z,,J(K:+*+(&<%"#"6"<$(/+:'81+$(&*+(5*+$+#%+;(<%'1'D'#0( $5+8'&1'D+;(
8"65<%+*( /'$'"#( $N$%+6$( 7"*( ;'$8*'6'#&%'#0( M+%K++#( 8*"5( &#;( K++;-( &#;-( '#(
G'11'#0$1+N(F3ZZZJ(K:+*+(&(;*'/+#(%*&8%"*(K'%:(6&8:'#+(/'$'"#('$(<$+;E(
9:'$(5&5+*(7"8<$+$("#(%:+(&<%"6&%+;-(*"M"%'8(:&*/+$%'#0("7(8*"5$("7(:'0:($'0#'7'8&#8+(
%"( %:+( ?*++B( +8"#"6NE( =%( '#/"1/+$( %:+( ;+$'0#( "7( &#( &<%"#"6"<$( /+:'81+( +V<'55+;(
K'%:(&(L@1'#B(*"M"%'8(&*6(&#;(0*'55+*E(=%(5*+$+#%$(%:+(;+$'0#-(5*"%"%N5+(8"#$%*<8%'"#(
&#;( $%&%'8( %+$%'#0( "7( &( *"M"%'8( +#;@+77+8%"*( 0*'55+*( 7"*( <$+( '#( %:+( 8"11+8%'"#( "7(
$+#$'%'/+(&0*'8<1%<*&1(5*";<8%$E(9:+(0*'55+*('$(8"65*'$+;("7(%:+(8&5%<*'#0(6+8:&#'$6-(
%:+(;*'/'#0(6"%"*(&#;(%:+(6"%"*(+1+8%*"#'8$E(=%(:&$(&(6";<1&*(;+$'0#(K:'8:(&11"K$(7"*(
&;&5%&%'"#( %"(:&*/+$%'#0(6"*+( %:&#("#+(B'#;(F"*($'D+J("7( 7*<'%(&%(&( %'6+(MN(<%'1'D'#0(

340



'#%+*8:&#0+&M1+($+%$("7(O7'#0+*$PE(.&8:($+%("7( 7'#0+*$( '$("7(;'77+*+#%($:&5+-($'D+(&#;(
7*<'%@8"#%&8%(6&%+*'&1E(
9:+( M&$'8( ;+$'0#( "7( %:+( /+:'81+-( %:+( *"M"%'8( &*6( &#;( %:+( &<%"#"6"<$( "5+*&%'"#(
+1+8%*"#'8$-($'#8+(%:+N(*+1&%+( %"(%:+(:&#;1'#0("7( %:+(7*<'%-(&*+(5*+$+#%+;('#($+8%'"#(3E(
9:+(0*'55+*(;+$'0#-(8"#$%*<8%'"#(&#;($%&%'8( %+$%'#0(&*+(5*+$+#%+;( '#( $+8%'"#([E(R1$"-(
%:+( 0*'55+*( 8"#%*"1( +1+8%*"#'8$( F"5+#-( 81"$+-( 6"%"*( %"*V<+( 1'6'%'#0J( &#;( %:+( 6&'#(
8"#%*"11+*( 5*"0*&66'#0( F&<%"#"6"<$( "5+*&%'"#( &#;( 8"66<#'8&%'"#$J( :&/+( M++#(
8"#$%*<8%+;( &#;( %+$%+;( K'%:( +Q8+11+#%( *+$<1%$( &$( 5&*%( "7( 5*""7( "7( 8"#8+5%( &#;( &*+(
5*+$+#%+;('#($+8%'"#([E(!"#81<$'"#$(7"11"K('#($+8%'"#(^E(

>!!!6+,('(-(+$!?#2%03#!*'4!6.-!"#$%&'!

R(5*+/'"<$(;+$'0#(F2&*'#'$-(3ZZYJ(7"*(%:+(8"11+8%'"#("7(*+8N81&M1+("MX+8%$(F6&;+("7(
K"";("*(6+%&1J( 7*"6( %:+( 0*"<#;-( :&$(M++#( *+;+$'0#+;( %"( &88+5%( &( ;'77+*+#%( *"M"%'8(
&*6( &#;( '65*"/+;( 0*'55+*( '#( "*;+*( %"( :&*/+$%( $+#$'%'/+( &0*'8<1%<*&1( 5*";<8%$( &%( &(
:+'0:%( "7( "#+( 6+%+*( &M"/+( O0*"<#;( 1+/+1PE( 9:+( 6";<1&*( ;+$'0#( 8"#8+5%( &#;( %:+(
&<%"#"6"<$("5+*&%'"#(8"#%*"1(+1+8%*"#'8$(*+6&'#(%:+($&6+E(

>7<!!!?#2%03#!"#$%&'!

9:+(/+:'81+U$($5+8'7'8&%'"#$(&*+A(2&Q'6<6("88<5'+;($5&8+(,Q,Q,6(K'%:(%:+(*"M"%'8(
&*6(*+%*&8%+;-( %K"($+%$("7(K:++1$(F1+7%($';+(c(*'0:%($';+J(5"K+*+;(MN(%K"($+5&*&%+1N(
8"#%*"11+;(4!(6"%"*$( %"( 5*"/';+( 7"*K&*;(6"/+6+#%-( *+/+*$+-( &$(K+11( &$(6'#'6<6(
%<*#'#0( *&;'<$( F"#@%:+@$5"%( %<*#'#0J-(6&Q'6<6( $5++;( "7( L( B6d:( &%( Le( '#81'#+( &#;((
6&Q'6<6(K+'0:%(F7<11N(1"&;+;J("7(3ZZ`0E((
9:+(/+:'81+( $:"K#('#(f'0E(,(K'11("5+*&%+(&<%"#"6"<$1N-(5"K+*+;(MN("#@M"&*;(,3\(
M&%%+*'+$( &#;( K'11( 6"/+( '#;+5+#;+#%1N( &/"';'#0( "M$%&81+$( F2&*'#'$-( 3ZZYJE( =%( K'11(
$+&*8:( 7"*( 5*";<8%$( %"( M+( :&*/+$%+;( &#;( K'11( 1"8&%+( '%$+17( $<'%&M1N( 7"*( %:+( &*6( &#;(
0*'55+*(%"(5*"8++;(K'%:(:&*/+$%'#0E((

(

(((((((((( (

@%&7!<7(.65%N(/+:'81+(K'%:(+Q%+#;+;(&#;(*+%*&8%+;(&*6(&#;(0*'55+*E(

(

341



>7>!!!A(/(,%0!6.-!"#$%&'!!

9:+( *"M"%'8( &*6U$( $5+8'7'8&%'"#$( &*+A( 2&Q'6<6( :+'0:%( 36( 7*"6( 0*"<#;( 1+/+1-(
8"#%*&8%+;( :+'0:%( ,6( &M"/+( K:++1( M&$+-( 6&Q'6<6( :"*'D"#%&1( *+&8:( ,EL( 6E( 9:+(
6'#'6<6( "5+*&%'"#&1( 7<#8%'"#&1'%N( '$A( R( %:*++( ;'6+#$'"#&1( 8&6+*&( $N$%+6( 7"*(
1"8&%'#0(%:+(5*";<8%(%"(M+(:&*/+$%+;(F#"%(8<**+#%1N(;+/+1"5+;J(K'11(8"66<#'8&%+(%:+(
8""*;'#&%+$(%"(%:+(6&'#(8"#%*"11+*E(9:+(K:++1(8"#%*"11+*(K'11(6"/+(%:+(/+:'81+(%"(%:+(
81"$+$%( 1"8&%'"#( &#;( %:+( *"M"%'8( &*6(K'11( +Q%+#;( %"( :&*/+$%( &#;( *+%*&8%( %"( $%"*+( %:+(
5*";<8%E(9:+(;+%&'1+;(;+$'0#(&#;(8"#$%*<8%'"#("7(%:+(*"M"%'8(&*6(K'11(8"66+#8+(&7%+*(
%:+(8"11+8%'"#("7(;&%&(7*"6('#@%:+@7'+1;($%&%'8(%+$%'#0("7(%:+(0*'55+*E((
]"K+/+*-(%:+*+('$(&(5*+1'6'#&*N(;+$'0#("7(&(L@1'#B(*"M"%'8(&*6(7"*(%:'$(5<*5"$+E(9:+(
0*'55+*('$(%:+(7'7%:(1'#BE(9:+(7'*$%(1'#B('$(7&$%+#+;(&%(%:+("*'0'#(FTZJ(&#;(8&#(*"%&%+(Fg,J(
&M"<%(%:+(h,(&Q'$(MN([aZ(;+0*++$E(9:+($+8"#;(1'#B(+Q%+#;$(1'#+&*1N(<5K&*;$(FMN(;,J('#(
%:*++($+8%'"#$E(9:+(%:'*;(1'#B(+Q%+#;$(1'#+&*1N(FMN(;[J('#(%K"($+8%'"#$E(9:+(7"<*%:(1'#B(
*"%&%+$(Fg^J(&M"<%(%:+(h[(&Q'$(MN([aZ(;+0*++$E(9:+(7'7%:(+1+6+#%('$(%:+(0*'55+*(K:'8:(
:&$(&(7'Q+;(1+#0%:("7(ZE[(6E(IN$%+6("7(&Q'$-(5*'$6&%'8(F;J(&#;(*+/"1<%+(FgJ(/&*'&M1+$(
&*+(;+7'#+;(&$('#(f'0E(3E(9:+("*'0'#(FTZJ("7(iZ-(jZ(&#;(hZ('$(1"8&%+;(&%(%:+(M&$+("7(%:+(
/+:'81+-(7*"#%($';+-(&#;(8+#%+*E(9:'$('$(%:+(;+$'0#U$(7'Q+;($<55"*%E(

(

@%&7!>7()*+1'6'#&*N(;+$'0#("7(%:+(L@1'#B(*"M"%'8(&*6E(

I"6+(&$$<65%'"#$(K+*+(6&;+A(9:+(6&$$("7(%:+(6"%"*$('$( '#81<;+;('#(%:+(1'#B(6&$$(
&#;(+&8:(1'#B('$(&$$<6+;(%"(:&/+('%$(8+#%+*("7(*"%&%'"#(&%(k(%:+(1+#0%:("7(%:+(1'#B(F&$('%(
8"<1;(:&/+(M++#(K'%:"<%(%:+(&;;'%'"#("7(%:+(6"%"*JE((9:+(6&$$("7(%:+(0*'55+*(8:&#0+$(
7*"6(O+65%NP(%"(O+65%N(l(5*";<8%P-(K:'8:('$(&(/&*'&M1+E(=%$(6&Q'6<6(;+$'0#(6&$$(
K'11(M+($+%(%"([`0E((
9:+( 7"*K&*;( F"*( 8"#7'0<*&%'"#J( B'#+6&%'8( &#&1N$'$( "7( %:+( &*6( K&$( M&$+;( "#( %:+(
4+#&/'%(c(]&*%+#M+*0(8"#/+#%'"#E(.V<&%'"#(,($:"K$( %:+(;+*'/+;(7"*K&*;(B'#+6&%'8(
+V<&%'"#$(6&%*'QE((
R7%+*(;+%&'1+;(K"*B(&#;($'651'7'8&%'"#("7(%:+(+V<&%'"#(%+*6$-(%:+(/+1"8'%N(B'#+6&%'8$(
&#&1N$'$(N'+1;+;(%:+(m&8"M'&#(6&%*'Q("7(+V<&%'"#(3E((
(

342



!
!
!
!

"

#

$
$
$
$

%

&

'((

''(

''(((

))

,ZZZ

Z

JFnnn

JFnnn

nnnn
,3^^

[^L,,^,^,

[^L,,^,^,

L^[3,
Z

L
!!"#

!!!""##"#

!!!###"""

$$$$$%
**

******

******

(

(

F<J(

!
!
!
!
!
!
!
!

"

#

$
$
$
$
$
$
$
$

%

&

(

''(

((''(

)!
"

#
$
%

&
)

ZZZZ,

ZZZZ

ZZZZ

ZZZ,Z

ZZJFn

ZZJFn

,

,

,,L^[,

,,L^[,

*

*

***

***

+

"

#

""!!!#

##!!!"

&

&
&

'

(

(

F>J(

>7B!!!6+,('(-(+$!C5#.*,%('!"#$%&'!

9:+( M&%%+*'+$-( +1+8%*'8( 8'*8<'%$( &#;( 8"#%*"1( +1+8%*"#'8$( K'11( M+( '#$%&11+;( '#$';+( %:+(
/+:'81+( '#( 6";<1&*( 7"*6E( 9:+( +1+8%*"#'8( M"&*;$( K'11( M+( 5"K+*+;( MN( &( $+5&*&%+-(
$6&11+*( M&%%+*NE( R11( 8"66<#'8&%'"#$( K'%:( +Q%+*#&1( )!$( 7"*( 5*"0*&66'#0-( ;&%&(
&8V<'$'%'"#-( +%8( K'11( M+( /'&( $+*'&1( '#%+*7&8+E( ( T%:+*( &;@:"8( 8"66<#'8&%'"#( F$%&%<$-(
$%&*%d$%"5-(+%8J(;<*'#0(&<%"#"6"<$("5+*&%'"#(K'11(M+(/'&(&(K'*+1+$$(1'#B(FiE3LJE(
(

(

@%&7!B7(G1"8B(;'&0*&6("7(8"#%*"1(&#;(8"66<#'8&%'"#(+1+8%*"#'8$E(

9:+(M1"8B(;'&0*&6("7(f'0E([('$(&(0+#+*&1(51&#("7(%:+("#@M"&*;(+1+8%*"#'8$E(9:+(O'%+6(
1"8&%"*($N$%+6P(K'11(M+(&;;+;(1&%+*E((

343



9:+( 6&'#( "#@M"&*;( +1+8%*"#'8$( K'11( 8"#%*"1( %:+( /+:'81+U$( K:++1$-( *"M"%'8( &*6(
6"/+6+#%-( 0*'55+*( &8%'"#( &#;( 8"66<#'8&%'"#( K'%:( "%:+*( M"&*;$E( =%( K'11( &1$"(
8"66<#'8&%+( &;@:"8( K'%:( &( :<6&#( $<5+*/'$"*( F*+6"%+1N( 1"8&%+;( )!( K'%:( iE3L(
8&5&M'1'%NJE(9:'$(6";<1&*(&55*"&8:(&11"K$(7"*(7<%<*+(+Q5+*'6+#%&%'"#d%+$%'#0E((
9:+( &;;'%'"#&1( M"&*;$( K'11( *+8+'/+( $'0#&1$( 7*"6( '#+Q5+#$'/+( <1%*&$"#'8(
$+#$"*$d8&6+*&( &#;( $+#;( 6"M'1'%N( '#7"*6&%'"#( %"( %:+( K:++1( 8"#%*"11+*E( R( %:*++(
;'6+#$'"#&1( 8&6+*&( $N$%+6( K'11( 1"8&%+( %:+( 5*";<8%( %"( M+( :&*/+$%+;( &#;( K'11( $+#;(
1"8&%'"#('#7"*6&%'"#(%"(%:+(&*6(&#;(0*'55+*(8"#%*"11+*E(I+#$'%'/+('#7"*6&%'"#($<8:(&$(
8<**+#%($%&%<$-("5+*&%'"#('#(5*"0*+$$(&#;($%&%'$%'8&1(;&%&(K'11(M+($&/+;('#(#"#@/"1&%'1+(
..)_T2E((

>7D!!!E.(()!()!F('0#5,!

=#'%'&1( %+$%'#0( "7( '#;'/';<&1( $N$%+6$( :&$( 5*"/+;( %:+( ;+$'0#( 8"#8+5%E( R11( )=!(
8"#%*"11+*$(F,-(3(&#;([J(:&/+(M++#(5*"0*&66+;(&#;(%+$%+;($<88+$$7<11N(F+Q81<;'#0(%:+(
&*6( 6"/+6+#%( 5*"8+;<*+$JE( )*"0*&66'#0( "7( %:+( *"M"%'8( &*6( 8"#%*"11+*( K'11(
8"66+#8+(K:+#(%:+(7"*K&*;(B'#+6&%'8$("7(%:+(&*6(&*+(8"6M'#+;(K'%:(5*"%"%N5+(1'#B(
;N#&6'8$( &#;( $+1+8%+;(6"%"*( ;&%&E(f'#&1( 5*"0*&66'#0(K'11( 7"11"K( %:+( 8"#$%*<8%'"#(
&#;(%+$%'#0("7(%:+(5*"%"%N5+(&*6E(R;;'%'"#&1(:&*;K&*+(FM"&*;(&#;(3@K&N(\]f(*&;'"$J(
K&$( <$+;( '#( %+$%'#0( iE3L( K'*+1+$$( 8"66<#'8&%'"#E( =#'%'&1( 5*""7( "7( 8"#8+5%(
5*"0*&66'#0( 7"*( %:+( 0*'55+*U$( ..)_T2( $&/+;( ;&%&( &$( K+11( &$( 6&'#( 2!W(
8"66<#'8&%'"#$(:&$(M++#($<88+$$7<1E((

B!!!G.%55#.!"#$%&'!

9:+($N$%+6('$(8"65*'$+;("7(&(6+8:&#'8&1(*"M"%'8(+#;@+77+8%"*(<%'1'D'#0(&($+%("7(7"<*(
O7'#0+*$P-( &#( +1+8%*'8( 6"%"*( &#;( 6"%"*( 8"#%*"11+*( &$( K+11( &$( %:+( ;+;'8&%+;( 8"#%*"1(
+1+8%*"#'8$( M"&*;E( )"K+*( '$( $<551'+;( 7*"6( %:+( "#@M"&*;( M&%%+*'+$E(4'77+*+#%( $+%$( "7(
7'#0+*$(K'11(8:&#0+(%:+("/+*&11(0*'55+*U$(0+"6+%*N(%"($<'%(7"*(:&*/+$%'#0(;'77+*+#%($'D+(
7*<'%$E(9:+N(6&N(&1$"(<%'1'D+(;'77+*+#%(7*<'%@8"#%&8%(6&%+*'&1(7"*(&(6"*+($+#$'%'/+(8*"5E(

B7<! H5#0%)%0*,%('$!*'4!I#02*'%$-!"#$%&'!

9:+( 0+"6+%*N( &#;( 7<#8%'"#( "7( %:+( 7'*$%( $+%( "7( 7'#0+*$( K&$( ;+$'0#+;( %"( +#&M1+( %:+(
8&5%<*+("7(5*";<8%$("7($5:+*'8&1($:&5+(&#;($'D+$("7(3Z66(<5(%"(,ZZ66('#(;'&6+%+*E(
>'%:( %:+( 0*'55+*( '#( %:+( <5*'0:%( 5"$'%'"#( F&$( '#( f'0E( ,J-( '%( $:"<1;( :"1;( &( 8&5%<*+;(
K+'0:%("7(#"%(1+$$(%:&#(^ZZ0(F,`0(+77+8%'/+J(K:'1+('#(*&5';(*"M"%'8(&*6(6"%'"#E(9:+(
8"#%&8%(6&%+*'&1$(8"/+*'#0(%:+(7'#0+*$(6<$%(M+(&55*"/+;(7"*(7"";(:&#;1'#0E((
9:*++(8"66"#(%N5+$("7(6+8:&#'$6$(K+*+('#'%'&11N(8"#$';+*+;A(9K"@7'#0+*+;(5&*&11+1(
X&K-($8'$$"*@%N5+(&#;(/+*%'8&1(0*'55+*$-(M<%(%:+N(;';(#"%("77+*(0"";(8&5%<*'#0(*+$<1%$E(
9:+(0*'55+*(:&$(7"<*(6"/'#0(O7'#0+*$P(K:'8:(5'/"%(<5(%"(LZ(;+0*++$(+&8:(%"(&11"K(&(
6&Q'6<6("5+#'#0(;'&6+%+*("7(,LZ(66(&6"#0(%:+6E(9:'$(K'11(&11"K(%:+(*"M"%'8(&*6(
%"("5+*&%+(K'%:'#(&(3L66(6&Q'6<6(5"$'%'"#'#0(+**"*E((

344



9:+( '#'%'&1( ;+$'0#( "7( %:+( 0*'55+*U$( 7'#0+*$( '#/"1/+;( %:+( <$+( "7( 7"<*( $"1';( 5'+8+$( "7(
51&$%'8-(M+#%(5*"5+*1N(%"(8&5%<*+($5:+*'8&1("MX+8%$(&#;('$($:"K#('#(f'0E(^E((
9:+( ;+$'0#( "7( %:+( 6"/'#0( 5&*%$( &11"K$( %:+'*( +&$N( *+51&8+6+#%( '#( 8&$+( "7( K+&*( "*(
;&6&0+E(]"K+/+*-($""#(&7%+*(8"#$%*<8%'"#(&#;('#'%'&1(%+$%'#0(%:+N(5*"/+;(%"(:&/+(&#(
'#:+*+#%(;+0*++-(:"K+/+*($6&11-("7(:&*$:(:&#;1'#0($"6+($+#$'%'/+(7*<'%E(R1$"-($6&11+*(
'%+6$(%+#;+;(%"(O+$8&5+P(%:+(0*'55+*(7*"6(M+%K++#(&;X&8+#%(7'#0+*$E((
(

(((((((((( (

@%&7!D7(=#'%'&1(;+$'0#("7(%:+(0*'55+*U$(O7'#0+*$P(K'%:(5*"/'$'"#(7"*(&($5++;(*+;<8%'"#(0+&*($+%E((

_+/'$'"#$('#(%:+("*'0'#&1(;+$'0#(N'+1;+;(%:+(5*"%"%N5+(0*'55+*($:"K#('#(f'0E(LE(=%( '$(
$<55"*%+;(/+*%'8&11N(<$'#0(%K"(&#01+;(6+%&1($<55"*%$('#("*;+*(%"(%+$%(%:+(6+8:&#'8&1(
7<#8%'"#&1'%N(&#;($%&%'8(5+*7"*6&#8+("7(%:+(;+$'0#-(&$(K+11(&$(%"(&11"K(;+/+1"56+#%("7(
%:+(8"#%*"11+*(+1+8%*"#'8$E((
(

( (

@%&7!J7(_+;+$'0#+;(0*'55+*U$(7'#0+*$(&#;(8"#$%*<8%'"#("7(5*"%"%N5+E(

9:+(7'#0+*$(:&/+(&(%K"@$+8%'"#(;+$'0#('#("*;+*(%"(6&'#%&'#(%:+($%'77#+$$("7(%:+(%"5(:&17(
&#;( &11"K( &( 71+Q'M1+( K'*+( 7'#0+*%'5( &$( $:"K#( '#( f'0E( LE( ( 9:'$( :&$( %K"( &;;'%'"#&1(
&;/&#%&0+$A( 9:+( /"';( M+%K++#( %K"( 8"#$+8<%'/+( 7'#0+*$( '$( 0*+&%1N( *+;<8+;( &#;( %:+(
1"K+*(5&*%(8&#(M+(+&$'1N('#%+*8:&#0+;(&#;('#+Q5+#$'/+1N(*+51&8+;('#(8&$+("7(K+&*("*(

345



6";'7'8&%'"#("7(6'$$'"#(F"*("5+*&%'#0(+#/'*"#6+#%JE(f'#0+*%'5$("7(;'77+*+#%(0+"6+%*N(
"*(6&%+*'&1(8&#(M+(&%%&8:+;E((

B7>!!!"#$0.%5,%('!*'4!C5#.*,%('!!

R11( 5&*%$( &*+( 7&$%+#+;( "#( &( $'#01+( M"&*;-( $+8<*+;( MN( %K"( '*"#( &#01+;( $<55"*%$( F7"*(
$%&%'8( %+$%'#0JE(RM"/+( '%-( %:+*+( '$( &( ,Z\-([^Z6R(M'5"1&*( $%+5(6"%"*( 8"##+8%+;( %"( &(
6<1%'@%<*#(:'0:(&88<*&8N(5"%+#%'"6+%+*(%:*"<0:(&($+%("7(*+;<8%'"#(0+&*$(F7"*(7'#0+*%'5(
5"$'%'"#( *+5"*%'#0JE(9:+(6"%"*( %<*#$(&( $8*+K(&#;(#<%(8"6M'#&%'"#( %"(5*"/';+( 1'#+&*(
6"%'"#(%"(7"<*(1'#B$(M+1"K(%:+(M"&*;E(9:+(1'#B$(6"/+(%:+(%"5("7(%:+(7"<*(7'#0+*$(<5("*(
;"K#-(5'/"%(%:+6(&M"<%(7"<*(7'Q+;(5"'#%$(&#;(8&<$+(%:+6(%"("5+#(&#;(81"$+E(9:+(%"5(
5&*%("7(+&8:( 7'#0+*( '$(6&;+("7( $"1';(6&%+*'&1( FG&B+1'%+J( &#;(5*"/';+$( 7"<*(5"'#%$( %"(
$+8<*+(&(1""5("7(M+#%(0&1/&#'D+;($%++1(K'*+(F7'#0+*%'5$J(&$($:"K#('#(f'0E(LE(9:'$(K'*+(
8&5%<*+$(%:+(5*";<8%E(
R($%&#;&*;($%+5(6"%"*(8"#%*"11+*(K'%:(;<&1(]@M*';0+(+1+8%*"#'8$(:&$(M++#(6";'7'+;(%"(
"5+#(&#;(81"$+(%:+(7'#0+*$E(9:+()=!(8"#%*"11+*("#(%:+(M"&*;(:&$(M++#(*+51&8+;(K'%:(
&#"%:+*-( 5*"0*&66+;( 7"*( &;X<$%&M1+( 81"$'#0( %"*V<+-( 7&$%d$1"K( 6"/+6+#%-( *+$+%-(
&<%"6&%'8( 5"$'%'"#( 8&1'M*&%'"#-( 5"$'%'"#( +#8";'#0d;+8";'#0( &#;( 0+#+*&1(
8"66<#'8&%'"#(K'%:(:'0:+*(1+/+1(6";<1+$E(2"%"*(%"*V<+('$(8"#%*"11+;(MN(1'6'%'#0(%:+(
6&Q'6<6( 8<**+#%( %:*"<0:( %:+( 6"%"*U$( K'#;'#0$( <$'#0( )>2E( R;;'%'"#&1( 8'*8<'%(
6";'7'8&%'"#$(:&/+(M++#(6&;+(%"(%:'$(+77+8%E(9:+(%"*V<+(1+/+1(FK:'8:($+%$(%:+()>2(
5+*8+#%&0+J( '$( 8"66<#'8&%+;( MN( %:+( 7&*6+*( %"( %:+( 6&$%+*( 8"#%*"11+*( K:+#( %:+(
8"66&#;( %"( $%&*%( :&*/+$%'#0( '$( $+#%E( 9:+( 1+/+1( ;+5+#;$( "#( 5*+/'"<$( *+$<1%$( 7*"6(
:&*/+$%'#0("7(%:+($5+8'7'8(8*"5E(
R($%+5(6"%"*('$(<$+;(M+8&<$+('%(8&#(5*";<8+(&(:'0:(:"1;'#0(%"*V<+(K'%:"<%(8:&#0'#0(
'%$(5"$'%'"#(&#;(8"#$+V<+#%1N(%:+(5*+$$<*+(&551'+;(%"(%:+(8&5%<*+;(5*";<8%E()"K+*(%"(
%:+(6"%"*(F"#1NJ('$(5*"/';+;(7*"6(%:+(6&'#(,3\(M&%%+*'+$E(
I+5&*&%+(+1+8%*"#'8$( F)=!(,of^L3J(8"#%*"1( %:+(:'0:+*( 1+/+1( 7<#8%'"#$("7( %:+(0*'55+*E(
9:'$(8"#%*"11+*(F)=!@,J(8"66<#'8&%+$(/'&(_I3[3(%"(&88+5%(8"66&#;$-(*+5"*%($%&%<$(
&#;( &;X<$%( %:+( 81"$'#0( %"*V<+( $+%%'#0( "7( %:+( $%+5( 6"%"*( M"&*;E( 9:+( +Q%+#%( "7( %:+(
7'#0+*%'5("5+#'#0(:&$(&($5+8'7'+;(6&Q'6<6(M<%(%:+(8"#%*"11+*(&;X<$%$( %:+(6&Q'6<6(
#<6M+*("7(%<*#$("7(%:+(6"%"*(M&$+;("#(%:+($'D+("7(%:+(7*<'%(&#;(%:+(0+"6+%*N("7(%:+(
&%%&8:+;($+%("7(7'#0+*%'5$(MN(6+&#$("7(&(1""B@<5(%&M1+($%"*+;('#(..)_T2E(9:'$(&1$"(
8:&#0+$( %:+( *&#0+( "7( /&1<+$( +Q5+8%+;( 7*"6( %:+( 7++;M&8B( 5"%+#%'"6+%+*E( R11(
"5+*&%'"#&1(;&%&('$($%"*+;('#(..)_T2(/'&(=3!(7"*(&<%"6&%+;(*+8"/+*N(7*"6(&(5"K+*(
$:"*%&0+(&#;(&1$"(7"*(;+M<00'#0E((
9:+("%:+*(8"#%*"11+*(F)=!@3J(:&#;1+$(&11( '#%+*@6";<1+(8"66<#'8&%'"#E(R11()=!(8";+(
'$(K*'%%+#('#(!(1&#0<&0+(<$'#0($%*<8%<*+;(5*"0*&66'#0(%+8:#'V<+$E(

B7B!!!G.%55#.!K#$,%'&!

9:+(0*'55+*(K&$(%+$%+;($%&%'8&11N-(M&$+;("#(%:+(%N5+$("7(;&6&0+(%:&%(8&#(M+(8&<$+;(%"(
&(:&*/+$%+;( 7*<'%($:"K#( '#(9&M1+(,E(9:+( %"*V<+( 1+/+1( F)>2(5+*8+#%&0+J(K&$( %+$%+;(
7"*($"6+(%+$%+;(7*<'%(%"(;+%+*6'#+(%:+(6&Q'6<6($&7+(/&1<+(7"*(+&8:E(9:+(*+$<1%$(%:&%(

346



7"11"K+;( K+*+( +Q8+11+#%E( =%( '$( &$$<6+;( %:&%( #"( 7<*%:+*( ;&6&0+( '$( 8&<$+;( 7*"6( %:+(
7*<'%U$("K#(K+'0:%(F%""(*'5+(%"(:&#;1+JE(

K*/3#!<7((9N5+$("7(5"$$'M1+(;&6&0+(+77+8%+;(%"($+#$'%'/+(:&*/+$%+;('%+6$E(

9N5+("7(;&6&0+( !&<$+(

,E(!*<$:'#0("*($51'%%'#0( .Q8+$$'/+(7"*8+(

3E(I<5+*7'8'&1(0*&D'#0("7(%:+($B'#( !"#%&8%(6&%+*'&1(

[E(\'$'M1+('#%+*#&1(M*<'$'#0( .Q8+$$'/+(7"*8+(

^E(=#%+*#&1(M*<'$'#0(F#"%(/'$'M1+J( !"11+8%'"#(M'#(d(:&#;1'#0(

LE(T%:+*(:&#;1'#0("5+*&%'"#$(;&6&0+( !"11+8%'"#(M'#(d(:&#;1'#0(

(
9:+( 7'#&1( ;+$'0#(K&$( %+$%+;( $%&%'8&11N( "#( &#01+;(6+%&1( $<55"*%$E( ( 9:+( "5+#'#0( &#;(
81"$'#0(0+"6+%*N("7(%:+(0*'55+*(*+6&'#+;(<#8:&#0+;(&7%+*(*+5+&%+;("5+*&%'"#$E(f'0E(a(
$:"K$( &( 5*"M1+6( K:+#( <$'#0( 7'#0+*%'5$( "7( 1&*0+*( $'D+( K:+*+( %:+( %&*0+%+;( 7*<'%( F"*(
&;X&8+#%( 7*<'%J(8&#(0+%(8&<0:%(M+%K++#( %:+( 7'#0+*$E(9+$%+;(5*";<8%$(K+*+(*+5+&%+;1N(
8&5%<*+;($<88+$$7<11N(&#;(K'%:"<%(;&6&0+-(&$($:"K#('#(f'0E(bE(T7(8"<*$+-(%:+($6&11+*(
'%+6(K"<1;(:&/+(M++#(M+%%+*($+*/+;(<$'#0(7'#0+*%'5$("7(&($6&11+*($'D+E(9:+(7'#0+*%'5$(
6&;+("7($%++1(K'*+(5+*7"*6+;(7&*(M+%%+*(%:&#(%:+('#'%'&1($"1';(;+$'0#E(9:+(1&8B("7($:&*5(
+;0+$-( %:+( 1&*0+( &*+&( "7( 8"#%&8%( K'%:( %:+( 5*";<8%( &#;( %:+( 0+"6+%*N( "7( %:+( 81"$'#0(
6"%'"#(5*"/';+;(+Q8+11+#%(*+$<1%$E(
>:+#( %+$%'#0( &%( 7<11( 6"%"*( %"*V<+( F#"( 1'6'%'#0( "7( %:+( 6"%"*U$( 8<**+#%J( &11( %+$%$(
;&6&0+;(&11(%+$%+;(7*<'%E(=#(&#"%:+*(%+$%-(K:+#(&($"1';("MX+8%(K&$('#$+*%+;(%"(M1"8B(%:+(
0*'55+*U$(81"$'#0(&8%'"#-(%:+*+(K&$(#"(;&6&0+(%"(%:+(0*'55+*(;<+(%"(%:+(71+Q'M'1'%N("7(
%:+(K'*+(7'#0+*%'5$E(
R(5*"M1+6(&*"$+(K:+#(8"11+8%&M1+(7*<'%(K+*+(5'8B+;(7*"6(&(5'1+(F81"$+(0*"<5JE((=#(%:'$(
8&$+-(%K"('%+6$(K+*+(6'$%&B+#(7"*("#+-(&#;('#(&#(+77"*%(%"(8"11+8%(%:+6-(%:+N(K+*+(#"%(
$+8<*+1N(8&5%<*+;("#(%:+(7'*$%(&%%+65%E(T#+(*'5+('%+6(7+11("77(;<+(%"($:&B'#0(%:+(5'1+E(
4<*'#0( ;N#&6'8( %+$%'#0-( '7( %:+( 0*'55+*U$( +1+8%*"#'8$( '#;'8&%+( &( 7&'1+;( 8&5%<*+-( %:+(
:&*/+$%'#0(&55*"&8:(K'11(M+( $1'0:%1N(6";'7'+;(&#;(&( $+8"#;(:&*/+$%'#0(&%%+65%(K'11(
8"66+#8+E(f<*%:+*(&;X<$%6+#%$(&#;(&%%+65%$(F'7(&#NJ($:"<1;(*+1&%+(%"(%:+(6+%:";("7(
1"8&%'#0(%:+('%+6$-("%:+*K'$+(%:+($5+8'7'8(%&*0+%+;(7*<'%($:"<1;(M+(;'$6'$$+;E(
(

(

@%&7!L7(9:+(7'#0+*%'5(0+"6+%*N('$(6<8:(1&*0+*(%:&#(%:+(7*<'%($'D+E(

(

347



((((( (
(

@%&7!M7(I<88+$$7<1(8&5%<*'#0("7($+#$'%'/+('%+6$(F1&*0+(&#;($6&11JE(

D7!F('03+$%('$!

9:'$( 5&5+*( 5*+$+#%$( &#( +77"*%( 7"*( %:+( ;+$'0#( "7( %:+( 5*"%"%N5+( "7( &#( &<%"#"6"<$(
/+:'81+(K'%:(&(O7'/+(1'#BP(*"M"%'8(&*6(&#;(%:+(;+/+1"56+#%("7(&($<'%&M1+(0*'55+*E((
9:+(0*'55+*(K&$(;+$'0#+;-(&#;-( '%$(5*"%"%N5+(K&$(8"#$%*<8%+;(&#;( %+$%+;(F$%&%'8&11NJ(
7"*('%$(+77+8%'/+#+$$('#(8"11+8%'#0(7*<'%$("7($'D+($<'%&M1+(%"(%:+(7'#0+*%'5$(<$+;-(K'%:"<%(
;&6&0'#0( %:+6E( 9:+( 0*'55+*( +#81"$+$@8&5%<*+$( '#$%+&;( "7( $V<++D'#0@8&5%<*'#0( %:+(
7*<'%(K:'8:(*+$<1%$('#(6'#'6'D+;(;&6&0+$-(MN(;+$'0#E(.1+8%*"#'8(8'*8<'%(M"&*;$(K+*+(
8"#$%*<8%+;(K'%:(&55*"5*'&%+(8"#%*"1(&#;(%:+'*( '#'%'&1(5*"0*&66'#0(K&$($<88+$$7<11N(
'651+6+#%+;(7"*(%:+(0*'55+*U$("5+*&%'"#E(9:+(*"M"%'8(&*6(&#;(*+1&%+;(+1+8%*"#'8$(&*+(
'#(%:+(;+$'0#(5:&$+E((
f<*%:+*( 0*'55+*@*+1&%+;( *+$+&*8:( K'11( M+( ;'*+8%+;( '#( %:+( ;+/+1"56+#%( "7( &( 8<%%'#0(
6+8:&#'$6-( 5"$$'M1N( &%%&8:+;( &%( %:+( %'5( "7( %:+( 0*'55+*E( R;;'%'"#&1( +1+8%*"#'8$( K'11(
5*"/';+(7"*(%:+(/+:'81+U$(*"&6'#0(&#;(%:+(7*<'%(1"8&%"*($N$%+6E(

A#)#.#'0#$!

,E! R8&88'&-(?E2E-(2'8:+1'#'-(_E!E-(2"17'#"-(_E2E(&#;(_&DD"1'-(_E)E(F3ZZ[J(2"M'1+(
*"M"%$('#(0*++#:"<$+(8<1%'/&%'"#A('#$5+8%'"#(&#;(%*+&%6+#%("7(51&#%$E(=#%+*#&%'"#&1(
>"*B$:"5("#(R;/&#8+$('#(I+*/'8+(_"M"%'8$-(3ZZ[-(5E,@aE((

3E! R$%*&#;-( GE( &#;( G&+*/+1;%-( RE( F3ZZ3J( R#( R0*'8<1%<*&1( 2"M'1+( _"M"%( \'$'"#@
G&$+;()+*8+5%'"#(7"*(2+8:&#'8&1(>++;(!"#%*"1-(R<%"#"6"<$(_"M"%$-(,[-(5E3,@
[LE(

[E! G&B-(9E(&#;(m&B"M$+#-(]E(F3ZZ^J((R0*'8<1%<*&1(_"M"%'8()1&%7"*6(K'%:(f"<*(>:++1(
I%++*'#0(7"*(>++;(4+%+8%'"#-(G'"$N$%+6$(.#0'#++*'#0-(obF3J-(5E,3L@,[aE(

348



^E! G+17"*%+-(?E-(4+M"1'-(_E-(?&N-()E-()'88&*"1"-()E(&#;(_'8&<;&-(RE4E( F3ZZaJ(_"M"%(
;+$'0#( &#;( %+$%'#0( 7"*( 0*++#:"<$+( &551'8&%'"#$-( G'"$N$%+6$( .#0'#++*'#0-( YLF[J-(
5E[ZY@[3,E(

LE! G'11'#0$1+N-(mE(F3ZZZJ(R<%"6&%'8(?<';&#8+("7(R0*'8<1%<*&1(2"M'1+$(&%(%:+(S!.R-(
=#;<$%*'&1(_"M"%A(R#(=#%+*#&%'"#&1(m"<*#&1-(3bFaJ-(5E^^Y@^LbE(

aE! G<*0"$-( iE-( _'M+'*"-( RE-( ?<'X&**"-( 2E( &#;( )&X&*+$-( ?E( F3Z,,J( _+&1@%'6+( '6&0+(
5*"8+$$'#0( 7"*( 8*"5dK++;( ;'$8*'6'#&%'"#( '#( 6&'D+( 7'+1;$-( !"65<%+*( &#;(
.1+8%*"#'8$('#(R0*'8<1%<*+-(bL-(5E[[b@[^aE(

bE! !:"-(IE=E-(!:&#0-(IEmE(&#;(`'6-(jEjE(F3ZZ3J(4+/+1"56+#%("7(&(9:*++@4+0*++$@"7@
f*++;"6(_"M"%( 7"*(]&*/+$%'#0(p+%%<8+(W$'#0(2&8:'#+(\'$'"#(&#;(f<DDN(p"0'8(
!"#%*"1-(G'"$N$%+6$(.#0'#++*'#0-(o3F3J-(,^[@,^YE(

oE! `&/"<$$&#"$-( .E-( )"1N0+*'#"$-( )E-( )&1&6&$-( ?E( &#;( 9"<%"<#%D'$-( RE( F3ZZbJ(
R<%"#"6"<$( _"M"%'8( )1&%7"*6( I<'%&M1+( 7"*( ?*++#:"<$+( >"*B$-( IN#8:*"#'(
9+8:#'B'(.5'%:+"*'$'-(5EL3@LaE(

YE! `'%&6<*&-(IE(&#;(TB&-(`E(F3ZZLJ(_+8"0#'%'"#(&#;(8<%%'#0($N$%+6("7($K++%(5+55+*(
7"*( 5'8B'#0( *"M"%( '#( 0*++#:"<$+( :"*%'8<1%<*+-( =...( =#%+*#&%'"#&1( !"#7+*+#8+( "#(
2+8:&%*"#'8$(&#;(R<%"6&%'"#-(S'&0&*&(f&11$-(!&#&;&-(5E,oZb@,o,3E(

,ZE!̀ "#;"-( SE( &#;( 2"#%&-( 2E( F,YYYJ( I%*&KM+**N( ]&*/+$%'#0( _"M"%$-( R##<&1(
=#%+*#&%'"#&1(2++%'#0-(9"*"#%"(!&#&;&-(RIR.()&5+*(S"E(YY@[Zb,E(

,,E!2&*'#'$-(.E( F3ZZYJ(4+$'0#("7(&#(R<%"#"6"<$(_"M"%'8(\+:'81+( 7"*(!"11+8%'"#("7(
TMX+8%$-(,$%(S&%'"#&1(!"#7+*+#8+("#(_"M"%'8$-(R%:+#$-(!4(5*"8++;'#0$E((

,3E!2"#%&-( 2E-( `"#;"-( SE( &#;( I:'M&#"-( jE( F,YYLJ( R0*'8<1%<*&1( _"M"%( '#( ?*&5+(
)*";<8%'"#(IN$%+6-(=...(=#%+*#&%'"#&1(!"#7+*+#8+("#(_"M"%'8$(&#;(R<%"6&%'"#-(
[-(5E3LZ^@3LZYE(

,[E!)1+MM+-(?E(?*&$$"(F3ZZ,J(p"8&1'D&%'"#("7( $5:+*'8&1( 7*<'%$( 7"*( *"M"%'8(:&*/+$%'#0-(
2&8:'#+(\'$'"#(&#;(R551'8&%'"#$-(,[-(5EbZcbYE(

,^E!_++;-(mESE-(2'1+$-(IEmE-(G<%1+*-(mE-(G&1;K'#-(2E-(&#;(S"M1+-(_E(F3ZZ,J(R<%"6&%'8(
2<$:*""6( ]&*/+$%+*( 4+/+1"56+#%-( m"<*#&1( "7( R0*'8<1%<*&1( .#0'#++*'#0(
_+$+&*8:-(bo-(5E,L@3[E(

,LE!I"<%:&11-( GE-( ]&0<+-( 9E-( 2&*8:&#%-( mE( RE( &#;( G<Q%"#-( GE( fE( F3ZZ3J( R#(
R<%"#"6"<$( !*"5( 9*+&%6+#%( _"M"%A( )&*%( =E( R( `&16&#( f'1%+*( 2";+1( 7"*(
p"8&1'D&%'"#( &#;( !*"5d>++;( !1&$$'7'8&%'"#-( =#%+*#&%'"#&1( m"<*#&1( "7( _"M"%'8$(
_+$+&*8:-(3,F,J-(5Ea,@b^E(

,aE!9'11+%-(SE4E( F,YYYJ(_"M"%'8(2&#'5<1&%"*$( '#(]"*%'8<1%<*+A( &(_+/'+K-( m"<*#&1( "7(
R0*'8<1%<*&1(.#0'#++*'#0(_+$+&*8:-(LL-(5EoY@,ZLE(

,bE!\&#(]+#%+#-(.E-(\&#(9<'X1-(GE-(]""0&BB+*-(?EmE-(\&#(4+*(>++*;-(2EmE-(]+66'#0-(
mE-(`"*#+%-(mE?E-(&#;(G"#%$+6&-(mE( F3ZZ^J(R#(R<%"#"6"<$(_"M"%( 7"*(4+@1+&7'#0(
!<8<6M+*( )1&#%$( ?*"K#( '#( &( ]'0:@K'*+( !<1%'/&%'"#( IN$%+6-( G'"$N$%+6$(
.#0'#++*'#0-(Y^F[J-(5E[,b@[3[E(((

(

349



 
 
 
 
 
 
 
 
 
 
 
 
Session 7: e-Learning & Knowledge Management 



 

A Descriptive Study on the Students' Responses to 

Learning through an On-Line Agricultural Simulation 

Game 

Hasan Önder1, Kemal Ça!atay Selvi2, Sezen Ocak3 

1Department of Animal Science, Faculty of Agriculture, Ondokuz Mayis University, 
Samsun – Turkey, e-mail: hasanonder@gmail.com 

2Department of Agricultural Machinery, Faculty of Agriculture, Ondokuz Mayis 
University, Samsun – Turkey, e-mail: kcselvi@omu.edu.tr  

3Zirve University, Middle East Sustainable Livestock, Biotechnology and Agro-Ecology 
Research and Development Centre,  27260 Gaziantep-  Turkey, e-mail: 

sezenocak1@gmail.com 
 

Abstract. The purpose of this study is to investigate students’ responses to 
learning through an on-line agricultural simulation game. Four hundred and 
fifty agricultural engineering students, studying at three different universities 
with four grades in Turkey, participated in the study.  The data collected from 
the questionnaires were analysed by calculating frequencies of responses for 
the demographics and multiple-choice questions. To determine the differences 
among universities and grades Chi-square statistics were used. The results 
reveal that a majority of the surveyed students significantly want to play such a 
game at least one hour per day and they thought that it may be useful for their 
educational success.  

Keywords: Teaching/learning strategies, On-line game, Agricultural 
education. 
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1   Introduction 

 Technological developments have been increasingly influencing the 
perceptions and conceptualizations of both educators and learners. In recent years, 
several attempts have been made to enhance students’ learning experiences by 
increasing their motivation, by attempting to focus their attention, and by helping 
them to construct more meaningful and permanent records of their learning. In these 
attempts, educational computer games gained widespread popularity and acceptance 
within educational environments (Karakus at al, 2008). Game-based education and 
training for adult learners has a long history with disciplines such as military science, 
business and management science, economics, and intercultural communication. 
Games and simulations have been played to communicate complex dynamics with 
both large and small audiences. Regardless of the media involved, games are aimed 
at engendering a variety of cognitive, sensory, and emotional experiences for players 
(Raybourn, 2007). Game-based education is the use of computer games to enhance 
teaching and learning. Game-based education enables learners to perform tasks and 
have experiences which would otherwise be difficult due to cost, time, safety and 
other reasons. Nowadays, educational games are adopted by most educational 
systems, not only in early age classes, but also in universities (Vasiliou & 
Economides, 2007).  Both mobile technologies and game technologies are 
increasingly seen as fertile ground for the development of resources to support 
learning (Facer at al, 2004). Computer games have potential as a learning 
environment due to the fact that they can motivate students through entertainment. In 
addition, computer games have competitive activities that include rules, goals, 
feedback, interaction, and outcomes (Kim at al, 2009). The underlying idea of game 
based learning is that students learn better when they are having fun and are engaged 
in learning process (Smith & Mann, 2002; Ebner & Holzinger, 2007; Moreno-Ger et 
al, 2008).  
 Computer game skills have been increasingly applied in almost all areas of 
human activity within modern societies. As a popular and powerful media, computer 
games are being considered for use in educational settings to motivate students, to 
focus their attention, and to help them to construct meaningful and permanent records 
of their learning. However, before any computer games are adopted for use in an 
educational environment, learner analysis should be employed to inform instructors 
of the target audience’s expectations, conceptions, and thoughts (Karakus at al, 
2008). 
 The purpose of this study is to investigate students’ responses to learning 
through an  on-line agricultural simulation game. 

2   Methodology  

Data collection instruments used in this study includes ten demographics and 
eleven multiple choice questions. Open-ended “other” choice was included for each 
question. It was aimed in this study to determine 1) whether the students play on-line 
games, 2) their education-related expectations from these games, 3) agriculture-
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related jobs which catch students’ attention, 4) the properties which these games 
should have, 5) whether they think that these games can be used in education. A pilot 
study was conducted with forty agriculture engineering students, and the questions 
were modified for the main study in accordance with these pretest-participants’ 
responses and comments.  

Total of 450 questionnaires were distributed to three agricultural faculties with 
four grades, in different cities found in different regions in Turkey. All of the 
questionnaires were returned. The questionnaires were administrated by academic 
staff of these faculties. Academic staffs provided a guide to implement the 
questionnaires properly. They were especially requested not to give clues regarding 
the questions and not to interfere in any way with the students’ provision of answers.  

 The data collected from the questionnaires were analysed by calculating 
frequencies of responses for the demographics and multiple-choice questions. To 
determine the differences among universities and grades Chi-square statistics were 
used (Kim at al, 2009). 

3   Results and Discussion  

The data  In this study, 204 (45.33%) of the participants were in Ondokuz 
Mayıs University (OMU) , 126 (28%) of the participants were in Çukurova 
University (CU), 120 (26.66%) of the participants were in Kahramanmara" Sütçü 
#mam University (KSU), 162 (36%) of the participants were 1st grade students, 93 
(20.66%) of the participants were 2th grade students, 99 (22%) of the participants 
were 3th  grade students, and 96  (21.33%) of the participants were 4th grade 
students.  

Rates of Internet use were found significantly high (p<0.01): 18 (4%) students 
reported that they do not use and 432 (96%) students reported that they use Internet 
in any way. Frequency of Internet use were found as; 117 (27.08%) (at least two 
hours daily), 84 (19.44%) (less than two hours in a day), 129 (29.86%) (two days in a 
week), 51 (11.81%) (one time in a week) , and 51 (11.81%) (more than a week). 
Differences among Internet usage frequency groups were found statistically 
significant (p<0.05).  

87 (19.33%) students reported that they do not have an e-mail account, 150 
(33.33%) students reported that they have an e-mail account, 114 (25.33%) students 
reported that they have two e-mail accounts, and 99 (22%) students reported that they 
have more than two e-mail accounts (p>0.05).  

They were asked how often they play computer games. 135 (30%) students 
reported that they do not play computer games, 150 (33.33%) students reported to 
rarely play, 102 (22.67%) students reported to often play, and 60 (13.33%) students 
reported that they play computer games at least 2 hours per day (p<0.01).  

The students were also asked how often they play on-line strategy-simulation 
(like Ogame) games. 300 (66.66%) students reported that they do not use on-line 
games. 78 (17.33%) students reported to rarely play, 39 (8.67%) students reported to 
often play, and 33 (7.33%) students reported that they play computer games at least 2 
hour per day (p<0.01).  
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The students were asked whether on-line agricultural simulation game could be 
useful for their education. 330 (73.33%) students reported that it could be useful, 102 
(22.67%) students reported that they were not sure, and 18 (4%) student reported that 
it could not be useful (p<0.01). Answers of the students by grades within universities 
were given in Table 1. 

 
Table 1. Answers related to usefulness of on-line agricultural simulation game for 
education (%)  
 
 OMU CU KSU 

 1 2 3 4 1 2 3 4 1 2 3 4 
Y 58.8 36.4 75 81.8 60 70 90.9 72.7 100 90 100 80 

NS 38.2 63.6 16.7 9.1 30 30 0 27.3 0 0 0 20 

N 2.9 0 8.3 9.1 10 0 9.1 0 0 10 0 0 

Y: Yes, NS: Not Sure, N: No 

 
The highest and least rates of “yes” answers were obtained from KSU (92.5%) 

and OMU (61.8%), respectively. These differences were found statistically 
significant (p<0.05). The highest and the least “not sure” response were found as 
33.8% (OMU) and 5% (KSU), respectively (p<0.01). The highest “no” response was 
obtained from CU 4.8% and the least “no” response was obtained form KSU 2.5%. 
This differences was found statistically significant (p<0.05). These differences were 
found statistically insignificant (p>0.05) among universities with all grades. The 
other questions were responded only by students who answered this question as 
“yes” or “not sure”. 

The students were asked how many hours they can spend for this game without 
affecting their success on lectures per day. 9 (2.08%) students did not response this 
question. 147 (34.03%) students reported that they could spend les than an hour, 210 
(48.61%) students reported that they could spend one to two hours, 45 (10.42%) 
students reported that they could spend two to three hours, and 21 (4.86%) students 
reported that they could spend more than three hours per day. Differences among 
these answers were found statistically significant (p<0.01). 

The students were asked how often they could visit such a game based learning 
system. 9 (2.08%) students did not answer this question. 12 (1.00%), 108 (25.00%), 
204 (47.22%) and 99 (22.92%) of the students reported that they visit game based 
learning system one time per fifteen days, one time per week, two or three days per 
week and every days, respectively. The differences among responses were significant 
(p<0.05). 

The students were asked which agricultural topics should be in such a game 
with multiple choices. Differences among responses were found statistically 
significant (p<0.01) (Table 2). Also Table 2 shows the rank of the agricultural topics 
belong to universities. Ranks were evaluated by Spearman’s Rank correlation, results 
showed that ranks given to the agricultural topics were highly correlated (1.00; 
p<0.001) between universities. 
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Table 2. The responses on agricultural topic occupation preferences. 
 

 Rank 

Occupation Number (n) % OMU CU KS
U 

Animal rearing 414 95.83 1 1 1 
Field crops (wheat etc) 288 66.67 2 2 10 
Horticulture (apple etc) 339 78.47 3 3 5 
Forages (alfalfa etc) 312 72.22 7 6 3 
Agricultural machinery 258 59.72 6 5 7 
Agricultural structures 339 78.47 4 4 2 
Forestry 93 21.53 14 14 14 
Aquaculture 123 28.47 11 12 12 
Agricultural cooperatives 150 34.72 10 9 13 
Bio-diesel 126 29.17 12 11 11 
Artificial insemination 201 46.53 9 10 8 
Milk processing 312 72.22 5 7 4 
Meat processing 294 68.06 8 8 6 
Ornament plants and 
landspace 

171 39.58 13 13 9 

 
The students were asked which animal species should be in such a game with 

multiple choices. Differences among responses were found significant (p<0.01) 
(Table 3). Ranks were evaluated by Spearman’s Rank correlation; results showed 
that correlations between OMU x CU, OMU x KSU and CU x KSU were 0.852**, 
0.674** and 0.524*, respectively. These correlation coefficients were positive and 
statistically significant (**: significant at 1%; *: significant at 5%). 

 
Table 3. The responses on preferences of animal species. 

 

Animal Number (n) % 
Dairy cattle 393 90.97 
Beef cattle 345 79.86 
Goat 294 68.06 
Sheep 336 77.78 
Hen (laying) 348 80.56 
Hen (broiler) 327 75.69 
Turkey 114 26.39 
Quail 87 20.14 
Goose 84 19.44 
Duck 90 20.83 
Ostrich 198 45.83 
Rabbit 102 23.61 
Pig 66 15.28 
Buffalo 99 22.92 
Horse 234 54.17 
Fur animals (mink etc) 201 46.53 

 
The students were asked which field crops should be in such a game with 

multiple choices. Differences among responses were found significant (p<0.01) 
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(Table 4). Ranks were evaluated by Spearman’s Rank correlation; results showed 
that correlations between OMU x CU, OMU x KSU and CU x KSU were 0.853**, 
0.433- and 0.412- (**: significant at 1%; -: insignificant at 5%). All these correlation 
coefficients were positive but only statistically significant correlation was observed 
between OMU x CU. The students of KSU prefer the different field crops such as oat 
and colza while students of OMU and CU prefer maize and beetroots. 

 
Table 4. Student responses on field crop preferences. 

 

Field crops Number (n) % 
Wheat 405 93.75 
Barley 369 85.42 
Colza 198 45.83 
Rye 258 59.72 
Oats 285 65.97 
Triticale 129 29.86 
Corn (grain) 357 82.64 
Corn (ensiled) 255 59.03 
Potatoes 195 45.14 
Tobacco 144 33.33 
Cotton 276 63.89 
Sunflower 288 66.67 
Soybean 189 43.75 
Lentil 168 38.89 
Chickpea 213 49.31 
Sugar beet 225 52.09 
Broad beans 168 38.89 

 
The students were also asked which forages should be in such a game with 

multiple choice. 402 (93.06%) of the students reported that alfalfa, 297 (68.75%) of 
the students reported that sainfoin, and 345 (79.86%) of the students reported that 
pasture grass should be in the game. Differences among these crops were found 
insignificant (p>0.05). 

The students were asked which horticultural plants should be in such a game 
with multiple choices. Differences among responses were found significant (p<0.01) 
for horticultural plants (Table 5). Ranks were evaluated by Spearman’s Rank 
correlation; results showed that correlations between OMU x CU, OMU x KSU and 
CU x KSU were 0.896**, 0.343- and 0.359- (**: significant at 1%; -: insignificant at 
5%). All these correlation coefficients were positive but only statistically significant 
correlation was observed between OMU x CU. The students of KSU prefer the 
different horticultural plants such as walnut while students of OMU and CU prefer 
apple and grape. These differences should be originated from the regional 
agricultural production style. 
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Table 5. The responses on horticultural plant preferences. 

 
Plants Number (n) % 
Apple 372 86.11 
Pear 270 62.50 
Peach 273 63.19 
Apricot 198 45.83 
Grape 303 70.14 
Cherry 297 68.75 
Plum 150 34.72 
Hazelnut 219 50.69 
Walnut 252 58.33 
Olive 279 64.58 
Strawberry 249 57.64 
Vegetable (tomato, pepper etc.) 294 68.06 

 
The other traits were not evaluated by Spearman’s Rank correlation because of 

insufficient sample size to avoid statistical errors. 
They were asked that how much the animal houses and agricultural structures 

should be detailed. 27 (6.25%) of the students did not answer this question, 9 
(2.08%) students reported that animal houses and structures should not be detailed, 
84 (19.45%) students reported that they should be detailed but not much, and 312 
(%72.22) students reported that they should be more detailed that player could affect 
all items in the building such as amount of trough and water bowls. Differences 
among preferences were found significant (p<0.01). 

They were also asked how much agricultural machines should be detailed. 15 
(3.47%) students did not answer this question, 15 (3.47%) students reported that 
agricultural machines should not be detailed, 177 (40.97%) students reported that 
agricultural machines should be detailed, and 225 (52.09%) students reported that 
agricultural machines should be more detailed such as fuel consumption, breaking 
down etc. Differences among preferences were found significant (p<0.01). 

The students were asked to how cooperatives should work in such a game. 18 
(4.17%) of the students did not answer this question, 96 (22.22%) students reported 
that cooperatives should be managed by the computer system and 318 (73.61%) 
students reported that cooperatives should be directed by players for buying and 
selling equipments and goods. Differences among preferences were found significant 
(p<0.01). 

The students were asked whether fertilizers and treatments should be detailed in 
such a game. 12 (2.78%) of the students did not answer this question, 366 (84.72%) 
students reported as “YES” and 54 (12.50%) students reported as “NO”. Differences 
among preferences were found significant (p<0.01). 

They were also asked to how rations should be given to the animals. All the 
students answered this question. 396 (91.67%) and 36 (8.33%) students reported that 
rations should be prepared by players and fixed rations should be used, respectively. 
Differences between preferences were found statistically significant (p<0.01). 

As a last question, they were asked whether they play such a game. All the 
students answered this question. 408 (94.44%) of the students reported that they 
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would want to play and 24 (5.56%) of the students reported that they would not want 
to play. Differences between preferences were found significant (p<0.01). 

 

4   Conclusion  

 
It was aimed to investigate students’ responses to learning through an on-line 

agricultural simulation game. The results reveal that a majority of the surveyed 
students significantly want to play such a game at least one hour per day without 
affecting their success on their lectures and they thought that it may be useful for 
their education. 

Preferences on agricultural topics of surveyed students showed that they mostly 
interested on animal rearing, horticulture, field crops, agricultural structures, milk 
and meat processing, forages, and agricultural machinery. According to this some 
topics such as forestry could be eliminated from such a game. 

Surveyed students mostly interested on dairy and beef cattle, hens, sheep and 
goats. Preferences on pig rearing is quite small, it must be the cause of religion. For 
the field crops, they mostly interested on wheat, barley, oats, cotton and sunflower. 
In terms of horticulture they interested on apple, grape, olive, vegetables, peach and 
pear. 

For the other agricultural areas such as agricultural equipments and structures 
they wanted detailed properties. 

Most of the students (94.44%) declared that they want to play such a game to 
help their education on agricultural engineering. 

When the on-line agricultural simulation game is prepared, findings mentioned 
above should be taken into consideration. 
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Abstract: At every domains of our life we use more and more electronic 
devices. The education cannot be an exception. Over the past decades, the 
importance of e-learning constantly increased. In addition to its cost-efficiency 
we believe that the most important property of the e-learning is: it is a user-
centered system, which means that the student may proceed at its own place in 
the curriculum. It allows students to try things out, participate in courses, tests 
and simulations like never before, and get more out of learning than before. In 
this article, an e-learning environment is presented, which enables agro-
informatics students to learn or recall the basic concepts of mathematical logic 
necessary for the course Expert Systems. According to the questionnaire the 
students like the e-learning materials, and would like to use it at other subjects, 
too. They don’t want to replace the standard lectures with e-learning materials; 
they would use them as additional material to lectures and practices.  

Keywords: e-larning, logics, Moodle, SCROM 

1   Introduction 

As technologies evolve the use of e-learning is increasing. This compels us to reflect 
on what exactly is the reason for this success. Various studies shows that advances 
technologies can enhance learning depth, involve learners with the material, increase 
material retention, and improving education quality (El-Bakry, 2009) (Saleh 2010).  
In the case of e-learning the learning material is available by computers and we can 
use the advantages of the Internet. Namely the student can communicate with the 
teacher or with each other, and this kind of communication is very cheap. The student 
can get answer for their questions within minutes, and the answers of all the 
questions can be made available for the others. Frequently the other students give 
answer the questions before the teacher, so the teacher/tutor became the education-
organizer and not a knowledge distributor. In the case of e-learning, students are 
more involved in the learning process than they were involved at pervious methods. 
The freely organized learning time of e-learning is good for the learners, and the less 
contact hours are better for the institutes in economical sense. The popularity of the 
e-learning produced countless programs for the administration of the education. 
Many software developer produced programs to manage the educational process,

_________________________________
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keeps records of evolution of the students. The Faculty of Agricultural Economics 
and Rural Development at University of Debrecen (UD) have begun to use such 
software in 2008 (Herdon, 2009). We have chosen Moodle, which is very common in 
Hungary and at abroad, as well. Of course at setting up Moodle we considered the 
experiences from all the world, to learn from others mistakes and do not repeat them 
(Bakó-Lengyel 2009), (Lengyel, 2010). The use of Moodle became popular among 
of teacher of the faculty because it facilitated the teachers' work and made it possible 
for students to reach the curriculum easier as before. Nevertheless most of the 
teachers only use it for publish the handouts in PDF format or presentations, and 
some of them use on-line tests for exams. Real e-learning curriculum has not been 
made, yet. 
Our agro-informatics students’ curriculum contains the subject Expert System. The 
expert systems are software, which can give advices, can answer questions, and 
express the deductions used for answers. These answers are competitive to the 
answers of real experts. The usage of expert systems is profitable in many areas, even 
in agriculture. Our students can connect the experts of agriculture and programmers 
of expert systems. At teaching the Expert System course we realized that our students 
have no prior knowledge about logic, and hence they cannot understand the 
background of the programming languages of Prolog and Clips. We assumed that by 
using an e-learning curriculum at the beginning of the course they can learn the 
logical concepts quickly and efficiently. In this article we will describe the structure 
and content of this curriculum and show the difficulties and problems we 
encountered. In the last part of the article we present the student’s opinion about this 
curriculum: This kind of teaching material motivating them, or not; the material is 
colorful, flexible enough and they really would like to use such material, or not? 

2   Technical details 

As we wrote before our faculty use the Moodle system. Therefore we needed to 
choose such a tool which can export the material to the Moodle’s format. Moreover 
we took into considerations that we should follow the standards, because this enables 
to us, to use our material in a different learning environment, too. Finally we chose 
the SCROM content-package and the editor eXe. A SCORM content package is a 
self-contained ZIP file containing certain contents defined by the SCORM standard. 
One package can contain HTML pages, pictures, scripts in JavaScript, Flash movies 
and anything else that a browser can show. The Moodle enables to include SCORM 
content packages easily in our curriculum. The eXe eLearning XHTML editor is an 
open source WYSIWYG authoring environment. It is an easy-to-use tool which 
enables teachers to publish professional looking web pages without knowing 
XHTML, and can export them in SCORM package format.  
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3   The structure and content of the curriculum 

Our goal, as already mentioned in the introduction, was that the agro-informatics 
students get a tool, to learn the logical concepts necessary to understand the main 
ideas of Expert Systems. Figure 1 shows the structure of the first part of the 
curriculum.  
The first to items on Figure 1 clarify the concepts of sentential logic and show their 
position in the science. On these pages we used that the Moodle and eXe provides us 
that the links can point to the Wikipedia articles, for example. Hence our students are 
one-click-away from the history of Logic, Artificial Intelligence and Expert Systems. 
 

 

Fig. 1. The structure of the first part of the curriculum. 

The first page of Sentential Logic contains the theory. We supplied this page with 
examples and colors hoping that our students understand the theory. The next two 
pages contain multiple choice questions, which allow students to practice the theory 
of the previous page. Finally we insert a self-assessment test, which allows the 
student to assess how the material learned. Of course the Moodle notify the teacher 
about the result and the date of this test for each student. Hence the teacher can see 
that his/her students have understood the material, and which are the problematic 
parts in it.  
The theory of the sentential logic contains the concepts of predicate, meaning and 
functional value of logical connectives (Figure 2.)  
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Fig. 2. The definition of the implication. 

We gave an example for determining the logical value of a logical expression, for the 
formalization of Hungarian sentences. In the Figure 2 we show how can we 
formalize the statement If it rains this weekend, then Katie did not go hiking. 
After the theory there is a link to an activity. Here the students need to fill the truth 
table (Aszalós, 2009). On this webpage a program generates a random formula, and 
the user only needs to determine the results of the connectives. When he fills the 
whole table, the program checks the solution, and deletes all values depending on 
some incorrect answers (Figure 3).  
 

 
Fig. 3. Determine the truth values at question marks! 

The following three tests help students to deepen their skills. The first test (Figure 4) 
includes two kind of problem for formalize simple claims:  

• There is one sentence and three different formulae. The students need to find 
which one is the correct. 

• In reverse we have one formula and three sentences. Which sentence 
describes the formula? 
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The student can solve these examples only if he formalizes the sentences. The 
example shown on Figure 4 is asking the student to decide which the correct 
formalization of the following statement is: If it rains and the sun is shining, there is 
a rainbow unless there is just noon? 
As I mentioned before on this page there are examples in which a sentence should be 
formalized. Let us denote it's raining with R, I’m on the beach with B, and I 
sunbathe with S, respectively. What is the meaning of this formula: R ! (¬B !" ¬ S)? 

1.  If it is raining then I’m not on the beach and I not sunbathe. 
2.  If it is raining it is not true that I’m beach and I sunbathe. 
3. If it is raining then it is not true that if I’m on the beach then I sunbathe. 
 

 

Fig. 4. What is the correct formalization of this sentence? 

In the case of the second test: “Tests for determining truth value of sentences” there 
is given a formulae and the truth values of the variables. The student needs to decide 
that the formula is true or false in this case (Figure 5). To solve the example we need 
to determine the truth value of the formula. For example: What is the truth value of 
the formula ((A!B)"C)!(CVA!B), if A and C are true, and B is false?  

1. True 
2. False 

If we give the correct answer the system write out: Congratulation! In the other case 
it gives the correct answer. 

((A ! B) " C) ! (C V A ! B) 
   1 0 0 0 1 1   1 1 1 0 0 
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Fig. 5 Truth value of a formula at a specific case. 

The third series of examples help to practice the truth value of formulae, too.  
There are given three formulae, and the student needs to decide which formulae have 
most true value in the main column of their truth table (Figure 6). To solve the 
example we need to determine the truth tables of each formulae. If the student gives 
wrong answer, the system shows all the truth tables. 

 

Fig.6. Which truth table contains the most true values in its the main column? 

This module ends with a self-evaluation test. This test informs the student and the 
teacher get information about how the student managed to learn this module. The 
self-evaluation test contains examples similar to previous tests, but the students don't 
get the correct answers immediately at solving examples, just a percentage of 
correctly solved tests after all the tests (Figure 7). 
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Unfortunately the system doesn't particularize which answers was wrong and why, 
just shows the percentage. Since the problems of self-evaluation test practically the 
same as the problems of practicing, we recommend our students don't continue with 
the next module before he reach 100%, but to return to the practice tests. 
 

 
Fig. 7. Self-evaluation test 

4   Experimental Results 

Before we prepared further modules we were interested in the opinions of the 
students to fix the module which has been written, and to utilize it to level up. The 
students were asked to assist them in learning such a curriculum, this kind curriculum 
is flexible enough for them, there are disadvantages of such a course and last but not 
least, what form they like to learn. Our hypothesis was that a big part of students like 
the e-learning material, they regard it flexible, they would like to use in education, 
but they still need the classroom lectures with the teacher's explanation. 
Since now we have only 19 agro-informatics students, we asked other kind of 
students, too. We provided to them an hour to read and test the e-learning material, 
and after we asked them to fill a questionnaire. After the evaluation we concluded 
that there was no significant difference in agro-informatics and other students’ 
answers, so the questionnaires after it were processed together.  
The first question of the questionnaire was about the relation of the e-learning 
curriculum and students' motivation. Specifically: motivate you a similar e-learning 
curriculum in different subjects to learn?  
As Figure 8 shows the response of students justifies our hypotheses. 92 percentages 
of them answered that such a curriculum would motivate them. 
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Figure 8. Motivate you a similar e-learning curriculum in different subjects to learn?  

From those who answered yes, we asked what subjects they would like to learn by 
using e-learning curriculum. As Table 1 shows the majority of students marked 
mathematics, statistics, finance and all subjects. Students usually marked several 
options.  

Table 1. What subjects they would like to learn by using e-learning curriculum. 

Mathematics Statistics Finance Microeconomics Economy of 
enterprise 

All 
subjects 

44% 48% 19% 18% 6% 23% 
The second question asked our students about flexibility of the learning process. 
Specifically, what do you think, how flexible this type of learning process? The 
responses are rated on a 5-point Likert scale. The range of the answers was from not 
at all (0) to very much (4). As the Figure 9 shows most of the students find more 
flexible the e-learning (44%+45%=89%)  
 

 

Fig. 9. What do you think, how flexible the e-learning material? 
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The third question asked our students “Are you consider more atmospheric and more 
colorful such an e-learning material based curse than a standard?” The responses are 
rated on a 5-point Likert scale, again. As the Table 10 shows most of the students 
(71%) consider more colorful such a curse. 
 

 

Fig. 10.  Are you considering more atmospheric and more colorful such an e-learning material 
based curse than a standard? 

The fourth question asked our students “What do you think there are disadvantages 
of such a curse, and what are these? As the Figure 11 shows most of the students 
(65%) thinks that there are no disadvantages of the e-learning curses and some of 
them (35%) miss the teacher's explanation.  
 

 

Fig. 11.What do you think there are disadvantages of such a curse, and what are these? 

The last question asked our students how they can learn the material. The options 
were: 

1. by traditional classroom lecture, and traditional paper-based lecture notes  
2. by traditional classroom lecture and e-learning material 
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3. by e-learning material with the help of the forum and chat, where the 
questions responded within a short period of time by the teacher and discuss 
their problems with other students. 

The students have chosen the options 2 and 3. 
As the Figure 12 shows most of the students (81 percent) would like to use the 
traditional classroom lecture and e-learning material together.  
By our opinion, if we had the chance to ask the students in correspondence studies, 
these answers may have been moved in the direction of e-learning. Of course, we 
will ask students of correspondence studies as soon as possible. 
 

 

Fig. 12. How should you learn the material? 

In summary, the students confirmed our hypothesis: 92 percentages of them treat 
helpful e-learning material, 71 percentages of them treat such courses more colorful, 
89 percentages of them found that the learning process more flexible. They would 
use e-learning material to learn mathematics, statistics and finance. 23 percent of 
them would use it for each subject, too. The answers for the last question shows that 
the full-time students do not want to give up on the classroom lectures, but would 
combine it with the e-learning material.  

5   Conclusion 

At University Debrecen we developed e-learning material to teach logic. Our faculty 
use Moodle as e-learning environment, so we need to use a tool which compatible 
with this system, and follows the standards. Finally we had chosen the eXe editor, 
but we are not completely satisfied with it. Unfortunately it is not possible to select 
problems randomly from SCROM packages exported from eXe, the student needs to 
solve all the examples.  
Note that it is much harder to prepare problems in SCROM format, than in the 
standard way. But according to the students' responses the students are more 
motivated, they like the e-learning materials, and the self-evaluation helps to students 
and to the teacher to see his own progress, or the progress of the whole group. The 
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motivated students and more practices give better results. This fact discovered by 
students, and they would like more e-learning material from other subjects, too. This 
motivates us to produce other e-learning materials. 
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Abstract. Further education and training are very important factors for the 
agriculture sector. Unfortunately, the lack of time and space has lead to their 
limited appliance to farmers. Limited financial support and low background 
knowledge in Information and Communications Technology are two more 
suspending factors. At the same time rapid technological progress has lead to 
the implementation of Internet applications which offer e-learning. This paper 
proposes a framework for applying e-learning to agriculture. It may be applied 
to three different stages of educational process: (i) platform development, (ii) 
courses development and delivery, (iii) platform and courses evaluation. The 
Nielsen Heuristics for system usability, the Technology Acceptance Model for 
evaluation, and indexes and metrics for system log file analysis are used. The 
expected benefits of the framework application are the qualitative presentation 
of educational material, the overcoming of spatial and time restrictions and the 
continuous evaluation of courses. 

 
Keywords: e-learning, agriculture, Technology Acceptance Model (TAM), indexes 
and metrics. 

1   Introduction 

Times change. New technologies cause new capabilities and provide new occasions 
for everyone. People try to increase their knowledge with lifelong education but at 
the same time they have less time to allocate because of the intensive requirements in 
their jobs. On the other hand, the advances in Information and Communication 
Technologies (ICT), assisted an alternative mode of learning, e-learning, to come on 
to the scene. It changes the way people meet and communicate. ICT affects the way 
people teach and learn (Delacey and Leonard, 2002; Radcliffe, 2002; Starr, 1997). 

E-learning is technology-based learning such as computer-based learning, web-
based learning, virtual classroom and digital collaboration (Tsai and Machado, 2002). 
The e-learning education gives the learners the opportunity for education without the 
restrictions of time or location. A significant benefit of e-learning is that it allows
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learners access to learning material at their convenience (DeLima, 1999). The 
advantage lies in the fact that training can be offered without the necessity for a 
physical classroom, as learners can learn anywhere where there is access to the 
Internet. Arnone (2002) reports that some learners find that e-learning suits their 
learning styles better than the conventional, face-to-face options - which could be 
attributed to the fact that some learners are more visual than auditory. Furthermore, 
some learners prefer working at their own pace and prefer not to restrict their 
learning to a specific location. 

Many organizations, institutes, universities, schools and corporations are investing 
substantial amounts of time and money in developing online alternatives like e-
learning to traditional types of education and training systems. Many authors have 
discussed the way in which e-learning can be used for the delivery of training, 
assessment and support (Fichter, 2002).  

E-learning in agriculture related fields is still in the early phases of adoption, but is 
being implemented more now than ever. A study by Elbert and Alston, (2005), 
indicated that Cooperative Extension could serve as a change agent in the Digital 
Divide. 

Extension professionals and agricultural educators express an increasing desire to 
inform farmers about improved management practices and other issues via the 
Internet (Hall et al. 2003; O’Neill, 1999). In the 1990s and 2000s, studies indicate 
limited perception of and experience in the use of the Internet for educational 
communication purposes. According to Gloy et al. (2002) and Tavernier et al. 
(1996), modern communication strategies, such as computers, e-mail, and the 
Internet, were less preferred by the farmers. 

Agricultural extension, both at the central and local levels, has been and remains 
one of the most notable and successful agents for assisting farmers with knowledge 
and technology adoption (Burt, 2006; Fliegel, 2001; Eveland, 1986; Roling, 1988). 
Farmers who utilize precision agriculture and other technology-driven production 
strategies may not view the Internet as a hurdle, but may view it as the best way to 
obtain cutting-edge information (Ferguson, 2002). Therefore, evidence suggests that 
extension needs to continue to embrace the use of the Internet (Hall et al. 2003; 
O’Neill, 1999; Tennessen et al. 1997). 

Traditionally, extension has provided agricultural producers with timely 
information covering a wide variety of farm management and business technologies 
to assist them in maintaining profitable and sustainable production. The primary goal 
of agricultural extension is the decimation of research information developed by 
universities and research institutions to potential users, particularly farmers (Park et. 
al, 2007).  

Additional education and training methods are needed for agricultural producers to 
remain competitive, since the field of agriculture is affected immensely by global 
market changes (Drew 2008).  Despite an overall lack of support for the Internet, it is 
important to know whether preference for innovative communication strategies is 
related to farmers’ demographic characteristics. Previous study (Hall et al. 2003) 
indicated that younger and more educated farmers demonstrated a greater 
appreciation for modern sources of information. 

If farmers perceive technology as difficult to learn, time consuming, or a threat, in 
some way, they probably will not use it (Carr, 1999). Therefore, in addition to 
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providing training sessions to introduce farmers to the benefits of using the Internet 
as a communication strategy, educators must specifically address reasons why 
farmers are hesitant to utilize the Internet as a communication strategy on an 
individual needs basis (Hall et al. 2003). 

Farmers have generally been constrained by time and finances, commitment to 
family and jobs, and responsibilities in the operation of the family farm or business. 
According to Nudell et al. (2005), by utilizing video-conferencing, educators are 
successfully facilitating connections between their clients and educational resources 
located anywhere in the world. 

Some metrics, which are firstly introduced by the authors (Valsamidis et al. 
2010a; Valsamidis et al. 2010b), are used for the evaluation of the e-learning usage 
by the learners.  

The paper is organized as follows. Section 2 describes the background theory. 
Section 3 describes the proposed framework. Section 4 presents discussion about the 
framework together with directions in the future. 

2   Background Theory 

This paper proposes a framework for applying e-learning in agricultural. However 
before we proceed to the proposed framework some background theory would be 
presented. More specifically this section presents the Nielsen Heuristics for system 
usability, the Technology Acceptance Model (TAM) used in evaluation as well as 
specific indexes and metrics for system log file analysis.  

2.1 Nielsen Heuristics  

Nielsen (1994) proposed ten general principles for the interface design which are 
called heuristics. Every e-learning system should try to follow these heuristics in 
order to be easy in its use.  The Nielsen’s heuristics are the following: 

1. System status visibility. The system should inform users through appropriate 
feedback about what is going on.  

2. Match between system and the real world. The system should present 
information to users’ language with familiar phrases and concepts 

3. User control and freedom. System should provide a clearly marked 
“emergency exit” in case of user mistake.  

4. Consistency and standards. System should be consistent and follow specific 
standards and conventions in order not to confuse its users. 

5. Error prevention. Even better than a good error message is the adequate 
design of the system which eliminates error conditions. For this reason the 
platform shall ask for confirmation from users before the commit to an 
action such as course or user removal. 

6. Recognition rather than recall. System should reduce user’s memory load by 
making options and actions visible. In addition it should provide simple 
instructions, easily retrievable whenever appropriate.  
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7. Flexibility and efficiency of use. The system should provide alternative 
ways of navigation to experienced users, not seen by the novice users, 
which accelerate learning process. 

8. Aesthetic and minimalist design. Minimalism should characterize system 
design. Users should not see information which is irrelevant or rarely 
needed. 

9. Help users recognize, diagnose, and recover from errors. Error messages 
should be simple and help user recover from errors. Therefore attention 
should be paid at the language used in error messages.  

10. Help and documentation. Adequate documentation should be available 
whenever needed by the user. For this reason the proposed LMS should 
provide links to help and documentation in all of its pages.  

2.2 TAM 

Technology Acceptance Model (TAM) (Davis, 1989) was developed in order to 
explain the acceptance of information systems as well as to predict the value of 
related factors to the spread of these systems (Davis, 1989). TAM is studying the 
factors that affect the intention of the user to use an information system, an 
environment or just information, and proposes the connection between two main 
factors: the perceived ease of use and the perceived usefulness.  

Davis (1989) defines perceived usefulness as the degree a person believes that a 
specific system will be raising his/her performance in his/her job. Respectively the 
perceived ease of use is defined as the grade that a person believes that the use of a 
specific system does not need effort.  

According to this model the main factors that affect the actual use of a system are 
the perceived ease of use and the perceived usefulness. Research has proved the 
validness of TAM model, which is widely accepted (Legris et al. 2003). 

2.3 Indexes and metrics 

Data analysis techniques have been used to discover the sequences patterns of 
learners from log files (Romero et al. 2007). Server log files store information 
containing the page requests of each individual user. After the pre-processing this 
information can be seen as a per-user ordered set of web page requests from which it 
is possible to infer user navigation sessions. The extraction of sequential patterns has 
been proven to be particularly useful and has been applied to many different 
educational tasks (Romero et al. 2008). 

The platform usage may be analyzed with specific indexes and metrics. In brief 
the metrics used are presented in Table 1. The number of the sessions and the number 
of the pages viewed by all users are counted for the calculation of course activity. 
The index unique pages measure the total number of unique pages per course viewed 
by all users.  
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Table 1.  Proposed indexes and metrics. 

Index/Metric name Description of the index/metric 

Sessions  The total number of sessions per course viewed by users 
Pages The total number of pages per course viewed by users
Unique pages The total number of unique pages per course viewed by users
Enrichment The enrichment of courses (1- Unique Pages/Total Pages)
Disappointment The disappointment of users (Sessions/Total Pages)
Interest It is the complement to the disappointment (1-Disappointment)

3   Proposed Framework 

This paper proposes a framework for applying e-learning in agricultural. The goals 
of the proposed framework may be summarized on the following three: 

! Development of an innovative e-learning platform that shall be adequate for 
farmers’ characteristics while at the same time provides all the necessary 
features and tools for educators.  

! Development and delivery of life-long learning courses in agricultural domain.  

! Continuous evaluation and revision of delivered courses through specific 
evaluation process, in order to further improve educational content.  

Therefore the proposed framework is applied in three different stages of 
educational process: i) platform development, ii) courses development and delivery, 
iii) platform and courses evaluation.  

The rest of subsections are investigating the requirements that system and courses 
should fulfill in order to achieve the above goals and provide a path to a continuing 
courses’ evaluation.  

3.1 Platform Development 

The first stage of the proposed framework is the development of an innovative e-
learning platform. This platform shall be a Learning Management System (LMS) which 
intends to be an asynchronous learning system for delivering and managing learning 
content. The platform that will be used could be one of the widely used for e-learning like 
Moodle, eClass, Claroline with the appropriate modifications in order to be adequate for 
use by farmers,  or an entirely new platform design exclusively for this reason. Whatever 
LMS used according to TAM is should be easy and useful both for educators and 
learners. These two major factors will define the use and success of the adopted LMS. 
Therefore the proposed LMS should be useful containing qualitative courses and also 
conform to Nielsen Heuristics, presented above, in order to be easily used by learners and 
educators. This factor is even more crucial since most of the farmers are not familiar with 
Information and Communication Technologies (ICTs).  

In addition to the above, the proposed system should provide adequate tools and 
features both for learners and educators. Educators need to easily manage their online 
classes and deliver educational content while learners shall be able to easily use the 
platform and exploit its features and capabilities.  
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More specifically LMS should fulfill the following requirements in regards with 
educators needs: 

! Provide integrated authoring tools that let educators to easily develop online 
courses, 

! let educators upload specific educational documents and publish announcements 
to their learners, 

! Record user actions and provide useful feedback to educators for both students 
and their courses. 

The adopted LMS should also satisfy learners’ needs. Since learners will be farmers 
system should: 

! use simple and familiar language for them,  

! have minimalistic design without extra options that reduce learners memory 
load, 

! provide appropriate documentation and help whenever needed, 

! motivate learners to their study, 

! let learners keep notes on their courses, 

! provide tools for communication between learners and educators such as 
forums, chat rooms etc. 

As long as these requirements are fulfilled learners’ and educators’ perceived ease 
of use and usefulness will be raised and subsequently LMS usage will be also be 
increased.   

3.2 Courses Development 

The second stage of the proposed framework is the development of adequate to 
the agricultural domain courses. This section aims to guide authors in creating quality 
such distant education courses. The delivered courses in the e-learning platform 
should cover a wide range of domains related to agriculture techniques. Since in 
agricultural domain many times techniques and supplies are improved, the courses 
should be accordingly updated with all the evolutions in agricultural science. 

We propose a process consisting of two main layers: the Pedagogical Design 
Layer and the Technical Layer.

The Pedagogical Design Layer includes three basic activities and is similar to 
that proposed by Barrera–Sanabria (2004) and Kazanidis and Satratzemi (2009).
First, the educational goals of instruction have to be defined. These goals should be 
clearly indicated and appropriate to the farmers’ characteristics. Second, the 
instructors have to decide on the contents to be presented to the learner, which must 
cover all the predefined educational goals. Contents of a course should cover all the 
basic knowledge of a specific domain while at the same time provide advanced 
information and techniques for those that want to go one step further. The next step 
of this layer is to effect the definition of the applied instructional strategies. Here, the 
instructor studies all the parameters, such as the generated student groups and the 
teaching strategies for each group. For example content may start with a simple 
example and proceed to instruction domain theory or start with a small question, in 
order to motivate learners, and continue with a theory and an example module.   
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The Technical Layer can be divided into two main steps: the development of 
educational material and the course construction design.  

Educational material development. First of all authors have to find or create the 
necessary educational material for the course. The material should be related to the
predefined course content and adopt the following specifications – characteristics: 

! Clear, simple, friendly and explanatory text. You should use simple and 
understandable language learners.  

! Reports on the experience of student. The content should be enriched by 
references and examples of learners’ previous experience.  

! Use different types of media (text, graphs, videos etc), or other types of 
educational material (theory, activities, examples etc) in order to motivate 
learners in their study  

! Many examples and case studies. Examples are a key element of the 
traditional teaching. They help learners to better understand the subject. 
Each time after the presentation of a case study content should be analyzing 
the situation presented and make reference to alternative actions that could 
be followed.  

! Clearly formulated aware of any difficulties they may learners face. Where 
possible, also should be given all necessary explanations - comments to 
clarify possible misunderstandings or questions from learners.  

! Explanatory titles and subtitles. The titles and subtitles of the text should 
enable learners to understand what will be the content of each unit. 
Particularly in the online hypermedia systems, where the transition from 
one section to another can be done not necessarily sequentially, the names 
of the links should state clearly the material presented by the respective 
course units.  

! Summaries at the end of each chapter. As in traditional classroom education 
where the teacher spent the last few minutes in a summary of taught 
educational material each course unit should indicate a summary of main 
points which were addressed in it. 

A qualitative educational material, appropriately designed for use by farmers 
will motivate learners continue with their study and learn more in less time.  

Course construction design. At this step the instructor designs the course 
structure. The course is separated into learning units, modules, or chapters. Each unit 
shall contain learning objectives that are comprehensive enough to ensure that the 
course will likely be mastered by the learners. An appropriate structure of the course 
will help novice learner with their study while at the same time will help more 
experienced learners proceed faster.  

3.3 Course evaluation and revision 

It is crucial factor in e-learning to continuously evaluate and revise the delivered 
courses. We propose three distinct ways for evaluating platform, delivered courses 
and the results of e-learning.  
 
Platform Evaluation 
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To test the extend of the e-learning platform acceptance by users, the TAM should be 
used. According to TAM the adoption of a technology is mainly depended on the 
perceived ease of use and the perceived usefulness of that technology by the user. 
Consequently, a system’s usefulness and how easy it is to use should be carefully 
evaluated.   

There upon the goals of the platform evaluation are to find out: 

! any possible effect on the learning process and proposed knowledge of 
subjects 

! the usefulness of either the overall or separate system features (adaptive or 
not) 

! the usability of the system 
 
Courses’ Evaluation 

The courses should be evaluated according their quality and usefulness by the 
learners. For this reason the metrics and indexes presented earlier are used. Course 
evaluation may be applied in three steps: i) Logging the data, ii) Data pre-processing, 
iii) course ranking in accordance with indexes and metrics 

Logging the data. This step involves the logging of specific data from an LMS. A 
module may record attributes before and after web server request processing, was 
implemented. In detail, the installed module at the web server of the LMS platform, 
monitors fields such as: request_time_event, remote_host, request_uri, 
remote_logname, remote_user, request_method, request_time, request_protocol, 
status, bytes_sent, referer, agent and user requests. These fields may be recorded with 
the use of an Apache module. The development of such a module has the following 
two advantages: rapid storage of user information, since it is executed straight from 
the server API and not by the LMS application, and the produced data are 
independent of specific formulation used by the LMS platform. 

Data pre-processing. The data of the log file contain noise such as missing values, 
outliers etc. These values have to be pre-processed in order to prepare them for data 
analysis. The produced log file is filtered, so it includes only the following three 
fields: (i) courseID, which is the identification string of each course; (ii) sessionID, 
which is the identification string of each session; (iii) page Uniform Resource 
Locator (URL), which contains the requests of each page of the platform that the user 
visited.  

Indexes and metric. The aforementioned fields of the previous section are not 
adequate in order to evaluate the course usage. So, some indexes and metrics are 
used for the facilitation of the course usage evaluation as presented in section 3.3. 
First, the indexes Sessions, Pages, Unique pages, Unique Pages per CourseID per 
Session are computed and then, the metrics Enrichment, Disappointment, Interest and 
Homogeneity are calculated.  

Platform courses may be ranked according to these metrics and feedback should 
be send to the educators with actions required in order to improve their courses.  

 
Evaluate the results of e-learning  

An important goal of e-learning is that it should be equivalent to or better than the 
learning provided through other delivery modes, such as the traditional face-to-face 
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and classroom-based methods of instruction. According to Kirkpatrick (1979), the 
results of learning can be evaluated at four levels:  

Level 1: reaction is a measure of the learners’ reactions to a course. 
Level 2: learning is a measure of what the learners have learned. 
Level 3: transfer is a measure of the changes in the learners’ behavior when they 

return to their jobs after their training programs. 
Level 4: result is a measure of the production outcomes that occur because the 

learners are doing their jobs differently. 
Therefore e-learning results may be also be evaluated in the above four levels.   

4. Discussion and Conclusion 

E-learning in agriculture is still very new but the study by Elbert and Alston (2005) 
indicated that Cooperative Extension could serve as a change agent in the Digital 
Divide. 
This paper proposes a framework for applying e-learning in agricultural. Initially a 
review on the e-learning in agricultural took place in order to show the paper 
motivation. Following the essential framework background theory was presented. In 
particular we discuss the Nielsen Heuristics for system usability, the Technology 
Acceptance Model (TAM) which is used in evaluation procedure and we propose 
specific indexes and metrics for system log file analysis. The proposed framework 
presented in detail as well as how it can be applied in agricultural domain. The 
expected benefits of applying such a framework for distant and continuous training 
of farmers are the following: 

! qualitative presentation of educational material via ICT, 

! overcome of spatial and temporal restrictions that farmers usually have, 

! evaluation of courses using current metrics and indicators that will lead to 
further improvement of the course. 

The proposed evaluation method through specific indexes and metrics uses 
existing techniques in a different way and it has the the following advantages: (i) It is 
independent of a specific LMS, since it is based on the Apache log files and not the 
LMS platform itself. Thus, it can be easily implemented for every LMS. (ii) It uses 
new metrics in order to facilitate the evaluation of each course in the LMS and the 
instructors to make proper adjustments to their course educational material.  From a 
pedagogical point of view this method contributes to the improvement of course 
content and course usability and the adaptation of the courses in accordance to 
learner capabilities. Improvement of course quality gives to learners the opportunity 
of asynchronous study of courses with actualized and optimal educational material. 

However there are some limitations in this framework. First of all ICTs are not 
widely spread in the target group of this study. More specifically many farmers still 
do not have access to a personal computer and are not familiar with Internet. In 
addition since this framework is proposed by use in life-long learning the learners are 
not students in a specific class or education level and therefore each learners has 
different pre-knowledge of the instructional domain. Subsequently there is a 
possibility to either novice students find difficult the educational content while on the 
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same time some experienced users find useless and boring. For this reason the use of 
adaptive hypermedia should also be examined.  

As future work we also suggest to include in the target group:  

! Economically and socially disadvantaged youth and adults.  

! Special needs groups.  

! Geographically-challenged individuals.  
By eliminating travel miles and hours of faculty and staff instruction through 

distance education, considerable savings are predicted throughout the extension 
system. Additionally, these savings can be passed on to e-learning participants, 
easing the economic burden of learning.  
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Abstract. BORM (Business Object Relationship Modeling) is a development 
methodology used to store knowledge of process-based business systems. 
BORM is based on the combination of object-oriented approach and process-
based modelling. Especially, in the case of agricultural, food and 
environmental enterprise informational systems we need to work with new 
flexible modelling tools, because processes and data are instantly changing and 
modifying through the whole life cycle of such systems. In this paper, we 
present BORM use as a tool for capturing process information required in the 
initial phases of information system development.  

Keywords: BORM, business modelling, agriculture modelling, environment 
modelling, business process management, process simulation, Craft.CASE. 

1. Introduction 

The attitude of business towards Information Technology (IT) is constantly changing, 
and increasingly sophisticated. New systems and tools are becoming available.  
Additionally, there is a constant exchange of ideas between the IT and the business 
communities, arising out of the development of knowledge-based systems. Today, 
when modern visual programming tools, combined with the support of rapid web-
based application development environments and sophisticated end-user hardware 
technologies, are available, it would appear that the whole software development 
process is becoming easier. However, this statement can apply only in those cases 
where the system complexity of the solution and of the users’ requirements is 
relatively small. 

The aim of our projects was to analyse and suggest improvements to business 
processes, company structure, data flows, organizational structure; as well as 
providing IT support for them. Especially, in the case of agricultural, food and 
environmental enterprise informational systems we need to work with new flexible 
modelling tools, because processes and data are instantly changing and modifying
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through the whole life cycle of such systems. We soon realized that we needed to 
carry out analyses of the problems that were supposed to be solved in order to be able 
to design the system and properly test their solution. 

First, it is important to identify, document, and test a system in order to be able to 
analyse and design a more elaborated system. There are different methods and tools. 
On one hand, there are methods and tools oriented towards business modelling such 
as EPC (EPC, 2008) or varieties of Flow Charts. However, these tend to have 
paradigmatic gap in weak relationships with the software engineering. On the other 
hand, there are methods and tools of software engineering based on UML, which 
assume that the business requirements have already been correctly formulated and 
verified (Eriksson and Penker, 2000). We used several methods for our projects, but 
none of them were able to smoothly combine these two worlds of modelling. This is 
why we began our own research.  

The second is the construction of an initial object model, often called an essential 
object or conceptual model, built from of a set of domain specific objects known as 
essential objects.  Both these tasks should be carried out with the active participation 
of the stakeholders, in order to ensure that the correct system is being developed.  
Consequently, any tools or diagrams used at these early stages should be meaningful 
to the stakeholders; many of them are not 'computer system literate'. 

The most common technique for specification of requirements in current object-
oriented methodologies is Use Case modelling, and subsequent use of Sequence, 
Collaboration and State-Chart Diagrams.  This is the foundation of most Object-
Oriented development methods. However, this approach is often insufficient by itself 
to fully support the depths required for initial system specification.  Business analyst 
highlights some deficiencies in this approach. There are many views on the 
effectiveness of Use Cases and related tools as a first stage in System Design. 
(Simons and Graham, 1999) for example describe a situation where Use Case 
Modeling obscures the true business logic of a system. 

Finally, we conclude this discussion by a brief comparison of the BORM method 
with selected well-known other business (or software engineering) modelling 
methods presented in Table 1. It is clear that all compared methods have some 
deficiencies. More precisely, they do not cover all required features. Naturally, the 
primary objective of the developing of the BORM method is covering as many 
required features as possible. 

Table 1. Comparison of some business (software engineering) modelling methods. 

 ARIS BPMN RUP BORM 

theory 
behind  

Petri nets flow chart object-
oriented 
(UML) 

combination 
of FSM and 
object-
oriented 

business 
modelling 
support 

yes yes poor, use-case 
modelling 
only 

yes 

requirement 
support 

only indirectly  only indirectly  yes yes 
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software 
engineering 
support 

no no yes yes 

verification 
and 
validation 

process 
simulations 

process 
simulations 

using 
prototyping 

using process 
simulations, 
instance-level 
modelling 

has textual 
phase before 
diagraming 

no no no there is a use 
of process 
scenarios  

consistency 
of concepts 
during 
modelling 

no no using the 
MDA  

constrains 
rules in the 
BORM meta-
model 

modelling 
phases  

there are no 
phases 

there are no 
phases 

7, internally 
detailed 

5, internally 
detailed 

2.  Method Background 

The BORM (Business Object Relation Modelling) method is in continuous 
development since 1993 when it originally was intended as an instrument to provide 
support for building object-oriented software systems based on pure object-oriented 
languages such as Smalltalk and object-oriented databases. It has now evolved into a 
system development methodology that has been used successfully in about 30 
projects. These systems range through all sizes of software development.   

The most common technique for requirements specification in current software 
development methodologies is Use Case modelling as the start of UML 
documentation process. Indeed Use Cases are often the foundation of most object-
oriented development methods (Jacobson, 1992).  It is concerned with the 
identification of external actors, which interact with the software part of the system.  
This means that in order to employ Use Case modelling, it is necessary to already 
know the system boundary and distinguish between entities, which are internal and 
external to that boundary.  It is our experience that the correct identification of the 
system boundary is a ‘non-trivial’ task, which often requires significant 
understanding of the proposed system and consequently can only successfully take 
place at the end of the requirements specification stage. 

Our experience in system modelling suggests that UML is not suitable for the first 
stages of analysis, where business processes need to be recognized. UML diagrams 
are too complex for the business community as they often contain too much detail 
concerning potential software implementations. This means classes, inheritance, 
public/private methods, attributes, link classes, etc. Here we got almost the same 
experience as documented in (Simone and Graham, 1999). 

We believe that the business community needs a simple yet expressive tool for 
modelling; able to play an equivalent role to that played by the Entity-Relation 
Diagrams, Data-Flows Diagrams or Flow-Charts over the past decades. One of the 
strengths of all these approaches was that they contained only a limited set of 
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concepts (about five) and were comprehensible by problem domain experts after a 
few minutes of study. Unfortunately the UML/BPML approach lost this advantage of 
simplicity. 

3. BORM Method 

The BORM method has been developed on academic grounds since the 1990s. It 
unifies the MDA principle, using an object-oriented paradigm and a unified approach 
to business and IT system modelling. For more on the BORM method, see (Knott et 
al., 2000; Liu and Roussev, 2006). 

3.1. BORM Fundaments 

The three primary theoretical BORMs fundamentals are as follows. 
 

• MDA approach that separates a specification of business system description 
(CIM – Computation Independent Model) from its computer 
implementation specification (PIM – Platform Independent Model); and 
this computer specification from the final solution on a concrete 
technological platform (PSM – Platform Specific Model). MDA is created 
and maintained by the Object Management Consortium (MDA, 2009). 
 

• Object-oriented programming (OOP) approach has its origins in the 
researching of GUI and programming languages that took place in the 
1970s. It differs from other software engineering approaches by 
incorporating non-traditional ways of thinking into the field of informatics. 
The basic element is an object that describes data structures and their 
behaviour. OOP has been explained in many books, but we think that this 
one (Goldberg and Rubin, 1995) written by OOP pioneers belongs to the 
best. 
 

• Automata theory is a study of abstract finite-state automata and the 
problems they can solve. An automaton is a mathematical model for a 
device that reacts to its surroundings, gets an input, and provides an output. 
An automaton's behaviour is defined by a combination of its internal state 
and its accepted input. The automata theory is a basis for system behaviour 
descriptions.  

3.2. Business Engineering – Business Models 

The first part of the method covers the CIM field, i.e. business engineering. 
It transforms a project assignment into a model described by data hierarchies, process 

388



participants, process scenarios, various diagrams and generated reports. The main 
instrument of verification and validation is the process simulator. 

For the following purposes, it is possible to use this part of BORM without any 
relation to a software engineering phase: 

 
• Organizational consultancy projects. These are process analysis, 

organizational structure analysis, and drafts for processes or organizational 
structure improvement. 

• Projects documenting processes and organizational structure. These are, for 
instance, projects whose aim is knowledge management, creating training 
materials, knowledge visualization, etc. 

• Projects for preparing the groundwork for selection procedures for 
organizational consultancy, or other consultancy services. 

• Projects for preparing the groundwork for selection procedures for the 
delivery of information systems, or other software engineering projects 

3.3. BORM Interpretation of MDA 

In BORM each concept has some of the following: 
 

1. A Set of predecessor concepts from which it could be derived by an 
appropriate technique and a Set of successor concepts, which could be 
derived from it by an appropriate technique.  

2. A validity Range - The phases where it is appropriate. In each phase of 
BORM modelling, only limited set of concepts is recommended. 

3. A Set of techniques and rules, which guide the step-by-step 
transformation and the concept revisions between the system 
development phases. There are refactoring techniques; data 
normalization, design patterns and other programming-related 
techniques (Ambler, 1997) adopted for BORM concept transformations. 

3.4. BORM Business Diagram 

BORM respects UML and MDA, but uses an original diagram for business process 
modelling. It conveys together information from three separate UML diagrams: state, 
communication and sequence. The BORM group has found that it is clearly 
understood by business stakeholders.  

 
• Each subject participating in a process is displayed in its states and 

transitions.  
• This diagram expresses all the possible process interactions between 

process participants. The business process itself consists of a sequence of 
particular communications and data flows among participating subjects.  
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More formally, BORM process diagrams are graphical representations of 
interconnected Mealy-type finite state machines of particular subjects. Visual 
simulation of a business process is based on market-graph Petri net. Almost the same 
approach is described in detail by (Barjis and Reichgett, 2006). Therefore we can 
show states, transitions and operations for all subjects playing a role in a business 
process. This is a very powerful, but a simple diagram, see Fig. 5, onward.  

3.5. Craft.CASE Modelling Tool 

The Craft.CASE tool has been designed according to state-of-the-art principles of 
object-oriented software development, and uses a special Smalltalk programming 
language technology that has been evolving since the 1970's. The program consists 
of many user functions, has its own internal object-oriented database, several graphic 
editors and a programmable interface. The Craft.CASE tool provides all instruments 
for CIM (as business models) and PIM (as conceptual models), including their 
mutual interconnection and the possibility to undertake thorough testing 
(Craft.CASE, 2009). 

The Craft.CASE can be used in process and organizational consultancy and in 
analytical projects and information system drafts while identifying requests on newly 
designed systems; also in component modelling and service oriented architecture. 
It works with a system model and its processes in an original way that is based on: 

 
1. An ability not only to visualize processes and systems in the form of 

diagrams, but also to test them by means of cross-references and graphic 
simulations. 

2. An ability to model not only symbolic terms (for example, a customer, 
order, payment, etc.) as drawn symbols in a diagram, but also the 
possibility of working with real objects (several concrete customers, 
orders, payments, etc. that differ in their real values such as a date, 
name, price, etc.). Craft.CASE supports both class-level and instance-
level of modelling. 

3. A method having diagrams as the result of a gradual deriving and 
checking.  

 
More information about Craft.CASE such as its programming facilities, metamodel 
etc. is described in (Merunka et al., 2008). 

4. Case Study 

Our example of modelling using Craft.CASE is to model an information system for 
a company called FD (Food Delivery); dealing with organic food products delivered 
from suppliers to local customers. A typical example of such activity is shopping and 
delivering the goods to a home, or home delivery of pastries and milk and similar 
products. The information system is primary designed for communication between 
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company and its delivery employees. It also provides an information portal for 
customers to whom the products are to be delivered. 

The case study presented subsequently is structured according to three main 
phases of the BORM method development process, as briefly depicted in Fig. 1. 

 

 
 
Fig. 1. Three main phases of the BORM method development process. 

4.1. Project Initiation 

The first stage of business modelling is the initiation of work on a project. At the 
beginning of this phase there are interviews, and then an initial structure and relations 
are modelled. The testing of generated reports is executed as the final part of this 
stage. This task is supported by free model drawing in Craft.CASE, see Fig. 2. 

 
Interview & Requirements. Since kick-off meeting with the client, we have 
negotiated that the project should focus on ordering a meal through a customer 
process. The client expressed a preference for communication with customers via 
web pages. The client also wants work activity descriptions for the logistics manager 
and van drivers. 

4.2. Business Modelling (Computer-Independent Model) 

Structure. Structure definition is the first formal step of the method. An analyst 
should be capable of finding key subjects and process fields on the basis of 
performed interviews. 
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Participants. Based on the scope of the project and the allowed project time, eight 
participants were found (See Table 2). These are the job positions of the logistics 
manager and the van driver, as well as future software components of the web 
interface and database system; and, of course, a customer and some suppliers, since 
they take part in the processes. 

 
Hierarchies. For the detailed mapping of problems to be solved and future use of 
information system creating, two hierarchies of concrete testing data were recognized 
and modelled. They are food delivery product catalogue and a list of suppliers for 
these products, see Fig 3. 

 

 
Fig. 2. Record of kick-off meeting interview – free drawing in Craft.CASE 

 
Architecture. Five functional areas were developed, see Fig. 4. It was then decided 
that three functions (marked as external functions) related to care, and that virtual 
food products warehouse, advertising activity and web page maintenance will not be 
included in the concrete scope of our project. The project was limited to activities 
related to ordering and delivering (marked as internal functions).  
 
Relationships. Several bindings were modelled between elements of the product 
hierarchy and the product supplier hierarchy to finalize system requirements. These 
data relationships (elements of the Cartesian product, more formally) show 
a concrete supplier of concrete products that can be used later for instance-level 
testing. 
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Table 2.  Participants taking part in the modelled process 

Customer Person who orders food or a person who wants to be a 
customer. 

FD Database Database of products, orders, routes, customers and 
suppliers. 

Logistics manager Person responsible for the distribution of orders. This 
person uses information and scheduling system. 

Supermarket Supplier Department of Supermarket responsible for food 
delivery. 

Supplier Small company or individual farmer. 
Supplier Ordering 
System 

Automatic system for requesting suppliers for food. 

Van Driver Person who delivers food. 
Website of FD Communication software enabling orders. 

 
 
 
 

 
 
Fig. 3. Products and supplier hierarchies 
 

4.3. Business Process Simulation 

Processes. First, the ordering process was modelled, see Fig. 5. Based on the project 
focus, the food delivery company, a new property for communications was created, 
with „manual" or „automatic" values, with a relation to the graphic interface where, 
for automatic communication -- expecting a software realization -- a thick arrowed 
line between oval activities is drawn. Manual communications are visualized in the 
standard way of thin arrowed line between oval activities. 
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Modelling cards. The modelling cards of selected objects were presented during 
a meeting with the client. Based on these cards (generated as a result of the 
simulation) a process model was finally confirmed by clients/stakeholders for 
subsequent software implementation. 

 

 
 
Fig. 4. Business architecture diagram (Use-Case clone) of the whole system 

requirements 
 

Process testing. Detailed modelling cards and a simulator were used for testing in 
this step. Craft.CASE simulator displays particular simulation steps and allows 
dialogue with the user, see Fig. 6. Especially in the area of agriculture, food and 
environment, where our customers are mostly not technically educated persons, it 
turned out that fair testing of correctness of all discovered business processes is an 
absolutely must. 

 

 
 
Fig. 5. Delivery planning business process 
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simulation
dialog

 
 
Fig. 6. One concrete simulation step in Craft.CASE 

5. CONCLUSION 

Currently there is not a 'standard solution' to the problem of gathering and 
representing business knowledge.  The agricultural, food and environmental business 
systems are specially such cases, when we need ‘smart’ modelling tools, because  
processes and data are instantly changing and modifying through the whole life cycle 
of such systems. Our approach, described here, developed out of business experience 
and enhanced by graphic models with clear connection towards system development 
seems to be a promising candidate for such a standard. The approach we propose 
may serve not only as a tool for formal representation of modelled information, but 
also as we have demonstrated as a useful tool for communicating with developers 
and experts from the problem domain (managers, employees, etc.). The key 
advantages of BORM are its graphic models of knowledge representation, which 
provides easy and effective feedback.  There are also clear rules how to progress 
through the system development process using this knowledge representation. 

The number of projects, including projects in agriculture, food and environment 
area, executed in past 10 years gives us an important feedback. The clients say our 
analysis gives them a complex and context view of issues they did not see before. 
Clients appreciate BORM models having collection of business elements and their 
relationships being visualized and simulated together. Moreover, several clients use 
miscellaneous legacy Process Modelling Systems for historical reasons (e.g. EPC-
based ARIS, for example). (EPC, 2009) However they prefer to analyse and design 
processes using BORM as well.  

Our next work will concentrate on elaboration of the BORM, its concept 
transformations from and to other methodologies and research in the area of business 
process patterns. 
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Abstract. The basic part of an innovative and modern approach to business 
process requirement analysis which is based on the simultaneous utilization of 
UML Use Case approach and the Business Object Relation Modelling 
approach is analyzed in the present paper. Precisely the transition rules by 
which the Use Case Main Success Scenario steps for a computer based process 
are converted into to a BORM workflow diagram, entitled as the Use Case To 
BORM Transformation Algorithm (UCBTA) transition rules, are presented as 
a pattern based method which leads to the effective and efficient business 
process requirement analysis. The rules are introduced in order to support the 
UCBTA algorithmic concept. A Greenhouse Integrated Pest Management case 
study is analyzed as a brief delineation of the algorithm’s implementation in a 
specified agricultural computer based process.  

Keywords: Business process requirement Analysis, UCBTA Algorithm, 
UCBTA Transition Rules, Use Case Main Success Scenario Steps, BORM 
Diagrams, Integrated Pest Management (IPM) 

1 Introduction 

The most common technique utilized worldwide for detailed requirement analysis is 
the UML Use Case model. Use Cases are often the foundation of most Object –
Oriented development methods [3]. However, it has been stated by IT experts, who 
strongly recommend UML tools such as Use Case diagrams followed by the 
Sequence, Collaboration and State Transition Diagrams for the integration of 
efficient and effective requirement analysis, that the above mentioned tools are 
mainly oriented at the programming concepts and are regarded as weak [2] in terms 
of business logic and business process modeling. Provided that stakeholders are not
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familiar with computer – oriented concepts, communication between IT experts and 
stakeholders cannot be achieved at the early stages of system development and 
throughout requirement analysis phase. BORM methodology [4] on the other hand 
can be successfully utilized in this circumstance while it is business oriented, and it 
can be consequently absorbed by stakeholders and end users. In BORM diagrams the 
business process flow is depicted; consequently it can be viewed, controlled and 
absorbed at a satisfactory level, even by end – users and stakeholders who have no 
computer orientation. The author’s proposal for the derivation of a complete business 
process requirement analysis is the transformation of the Use Case requirement 
analysis to the BORM approach with the introduction of a pattern based algorithmic 
method (Fig.1); the Use Case to BORM Transformation Algorithm (UCBTA) [5] is 
constructed to cover all possible weaknesses that emerge from the Use Case model 
and the BORM method when they are utilized solely and not simultaneously for 
defining and analyzing end – user requirements during the requirement analysis of a 
business process. The mathematical theory behind UCBTA algorithm is the Non – 
Deterministic Finite Automaton [1].  The UCBTA algorithm is comprised of several 
steps [5]. Throughout the current document the algorithmic phase analyzed is the 
transition of the Use Case main success scenario to a BORM diagram which aims at 
the workflow demonstration to the end users of a system or application. A practical 
implementation of the UCBTA approach within the area of Agriculture is delineated 
as a tool for ameliorating automated Greenhouse processes. 
 

 

Fig. 1 General Schema of the UCBTA Algorithm 

2 Objectives and methodology 

Primary objectives of the current paper are: 

! the justification of the construction of indispensible specified transition rules 
according to which the Use Case requirement analysis model is transformed 
to the BORM approach to business process requirement analysis without 
data loss  

! demonstration of the way according to which Use Case main success 
scenario steps are demonstrated via BORM Diagrams after the transition is 
completed 

! practical proof via the Agricultural Case Study that the UCBTA transition 
rules are the most important part of the UCBTA transformation, due to the 
fact that end users with no IT background from any business process area 
are able to absorb the business process functionality. 
 

BORM  MODEL USE CASE MODEL UCBTA 
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The root methodologies from which the Use Case To BORM Transformation 
algorithm stems are the Use Case analysis and the BORM business process 
requirement analysis.  
 

3 Discussion 

 
UCBTA Algorithmic Steps and Transition Rules. The transition path, through 
which the Use Case Analysis model is transformed into a BORM Business Process 
workflow diagram and through which the desired process result is reached, is 
comprised of the following steps: 
 

a) UCBTA Input – Process Definition  

b) UCBTA 1st Part – Defining the Use Case:  

 

If Uc = Use Case and P=Process it is considered that Uc " P  
 

c) UCBTA 2nd Part – BORM general function definition (Transformation 
Initiation)  

If BF = BORM Function and P=Process it is considered that U " BF   and   P " BF  
 

d) UCBTA 3rd Part – Considering Use Case Actors  

 

e) UCBTA 4th Part – BORM Participant determination  

If UA = Use Case Actor and BP = BORM Participant it is considered that UA = BP  
 

f) UCBTA 5th Part – Use Case Main Success Scenario Statement – Initial step  

UMSS = Use Case Main Success Scenario; the relation to the BORM General Function 

will be the following: UMSS "   BF 

g) UCBTA 6th Part – BORM Initiation Statement  

The BORM Initiation is equivalent to the Use Case Main Success Scenario initial 
step.  
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h) UCBTA 7th Part – Defining Use Case Steps  

The Use Case Steps are symbolized as u1, u2, u3……un and the corresponding sub 
steps as u1A, u1B, u2A, u2B,…… unA, unB ,  n ! N* 
 

i) UCBTA 8th Part – BORM Action specification  

If BORM Action is symbolized as BA, then the relation which involves the BORM 
Action and the Use Case Steps will be the following:  
BA = {u1, u2, u3……un}  
and  
u1={ u1A, u1B, …},  
u2={ u2A, u2B …},  
un ={ unA, unB …} ,  n ! N* 
 

j) UCBTA 9th Part – Design the Use Case Diagram  

 

k) UCBTA 10th Part – Define BORM Data Flows  

l) BORM Diagram Construction (Object Relation Diagram)  

m) UCBTA Output: BORM Result 

 
 
UCBTA Transition Rules. Transformation models are inadequate in the case that 
part of data is lost during the execution of the transition from the one model to the 
other. For the precise comprehension of how data loss is eliminated during the 
transformation of the Use Case Model to the BORM business process requirement 
analysis approach, the author’s concept is based on the creation of specific 
regulations that cover all the cases according to which the Use Case Main Success 
Scenario comprised of steps and sub steps is converted to BORM data flows, states 
and activities. Throughout the sections that follow the above mentioned regulations 
called UCBTA Transition Rules are analyzed in detail. 

3.1   Basic UCBTA Transition Rule 

The basic type of the UCBTA transition rules comprises of the core transition from 
the Use Case Model to the BORM Business Process model. Throughout the core 
UCBTA transition, it is depicted how precisely a basic Use Case step of the main 
success scenario is diagrammatically adjusted to the BORM approach and 
represented by the BORM Process – Participant interaction model. The Process – 
Participant interaction model is also entitled as BORM Diagram. In the case that the 
above mentioned basic main success scenario Use Case step is divided into several 
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sub steps the constructed BORM Diagram includes the aforementioned sub steps as 
well as they are described throughout the BORM method. 
Let us assume a delineated Process A and its corresponding Use Case A. The Use 
Case analysis also involves Actors who take part in the process and are defined as 
Actor A and Actor B who are expressed as participants in BORM. Moreover, the Use 
Case step of the main success scenario is defined in the following way: 

 
1. Actor A sends message to Actor B 

The aforementioned step is supposed to be comprised of the following sub steps as 
well: 

1a) Actor A expects reply 
1b) Actor B receives message 
1c) Message received by Actor B 
 

The main goal is the transformation of the above written step and its subs steps to 
BORM activities flows and states, without any loss of data.  

 

Fig. 2 BORM Diagram of Process A after Basic UCBTA Transition 

3.2 Primary or Initial Step UCBTA Transition rule 

The second type of the analyzed rules of the Use Case transition to BORM is the 
Primary UCBTA Transition. Throughout the primary transition it is explained by the 
author how the Initial and the second step of the main success scenario are 
transformed to BORM activities, states and data flows. 
The delineation of the primary transition is initiated with the assumption that 
UCBTA requirement analysis has to be performed for Process A. It is also assumed 
that the corresponding Use Case which is related to the aforementioned process is 
Use Case A.  
The Use Case analysis also involves actors who take part in the process and are 
defined as Actor A and Actor B who are expressed as participants in BORM. 
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Moreover, the initial and the second step of the main success scenario are defined in 
the following way: 

1. Actor A sends message to Actor B 
2. Actor B sends reply message to Actor A 

Considering the initial step of the main success scenario the sub steps involved are: 

1a) Actor A expects reply 
1b) Actor B receives message 
1c) Message received by Actor B 
2a) Actor B expects new info message 
2b) Actor A receives reply 
2c) Reply message is received by Actor A 
 
 

 

Fig.3 BORM aspect of Process A after Primary UCBTA transition 

3.3 Middle Step UCBTA transition 

The second type regarding the UCBTA Transition rules is the Middle Step UCBTA 
transition. The specific type follows exactly the same transformation path as the 
Primary UCBTA transition type; the main difference due to which the two types are 
distinguished is the fact that the Middle transition type refers to middle Use Case 
steps. 
Provided that the UCBTA requirement analysis is implemented for a defined Process 
B, the corresponding Use Case B is defined as well. An additive assumption is that 
the Use Case Steps of which the analyzed Use Case main success scenario is 
comprised is n, where n ! N*.   
The Middle UCBTA Transition rule is applied for steps k and k+1, where 2<k<n, 
k+1 < n and k, n ! N*.  The steps and sub steps of the main success scenario will be 
defined in the same way as in the primary UCBTA transition rule, and the BORM 
aspect is depicted (Fig.4) the BORM Diagram. It can be noticed that the difference 
with the first rule is that the middle step transition in BORM is without starting or 
ending points. 
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Fig. 4   BORM aspect of Process B after Middle Step UCBTA transition 

3.4 Conditional UCBTA Transition Rule 

The final type of the analyzed rules of the Use Case transition to BORM is the 
Conditional UCBTA Transition. The specified UCBTA transition rule is based on the 
fact that one or more steps of the Use Case main success scenario could lead the 
process in many different states.  

 
1. Actor A sends message to Actor B 
2. Actor B replies to Actor A, if the message is recognized 
3. Actor B rejects message, if message is not recognized, and procedure 

terminates 
Considering the initial step of the main success scenario the sub steps involved are: 

1a) Actor A expects reply 
1b) Actor B receives message 
1c) Message received by Actor B 

In the same way the second step includes the following sub steps: 

2a) Actor B expects new info message 
       2b) Actor A receives reply 

2c) Reply message is received by Actor  
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Fig. 5  BORM aspect of Process C after Conditional  UCBTA transition 

3.5 UCBTA Case Study – Greenhouse Integrated Pest Management Business 
Process Requirement Analysis 

Integrated Pest Management (IPM) is defined by many experts as a sustainable 
approach to managing pests that combines biological, cultural, physical, and 
chemical tools in a way that minimizes economic, health, and environmental risks. It 
is a proven approach that balances economic, environmental, and health objectives 
[12], [15], [3]. 
Throughout the current research, the Evaluation of Pesticide Effectiveness Business 
Process is analyzed via the UCBTA approach to requirement analysis at a business 
level as a demonstrative Case Study. 
 
Input Part – Process Definition: “Evaluation of pesticide effectiveness through 
monthly record keeping”  
 
Use Case Definition: “Evaluate pesticide effectiveness through monthly record 
keeping”  
 
BORM General Function: “Economic IPM Administration” According to the 
mathematical model of the UCBTA algorithm, the Use Case To BORM transition 
can be continued since evaluation of pesticide effectiveness through monthly record 
keeping is also part of a general Economic IPM administration.  
 
Defining Actors: The Actors involved in the current Use Case are the following:  

IPM Management System (Computer System, Database Derver)  
Grower  

 
BORM Participants: BORM participants are the same as the Use Case Actors:  
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IPM Management System (Computer System, Database Derver)  
Grower  

 
Use Case Main Success Scenario Initial Step: “Grower selects monthly report task 
with regard to the amount of pesticide consumed”.  
 
BORM Initiation: “Grower selects monthly report task with regard to the amount of 
pesticide consumed”  
 
Use Case Steps definition:  
 
A) Main Success Scenario  
1) Grower selects pesticide monthly report task  
2) Computer System demands time period  
3) Grower stores time period data  
4) Computer System demands registration number of the pesticide  
5) Grower stores pesticide data  
6) Computer System sends pesticide information to the Database Server  
7) Database Server produces monthly pesticide data report and message about its 
effectiveness  
8) Computer System displays message to the grower for the pesticide effectiveness  
 
B) Sub steps  
1a) Computer System receives pesticide monthly report command  
1b) Selection is obtained by the Computer System  
1c) Grower awaits response  
2a) Grower receives time period demand by the system  
2b) Computer System awaits data  
2c) Demand (for time period data) is received by the user  
3a) Grower expects registration number request  
3b) Computer System receives expected time period data  
3c) Time period data is obtained by the Computer System  
4a) Grower receives pesticide registration number request  
4b) Computer System expects registration number  
4c) Pesticide registration number is obtained by the Grower  
5a) Grower expects system’s pesticide report  
5b) Computer System receives registration number  
6a) Database Server receives monthly data of the used pesticide 
6b) Computer System expects server report  
6c) 4 week pesticide information is obtained by the DB Server 
7a) Computer System receives monthly pesticide report  
8a) Grower obtains monthly pesticide effectiveness report and corresponding action 
message  
 
Main success scenario, as a subset of the BORM General Function: It should be 
mentioned once more that the main success scenario must be a subset of the BORM 
function; the aforementioned Use Case scenario comprises of a standard subset of the 
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BORM General Function; consequently the model transformation algorithmic 
procedure can be normally continued.  
 
Use Case Diagram: The Use Case Diagram which is related to the business process 
requirement analysis of the Pesticide effectiveness evaluation through monthly 
record keeping process will be designed according to Fig. 5 
 
 

 

Fig. 5   Use Case Diagram of the Analyzed IPM Business Process 

 
Defining the BORM Data flows: The BORM Data flows are related to the analyzed 
throughout the previous section concepts of the Business Process Diagram. 
Communication between participants, states, and transitions are defined in terms of 
ORD (Object Relation Diagram or Business Process Diagram) construction.  
 
Design the BORM Diagram (Process – Participant Interaction Model or Object 
Relation Diagram (ORD))   (FIG. 6) 
 
UCBTA Output – BORM Result: BORM Result is equivalent to the final step or sub 
– step of the Use Case Main success scenario.  
“Grower obtains monthly pesticide effectiveness report and corresponding action 
message”. 
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Fig. 6   BORM Diagram of the IPM Process 

4 Conclusion 

The most critical phase of the application or system development is the requirement 
analysis phase. Throughout the concrete phase the business needs of the end users are 
defined and analyzed by the IT experts. The most significant of the Object – Oriented 
methodologies to requirement analysis, named as Use Case analysis, is not adequate 
for that purpose if it is not followed by an equally tested and pure Object – Oriented 
approach; the concrete approach is the Business Object Relation Modeling (BORM). 
For the above stated reason the Use Case to BORM Transformation Algorithm 
(UCBTA) is introduced as a complete solution for implementing efficient business 
process requirement analysis. The most important part of the transition from the Use 
Case model to the BORM approach to requirement analysis is the creation of specific 
rules that cover all the cases according to which the Use Case Main Success Scenario 
comprised of steps and sub steps is converted to BORM data flows, states and 
activities and as a result data loss is eliminated and end users utterly comprehend the 
business process functionality. The UCBTA methodology can be successfully 
implemented on complicated Greenhouse Integrated Pest Management computer 
based business processes, throughout the initial phase of a Greenhouse Information 
System Integration.  
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Abstract. Difficulty in linking data and models across organizations is one of 
the barriers to be overcome in developing integrated decision-making systems 
since not all models exist in the same location. OpenMI is a popular standard 
for coupling spatially and temporarily hydrological models but it requires that 
all involved models exist on the same machine. In this paper we present a Web 
Services based collaborative framework to couple hydrological models. This is 
achieved by converting the interface of the OpenMI configuration to be web-
based and to remotely invoke the computational engines of models. Our case 
study shows the remote linking of a water balance model and a reservoir model 
applied for the reservoir of the restored Lake Karla in Thessaly, Greece. The 
results show that the collaboration process is not affected by the 
communication overhead introduced and it is bounded by the time, space and 
optimization characteristics of the coupled models.  

Keywords: Environmental, web, services, coupling, OpenMI. 

1   Introduction 

Integrated environmental management systems have arisen, because managing 
environmental processes independently does not always produce sensible decisions 
when the wider view is taken. However, a major deficiency in integrated 
management is the complexity of the involved processes we attempt to manage. 
Managers are therefore turning to decision support systems which in this context 
comprise one or more models, their associated data and a user interface. These 
models predict outcomes of various scenarios of interest and therefore, they help the 
managers in decision making for given scenarios and thus help the manager chose the 
most appropriate option (Moore and Tindall, 2005; Browning-Aiken et al., 2004, 
2006; Matthies et al., 2007).  The most important step in building such systems is the 
accurate transformation of the conceptual models that map the physical processes
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into computational models to produce a numerical simulation (Gregersen et al., 
2007).   

Recently, the research in collaborative decision making in Hydrology and other 
sciences has been elaborated through the introduction of the Open Modeling 
Interface, (OpenMI) standard ((Gregersen, 2005; Gregersen et al., 2007).  OpenMI 
offers a means under which compatible models can be spatially and temporarily 
synchronized, interlinked and interchange data. Prior to linking, all models must be 
migrated into the OpenMI-standard to become compliant for coupling. The migration 
process enriches the model computational engines with a migration wrapper which 
must be present to interact with other external models by just promoting the standard. 
In that way, models are marked by a two-way link to define mutual dependence and 
they may run asynchronously. The above methodology however can be applied only 
by implementing the necessary infrastructure in order to achieve compliance with 
OpenMI and only if the models involved in the interlinking process are all installed 
in the same machine on which OpenMI is installed. 

The motivation for this research work was to design a web service for the remote 
model interlinking of  models. To the best of our knowledge, such a standard does 
not currently exist, yet is needed to achieve an end-to-end integration for modeling 
water resource systems. While this approach has obvious benefits this methodology 
for integrated modeling has also a collection of challenges to overcome that are either 
due to model specifics or due to the technology limitations that exist. The need for 
model calibration prior to model coupling is apparent and thus restricts the 
collaborative environment to approach the linking process holistically. On the other 
hand, the need for modeler authenticated access in a web based framework, the 
apparent existence of state variables to synchronize both ends of the system and the 
simultaneous model simulations force for boundary communication conditions that 
need to be optimized in order to avoid the introduction of overheads. 

In this paper, we propose and experimentally verify with a case study a semi-web 
services approach to overcome the above challenges. Assuming that, the OpenMI 
standard is installed on the server side then, modeler-clients of the system need to 
upload their models in the server repository and need a web-interface of the OpenMI 
configuration editor for setting up the coupling process. The simulation runs are 
triggered by the modeler remotely however, the whole computation process is done 
on the server. A simulation monitoring tool (in a form of logs) must also be provided 
for modelers to control the coupling and initiate interrupts, if needed. Such an 
approach is limited compared to a fully web-service methodology which needs 
implementation of service registries, proxy servers, service orchestration and 
extensions to the SOAP protocol to accommodate the spatial and temporal 
synchronization of the models. However, it is faster and open-ended on the number 
of models that exist on the repository. 

In the following sections of the paper we illustrate a case study of the migration 
through OpenMI using the semi-web service approach discussed above of two water 
resources models:  The first model, called UTHBAL is a conceptual monthly water 
balance hydrological model. The model has been developed by (Loukas et al., 2003) 
and updated in its present form for simulation of hydrologic cycle components in 
(Loukas et al., 2007). The second one is a reservoir model, called UTHRL which 
simulates the natural water runoff inflows from a specific watershed area, any water 
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transfers from nearby water resources, the water withdrawals, and the net water 
losses (Loukas et al., 2007). Prior to this work we have implemented a stand-alone 
framework called UTH-MODELER under which the above models have been 
plugged and interchange data.  

Section 2 provides an in depth yet compact description of the UTHBAL and 
UTHRL models. In section 3, we explain the UTH-MODELLER framework from a 
software engineering point-of view summarizing its functional requirements and 
providing all the additional extensions to become a web service. That is, we excluded 
from the framework all added models and provided model portability via an XML-
schema incorporating all time-series data along with the geometries of the nodes of 
where the data were observed. Section 4 shows the coupling mechanism between the 
models in the web service, the uploading of models and provides details of the 
simulation runs, studies and results produced. Finally, in the last section we elaborate 
on the future challenges of our methodology. 

2   Model Description 

2.1 The Hydrological Water Balance Model 
 
The hydrologic model used for this research is a monthly conceptual water balance 
model, called UTHBAL which was developed and optimized by (Loukas et al., 2003; 
Loukas et al., 2007). The model observes three input variables: precipitation, 
temperature and potential evapotranspiration. The precipitation is divided into 
rainfall and snowfall. The estimations of the rainfall and snowfall percentages are 
done using a logistic relationship based on the mean monthly air temperature with a 
simple degree-day method which is described in (Semadeni-Davies, 1997; Knight et 
al., 2001). More specifically, let %S be the snow percentage then, according to the 
model:  
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The snowmelt of the jth month, SM(j), is calculated to be  

)(.)( jTCjSM m# . (2) 

where, T(j) is the jth mean monthly temperature and Cm is the monthly melt rate factor. 
The snow water equivalent of the accumulated snowpack is another variable under 
interest here. It is denoted as SWESP and it is estimated to be equal to   
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where, S(j) is the snowfall during the jth month, which is equal to S(j)=P(j)x%S(j)  and 
P(j) is the total precipitation of that month.  

Fig. 1. A logical diagram of the hydrologic balancing model UTHBAL. 

According to the model, the total watershed runoff of the jth month is divided into 
three separate components: the surface runoff, SR(j), the medium runoff, MR(j) and 
the base flow runoff using a soil moisture mechanism. The first priority of the model 
is to fulfill the actual evapotranspiration. The monthly actual evapotranspiration Ea of 
the jth month depends on the available soil moisture and the average surface potential 
evapotranspiration Ep of that month. The monthly actual evapotranspiration is 
estimated using a relationship proposed by (Loukas et al., 2007): 

& ' & ' & ' & ' & '( )JSmoist),1(JEminJE
JEJSmoist

pa
p*!#  . (4) 

 
As depicted above in Fig.1, the model depends on five empirical factors namely !, ", 
#, CN, Cm that must be optimized in order for the model to produce optimal output.  
For that reason a calibration process is applied. The time-series subset used for the 
calibration can be arbitrary large. The calibration of the model is based on non-linear 
optimization techniques. More specifically the Reduced Gradient Decent is applied to 
the above time-series data to optimize the factors. 

2.2 The Water Reservoir Model 
 
To manage the renewable surface water resources in a study area we use a reservoir 
model, called UTHRL which is an optimized version of the reservoir model given in 
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(Loukas et al., 2007). This is a simple monthly conceptual model using a general 
equation to describe the operation of the reservoir in a monthly time step:  

)()()()()1()( jYjAjEjQjVjV !!!$!# . (5) 

 
where V(j) and V(j-1) correspond to the stored water volumes in the reservoir on the 
months j and j-1 respectively, Q(j) is the inflow to the reservoir on the month j, E(j) 
is the net water loss from the reservoir for the month j, A(j) is the real withdrawal for 
the month j, and Y(j) is the real overflow during that month. The reservoir storage 
and overflow are calculated at each monthly time step using (5). The monthly net 
water loses of the reservoir are estimated from the equation: 

)()()()()( 00 jQjLjPjEjE $$!# . (6) 

where, E(j) are the net water loses of month j, Eo(j)  is the evaporation from the 
reservoir water surface of month j, Po(j) is the direct precipitation on the reservoir 
during month j, L(j) are the estimated deep percolation loses to groundwater and Q(j) 
is the natural surface runoff that would have been generated from the area of the 
reservoir if the reservoir does not exist. The deep percolation loses are usually 
estimated by field geological measurements before the development of the reservoir. 
In case that such measurements do not exist, estimates of the deep percolation loses 
are used or the deep percolation loses are taken equal to zero. All the above 
quantities are expressed in millimeters. The above quantities are expressed to volume 
units (hm3) by multiplying them with the reservoir surface area. The water level and 
the reservoir surface area are estimated using the reservoir storage-water level and 
surface area-water level curves. Using these curves, an expression is developed 
relating the reservoir water surface area, F, to reservoir storage, V:  

cbVaF $# . (7) 

3   The UTH-MODELER Framework as a Web Service 

The UTH-MODELER is an integrated simulation framework that was introduced in 
(Kokkinos et al., 2010) for the coupling of hydrological models as a stand-alone 
application. The framework has the open-ended inclusion of models property. It 
accepts models carrying their time-series data along with their geometry 
idiosyncrasies. The UTH-MODELLER incorporates the extensibility feature that 
allows the introduction of other hydrological and/or water resources models. 
Furthermore, this framework provides: a) a visualization component for creating 
time-series data histograms of the simulated variables, b) a calibration and 
optimization component for the conceptual models and c) an automated migration 
into OpenMI component for the incorporated models in this stand-alone version. This 
stand-alone migration methodology via OpenMI has been presented in (Loukas et al., 
2008; Kokkinos et al., 2010). Incorporating the OpenMI-standard as a primary 
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coupling mechanism, it solves the problem of model spatial variance. Each model 
carries its own data acquisition nodes as mapping points of a specific location as a 
composite data structure with a unique ID for each node or as grid cells (i.e. XYZ-
polygons). Furthermore, it accommodates simultaneous simulations of models in 
lumped mode (treating the overall geographical area of study as a whole) or in the 
opposite extreme in fully distributed mode achieving spatial desegregation of the data 
acquisition nodes. The framework is implemented as a set of various components 
including: a) a storage component of the time-series data accepting Excel 
spreadsheets, DEM input files or GIS-shape input files, b) a calibration and 
optimization component for the included models, c) a visualization component for 
the graphical representation of the input and all output variables of the simulations, 
and d) an automatic migration and export component that adds to the models the 
property of OpenMI-compliance. 
 

 
 

Fig. 2. The Web OpenMI-Configurator Interface. 

 
We added to the framework the functionality of automatic storage of model data 

in XML format where each node of the model carries out its own spatial and 
temporal characteristics along with its data. In this way models that currently the 
UTH-MODELER supports may be loaded to the framework. For this to happen, we 
also changed the model interoperability functionality of the framework to become a 
web service. Furthermore, we extended the framework by implementing a web 
interface for the OpenMI-Configuration Editor so that modelers can now couple 
models into UTH-MODELER after loading them to the service. At the same time, 
the new framework allows the permanent deposition of models into the service 
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repository, thus prompting future reusability. For the experimental verification of the 
service, we added models that were incorporated in the stand-alone version of the 
framework. 

The web application of the OpenMI configurator includes all the operations that 
the stand-alone version included. Fig. 2 illustrates the model inclusion process into 
the web interface. It implements a web service designed to serialize all the attributes 
of the model coupling composition. We added to the functional requirements of the 
framework the ability of the user to select which model variables should be available 
through the model data exchange. For our already programmed models (UTHBAL, 
UTHRL) this automation is practical because it helps to show all intermediate output 
data variables. Furthermore event listeners for the monitoring of the simulation 
process are added as Fig. 3 depicts.  

 

 
 

Fig. 3. Variability of input/output exchange items in the linked simulation and monitoring 
of process interrupts. 

The web application is based on the composition class which implements all the 
web methods relating to the coupling composition consisting namely: adding models, 
initiating triggers, setting up connections, indicating input and output exchanged 
items and monitoring output properties. A session variable is used to store the 
serialized composition class every time when an update or an interrupt occurs.  

The framework repository saves all coupled models that have been implemented 
within the UTH-MODELER in a binary file (named UTHMODELER.ubm) which 
must exist in the same directory with the manifest files (.OMI extension) that 
accompany the models for coupling. This file needs to be present so that, the engines 
of the models, (namely UthBalModelOMIEngine and UthRLModelOMIEngine) 
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know which data series can be exchanged. The OpenMI SDK provides a template 
class called IEngine that is used as an interface of each model engine making it ready 
to interchange data. The web Configurator instantiates a separate IEngine object for 
each model engine for the simulation. These components discover the directory path 
of the corresponding .ubm file so that they can instantiate the OpenMI-compliant 
model accordingly. It is worth noting that, we cannot create just the web engine 
components for the models without the corresponding .ubm file since, the simulation 
cannot run without data.  

4 Collaborative simulation case study through the Web 
Configurator. 

In this section we describe the coupling of the hydrological model UTHBAL with the 
reservoir operation model UTHRL so that, we will have data exchange between the 
models under simultaneous simulation. This operation is handled via the web service 
described previously. We set up a case study of a specific region in Lake Karla, 
Thessaly, Greece in order to experimentally verify our models in terms of surface 
water inflow assessment into to the reservoir of the lake at a monthly time scale. The 
area under consideration is depicted in Fig. 4 which contains a digital elevation 
model of the Lake Karla watershed in the location of the reservoir. Furthermore in 
the same figure we illustrate how the spatial characteristics of the models are 
visualized in the Web Configurator. 

 
    

Fig. 4.  A) Digital Elevation Model of Lake Karla watershed in the location of the 
reservoir and B) Visual representation of the model grid cells in the Web Configurator. 
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    The study area is an intensely cultivated agricultural region. The over-exploitation 
of groundwater and the unsustainable water resources management has led to a 
remarkable drawdown of the water table. However, the necessary functions have 
been initiated for the lake restoration recently.  The partial restoration of the former 
Lake Karla is expected to reverse this situation and the relevant environmental 
problems caused by the lake drainage and provide new irrigation water resources for 
the local farmers.  
    The available data for the estimation of the water resources were precipitation 
data, temperature data, and discharge data. These data span for a period of time of 
over 50 years and they are on a monthly basis. The original meteorological and 
discharge measurements were collected by regional and prefecture water resources 
agencies and the competent authorities. The measurements have been checked for 
errors, homogenized and processed according to the World Meteorological 
Organization techniques and standards. The UTHBAL model runs on three spatial 
modes:  a) fully distributed mode, b) semi-distributed mode and lumped simulation 
mode. 

 
 

Fig. 5. Illustrative representation of the simulation time step between the UTHBAL and the 
UTHRL model. (The joining variable is the surface runoff) 

 
    The spatially lumped mode was chosen for the experiment. In lumped mode, and 
for each monthly time step, the UTHBAL model feeds the UTHRL model with a 
single value for the total surface runoff. This event triggers the UTHRL model to 
include as inflow the value Q(j), in order to execute its time step compotation and to 
wait for the next feeding. The initiation of the simulation is invoked by the UTHRL 
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through a call to the GetValues() OpenMI-function. For that reason, we explicitly 
connect to it an OpenMI-trigger in the composition design phase. This process 
becomes then repetitive for the overlapping time period of the two models. Fig. 5 
shows such a simulation step where in fig. 6 we illustrate the web log of the whole 
simulation produced. The inclusion of data of the two models in our experiment 
makes then partially synchronized. However, for an overlapping period of 10 years 
(i.e. 120 time steps) the system succeeds to interchange values.  

 
 

 
 

Fig. 6.  A screen shot of the simulation web log produced. 
 

    Apart from the fact that, the user can set parameters in visualizing exchange 
quantities in the OpenMI configuration editor, our modeler also produces output in 
text files, EXCEL files and ascii-DEM files which can be seamlessly read by a GIS 
system. More specifically and for the case of the UTHBAL model, it is also our 
intention to provide data acquisition methodologies for real time input coming from 
wireless sensor networks or networks of meteorological stations for the regions under 
study. 

Finally, it is worth noting that comparing the simulation of simultaneous runs for 
the models in stand-alone mode with the remote simulation over the web service 
implemented we did not find any significant delays. Any communication overhead 
produced is meaningless since, the simulation starts after both models are loaded 
onto the server.  Thus the set of all HTTP-requests is limited. 

5 Conclusions and Future Challenges. 

We implemented a web-based hydrological decision support system to meet the 
challenges of current desktop-based implementations. Such a system is based on the 
OpenMI-coupling standard and has achieved to convert the OpenMI-Configurator in 
to a web service that can be remotely accessed and configured to couple our prior 
implemented models UTHBAL and UTHRL. Our prototype avoided the step-by-step 
data interchange of models over the SOAP protocol by introducing a mechanism to 
upload all models of interest in the server repository. The benefits of such an 
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infrastructure are essential and they span into: a) provision of remote access to large 
time series databases, b) deployment of simulations on one machine while the 
simulation runs are migrated to dedicated servers, c) model linking of multiple 
providers without the need for moving the data and d) effective usage of simulation 
licenses. In this way modelers need only a simple web interface that: a) uploads 
model engines and data series assuming that are migrated to the OpenMI-paradigm, 
b) designs a coupling composition c) triggers the simulation start and d) provides an 
observation/monitoring tool for the simulation. 

Our future research challenges span in two directions. Primary concern is given to 
achieving the conversion of the UTH-MODELER framework into a fully functional 
web service. For this to happen, we need to provide a functionality named “Any-to-
UBM” that can accept arbitrary models and automatically convert their mode and 
data specifications into our XML schema structure our service implements. 

Secondly and arguably more difficult task is the creation of a web mapping 
service that detects and automatically resolves any model spatial and temporal 
heterogeneities. Unfortunately the intricacies of the model mathematics involved 
along with the special visualization tools needed for the modelers to control such 
simulations indicates the computational complexity of such implementation.     
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Abstract. Data Envelopment Analysis (DEA) is a relatively new “data 
oriented” non-parametric approach for evaluating the performance of complex 
entities called Decision Making Units (DMUs) which convert multiple inputs 
into multiple outputs. DEA as a linear programming procedure computes a 
comparative ratio of outputs to inputs for each DMU, which is reported as the 
relative efficiency score.  In a relatively short period of time DEA has grown 
into a powerful, quantitative, analytical tool for measuring and evaluating 
efficiency and has been successfully applied in many contexts worldwide. The 
reasons why DEA is seeing so much use is that it requires minimal 
assumptions about how the factors of production relate to each other and 
assessment by DEA relates to ‘best’ or ‘efficient’ rather than average behavior. 
The purpose of this paper is to describe Data Envelopment Analysis as a new 
way for organizing and analyzing data and to present the applications of this 
methodology in information and communication technologies. 

Keywords: Data Envelopment Analysis, Efficiency, Performance, Information 
and Communication Technology. 

1   Introduction 

The interest in measuring efficiency and productivity has two reasons, (Fried et 
al., 1993). First of all, they are success indicators, performance measures, by which 
production units are evaluated. Second, only by measuring efficiency and 
productivity, and separating their effects from the effects of the production 
environment can we explore hypotheses concerning the sources of efficiency or 
productivity differentials. Identification of sources is essential to the institution of 
public and private policies designed to improve performance. 

Productivity efficiency has two components. The purely technical, or physical, 
component refers to the ability to avoid waste by producing as much output as input 
usage allows, or by using as little input as output production allows. Thus the 
analysis of technical efficiency can have an output augmenting orientation or an
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input-conserving orientation. The allocative, or price component refers to the ability 
to combine inputs and outputs in optimal proportions in light of prevailling prices. 

Following work by Dantzig (Dantzig, 1951) and Farrell (Farrell, 1957), Charnes, 
Cooper, and Rhodes (Charnes et al., 1978) developed mathematical programming 
technique, Data Envelopment Analysis (DEA).  

 DEA is a relatively new non-parametric approach for evaluating the performance 
of a set of peer entities called Decision Making Units (DMUs) which convert 
multiple inputs into multiple outputs. The characterization of the unit of assessment 
as “decision making” implies that it has control over the process it employs to 
convert its resources into outcomes.  

Thanassoulis (Thanassoulis, 2001) explain that in DEA the resources are typically 
referred to as “inputs” and the outcomes as “outputs”. The identification of the inputs 
and the outputs in an assessment of DMUs is as difficult as it is crucial. The inputs 
should capture all resources which impact the outputs. The outputs should reflect all 
useful outcomes on which we wish to assess the DMUs. Further, any environmental 
factors which impact the transformation of resources into outcomes should also be 
reflected in the inputs or the outputs depending on the direction of that impact. 

Data Envelopment Analysis is a method for measuring comparative or relative 
efficiency. We speak of relative efficiency because its measurement by DEA is with 
reference to some set of units we are comparing with each other. The efficiency score 
is usually expressed as either a number between 0-1 or 0-100%. A DMU with a score 
less than 100% is deemed inefficient relative to other units1.  

Since DEA was first introduced in 1978, researches in a number of fields have in a 
short period of time recognized that DEA is an excellent and easily used 
methodology for modeling operational processes for performance evaluations.  

The rapid pace of dissemination of DEA as an acceptable method of efficiency 
analysis can be inferred from the fact that Seiford (Seiford, 1994) in his DEA 
bibliography lists no fewer than 472 published articles and accepted Ph.D. 
dissertations even as early as 1992. Tavares (Tavares, 2002) includes 3, 183 items 
from 2, 152 authors, and in a more recent research, Emrouznejad et al., 
(Emrouznejad et al., 2008) give a survey and analysis of the 30 years of scholarly 
literature in DEA up to the year 2007. 

In our paper we describe the leading non-parametric method Data Envelopment 
Analysis and we present its application in information and communication 
technologies according to recently published studies in this area. 

2   Theoretical background 

Data Envelopment Analysis is a body of concepts and methodologies that have 
been incorporated in a collection of models with accompanying interpretive 
possibilities (Charnes et al., 1994). 

                                                        
1 This score means that a linear combination of other DMUs from the sample could produce 

the same vector of outputs using a smaller vector of inputs. 
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One of the most basic DEA models is the CCR model, which was initially 
proposed by Charnes et al. (Charnes et al., 1978). 

For each DMU, we formed the virtual input and output by weights (vi) and (ur) 
(Cooper et al., 2002): 

    Virtual input  =  xvxv momo ++ ...11   

Virtual output = yuyu soso
++ ...

11  

Then we tried to determine the weight, using linear programming so as to 
maximize the ratio 

inputvirtual

outputvirtual
 

The optimal weights may (and generally will) vary from one DMU to another 
DMU. Thus, the “weights” in DEA are derived from the data instead of being fixed 
in advance. Each DMU is assigned a best set of weights with values that may vary 
from one DMU to another.  

Given the data we measure the efficiency of each DMU once and hence need n 
optimizations, one for each DMUj to be evaluated. Let the DMUj to be evaluated on 
any trial be designated as DMUo where o ranges over 1, 2,…,n. We solve the 
following fractional programming problem to obtain values for the input “weights” 
(vi) (i=1,….,m) and the output “weights” (ur) (r=1,….,s) as variables. 

     
xvxv

yuyu
FP

momo
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o
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=!
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max)(

11

11
                            (1) 

subject to 

       ),...,1(1
...
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11

11
nj

xvxv

yuyu

mjmj

sjso
="

++

++
                  (2) 

                             0, ,.......,21 #vvv m                                 (3) 

                   0, ,.......,21 #uuu s                                 (4) 

The constraints mean that the ratio of “virtual output” vs. “virtual input” should 
not exceed 1 for every DMU. The objective is to obtain weights (vi) and (ur) that 
maximize the ratio of DMUo, the DMU being evaluated. By virtue of the constraints, 

the optimal objective value !
*   is at most 1. Mathematically, the nonnegativity 

constraint (3) is not sufficient for the fractional terms in (2) to have a definite value.  
We now replace the above fractional program (FPo) by the following linear 

program (LPo), 

                            yyLP sosoo µµ ++=! ...max)(
11                (5) 

subject to 

                               1...11 =++ xvxv momo                          (6) 

                       xvxvy mjmjsjsj
++"++ µµµ ...... 1111               (7) 

nj ,...,2,1=  

                 0, ,.......,21 #vvv m                                (8) 

                                 0, ,.......,21 #uuu s                                (9) 
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Theorem 1.  The fractional program (FPo) is equivalent to (LPo). 
Proof. Under the nonzero assumption of v and X>0, the denominator of the 

constraint of (FPo) is positive for every j, and hence we obtain (7) by multiplying 
both sides of (2) by the denominator. Next, nothing that a fractional number is 
invariant under multiplication of both numerator and denominator by the same 
nonzero number, we set the denominator of (1) equal to 1, move it to a constraint, as 
is done in (6), and maximize the numerator, resulting in (LPo). Let an optimal 

solution  of (LPo) be (v=v*, µ=µ*) and the optimal objective value !
* . The solution 

(v=v*, µ=µ*) is also optimal for (FPo), since the above transformation is reversible 
under the assumptions above. (FPo) and (LPo) therefore have the same optimal 

objective value !
* . 

Definition 1. (CCR- Efficiency) 

1. DMUo is CCR-efficient if !
*=1, and there exists at least one optimal 

(v*, u*), with v*>0 and u*>0. 
2. Otherwise, DMUo is CCR-inefficient. 

Cooper et al., (Cooper et al., 2002) describe that the CCR model is built on the 
assumption of constant returns to scale of activities. That is, if an activity (x,y) is 
feasible, then, for every positive scalar t, the activity (tx, ty) is also feasible. Thus, the 
efficient production frontiers have constant returns-to-scale characteristics, as 
depicted Figure 1 (adapted from Cooper et al., 2002) for the single-input and single-
output case. In what turned out to be major breakthrough, Banker et al., (Banker et 
al., 1984) extended the CCR model to accommodate technologies that exhibit 
variable returns to scale. The BCC model has its production frontiers spanned by the 
convex hull of the existing DMUs. The frontiers has piecewise linear and concave 
characteristics which, as shown in Figure 2 (adapted from Cooper et al., 2002) leads 
to variable returns-to-scale characterizations with (a) increasing returns-to-scale 
occurring in the first solid line segment followed by (b) decreasing returns-to-scale in 
the second segment and (c) constant returns-to-scale occurring at the point where the 
transition from the first to the second segment is made. 

 

 
 

Fig.1. Production Frontier of the CCR Model 
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Fig.2. Production Frontiers of the BCC Model 
 
In subsequent years, methodological contributions from a large number of 

researches accumulated into a significant volume of literature around the CCR-BCC 
models, and the generic approach of DEA emerged as a valid alternative to 
regression analysis for efficiency measurement (Ray, 2004). 

DEA relative-efficiency solutions were of interest to operations analysts, 
management scientists, and industrial engineers largely because of three features of 
the method (Charnes et al., 1994): 

1. characterization of each DMU by a single summary relative-efficiency 
score; 

2. DMU-specific projections for improvements based on observable 
referent revealed best-practice DMUs; and 

3. obviation by DEA of the alternative and indirect approach of specifying 
abstract statistical models and making inferences based on residual and 
parameter coefficient analysis.  

 Today’s DEA practitioners and researchers possess various software 
packages2 that provide a wide range of available models, features and capabilities, 
user interfaces, reporting options, model solution speeds, and acquisition costs. 

3   Case study presentation 

Data Envelopment Analysis is an increasingly popular management tool that has 
been successfully applied in: education (schools, universities), banking industry 
(banks, branches), health care (hospitals, doctors), courts, manufacturing, fast food 

                                                        
2 A new and the most comprehensive DEA software: Performance Improvement management  

Software (PIMsoft) has been developed under supervision of: Prof Emmanuel Thanassoulis 
& Dr Ali Emrouznejad, for more details visit: www.DEAsoftware.co.uk  
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restaurants, retail stores, information and communication technologies, 
benchmarking, management evaluation, etc. 

 Charnes et al. (Charnes et al., 1994) have compiled an extensive discussion of 
efficiency models across a variety of industries.  

In this paper we focus on the application of DEA in information and 
communication technologies. 
      The application of DEA in ICT has received considerable attention in the recent 
literature (Anderson et al., 2008, Chen et al., 2006, Cinca et al., 2005, Emrouznejad 
et al., 2010, Goto, 2010, Jitsuzumi and Nakamura, 2003, Menéndez et al., 2009, Seol 
et al., 2011 and Shao and Lin, 2002). 

For example, Anderson et al. (Anderson et al., 2008) present a framework to 
characterize, assess and forecast the wireless communication technologies. Wireless 
communications technologies have undergone rapid changes over the last 30 years 
from analog approaches to digital-based systems. These technologies have improved 
on many fronts including bandwidth, range, and power requirements. Development 
of new telecommunications technologies is critical. It requires many years of efforts. 
In order to be competitive, it is critical to establish a roadmap of future technologies. 
In their paper a DEA based methodology was used for predicting the state-of-the-art 
in future wireless communications technologies.  

The increasing use of information technology (IT) has resulted in a need for 
evaluating the productivity impacts of IT. Chen et al. (Chen et al., 2006) developed a 
DEA non-linear programming model to evaluate the impact of IT on multiple stages 
along with information on how to distribute the IT-related resources so that the 
efficiency is maximized. In their paper is shown that this non-linear program can be 
treated as a parametric linear program. It is also shown that if there is only one 
intermediate measure, then the non-linear DEA model becomes a linear program. 

Cinca et al., (Cinca et al., 2005) used a non-parametric approach - DEA to the 
estimation of production functions, in order to assess efficiency in dot com firms. 
These firms have two objectives: to make an impact in the Internet and to obtain 
revenues from their activities. For this reason, the outputs have been two: unique 
visitors—a web metric—and revenues. DEA efficiencies have been obtained under 
various input/output combinations. A ranking of dot com firms in terms of relative 
efficiency has been obtained. A method based on multivariate analysis has been 
proven to be successful at showing the strengths and weaknesses of individual dot 
com firms. It is shown that there is a relationship between the type of e-business (e-
tailers, search/portal, content/communities), and the way in which efficiency is 
obtained. The paper suggests a new approach to the problem of deciding which 
inputs and outputs the model should contain. 

Emrouznejad et al. (Emrouznejad et al., 2010) developed an alternative approach 
for measuring information and communication technology (ICT), applying Data 
Envelopment Analysis (DEA) using data from the International Telecommunications 
Union as a sample of 183 economies. They compared the ICT-Opportunity Index 
(ICT-OI) with their DEA-Opportunity Index (DEA-OI) and found a high correlation 
between the two. Their findings suggest that both indices are consistent in their 
measurement of digital opportunity, though differences still exist in different regions. 
Their new DEA-OI offers much more than the ICT-OI. Using their model, the target 
and peer groups for each country can be identified. 
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Goto, (Goto, 2010), investigate the financial performance of the world 
telecommunications industry by DEA–DA (Data Envelopment Analysis–
Discriminant Analysis). The proposed use of DEA–DA has a linkage with Altman's 
Z score that has long served as a methodological and conceptual basis in finance. 
Based upon the Z score of telecommunications companies, he ranks them for 
financial assessment. After evaluating their financial performance of the firms, this 
study pays attention to the financial performance of AT&T (American Telephone & 
Telegraph) and NTT (Nippon Telegraph and Telephone) after their divestiture. This 
study finds that AT&T outperformed NTT because AT&T changed itself to an IT 
(Information Technology) company that provides wireless communications services 
and other IT services, but NTT separated IT and wireless services into the other 
companies after the breakup. 

Recent technological developments have transformed the cable television industry 
(CATV) from a simple re-transmitter of terrestrial broadcasting to a provider of a 
broader-band information infrastructure. With cable operators facing an undesirable 
market situation while operating a fiber optics network vital to the creation of an 
information-based society within Japan, the Japanese Government has introduced 
several supportive measures for the industry. Such governmental intervention should 
desirably be justified not only from a political viewpoint but also from an economic 
one; otherwise such measures may distort economic efficiency. Jitsuzumi and 
Nakamura (Jitsuzumi and Nakamura, 2003) used Data Envelopment Analysis to 
identify the deficiencies of an accounting-based intervention scheme and propose an 
alternative framework with no disincentive side effects. 

The literature concerned with the relationship between performance and 
information and communications technology (ICT) is usually focused on the ICT 
investments. Menéndez et al. (Menéndez et al., 2009) show that it is the level of use 
of ICT within organizations, with preference as regards the expenses of ICT, which is 
responsible for the effect on performance. A general sample of 2255 Spanish 
companies has been used. Firms’ performance is measured as technical efficiency, 
which is determined by a data envelopment analysis, in which special attention is 
paid to the problem of the outliers. Finally, the analysis of the level of use of ICT is 
focused on a key area of the organizations, the supply chain, which affects the 
technical efficiency of the firms analyzed. Results show that there is evidence of a 
positive effect of the use of ICT on technical efficiency. This effect is especially 
notable at intensive use levels in activities related to operations/manufacturing, 
purchasing or sales. 

Seol et al., (Seol et al., 2011) in their research propose a systematic approach to 
identify new business areas grounded on the relative technological strength of firms. 
Patent information is useful as a measure of firms’ technological resources and DEA 
is beneficial to obtain the weighted value of patents according to their quality. With 
this weighted quality of patents, a firm can evaluate their relative technological 
strength at the industry and product level according to potential business areas. To 
compute technological strength by products, this research applies text mining method 
to patent documents, a method which a researcher discovers knowledge with 
unstructured data with. This paper shows the usefulness of the newly proposed 
framework with a case study. 
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Shao and Lin (Shao and Lin, 2002) present an approach to investigating the effects 
of IT on technical efficiency in a firm’s production process through a two-stage 
analytical study with a firm-level data set. In the first stage, a nonparametric frontier 
method of data envelopment analysis is employed to measure technical efficiency 
scores for the firms. The second stage then utilizes the Tobit model to regress the 
efficiency scores upon the corresponding IT investments of the firms. Strong 
statistical evidence is presented to confirm that IT exerts a significant favorable 
impact on technical efficiency and in turn, gives rise to the productivity growth that 
was claimed by recent studies of IT economic value. Practical implications are then 
drawn from the empirical evidence. 
 The applications of DEA in the context of information and communication 
technologies are referenced in Table 1. 

Table 1.  The applications of DEA in information and communication technologies  

Applications Author (s) and year 

Predicting the state-of-the-art in future wireless communications 
technologies 

Anderson et al., 2008 

Evaluation of information technology investment Chen et al., 2006 
Measuring  efficiency in Internet companies Cinca et al., 2005 
Measuring information and communication technology (ICT)  Emrouznejad et al., 2010 
Financial performance analysis of US and world 
telecommunications companies 

Goto, 2010 

   Measuring efficiency in cable television network facilities Jitsuzumi and Nakamura, 
2003 

Technical efficiency and use of ICT in Spanish companies  Menéndez et al., 2009 

Identifying new business areas using patent information  Seol et al., 2011 
Technical efficiency analysis of information technology 
investments 

Shao and Lin, 2002 

4   Conclusions 

The ability to quantify efficiency and productivity provides management with a 
control  mechanism with which to monitor the performance of production units under 
its control. For this purpose there is a rich variety of analytical techniques that can be 
used in making efficiency and productivity comparisons (Fried et al., 1993), but in 
our paper we focus on the most known non-parametric method, Data Envelopment 
Analysis. 

Data Envelopment Analysis began as a new Management Science tool for 
technical-efficiency analyses of public sector and has become an alternative and a 
complement to traditional central-tendency analyses. Today DEA is an increasingly 
popular management tool that provides a new approach to traditional cost-benefit 
analyses, frontier estimation, policy making and learning from best practices. 

DEA as a linear programming method for a frontier analysis of inputs and outputs 
assigns a score of 1 to a DMU only when comparisons with other relevant DMUs 
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don’t provide evidence of inefficiency in the use of any input or output, and assigns 
an efficiency score less than 1 to inefficient units.  

In this paper we give theoretical background of this mathematical method and also 
we present its application in information and communication technologies according 
to nine recently published studies in this area. 
     ICTs are acting as integrating and enabling technologies for the economy and they 
have a profound impact on our society and according to the knowledge that the 
application of ICT in agriculture is increasingly important our future research will be 
in this area. E-Agriculture involves the conceptualization, design, development, 
evaluation and application of innovative ways to use ICTs in the rural domain, with a 
primary focus on agriculture. The problem of prioritization of e-agriculture options 
can be solved with the help of multi-criteria decision making methods. For this 
purpose the multi-criteria model will be developed and DEA will be used to predict 
the efficiency of ICT investments in e-agriculture.  
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Parisses Constantinos 

Department of Electrical Engineering, Technology Educational Institute of Western 
Macedonia, Greece, e-mail: kpar@teikoz.gr 

Abstract. This paper investigates the problem of the stabilization of a system 
(A, Bd) consisting of two interconnected subsystems, with decentralized state 

or output feedback. Following the initial definition of the global system and of 
its two subsystems in the state-space, and based on the intercontrollability 
matrix D(s) of system (A, Bd) and on the kernel U(s) of D(s), an equivalent 

system {M(s), I2} defined in the operator domain by an appropriate polynomial 
matrix description (PMD) is determined. The interconnected system can then 
stabilized with a suitable local feedback, based on which, a decentralized 
output feedback can be determined as well.  

Keywords: control systems, modeling and simulation interconnected systems, 
decentralized stabilization, local output feedback. 

1   Introduction 

 Decentralized control has been a control of choice for large-scale systems (consist 
of many interconnected subsystems) for over four decades. It is computationally 
efficient to formulate control laws that use only locally available subsystem states or 
outputs. Such an approach is also economical; since it is easy to implement and can 
significantly reduce costly communication overhead. Also, when exchange of state 
information among the subsystems is prohibited, decentralized structure becomes an 
essential design constraint. Necessary and sufficient conditions, as well as methods 
and algorithms have been proposed in these four decades, to find decentralized 
feedback controllers which stabilize the overall system (see (Ikeda,1980), (Sandell, 
1978), (Siljak, 1978 ), (Wang, 1973) and the references therein). In recent years, the 
problems of decentralized robust stabilization for interconnected uncertain linear 
systems have been studied by many researchers. Different design approaches have 
been proposed, such as the Riccati approach (Ge, 1996), (Ugrinovsskii , 1998), the 
LMI (Linear Matrix Inequality) approach (Liu, 2004), (Souza, 1999), a combination 
of genetic algorithms and gradient-based optimization (Labibi, 2003), (Patton, 1994). 

It is the main purpose of this paper to present the stabilization problem of an 
interconnected (global) system with decentralized state or output feedback. The 
interconnected (global) system (A, Bd), consists of two local scalar subsystems,
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under the very general assumptions of the global and the local controllability. It is 
noted that only the case of two interconnected subsystems is examined, since only 
then the global system will have no decentralized fixed modes, when local static 
state-vector feedbacks are applied ((Aderson, 1979), (Caloyiannis, 1982), (Davison, 
1983), (Fessas, 1982,1987,1988) and (Wolovich, 1974). Additionally, we assume, 
without loss of generality (Davison, 1983) that both input channels of system are 
scalar. 

Following the initial definition of the system in the state-space, an equivalent 
system - defined in the operator domain- is first determined. This is presented in the 
next section, together with some known results concerning (a) the intercontrollability 
matrix D(s) of  (A, Bd) (b) the kernel U(s) of D(s), (c) the  equivalent system     

{M(s), I2} in the operator domain, and (d) the stabilization of  the interconnected 
system with linear, local, state-vector feedback (LLSVF), introducing linear 
programming methods for computing them (Parisses, 1998). In case the values of 
these feedbacks are considered to be large for practical implementation, an algorithm 
for designing “optimal” decentralized control can be applied (Parisses, 2006). In 
section 3, the main result on the stabilizing local output feedbacks, and on a method 
to design a suitable output matrix C, is presented. As a corollary, the decentralized 
version of all theses is given. To demonstrate this illustrative example is given, in 
section 4.  

2   Preliminaries  

2.1   Form of Matrices A and Bd  

We consider the interconnected system (A, Bd) defined by                                     

                                 
x Ax B udx B udx Ax Ax B

                                                                     (1) 

where x is the n-dimensional state of (A, Bd), u is the 2-dimensional input vector, A 

is the nxn system matrix, and Bd is its nx2 input matrix. Matrices A and Bd admits 

the following partitioning: 
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b 00

22b0 b0

11b 0

0

11b 0
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                                 (2) 

with n=n1+n2. System (A, Bd) consists of the interconnected ni-dimensional 

subsystems      (Aii, bii) -i=1,2- of local state vectors x1and x2, with x=[x1' x2']', u1 

and u2 being, respectively, the scalar inputs of these subsystems, with u=[u1 u2]'. We 

further assume that the global system (A, Bd), as well as its two subsystems (Aii, bii) 

-i=1,2- are controllable. In that case, and in order to have some analytical results, 
subsystems (Aii, bii) are supposed to be in their companion controllable form 

(Kailath, 1980) 
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where aii' denotes the last row elements of Aii. When (Aii, bii) are in the above form, 

the nixnj sub matrices Aij assume no particular form; for them we use the notation 

                                     

o
ij

ij '

A
A =

o
ijAijijA

''
ija

  (i j)                                                               (4) 

where aij' denotes the last row elements of Aij, and Aij
o the others. It is obvious 

that when the various sub matrices of (A, Bd) are in the above form, system 

d(A,B )A BB )B )  is called Canonical Interconnected Form (Fessas, 1982) and is as: 
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Finally, with the elements of rows n1 and n1+n2(=n) of A, we form matrix Am:  

                                                mA
11 12

21 22

a a

a a
                                                 (6)     

2.2   The intercontrollability matrix D(s) and its kernel 

The following (n-2)xn polynomial matrix is the intercontrollability matrix of 

system d(A,B )A BB )B ) : 
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As the following lemma indicates, D(s) expresses the conditions for the 
controllability of  (A, Bd): 

Lemma 2.1: (Caloyiannis, 1982) System (A, Bd) is controllable if and only if rank 

D(s) = n-2 for all complex numbers s. (Caloyiannis, 1982). 
Thus the matrix D(s) of a controllable system is a full-rank matrix. Its kernel U(s) 

is an nx2 polynomial matrix of rank 2, such that   D(s) U(s) = 0. The analytical 
determination of U(s) is as follows: P is the matrix representing the column 
permutations of matrix D(s), which brings it to the form of the matrix pencil: 

                                  D(s)D(s)   = D(s) P =   [s In-2 - F | G]                                      (8) 

In (8) G is an (n-2)x2 (constant) matrix, consisting of columns n1and n1+n2=n of 

D(s), F is an (n-2)x(n-2) constant matrix, and In-2 is the unity matrix of order n-2. 

Since D(s) is a full rank matrix, the pair (F,G) is controllable, and can be brought to 
its Multivariable Controllable Form (MCF) ((Kailath, 1980), (Wolovich, 1974)) 

( ! , ! )F G  by a similarity transformation T; let d1, d2 be the controllability indices of 

(F,G), S(s) be the associated structure operator, let !(s) be the characteristic 
(polynomial) matrix of F, and (in case rank[G]=2) let !Gm

 be the 2x2 matrix 

consisting of rows d1 and d1+d2=n-2 of G. The precise form of U(s) is the content of 

the following lemma: 
Lemma 2.2   Let D(s) be the intercontrollability matrix of (A, Bd) as in (7), and 

suppose that rank[G]=2, for G as in (8). Then the kernel U(s) of D(s) is equal to 

                                        
)(ˆ

)(
)( 1

sG

sTS
PsU

m (((
                                        (9) 

where P, T, S(s), !Gm
, and !(s) are as previously explained. 

2.3   An equivalent system defined by a PMD 

Consider the interconnected system (A, Bd), with A and Bd as in (5). In that case, 

the corresponding differential equation in the state space is: 

                                          dx(t)=Ax(t)+B u(t)x(t)=Ax(t)                                                      (10) 

In the operator domain, this equation corresponds to the equation 
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                                          (sI - A) x(s) = Bd u(s)                                                (11) 

this, in its turn, reduces to the equations: 

                                                  D(s) x(s) = 0                                                     (12a) 

and 

                                              (sE - Am ) x(s) = u(s)                                           (12b) 

 In these equations, D(s) is as in (7), E is a 2xn (constant) matrix, of the form:        
E = diag{e1' e2'}, the ni-dimensional vector ei being equal to : ei = [0...0 1]' -for 

i=1,2-, and Am is the matrix defined in (6). From (12a) it follows that x(s) must 

satisfy the relation:  

                                                 x(s) = U(s) "(s)                                                    (13) 

where U(s) is the kernel of D(s), and "(s) is any two-dimensional vector. It follows 
that "(s) must satisfy the equation: 

                                                    M(s) "(s) = u(s)                                                (14) 

The matrix M(s) appearing in (14) is termed Characteristic Matrix of the 
interconnected system (A, Bd) (Fessas, 1982) and is defined by the relation:  

                                               M(s) = (sE - Am) U(s).                                         (15) 

The three systems defined respectively (i) in the state space by the pair of matrices 
(A, Bd), (ii) in the operator domain by {sI-A, Bd}, and (iii) by the polynomial matrix 

description (PMD):          

                                              M (D) " (t) = u (t)                                                 (16a) 

                                                 X (t) = U (D) " (t)                                             (16b) 

are equivalents (Chen, 1984),  (Fessas, 1987), (Kailath, 1980). It is noted that in (16) 
"(t) is the pseudo state vector of the system, and is related to the state vector x(t) of 
(A, Bd), by the relation 

                                              x(t) = U(D) "(t)                                                      (17) 

(in the relations (16), (17), the symbol D denotes the differential operator d/dt). 

2.4   Stabilizability with local state-vector feedback 

We present analytically Theorem 2.1, on the stabilizability of the interconnected 
system (A, Bd) with LLSVF, as well as a result, which is needed in the proof of it. 

Lemma 2.3 : Let h(s) be a polynomial of the form:  h(s)=r(s)p(s)+q(s), for which 
the following assumptions hold: (i) The polynomials  r(s), p(s), q(s) are monic (ii) 
r(s) is arbitrary, (iii)  degree r(s)p(s) > degree q(s) (iv) p(s) is a stable polynomial. 
Then, the arbitrary polynomial r(s) can be chosen so, that h(s) is stable (Seser, 1978). 

 
Theorem 2.1:  Consider the interconnected system (A, Bd) as in (1), and suppose 

that the global system (A, Bd), and the local ones (Aii, bii) -i=1,2- are controllable. 
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Then, there exists a static LLSVF of the form u=Kdx, so that the resulting closed-

loop system is stable. 
 
Proof: For the proof we consider the equivalent system {M(s), I2} and examine 

the stability of the polynomial matrix Md(s)=(sE-Am-Kd)U(s). We assume that the 

feedback matrix Kd has the form: 

            
1
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1 n

d
1 n

! . . ! 0 . . 0 0
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where #i (i=1,...,n1), and $j (j=1,...,n2) are some unknown, real numbers. We shall 

deal with the case where rank [G]=2, which is the usual one for the matrix G. Then 
the matrix Md(s) takes the form: 

Md(s)=(s%-Am-Kd)U(s)=(s%-Am-Kd)
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=                                         
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where             #(s)=[#1+a1,1....#n1-1+a1,n1-1  a1,n1+1....a1,n-1]TS1(s) 

  #1(s)=[#1+a1,1....#n1-1+a1,n1-1  a1,n1+1....a1,n-1]TS2(s) 

  $(s)=[a2,1....a2,n1-1  $1+a2,n1+1....$n2-1+a2,n-1]TS2(s) 

  $1(s)=[a2,1....a2,n1-1  $1+a2,n1+1....$n2-1+a2,n-1]TS1(s) 

are scalar polynomials, not monic, 

 TS1(s) = T [ 1 s ... sd1-1 0 ... 0 ]' 

 TS2(s) = T [ 0 ... 0 1 s ... sd2-1 ]' 

(i.e., TS(s)=[TS1(s) TS2(s)] ,and [ij] -for i,j=1,2- are the entries of the polynomial 

matrix ! ( )G sm
1 (s1

. Then the matrix in (19) is equivalent to the following matrix: 
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d
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h(s)=detMd
'(s)={M11(s)+M21(s)}M22(s)-{M12(s)+M22(s)}M21(s)= 

={M11(s)+M21(s)}{-$(s)- n2 2,n(s-" -a ) [22]+a2,n1[12]}-{&12(s)+M22(s)}M21(s)= 
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=-[22]{M11(s)+M21(s)} n2 2,n(s-" -a ) -{M12(s)+M22(s)}M21(s)+{M11(s)+M21(s)} 

{-$(s)+a2,n1[12]}=r(s)p(s)+q(s)                                                                           (21) 

The determinant of this matrix is actually a monic polynomial of degree n, by 
identifying r(s) as the polynomial -[22][M11(s)+M21(s)], which is of degree (n-1), 

arbitrary and monic, p(s) as the polynomial n2 2,n(s-" -a ) , which is stable by choice of 

$n2, and q(s) as the polynomial                   -
{M12(s)+M22(s)}M21(s)+{M11(s)+M21(s)}{-$(s)+a2,n1[12]}, of degree (n-1). Then, 

according to lemma, the arbitrary polynomial r(s) can be chosen so that the 
polynomial h(s) is stable.                                                                                      Q.E.D. 

This proof is completed with an iterative method (Parisses, 1998), in order to 
compute the feedback coefficients. The central idea is to compute the feedback 
parameters by solving a linear programming problem (Luenberger, 1984) 
corresponding to choosing positive the coefficients of the polynomials that should be 
stable. A set of such polynomials (with positive coefficients) is generated. They are 
then examined whether they are stable or not.  

ALGORITHM 

Step1 Choose the feedback parameter $n2+!2,n<0 so that a stable p(s) results. 
Step2 Write the polynomial r(s) in the following form: 

         r(s) =sn-1+k"(s)=sn-1+k(sn-2+k1sn-3+...+kn-2). 

By viewing the degrees of the polynomials !(s) and #(s), it is seen that k-the 
leading coefficient of the polynomial "(s)- contains only the parameters #n2 and 
!n1. It follows that by giving a value to k, we can also compute !n1. 

Step3 Form n-2 inequalities with the n-2 unknown feedback parameters, by setting 
positive the coefficients ki of the polynomial "(s) (ki>0, for i=1,n-2). 

Step4 Solve the linear programming problem, by putting an objective function with 
unity weighting coefficients, and find all feedback parameters !i and #j. 

Step5 Evaluate the polynomial "(s), and check if it is stable. If it is not, go back to 
Step 1, and select another #n2. 

Step6 Evaluate the polynomial r(s), and check if it is stable. If it is not, go back to 
Step 2, and select another k. 

Step7 Evaluate the polynomial h(s), and check if it is stable. If it is not, go back to 
Step 1, and select another #n2. 

Step8 The feedback matrix Kd can be evaluated from steps 1, 2, and   4.  

                                                                    END OF THE ALGORITHM 

3 Main Result 

Theorem 3.1 Consider the interconnected system (A, Bd) as in (1), under the usual 

assumptions of the global and the local controllability. Then, this system can 
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stabilized with the feedback u=Ly, where the output feedback matrix L is arbitrary, 
and the output matrix C is: C=L-1Kd, matrix Kd being the feedback stabilizing matrix. 

 
Proof: Since system (A, Bd) satisfies the assumptions of the global and the local 

controllability, there exists a local feedback stabilizing matrix Kd, such that A+BdKd 
is stable. According to lemma 2.1 of (Fessas, 1994), system (A, Bd, C) can stabilized 
with the output feedback u=Ly, when the output matrix C is given by the relation 
C=L-1Kd

. 

Remark 3.1 It is remarked that, while the 2x2 output matrix L is arbitrary, it is the 
2xn matrix C that takes care of the stabilization.  As an extreme case consider L=I2 

(the unity matrix); it is follows that the output matrix C is identical to the stabilizing 
local state feedback matrix Kd. 
Corollary 3.1 We consider matrix L as a diagonal Ld matrix (corresponding to the 
control with local feedbacks). It follows that the output matrix C is also block-
diagonal Cd=Ld

-1Kd corresponding, thus, to the case where the measurements are also 
decentralized. 

4 An illustrative example  

The controllable system (A, Bd) is: 

             

1 2 1 0

4 0 1 2

3 2 2 1

5 0 3 4

1 2 1 0

1 24 0 1 21 24 04 04 04 0

3 2 2 13 23 2 2 1

5 0 3 45 0 3 4

    
d

1 0

1 0
B =

0 1

0 1

1 01 01 0

1 01 01 01 01 0

0 10 10 10 10 1

0 10 10 10 1

  

The system is unstable, since the eigenvalues of A are: {0.315 2.732j, 3.185
1.511j}, and it is asked to be stabilized by the d-control u=Kdx. Subsystems Aii -

i=1,2- are transformed into their companion forms, by the transformation matrices:   

   
15

12
T1        

11

15
T2   

while matrix , as in (5), is: 

0 1 1.143 0.571

8 1 2.714 0.143

1 1.667 0 1

9 3.333 11 6

0 1 1.143 03 0.571

2.714 0.1438 1 2.714 0.1432.714 0.1438 18 18 18 1

1 1.667 0 11 11 1.667 0 1

9 3.333 11 669 3.333 11 611 6

8 18 18 18 1  

The intercontrollability matrix D(s), of system d(A,B )A BB )B ) is: 

1s1.6671

0.5711.1431s
D(s)  

It follows that system (F, G) is given by: 
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F=
01

143.10
         G=

1667.1

571.01
 

The controllability indices d1 and d2 of (F, G) are: d1=1, d2=1. Obviously, rank 

[G]=2. The canonical form of matrix F is:       

       1.268 0.418
F̂=

-1.114 -1.268

1.268 0.418

-1.114 -1.268-1.114 -1.268
  

The kernel U(s), of D(s), is: 
-1 0.571

-s+1.268 0.418
U(s)=

-1.667 -1

1.114 -s-1.268

-1 0.571

+1.268 0.418-s+1.268 0.418-s+1.268 0.418

-1.667 -1-1.667 -1

1.114 -s-1.2681.114 -s-1.268

 

At this point begins the search for stable polynomials, by applying simultaneously 
the linear programming method, as described by the algorithm. We use the same 
notation as in the text, and give the final results: #n2=-8.0, !n1=-28.22.         

Polynomial "(s)=s2+3.25s+2.60 (roots of "(s):-1.84, -1.41). Polynomial 

r(s)=s3+25.00s2+81.35s+ 65.00 (roots of r(s) : -21.33,  -2.40, -1.27), and finally  h(s) 

= s4+29.22s3+122.44s2+1108.14s+1624.01. The roots of this polynomial are the 

numbers {-26.01, -0.75 6.09j, -1.66}, which are the eigenvalues of the closed-loop 

system, i.e., of system d dA B Kd dA B Kd dd dA BA BA B KA B K . The matrix of the feedback parameters is: 

d

-25 -28.22 0 0
K =

0 0 -25 -8

-25 -28.22 0 02 02 0

0 0 -25 -80 0 -25 -80 0 -25 -8
 

It is remarked that the above values of Kd are in the transformed system of 
coordinates (used to apply the method based on the equivalent system defined by a 
PMD). For a given matrix  

10 30
L=

20 50

10 30

20 5020 50
 

the output matrix C is  

12.5 14.11 -7.5 -2.4
C=

-5 -5.644 2.5 0.8

12.5 14.11 -7.5 -2.41 -1 -

-5 -5.644 2.5 0.8-5 -5.644 2.5 0.8-5 -5.644 2.5 0.8
. 

If we suppose, as corollary 3.1 diagonal L 

d

10 0
L =

0 50

10 0

0 500 50
 

the corresponding matrix Cd is block-diagonal, where the measurements are indeed 
decentralized.   

d

-2.5 -2.822 0 0
C =

0 0 -0.5 -0.16

-2.5 -2.822 0 0

0 0 -0.5 -0.160 0 -0.5 -0.160 0 -0.5 -0.16
. 
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5 Conclusion 

In this paper we considered the stabilization of a global system (A, Bd), resulting 

from the interconnection of subsystems (Aii, bii) -i=1,2-, with  decentralized state 

and/or output feedback control. We studied initially the problem of the stabilization 
of (A, Bd) with linear, static feedback of the local state-vectors, under the weak 

conditions of the global and the local controllability. Although the problem was 
defined in the state-space, it was transformed into the frequency domain and studied 
therein. The existence of a local, feedback stabilizing matrix was formally proven 
and it is completed by a numerical procedure -based on linear programming 
methods- for the numerical computation of the feedback parameters (Kd). It is 
supposed the output feedback matrix L is arbitrary, and one wishes to determine the 
appropriate output matrix C which ‘realizes’ the decentralized feedback u=Kdx, by 
the matrix C=L-1Kd .  That corresponds to what (Zheng , 1989 ) refers to as ‘the 
designer’s possibility to choose the output matrix C’.  
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Abstract: In the present paper  the yield and soil spatial variability in an apple 
orchard was studied. Apples were collected manually and placed in plastic 
bins along the tree rows. Yield per ten trees was weighted and the 
geographical position in the centre of the ten trees was recorded, using a GPS, 
in order to create the yield map.  The orchard was divided in management 
zones with the Management Zone Analyst (MZA) software, based on the yield 
map. In each zone soil samples were taken and analysed for the following 
characteristics: soil texture (% sand, % silt and % clay), pH, nitrogen (N), 
phosphorus (P), potassium (K), calcium carbonate (CaCO3) and organic 
matter (OM) content. The correlation between yield and soil properties was 
performed in all zones. The results showed significant variability in yield and 
some soil properties. Yield was negatively correlated with pH, clay, organic 
matter, and CaCO3.

Keywords:  precision agriculture, management zones, apples 

1 Introduction 

Precision Agriculture is the management of crop and soil variability in order to 
increase profitability and reduce adverse environmental impact (Earl et al., 1996). 
Precision Agriculture has mainly focused in arable crops like cereals (Blackmore et 
al, 2003; Godwin et al, 2003), soybean (Dobermann and Ping, 2004) and cotton 
(Velidis et al., 2003; Gemtos et al, 2004). However, the opportunities to apply 
Precision Agriculture in high value crops, such as fruits, are very promising due to 
the fact that it is easier to pay the investment. Moreover field patterns (spatial and 
temporal trends) tend to be more stable in perennial than annual crops, which can 
facilitate the management of fields according to fixed management zones over time. 
Some of the applications in high value crops are in citrus (Zaman and Schuman,
2006, Mann et al, 2011), in olives (Granados et al., 2004, , Fountas et al, 2011), in 
apples (Aggelopoulou et al, 2010, Aggelopoulou et al, 2011a, Aggelopoulou et al, 
2011b ), in grapes (Bramley and Hamilton 2004; Tagarakis et al, 2006), in pears 
(Perry et al, 2010), in palm trees (Mazloumzadeh et al, 2009), in berries (Zaman et 
al, 2008) and in peaches (Ampatzidis et al, 2009).

The most common method to manage field variability is the use of management 
zones. Management zones are regions or areas of the field which have been

_________________________________
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differentiated from the rest of the field for the purpose of receiving individual 
management attention. Each zone gets the appropriate level of inputs (seed, 
fertilizers, pesticides, water) according to the plant requirements. Management zones 
are usually defined on the basis of soil (Fraisse et al, 2001; Taylor et al, 2003; 
Vrindts et al, 2005) and yield (Diker et al, 2004; Ping & Dobermann, 2005) 
information over several years.   Other researchers have used aerial images, 
vegetation indices and combination of yield soil and remote sensing data to create 
management zones.  Boydell and McBratney, (2002) used aerial images of the 
developing crop to delineate management zones in cotton. In citrus crop, Zaman and 
Schumann (2006) created nutrient management zones   based on variation of soil 
properties and tree performance, while Mann et al (2010), produced productivity 
zones using fruit yield, ultrasonically measured tree canopy volume, normalized 
difference vegetation index (NDVI), elevation and electrical conductivity. In olive 
trees, Granados et al. (2004), created site-specific fertilization maps based on leaf 
nutrient spatial variability and Fountas et al. (2011), created management zones for 
fertilizers, using soil chemical properties. Aggelopoulou et al. (2011a), produced 
fertilization maps for apple trees based on the amount of nutrients that were removed 
from the soil with the previous year’s yield.

The objectives of this paper were (i) to study spatial variability of yield and soil 
properties in an apple orchard, (ii) to delineate management zones in the orchard, 
based on yield variability and (iii) to correlate yield and soil properties in each 
management zone.  

2 Materials and Methods 

The present study was carried out in a 5 ha commercial apple orchard for the year 
2005. The orchard was located in Agia area, Central Greece (22o 35!41!! E, 39o

40!28!! N and 160m elevation). The main cultivar was Red Chief and the pollinator 
was Golden Delicious. The   tree spacing was 3.5m between the rows and 2m in the 
row. Trees were trained as free palmette.

For yield mapping apples were collected manually in September and placed in 
plastic bins. Yield per ten trees was weighted and the geographical position in the 
centre of the ten trees   was recorded using a hand-held computer with GPS (Trimble 
pathfinder). The yield map was created only for the main cultivar (Red Chief).  

In December twenty soil samples were taken before winter crop fertilization to a 
sampling depth of 0-30 cm in order to explore the variability of some soil physical 
and chemical properties. The samples were air-dried and passed through a 2mm 
sieve and analysed for the following properties: soil texture (% sand, % silt and % 
clay), pH, nitrogen (N), phosphorus (P), potassium (K), CaCO3 and organic matter 
(OM) concentration. The sampling positions were geo-referenced using a hand-held 
computer with GPS.  

The delineation of management zones in the orchard was performed using  
Management Zone Analyst (MZA) software with the fuzzy clustering method 
(Fridgen et al., 2004). Management Zone Analyst calculates descriptive statistics, 
performs the unsupervised fuzzy classification procedure for a range of cluster 
numbers, and provides the user with two performance indices [fuzziness 

444



performance index (FPI) and normalized classification entropy (NCE)] to aid in 
deciding how many clusters are most appropriate for creating management zones. 
The optimum number of zones is when FPI and NCE have the lower values (Fridgen 
et al, 2004). 

3 Results and Discussion 

From the yield map (Fig 1) it can be seen that yield ranged from 0-91.2 ton/ha. Yield 
spatial variability was significant (the coefficient of variation was about 51%). The 
coefficient of variation, which is the ratio of the standard deviation divided by the 
mean, is a measure of the spatial variability. In this orchard there was a high yielding 
zone in the central part of the field while there were two zones with lower yield in 
the left and the right of the high yielding zone.  

Figure 1. Yield map of the orchard for year 2005 (Red Chief cultivar) 

The descriptive statistics (average, minimum, maximum and coefficient of 
variation (CV)) of the soil properties are presented in Table 1.  Soil texture was 
sandy clay loam.  Soil pH ranged from 6.9-8.1. The optimum for apple trees is from 
6.5 to 6.8 (Vasilakakis, 2004). The organic matter content was from 1.1 to 3.2 and 
it was moderate (Koukoulakis, 1995). Soil variability was small for texture, pH,
CaCO3  (CVs from 3.7-21.9%) , moderate for organic matter, N, K (CVs  from 28.6-
52.7%) and high for P(CV=76.9%).

The calculation of the FPI and NCE indices was performed for a number of zones 
form 2-8 (Table 2). The results showed that the lower values of the FPI and NCE 
were for 6-7 zones, and therefore the optimum number of zones for this orchard was 
six to seven. The orchard was divided in six management zones, which is a number 
that the farmer can handle (Fig 3). In each zone the average values of yield and soil 
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properties were calculated (Table3). Linear correlation between yield and the soil 
properties was performed in each zone. It was assumed that liner correlation was 
suitable for yield and soil data as many researchers use this method for this kind of 
data in the orchards (e.g. Zaman and Schuman, 2006).  

Table1. Descriptive statistics of the soil properties 

Soil property Average Min Max CV(%)
Sand(%) 59.5 51.7 65.6 6.9
Clay (%) 23.5 15.1 31.3 19.4
Silt (%) 17 13.3 21.8 13.8

pH 7.6 6.9 8.1 3.7
CaCO3(%) 15.1 11.8 24 21.9

NO3(mg kg-1) 4 0 8.9 70
P(mg kg-1) 2.9 0.5 9.2 76.9
K(mg kg-1) 179.6 60.4 354.8 52.7
Ca(mg kg-1) 295.1 125 492 31.8
Mg(mg kg-1) 212.2 104 298 28.2
Fe(mg kg-1) 9.8 2.8 35.3 84.1
Na(mg kg-1) 124.7 18 323 54.4
Zn(mg kg-1) 1.3 0.81 2.71 43.3
Mn(mg kg-1) 4.5 1.4 9 50.2
Cu(mg kg-1) 0.6 0.1 2.9 103

OM(%) 1.9 1.1 3.2 28.6

Table 2. FPI and NCE indices for a number of classes 2 to 8. 

Classes FPI NCE

2 0.0399 0.0152

3 0.0319 0.017

4 0.0268 0.0159

5 0.0251 0.0154

6 0.0219 0.136

7 0.0181 0.0127

8 0.0276 0.0173
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Figure 3. Map of the orchard showing six management zones based on yield 

Table 3.  Average values for yield and soil properties in each of the six management 

zones 

"one 1 2 3 4 5 6
Yield 1.1 2.24 3.28 4.34 5.52 7.3
pH 7.67 7.82 7.75 7.47 7.56 7.57
K 211 136 204 214 168 121
Na 106 144 119 137 121 109
Mg 249 197 199 242 208 145
Ca 284 318 366 361 215 156
Cu 0.37 1.11 0.35 0.70 0.73 0.34
Zn 1.5 0.89 1.08 1.63 1.67 1.2
Mn 5.13 3.78 5.65 4.9 3.8 2.5
Fe 8.9 4.6 9.4 14 12.7 8.9
NO3 2.2 5.5 5.2 3.8 4.4 4.6
P 4.9 4.2 1.9 1.5 2.9 1.1
Clay 27.3 23.4 26.8 21.4 20.9 18.5
Sand 55.9 61.2 57.9 59.4 61.1 60.9
Silt 16.8 15.3 15.3 19.1 18 20.6
OM 2.3 1.9 2.1 1.8 1.7 1.6
CaCO3 16.1 17.5 15 13.8 14.4 12.6

In the six zones that were created with the MZA software, yield was negatively 
correlated with pH with a coefficient of correlation r= -0.62 which was not statistical 
significant. The negative correlation between yield and soil pH was probably due to the 
fact that soil pH ranged from 6.9-8.1 (alkaline region) when the optimum for apples is 
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6.5-6.8 (Vasilakakis, 2004). Yield was also negatively correlated with CaCO3, with r= -
0.88, which was statistical significant at p=0.05, probably for the same reason because 
CaCO3 rises soil pH. 
Yield was negatively correlated with clay content (r=-089) and organic matter (r=-0.85). 
Both the correlation coefficients were statistical significant at p=0.05. The negative 
correlation between yield, organic matter and clay content is probably due to the fact 
that both organic matter and clay release nitrogen in the soil which enhances vegetative 
growth, that is competing yield (Stylianidis, 2002).  

4 Conclusions 

From the results of the presented experimental data it can be concluded that: 

1. The orchard showed significant spatial variability in yield and soil properties, which 
indicates the potential of applying site-specific managements in this orchard according 
to the needs of the trees. 

2. Yield variability was high with a coefficient of variation about 50%. Soil variability was 
different depending on the soil property. Soil texture, pH, and CaCO3  showed small 
variability,  organic matter, N, and  K exhibited moderate variability and  P showed   
high  variability

3. Yield was negatively correlated with pH, clay, organic matter, and CaCO3.
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Abstract. Precision agriculture is the management of spatial and temporal variability of the 
fields using ICT. The application in horticultural crops was developed in the last ten years. 
Data are collected from different sources (yield and quality, soil properties, remote sensing), 
stored to GIS data bases, analysed using geostatistical methods to develop management zones 
and decision support systems are used to assist farmers to the management. Variable rate 
application systems were developed to apply inputs according to the real requirements of the 
plants in the management zones. Although variability is a well established fact, farmers’ 
adoption is rather slower than expected because the system is complicated and in many cases 
profitability is not well demonstrated. Additionally, environmental benefits cannot take direct 
monetary values for the farmer. PA has a wider application impact like precise movement and 
management of farm machinery, development of efficient mechanization and fleet 
management as well development of farm management information systems.

Key works: Precision agriculture, horticultural crops, decision support systems, adoption, 
and profitability. 

1. Introduction
Precision agriculture (PA) can be defined as the management of spatial and temporal 
(within the growing period and between the years) variability of the fields using 
Information and Communications Technologies (ICT).  PA was in some way applied 
in the past. The small farm manager was able to observe all variation within the 
fields and take appropriate decisions for each part. Mechanisation and increase of 
farm size reduced this knowledge. The larger the field, the lower the knowledge of 
the variability. The average rule was used to manage the fields.  When the first yield 
monitors were developed it was proved that yield and soil properties varied highly 
within a field. This fact marked the development of precision agriculture.PA is 
aiming at increasing farmers’ knowledge of his field and return better management 
based on this new knowledge. PA has a rather short history. Its application started 
about 20 years ago when GPS and new sensor technologies were made available 
(Heraud and Lange 2009). The initial applications were mainly for arable crops. The 
applications in horticultural crops were rather delayed and started by the end of the 
1990’s and the last decade. PA is a cyclic system of data collection, use for the crop 
management, evaluation of the decisions and the cycle continues for the subsequent 
years (Figure 1). Each year data are stored in a data base (library) and is used as 
historical data for the future decisions. 

The objectives of this paper is to give an account of the progress made the last few 
years in application of precision agriculture in horticultural crops as a mean to 
enhance its use by the Greek agronomists and farmers.

2. Data Collection 
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Many types of data can be collected during the growing season. All have to be 
geo-referenced using GPS technology and introduced to a GIS data base. 

2.1 Yield mapping 
Yield mapping can be carried out easily in mechanized crops. In vines sensors were 
developed relatively early for the mechanical harvesting of grapes for wine making. 
They were applied in 1999 vintage in Australia and in the USA (Arno 2009). They 
used either loading cells that weighed the crop passing on a conveying belt or an 
array of sonic beam mounted over the grape discharge chute to estimate the volume, 
and the tonnage, of fruit harvested (Bramley and Hamilton 2004). The results in 
Australia showed 8-10 fold difference of yield between parts of the same parcel 
(Bramley 2001a). Temporal variability is an important factor in the development of 
stable management zones. Research in arable crops (cereals Blackmore et al.2003 
and in cotton Fountas et al. 2004 ) showed that the trends after the third year are 
cancelling out and we can only define areas of stable  high and low yielding and 
unstable yielding. Tree crops seem to have more stable yields as Bramley and 
Hamilton (2004) and Bramley et al. (2003) found in vineyards after five years data.

Figure 1. Presentation of a precision agriculture 
system (Markinos et al. 2002)

Figure 2. Yield mapping in 
apples in Greece.

In handpicked fruits yield mapping is more difficult. In Florida’s citrus plantations, 
Shueller et al.(1999)  used a system to weigh the palette bins where the oranges were 
collected. The bins were removed by a hydraulic lift which used loading cells to 
weigh them and a GPS to record the position. It was assumed that each bin 
represented the yield of the surrounding trees. Yield variability was observed in a 3.6
ha orchard. In Greece Aggelopoulou et al.(2010a) mapped the yield in apple 
orchards. The apples were handpicked and placed in 20 kg bins along the rows of the 
palmette shaped trees (Figure 2). Each bin was weighed and geo-referenced. The bins 
corresponding to 5 or 10 trees were grouped to represent their yield. A similar 
approach was used by Tagarakis et al. (2010) for yield mapping of vines. Yield 
spatial variability was evident in all applications even in orchards of 1 ha. Fountas et 
al. (2011) measured the yield variation in olive trees orchard. Olives, in conventional 
orchards, were picked by hitting the fruit branches by sticks. Olives were falling on 
plastic sheets underneath each tree. The olives were placed in bags and left in groups 
for loading to a platform. Each bag was weighed and geo-referenced using a GPS. 
Each group of bags was considered to present the yield of the surrounding trees and 
was the basis for the yield map. Spatial variability was also present. Ampatzidis et 
al.(2009) have mapped the yield of peaches.  They used RFID or bar code tags on the 
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bins.  A weighing machine was combined with a tag reader and a GPS to record the 
weight and the place of each bin. The data collected was used to produce yield maps 
of the orchard. Konoatski et al. (2009) have mapped the yield of a 1.6 ha pear 
orchard. They measure the yield of each tree (harvested in three passes).
Qiao et al. (2005) developed a mobile automatic grading robot. It was moved from 
plant to plant. Workers picked the peppers and placed them on the machine for 
grading. The machine located the plant, weighed the fruits of each plant and analysed 
the quality. Yield and quality maps showed spatial variability even in the very small 
plot of the experiment. Akdemir et al. (2005) have measured the yield variability in 
dry onions in Turkey. They have divided the field in 10X10 m grid and they had 
collected onions from each grid by hand and weighed them. They found a yield 
variation from 10 to 50 t/ha

2.2 Quality mapping

Quantity and quality are the two components of the field production. Quality is very 
important and its variability was the object of relevant research. Several laboratories 
are working to develop sensors to measure quality of products. In high value crops 
quality offer premium prices and increased income to the farmer. 
Extensive work on the grapes’ quality was carried out. Grape samples were taken and 
analysed to assess its variability. Using remote sensing they found high correlation 
between the vegetation indices maps near veraison (beginning of maturity) and the 
grape quality maps. Based on that, they separated the production of the two zones 
which produced different quality of wines. The dense vegetation part gave lower 
quality with lighter colour (Bramley et al. 2003). But it was not always true that low 
yielding parts produced high quality (Bramley and Hamilton 2004). Bramley (2005) 
has studied the quality variability in commercial fields. Quality variation was there 
but was much lower than yield’s.  The zones formed by the quality parameters were
not always similar to the yield zones. He concluded that it is difficult to define zones 
of certain quality characteristics as the wine industry is requiring. Cost of samples 
collection and analysis is high and only on the go sensors could offer the opportunity 
to separate qualities of grapes. Best et al. (2005) measured an index m2leaf/kg-fruit in 
vines. They found that quality of grape (Brix, colour) were lower when the index was 
larger (higher vigour of the plants). Sethuramasamyraja et al. (2010) used a hand held 
NIR spectrometer to analyse anthocyanin variability in two vineyards for two years 
in CA, USA. The vines were divided into two management zones based on threshold 
values suggested by the vineries. A harvester with two stores was developed and 
used. Different quality grapes from the two zones were directed to the appropriate 
store. The two quality lots produced different quality wine and proved the usefulness 
of the method. Aggelopoulou et al. (2010a) have analysed the spatial variability of 
quality of apples. They measured several parameters of the quality like colour, 
sugars, malic acid, pH and flesh firmness and found negative correlation between 
yield and quality. The variability existed even in small size orchards.

2.3 Soil properties analysis
Soil is the substrate where crops are grown. It affects several parameters of crop 

growth, the final yield and its quality. Most of the cropping activities are also 
affecting soil through tillage, compaction fertilization etc. Soils were analysed for 
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their properties. Grid sampling of different size was used. A parcel size of 0.4 ha was 
considered reasonable for commercial applications. Samples taken from the parcel 
were mixed, homogenised and then analysed for their properties. Soil maps were 
produced for each property and could be used to define fertilization. Fountas et 
al.(2011)  using a grid sampling and analysis of an olive orchard defined the soil 
maps (Figure 3) and the amount of P and K fertilization for each tree. 

21.631 21.6315 21.632 21.6325 21.633 21.6335 21.634

37.0245

37.025

37.0255

37.026

37.0265

37.027

37.0275

39.1

69.2

46.2 31.4

29.2

26.2

77.4

41.2
55.4

44.2

42.3

41.3

45.2 34.9

52.1 13.2

80.6

80.2

51.3

72.4

52.2

51.6

72.1

51.4

73.2

62.440.4

82.3
45.2

52.6

52.3

62.3

39.4

41.4

48.4
22.3 43.2

31.2

51.3
34.3

36.2

60.2

70.2

56.8
78.3

36.2 45.6
75.4

40.2

45.1

49.4

98.2

31.2
33.2

36.9

60.6

35.1

46.4

57.4

58.3

52.4
38

40.4
53.3

28.7
58.8 65.2

62.3

29.6
31.4

16.543.468.3

38.1
48.4

26.2

33.2

38.2

31.233.2

46.4

56.836.2
28.7

16.2

41.2
40.3 70.2 29

40.3
34.2

0

45

90

P
13,2 - 98,2 ppm

Log

L
a
t

21.631 21.6315 21.632 21.6325 21.633 21.6335 21.634

37.0245

37.025

37.0255

37.026

37.0265

37.027

37.0275

328

224

542 315

365

271

680

228
273

228

196

580

595 306

338 334

343

306

298

406

380

382

540

529

408

337345

427
412

357

343

305

344

441

440
286 337

435

591
394

460

412

510

395
521

285 488
589

378

369

404

261

347
342

449

380

310

364

406

302

347 216

405
207

474
276 581

320

388
286

226388295

208
352

402

378

210

328218

296

248360
464

208

435
448 304 305

193
250

0

350

K

193,0 - 680,0 ppm

Log

L
a
t

Figure 3.  P map of olive 
orchard

K map of olive orchard Figure 4. Prescription 
map for N application 
per group of trees.

Aggelopoulou et al. (2010) have analysed soils in a dense grid. They found that 
correlations between soil nutrients and yield was not consistent. They suggested 
taking into account apples’ yield and the nutrients removed to produce prescription 
maps for fertilizers application. Best el al. (2005) found also low correlation  between
soil properties and yield parameters but better between yield and ECa maps.
Soil sampling and analysis is labour intensive and costly activity. For research 
purposes this can be justified but not in most commercial applications. A second 
possibility is to define management zones with another measurement like yield and 
direct the soil sampling to the zones. This highly reduces the samples and the cost. A 
third possibility is to develop sensors that can measure soil properties on the go. This 
is a fast and usually low cost method. Several methods  were developed or are under 
development. The soil sensors were based on electrical and electromagnetic, optical 
and radiometric, mechanical, acoustic, pneumatic, and electrochemical measurements 
(Adumchuk et al.2004).  Electrical resistivity and electromagnetic induction (EM) 
measure soil apparent electrical conductivity (ECa). This property is directly 
connected to soil properties like texture, water content, organic matter, salinity, ions 
in the soil and temperature. If we exclude saline soils and take measurements near 
field capacity then measurements are correlated to soil texture. Many researchers 
have reported correlation of yield and ECa (Kitchen et al. 2005). Soil texture is a 
basic factor of soil variability and influences several soil and crop parameters. 
Heavier or lighter soils react differently to weather; require different water, fertiliser 
and herbicides applications. The GPS readings when they are relatively accurate can 
offer at the same time elevation maps. 
Aerial and satellite images obtained using remote sensing help in analyzing the 
variability of soil (Adumchuck et al. 2004). Soil colour without vegetation offers an 
indication of its texture and soil organic matter. Early laboratory studies showed 
correlation of soil OM with both visible and near infrared (NIR) reflectance. 
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Mechanical sensors have been used to assess soil compaction using instrumented 
tines (Andrale et al. 2002)   or automatic penetrometers. They gave good results but 
they have to pass through the soil to assess compaction. Electromechanical sensors 
have been developed. One with commercial application can map pH. Soil samples 
were taken on the go and electrodes can measure pH. 

2.4 Remote sensing
Remote sensing is the group of techniques than can collect field data without being in 
contact to plants, soil etc. An electromagnetic wave when falling on an object it can 
pass through, reflected or absorbed. Measuring these effects we can have useful 
information. It is a useful technology for PA as it can give data for parameters of the 
field relatively easily. In general we see the reflected sun light that is formed by the 
ultraviolet wave lengths, the visible light (Red, Green and Blue) and the infrared.  
The green plants are absorbing the red and blue wave lengths and reflect the green 
and the infrared. Measuring the reflected wavelengths with a multispectral cameras 
we can measure the vigour of the plants or any problem like disease, nutrient 
deficiency or water logging etc. We can correlate soil colour to the organic matter, 
moisture etc. Light reflectance (sun or some artificial light source) has been used in 
PA in the form of vegetation indices. The most used of them is the Normalised 
Vegetation Index (NDVI). Several other indices can be calculated and used offering 
good agreement with certain characteristics of the crop. NDVI has been correlated to 
crop yield and quality.  The measurements of plant reflectance can be carried out by 
satellites, airplanes or ground instruments. 
In several PA studies crop reflectance was used as an early measurement of the crop 
growth and for prediction of yield and product quality. Bramley et al. (2003) have 
used NDVI of vines at vaireson as an indication of grapes quality and used it to 
separate the product into high and low wine quality producing lots. The idea was 
successful and gave a good results and a profit to the farmer (see later). Best et al. 
(2005) in Chile, found good agreement between NDVI and yield and quality of a 
vineyard (correlation coefficient r2>0.7)  and between LAI and NDVI (r2

Any object when have a temperature above absolute zero emits electromagnetic 
radiation.  This is used in thermal cameras that can detect differences in temperature 
in plants. Thermal cameras have been used in precision agriculture to assess water 
status of crops and regulate irrigation (Agam et al. 2009). 

>0.75). Hall 
et al. (2010) studied the correlations between spectral images and the properties of 
the grapes and yield. They estimated canopy area and canopy density, which were 
consistently significantly correlated to fruit anthocyanin and phenolic content, berry 
size and yield. But total soluble solids correlations were not stable.

3. Data analysis and management zones delineation 
All data collected have to be analysed and interpreted. Simple exploratory 
(descriptive) statics can give a first idea on the values, their spread, the range and the 
distribution. Geostatistics, are used for spatial interpolation. Final construction of the 
thematic maps for successive years are made using spatial variability structure of the 
sampled data (variogram) and an interpolation method (kriging). Semi-variograms 
are used to assess the spatial variability of the measured values. Maps covering the 
whole field can be produced and indicate the variability of the properties.  There are 
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several methods of data analysis although that there is not a clear method to compare 
the produced maps. We are still based on optical impression for the comparison of 
the maps. Correlations between parts of the field with different parameters can be 
carried out to assess their relationships. Kitchen et al. (2005) tried to delineate 
productivity management zones based on ECa, elevation and yield using MZA. They 
used a pixel agreement between zones to compare the zones based on different 
parameters.  Taylor et al. (2007) have presented a protocol for data analysis and 
management zones delineation using available free software to help farmers in the 
better use of the data collected through precision agriculture technologies. 
Soft computing techniques have been employed to define correlation between the 
properties measured and permit a forecast of the results. Neural networks, fuzzy 
logic, fuzzy cognitive maps has been used recently to analyse data and explain yield 
variation. (Papageorgiou et al. 2010).
The analysis of the data aims at defining parts of the field called management zones
with common characteristics which can be managed in a common way. Management 
zones delineation should form homogeneous parts of the field where inputs or other 
practices can be applied in the same way. The management zones should be large 
enough to permit VRA of inputs but small enough to be homogeneous. Management 
zone delineation can be done using fuzzy cluster analysis.

4. Variable Rate Application (VRA)
VRA technology is the major target for PA. All information gathered should result in 
a better management of the formed zones. VR means that the appropriate rates of 
inputs will be applied leading either to reduced inputs, costs and environmental 
effects or improved yields and quality. Two methods are used to apply VR. The first 
called map based, is based on historical data (previous or present year).  Process 
control technologies allow information drawn from the GIS (prescription maps) to 
adjust fertilizer application, seeding rates, and pesticide selection and application 
rate, thus providing for the proper management of the inputs. The second, named 
sensor based, uses sensors that can adjust the applications rates on the go. The 
sensors detect some characteristics of the crop or soil and adjust the application 
equipment. VRA can be applied to all inputs. Both systems have advantages and 
disadvantages. The on the go sensors are more acceptable by the farmers. Probably 
using a mixture of both will offer most advantages in the future. 
Variable fertilizer applications in vineyard could help minimizing variability in vine 
growth as well as fruit quality (Sethuramasamyraja et al. 2010). Devenport et al. 
(2002) applied VR fertiliser in a vineyard for four years. They have analysed the 
nutrient content of the soil and concluded that N and K applications benefited the 
field as they reduced variation but not the P application where the CV remained high.
Based on management zone delineation and historical data prescription maps can be 
produced defining the specific requirements of each zone. The prescription map is 
imported to the controller of the application machine and changes the adjustment (the 
amount of the input applied per unit of area as prescribed) as the machine moves 
through the field. Obviously a lot of data have to be collected and properly analysed 
to make effective the application. In tree crops where temporal variability is lower 
this application is more feasible than in arable crops.
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Prescription maps can be produced based on several characteristics of the field or the 
crop. In the case of the orchard of Fig. 3 (Fountas et al.2011) the farmer applied the 
fertilizer by hand in each tree. He was able to use the map with the two zones and 
apply one or two portions of fertilizer in the defined trees.  In apples Aggelopoulou et 
al. (2010b) have used the soil analysis data and the nutrients removal from the soil by 
the crop to prepare prescription maps for fertilizer application (Fig 4). Prescription 
maps can be based on characteristics measured during the growing season. 
Aggelopoulou at al. (2011) found high correlation between estimated variability of 
flowers and yield distribution. This can be used to manage the inputs of the crop as 
low yielding parts requirements are different that high yielding.
Several on the go sensors have been presented and used. The most known is the 
sensor that detects light reflectance from the crop. Using NDVI the sensor detects the 
vigour of the crop. Usually crops with sufficient nitrogen are greener than plants with 
lower nitrogen. This characteristic was used to adjust N rates in crops like cereals. In 
tree crops several characteristics can be used to directly adjust inputs. Tree canopy 
volume, density and height can be measured electronically (Giles et al. 1988). In
citrus orchards of Florida, tree canopy measured by ultrasonic or laser sensors was 
correlated to yield. This property was used to adjust the variable chemical 
application. (Giles et al. 1988, Turbo et al. 2002). Pulse width modulation nozzles 
that use fast reaction solenoids to open or close the flow several times per second can 
be used to vary discharge. One other idea changes the active ingredient solution by 
introducing it at different rates in the distribution tubes of the sprayer (after the 
pump). (Ess and Morgan 2003). Gil et al. (2007) tested a variable rate application 
sprayer in vines. The sprayer had three nozzles groups in each part of the row. 
Ultrasonic sensors were sensing the canopy width and adjusted the sprayer achieving 
58.8% savings.  
Variable rate irrigation is of great importance due to the shortage of water reserves 
and the importance of irrigated crops in many parts of the word. Applications in
central pivot systems using prescription maps based on soil properties, crop 
conditions  and the real conditions of the field proved that considerable saving in 
water and energy can be achieved (Perry et al.  2002). In a feasibility study of fields 
in Greece and Turkey based on soil variability savings of up to 7% (range 2.5-7.2) of 
water and energy can be achieved (Gemtos et al. 2010). Perry and Milton (2007) 
estimated 12% water savings while Hedley et al. (2009) at 7%.  
In orchards, irrigation systems have to be designed from the beginning to achieve 
variable rate irrigation. Knowing the soil variability it is possible to develop more 
than one networks applying different water depths or frequency of application. The 
zones separation criteria are soil texture and soil elevation. Wireless systems of 
sensors were developed to measure soil water content during the growing season.  
The sensors can give information to the farmer or directly to the controllers of 
automatic irrigation systems that can define proper application levels.
Several direct sensing systems have been used for weed control. Some herbicides are 
sensitive to soil organic matter. Soil organic matter detection was used to 
automatically adjust the herbicide application rate. Increased efficiency was reported 
(lit). A second line of action is the detection of green plants and use herbicides only 
where the weeds are. The system is to be used between the rows of vegetables or 
other crops. More than 30% herbicide savings were reported. In the same line weed 
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recognition systems can be used and drops of herbicides are applied only on the 
weeds. These systems work also on the crop row. High herbicide savings are reported 
(Bak and Jacobsen 2003). A third line of action is the use of mechanical weed control
by avoiding crop plants. The system defines the crop plants position. There are two 
ways. One to detect the seed placement in the field using a RTK-GPS and then 
produce maps with plants’ position. The second is to use a camera in front of the 
machine to detect crop plants and direct a tool only to the weeds. Several tools were 
developed. The most successful commercially is a horizontal disk system that has 
one sector removed (Figure 5). The machine vision system or the plant map or both 
detect the crop plants and adjust the discs rotation in such way to avoid damaging 
them (Dedoussis et al. 2007)

5. Decision Support  Systems for the  Farmer
A decision support system (DSS) is a computer-based system that supports business 
decisions. In agriculture it refers to the decision taken by the farmer for the 
management of the farm. Precision Agriculture is directly connected to decision 
making by the farmer. PA (Viticulture) can be basically described as an example of 
the conversion of data into decisions (McBratney and Whelan, 2001). It is quite true 
that research is not successful in that respect at the moment. The lack of functional 
tools for decision-taking, explains to certain extend the difficulty faced so far for a 
rapid and widespread adoption of PA. This is a fact recognized by researchers in the 
field. Arno et al.  (2009) pointed that the development of Decision-Support Systems 
(DSS) in PV undoubtedly remains a pending assignment. Kitchen et al. (2005) 
pointed that more precise crop models working in PA can help in the development of 
successful DSS. 

Figure 5. Curved disc 
with one sector removed

Figure 5. Selective weed 
control machine prototype

Figure On the row 
weed control withtines

6. Profitability and  Adoption of  Precision Farming 
The adoption of a new technology by the farmers is a difficult procedure.  The 

evolution of agriculture in many parts of the world resulted in aged farmers and 
usually of lower education level. This makes changes and adoption of new 
technologies even more difficult. Different surveys indicate a lower use of computers 
and internet by farmers. Kuter et al. (2011) defined farmers’ adoption of PA as the 
combined utilization of several site-specific technologies using GPS such as auto 
guidance and VRT of inputs and/or yield mapping on farm. The farmers to adopt a 
new system have to recognize, research, and implement these technologies and 
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management practices at an on-farm production level (Kosh and Khosla 2003).  
Kuter et al. (2011) pointed that farmers will adopt PA when they are sure that offers
economic benefit, advantages over traditional methods and it is less complicated.  
Additionally farmers like to observe an application and see the benefits before 
adopting any innovative technology. Research showed that large farms and young 
farmers adopt more PA. Ehsani et al. (2010) have reported that the farmers expect 
from the new technologies to be proven and robust, cost effective and when new 
equipment will be employed to be reliable and well backed up for service and repair.  
Early and accurate yield predictions are important. 
Adoption is wider in the USA. In 2003, 32% of Ohio farmers had used one PA 
component and this percentage increased from previous studies. Larger farms 
showed larger application rates (Batte et al. 2003).  In Europe adoption is rather low.  
It is wider in the North than in the South. Wider to arable than in horticultural crops. 
A lot of small farms in Europe make adoption difficult. It is suggested that 
cooperative use of equipment or through contractors can help to that direction. 

The economic returns of PA have been studied. It is clear that PA application 
requires some new equipment (yield sensors, installation of equipment, ECa sensors, 
VRA equipment, computers etc) that has to be depreciated. Additional costs for 
training are also required.  Variable costs are the every year data analysis and 
interpretation. All these costs should be covered by the benefits from the application. 
In many cases improved yields and reduced costs are the benefits and can be directly 
estimated. Reduction of chemicals, water or energy use, which apart from the direct 
reduction of costs have additional benefits to the environment is difficult to be 
translated in monetary units. In high value crops quality improvement can be of great 
interest. Bramley et al. (2003) in a separate harvest of the two parts of a vineyard the 
high quality grapes gave wine of high price ($30/bottle) while the low quality low 
price wine ($19/bottle). They comment that if the grapes were harvested all in bulk 
they would produce low quality wine. The profit based on the gross price of wine 
was around $30,000/ha. An estimation of the application cost was at $11/t of 
harvested fruit which is negligible compared to the profit.

7. ICT  in Agriculture
Precision agriculture is not only site specific management. Most of the 

technologies used in precision agriculture can be used in several applications 
improving farm management. The use of GPS technology can offer guidance systems 
to the tractors that help them to follow desired paths in the field. This can lead to 
more accurate tree planting or controlled traffic in vegetable fields. The addition of 
GPS and other sensors to the tractor (using the ISO BUS standardisation) can offer a 
full record of the farm machinery movement as well as fuel and energy consumption. 
Recording of farm machinery   activities (with inputs form the farmer) can lead to 
Farm Management Information System that can cover administration requirements 
for certification of production systems (like integrated crop production management 
systems) or EU cross compliance (Future Farm 2011). Keeping records on inputs and 
yields we form the first step of a traceability system so required by the consumers.
Knowing the machinery movements we can estimate better use or better itineraries 
that can improve efficiency. This can save time and fuel but also reduce soil 
compaction. The development of autonomous vehicles can led to improved 
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mechanization systems with fleets of small sized tractors working 24 hours a day and 
doing accurately all farming activities (Blackmore et al. 2007).

8. Conclusions
From the presented data, it can be concluded that:

! Yield, quality and soil spatial variability is present in most of the fields, even in 
small size. Therefore precision agriculture can benefit the farmers.

! Data analysis still requires better methods especially in correlating thematic 
maps. Decision support systems have to be developed to enhance PA adoption.

! VR technology has developed methods for site specific applications that can not 
only reduce costs but have additional beneficial effects to the environment. 

! PA has a wider impact in farm management through more efficient machinery 
management. 
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Abstract. Pesticide use raises a number of environmental concerns. Recent EU 
legislation has been approved banning the use of highly toxic pesticides and 
measures were agreed to improve the general safety of pesticides across all EU 
member states including Greece. In addition the problem of illegal and usually 
hazardous pesticides has to be faced. Nevertheless end-users, farmers and 
consumers should be informed of the hazards for public health and 
environmental risks. Information technology, the Internet and wireless 
technologies are gradually adopted by farmers. This paper presents the 
development of a database listing pesticides used in Greece highlighting the 
following factors: the legitimacy of the pesticide registration, the dangers of 
the pesticide to human’s health and finally the dangers of the pesticide on the 
environment. 

Keywords: Relational databases, pesticides, environmental hazards, health 
hazards. 

1   Introduction 

The rapid development and global spread of modern Information and 
Communication Technology (ICT) allows the developing world to leapfrog the 
infrastructural constraints to access and utilize information vital to agricultural 
research and development (Gelb et al., 2004, Santana et al., 2007, McLaren et al., 
2009).   

Information concerning the use and hazards of pesticide is crucial in pest 
management of crops in order to achieve a high quality agricultural production and 
ensure both farmers and public health as well as minimize environmental risk. The 
use of Pesticides has increased 50-fold since 1950 and currently there are thousands 
of synthetic pesticide products made up of more than 1000 different chemicals and 
combinations thereof (Miller, 2002). The growing awareness of the risks related to 
the intensive use of pesticides has led to a more crucial attitude by the society 
towards agriculture. At the same time, there is a change in consumer concerns that 
had put more weight on issues such as environmental friendliness in agricultural 
production and food safety (Saba and Messina, 2003).
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Therefore pesticides use raises a number of environmental concerns. It is 
estimated that a huge amount of sprayed insecticides and herbicides reach a 
destination other than their target species, including non-target species, air, water and 
soil (Greek Ministry of Rural Development and Food, 2010).  

In Europe, recent EU legislation has been approved banning the use of highly 
toxic pesticides including those that are carcinogenic, mutagenic or toxic to 
reproduction, those that are endocrine-disrupting, and those that are persistent, 
bioaccumulative and toxic (PBT) or very persistent and very bioaccumulative 
(vPvB). Measures were approved to improve the general safety of pesticides across 
all EU member states (Regulation (EC) 1107/2009). New ways for pest control are 
requested to reduce human and environmental exposure to hazardous chemicals, and 
potentially lower overall costs of pesticide application material and labor.   

Nowadays, among other issues, Information Management is becoming an 
increasingly challenging task for farmers (Gelb et al, 2004), especially in terms of the 
amount of data, the complexity of processes in precision farming, the demanding 
function of data acquisition, the choice of information technology, the use of Internet 
or other wireless technologies such as mobile phones (Steinberger et al, 2009). Also 
another challenging factor is the format of data, which can be accessed by the 
involved stakeholders, at anytime without knotty requirements, in user-friendly and 
comprehensible forms.  

This paper presents the development of a Database platform regarding pesticides 
used in Greece, which aims to highlight the following factors: the legitimacy of the 
pesticide registration, the hazards of pesticide, and the dangers of the pesticide to 
human’s health and finally the dangers of the pesticide on the environment and 
ecosystem.  

2   Materials and Methodology 

2.1   Pesticides  

During the past few years, Greece, like most other countries, has faced the 
problem of counterfeit/ illegal Plant Protection Products (PPPs) or, as they are often 
called, pesticides. Pesticides are used to protect crops before and after harvest from 
infestation by pests and plant diseases.  

In most countries, pesticides must be approved for sale and use by a government 
agency. The problem of illegal pesticide use is not only financial (Pethig, 2004) but it 
also has to deal with issues of insufficient information on the topic of risks placed on 
society and the environment from pesticides use. Findings have indicated that 
pesticides have effects in human health (Sorensen et.al., 2003, Gilden et al., 2010) 
not only directly but as residuals on agricultural products. Accurate analysis of 
pesticides presence in each step of the food chain is necessary because of their 
potential toxicity and the presence of amplified toxic effects due to synergic 
interactions. In the same way it is necessary to evaluate the environmental effects of 
the whole pesticides cycle, from industrial production until final disposal of used 
containers and residuals (Donati et al., 1993). Furthermore, pesticides are held 
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responsible for contributing to the loss in biodiversity and the deterioration of natural 
habitats (Pauli et al., 1999). 

Legislation at the European community level dates back to 1976 when Council 
directive 76/895/EEC specified maximum levels for pesticide residues for 43 active 
substances (AS). The EU has a new legislative framework on Maximum Residue 
Levels (MRLs) of pesticides in Food. Furthermore Integrated Pest Management 
(IPM) programs use current, comprehensive information on the life cycles of pests 
and their interaction with the environment. This information, in combination with 
available pest control methods, is used to manage pest damage by the most 
economical means, and with the least possible hazard to people, property and the 
environment. 

There is a lack of information regarding the pesticide registration especially for 
the end-users, and the risks at stake. There has been none endeavor of assembling  an 
electronic form for the Greek legislation regarding pesticides and the consequences 
of illegal use and trading of these products for farmers’ and consumers’ health, crops 
and environment.  

2.2  Database management systems   

The take-up of ICT by professionals of agriculture, farmers or agribusinesses is 
crucial to the raising of their business productivity potential and future growth 
prospects, but also to the achievement of sustainable agriculture. The complexity of 
agricultural processes has as an outcome a cumbersome and error-prone data 
acquisition and manipulation. Therefore data loss is frequent (Hunt et al., 2001). 
Modern database technology has the potential to solve these issues. Difficulties of 
data management refer to problems of data entry, quality control and changing 
requirements for storage and output variables (Hunt et al., 2001), searching and 
editing necessities. 

Database management systems (DBMS) are increasingly used to develop 
computer-based information systems. A DBMS is a computer program (or more 
typically, a suite of them) designed to manage a database (a large set of structured 
data), and run operations on the data requested by numerous clients.  Advantages that 
are generally associated to a database are reduced redundancy, the integration of data 
and integrity, meaning that in a database, data elements will appear just once and 
reduced redundancy increases the likelihood of data integrity.  

Relational database management systems (RDBMS) use a natural tabular structure 
to store data and provide design guidelines for choosing good structures. This natural 
structure results in an interface that makes relational systems easy to use when 
compared to other database systems. This makes RDBMS attractive to those users 
who are increasingly taking an active part in system development (Date, 2000). 

The advantages of database management consist of the use of standard file 
formats. The Microsoft Access format has become popular, since all of a database's 
tables and indexes can be contained in a single file.  

MS Access is the Microsoft database-management program, part of the Microsoft 
Office suite that is used to maintain databases - collections of data arranged 
according to a fixed structure. Its structure makes the information easy to select, sort, 
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display, and print in a variety of formats. With Access, one can create and maintain 
as many databases as they need, or even share them with other people over a local 
area network or the Internet. Access databases are made up of objects.  

3   Results  

Associated data to different types of pesticide, (fungicides, insecticides, 
herbicides, miticides) and risks for public health and environment (R-phrases, S-
phrases) are stored in a database managed by MS Access.  

The database consists of several tables and comprises properly relationships 
between tables. The updating of the database is trouble-free when it comes to delete 
or add one or several pesticides. The design of the database ensures that no large 
modifications in its structure are needed for updating purposes. 

By definition the user interface is the uppermost layer in the system, thus it resides 
in the external level of a database system and its prime concern is to place the entire 
functionality of the database system at the disposal of users. To be of real practical 
value, a user interface for a database must serve a wide variety of users with different 
training, knowledge, and background. The aim was to achieve a simple interface that 
is comprehensible to every user. 

The user interface presents the following capabilities for its users:  

! Users can scroll through the selected records.  

! Users can filter the records to constrain which records are selected from 
those available.  

! Users can delete, add and print records  

! Users can read the Minister decisions of the release of each pesticide from 
the Greek Ministry of Rural Development and Food in a pdf format, which 
includes all the information for the pesticide and the right usage in the 
framework of plant protection.  

The database management component (in Greek) is presented (Fig. 1) in a 
column form. It includes all the basic elements that introduce the identity of each 
pesticide, like the name, the type, the composition, the category, the manufacturing 
company, the approval release, the launch and expiration date, the indication of each 
pesticide and the risks for public health and the ecosystem.  

S-phrases (short for Safety Phrases) are defined in Annex IV of EUs Directive 
67/548/EEC, “Safety advice concerning dangerous substances and preparations” 
while R-phrases (short for Risk Phrases) are defined in Annex III of European Union 
Directive 67/548/EEC, “Nature of special risks attributed to dangerous substances 
and preparations”(Council Directive 67/548/EEC). The list was consolidated and 
republished in Directive 2001/59/EC, where translations into other EU languages 
may be found.  

S-phrases and R- Phrases are presented in the type of sub forms, in order to 
identify the meaning of each representation. 
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Fig. 1. Snapshot of the pesticide form  

 
Users can apply the quick find (Fig. 2) in order to view the type of pesticide and 

the form (suspension, powder, liquid, solution, etc.). Database users are able to scroll 
through the records with the available buttons for “next”, “previous”, “last” and 
“first” record buttons. 

 

 
 
Fig. 2. The quick find of the form 
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 Moreover users can erase records in case a pesticide is no longer available for 
usage or insert new records for a new release approval.  In addition users can apply 
their own selection criteria, depending upon their query on the database, and acquire 
the information they search. 
 The option of printing out the information that is useful is also available, in a 
variety of selected pages, all, current and of course the pdf file of the Decision of the 
Greek Ministry of Rural Development and Food.  

The Ministry decision release is presented as an attachment (Fig.3) which the user 
can open to read or even save in a computer folder or any storage media. The user 
has also the ability to delete or add a new file in case a new Ministry decision release 
is available. 
 

 
 
Fig. 3. The Ministry decision release attachment  
 

  The Ministry Decision release (Fig. 4) includes all the information for the 
pesticide regarding its active substances (AS), the date of licence and the expiry date 
of approval along with references for the manufacturing corporation, the packaging 
company etc.   

The release form also includes information’s concerning the right usage of the 
pesticide in the framework of plant protection, human health’s safety and 
environmental impacts, by  mentioning the S-phrases (Safety Phrases), “Safety 
advice concerning dangerous substances and preparations” and  R-phrases (Risk 
Phrases) “Nature of special risks attributed to dangerous substances and 
preparations” that correspond to each pesticide. 
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Fig. 4. The Ministry decision release pdf file 

4   Conclusions 

One of the critical conditions required of the agricultural sector is to ensure that 
good governance structures and related policies are in place at all levels (UNEP, 
2008). Agricultural governance, lies beyond regional, national or global level, the 
whole community is involved stakeholders in their way and that universal sense can 
be assisted only from another widespread trend such as ICT (Vassiliadou and 
Mpoutakidis, 2011). 

The primary aim of the project is to list, inform and educate all groups involved in 
pesticide commerce and use, including the final users of the products - farmers. The 
issues of focus are: the Greek legislation regarding pesticides and the consequences 
of mistreatment of these products for farmers and consumers’ health, crops and 
environment. This is presented in a user-friendly and comprehensible format, using a 
widespread database application available in most personal computers, since end-
users are not necessarily computer literate.  

Regarding the database management system, data ease of use and handling within 
management or modeling purposes is a promising fact. Efficient and well-organized 
information are vital on the track towards more comprehensive and reliable 
assessments. The only drawback on the undertaking usability of this component is 
the availably and quality control of data. 

Pesticide safety education and pesticide applicator regulation are designed to 
protect the public from pesticide misuse, but do not eliminate all misuse. Farmer 
training programs and education along with pesticide surveillance and monitoring 
programs is an investment for pest control.  
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Furthermore, integrated pest management (IPM), is promoted as a mean of 
sustainable agriculture. Reducing the use of pesticides and choosing less toxic 
pesticides may reduce risks placed on society and the environment from pesticide 
use. In addition it is important to take into account cumulative and synergistic effects 
of pesticide in human health and the ecosystem. Therefore it is highly important to 
develop novel means of communication and information for the public and the 
related stakeholders regarding those issues, including impact assessments, risk 
management and related decisions. 
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Abstract. A huge amount of data is produced in our days in the agriculture 

sector. Due to the huge amount of this datasets it is necessary to use data 

mining techniques in order to comprehend the data and extract useful 

information. In our work we apply three different data mining techniques to 

data about Olea europaea var. media oblonga from the island of Thassos, at 

the northern part of Greece. The data were from 1063 farmers from three 

different municipalities of Thassos, namely Kallirachi, Limenaria and Prinos 

and concerned 2010. They were analysed using the classification algorithm 

OneR, the clustering algorithm k-means and the association rule mining 

algorithm, Apriori from the WEKA data mining package. The results indicate 

that organic cultivation could improve the production of olives and olive oil. 

 

Keywords: Olea europaea, Classification, Clustering, Association Rule 

Mining. 

1 Introduction 

Nowadays huge volumes of agricultural data are accumulated from a variety of 

sources on almost daily bases. The size of the datasets makes obsolete manual 

analysis and extraction of useful information. Consequently data mining techniques 

are becoming a necessity in order to process and analyse these datasets.  Data Mining 

is an iterative process of creating predictive and descriptive models, by uncovering 

previously unknown trends and patterns in vast amounts of data, in order to extract 

useful information and support decision making (Mucherino et al., 2009). 

The application of data mining techniques into research areas such as the 

agricultural field is quite an emerging area of research. The techniques applied to 

agriculture are not specifically designed for this field. On the contrary they are quite 

general and could be easily applied to any type of data. (Mucherino et al., 2009). 

Abdullah et al. (2004) applied data mining in order to discover rules for the use of
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pesticides in agriculture. Data mining methods are divided into three major 

categories. The first category involves the classification methods, whereas the second 

the clustering ones and the third the association rule mining methods.  

Classification methods use a training dataset in order to estimate some parameters 

of a mathematical model that could in theory optimally assign each case from a new 

dataset into a specific class. In other words, the training set is used to train the 

classification technique how to perform its classification. 

Clustering refers to methods where a training set is not available. Thus, there is 

no previous knowledge about the data to assign them to specific groups. In this case, 

clustering techniques can be used to split a set of unknown cases into clusters.  

Association rule mining discovers relationships, sometimes hidden, among 

attributes (variables) in a dataset. 

In our research we apply methods from these three data mining major categories 

to cultivation and production data of Olea europea var. media oblonga from the 

island of Thassos. Olive oil is a natural fruit juice with excellent nutritional 

characteristics. It is a typical lipid source food of the Mediterranean diet and its 

consumption has been associated with a low incidence of cardiovascular diseases, 

neurological disorders, breast and colon cancers, as well as with hipolipidemic and 

antioxidant properties. An increase of interest in olive oil as a healthy food has been 

observed lately in areas other than the Mediterranean countries mainly because of its 

fatty acid composition and content of other functional food components, such as 

polyphenols (Vekiari et al., 2010). 

Olive cultivation is exceptionally spread in the island of Thassos, in Greece. The 

variety of olive cultivated all over Thassos is Throumbolia (Olea europaea var. media 

oblonga). The Throumbolia variety grows at altitudes of up to 700m and its fruits are 

medium-size. Its main characteristic is that under special conditions of temperature 

and moisture, the bitter taste, which is evident in the olives while they are still on the 

tree, disappears due to the hydrolysis of oleuropein by the action of the fungus 

Phoma oleae. It is important that olives are harvested as soon as they fall from the 

tree and pressed immediately to produce sweet oil, rich in aromatic substances, 

because of the olive trees height. Otherwise, a deterioration of olive quality usually 

occurs resulting in unpleasant tasting oil (Vekiari et al., 2010).  

It is well known that the differences in olive oil quantity from various regions are 

attributed to olive variety, environmental factors, harvesting methods, time of 

harvest, and extraction techniques. Furthermore, there is little information on the 

specific factors that influence the variety of Throumbolia on the island of Thassos. 

Since, olive variety, harvesting methods, time of harvest and extraction techniques 

for public extraction factories are almost identical for the farmers in our study, we 

would like to investigate the difference in the environmental factors if and how they 

affect olive oil quantity. The trees are cultivated in three different areas of Thassos, 

namely Kallirachi, Limenaria and Prinos. Limenaria is considered to have a drier 

climate compared to the other two. 

Furthermore, we also investigate the effects of organic cultivation or biological 

cultivation, as it is usually called in Greece, on the quantity of olive oil. Organic 

cultivation is the form of agriculture that relies on techniques such as crop rotation, 

green manure, compost and biological pest control to maintain soil productivity and 

control pests on a farm. Organic cultivation excludes or strictly limits the use of 
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artificial fertilizers, pesticides (which include herbicides, insecticides and 

fungicides), plant growth regulators such as hormones, livestock antibiotics, food 

additives, and genetically modified organisms1. The latest years there are an 

increasing number of farmers that are changing their type of cultivation in the island 

of Thassos from conventional ones to organic. 

Section 2 describes the dataset and the methodology used in our research. 

Sections 3 presents the results from the data mining methods and Section 4 discusses 

the results and refers to the main conclusions of our research. 

2. Data and Methodology 

In this section the dataset we used in our methodology is described in detail. 

Also, the data mining methods applied to the olive oil data are explained and 

analysed. 

2.1 The Dataset 

The dataset was collected from the Enosi Agrotikon Sinetairismon (EAS) of 

Kavala2. The data were collected during 2010 and involve 1063 farmers and 3 

different municipalities from the island of Thassos, namely Kallirachi, Limenaria and 

Prinos. Prinos and Kallirachi are at the northern part of Thassos whereas Limenaria 

at the southern part. The data are originally in ASCII form and are obtained from the 

EAS data repository. Each farmer is described by 8 variables in the repository of 

EAS. The first two variables are the AFM (tax id) and the last name of the farmer 

and they are omitted from our analysis, since they do not influence the production of 

olive oil and are private data. The remaining six variables are used in the analysis 

described in the methodology section and are called Area, Trees, Bio, Mun, Olives 

and Oil. Table 1 describes each variable in detail.  

 
Table 1. The variables used in our analysis 

Variable Name Description Type 

Area The total area of land owned by the farmer in m2 Numeric 

Trees The total number of trees owned by a farmer Numeric 

Bio The type of cultivation (0: Typical, 1: Biological/Organic) Numeric 

Mun The municipality in which the farmer has his trees Nominal 

Olives The number of olives each farmer has Numeric 

Oil The total liters of olive oil produced per farmer Numeric 

                                                           
1 Directorate General for Agriculture and Rural Development of the European Commission, 

http://ec.europa.eu/agriculture/organic/organic-farming/what-organic_en 
2 EAS Kavalas - http://www.easkavalas.gr/ 
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2.2 Data mining methods  

The WEKA (Waikato Environment for Knowledge Analysis) (Witten & Frank, 

2005) computer package was used in order to apply classification, clustering and 

association rule mining methods to the dataset. WEKA is open source software that 

provides a collection of machine learning and data mining algorithms. Fig. 1 shows 

the basic Graphical User Interface (GUI) of WEKA. One of the main objectives of 

WEKA is to mine information from existing agricultural datasets (Cunningham and 

Holmes, 1999) and the main reason for choosing it for analyzing our data. 

 

 

Fig. 1. WEKA environment  

 

There are various classification methods implemented in WEKA, like Naïve 

Bayes, ZeroR, OneR, etc. In the classification step, the algorithm OneR (Witten & 

Frank, 2000) was applied to our data. It uses the minimum-error attribute for 

prediction, discretizing numeric attributes (Holte, 1993). The main advantage is that 

it produces very simple rules for classification and can be considered the baseline for 

classification performance. It was found to perform as well as more sophisticated 

algorithms when applied to many of the standard machine learning test datasets 

(Holte, 1993). OneR can parsimoniously discover and represent simple relationships 

between the real data (Cunningham and Holmes, 1999). In our case the variable 

“mun” which shows the municipality the trees are cultivated in is used as a class. 

The clustering step uses the k-means algorithm (MacQueen, 1967; Kaufmann & 

Rousseeuw, 1990), called SimpleKMeans in WEKA. K-means is an efficient 

partitioning algorithm that decomposes the data set into a set of k disjoint clusters. It 

is a repetitive algorithm in which the items are moved among the various clusters 

until they reach the desired set of clusters. With this algorithm a great degree of 
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similarity for the items of the same cluster and a large difference of items, which 

belong to different clusters, are achieved. The Euclidean distance is used to compute 

the differences between the olive trees cultivations. The variable “bio” is used in 

order to assess the accuracy of the clustering and investigate its impact on olive tree 

cultivation. 

Association rule mining is one of the most well studied data mining tasks. It 

discovers relationships among attributes (variables) in datasets, producing if-then 

statements concerning attribute-values (Agarwal, Imielinski, & Swami, 1993). An 

association rule X ⇒ Y expresses a close correlation among items in a dataset, in 

which transactions in the dataset where X occurs, there is a high probability of 

having Y as well. In an association rule X and Y are called respectively the 

antecedent and consequent of the rule. The strength of such a rule is measured by 

values of its support and confidence. The confidence of the rule is the percentage of 

transactions with antecedent X in the dataset that also contain the consequent Y. The 

support of the rule is the percentage of transactions in the dataset that contain both 

the antecedent and the consequent Y in all transactions in the dataset.  

The WEKA system has several association rule-discovering algorithms available. 

The Apriori algorithm (Agarwal et al., 1996) is used for finding association rules 

over the discretized LMS data table in Appendix 1. Apriori (Agrawal, 1994) is the 

best-known algorithm to mine association rules. It uses a breadth-first search strategy 

to counting the support of item sets and uses a candidate generation function, which 

exploits the downward closure property of support. Iteratively reduces the minimum 

support until it finds the required number of rules with the given minimum 

confidence.  

There are different techniques of categorization for association rule mining. Most 

of the subjective approaches involve user participation in order to express, in 

accordance with his/her previous knowledge, which rules are of interest. One 

technique is based on unexpectedness and actionability (Liu et al, 1996; Liu et al, 

2000). Unexpectedness expresses which rules are interesting if they are unknown to 

the user or contradict the user’s knowledge. Actionability expresses that rules are 

interesting if users can do something with them to their advantage. The number of 

rules can be decreased to unexpected and actionable rules only (García et al., 2008). 

Another technique proposes the division of the discovered rules into three categories 

(Minaei-Bidgoli et al., 2004). (1) Expected and previously known: This type of rule 

confirms user beliefs, and can be used to validate our approach. Though perhaps 

already known, many of these rules are still useful for the user as a form of empirical 

verification of expectations. For agriculture, this approach provides opportunity for 

rigorous justification of many long held beliefs. (2) Unexpected: This type of rule 

contradicts user beliefs. This group of unanticipated correlations can supply 

interesting rules, yet their interestingness and possible actionability still requires 

further investigation. (3) Unknown: This type of rule does not clearly belong to any 

category, and should be categorized by domain specific experts.  

 

3. Results 

The first step before applying the data mining methods described in the previous 

section is the pre-processing of the data in order to prepare them for data analysis.  
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3.1 Pre-processing  

The three municipalities in the variable “mun”, namely Kallirachi, Limenaria and 

Prinos were replaced with the values K, L and P respectively. Furthermore, certain 

filters were applied to the data, such as the filter NumericalToNominal in order to 

convert numeric variables and their values to nominal. For example, number 0 and 1 

in variable Bio are converted to nominal, where 0 signifies conventional cultivation 

and 1 organic. 

Fig. 2 depicts all the variables used in our analysis. The different scales of gray 

correspond to the three different municipalities. Light gray corresponds to Kallirachi, 

medium gray to Prinos and dark gray (black) to Limenaria. One can see that 555 

farmers where from the area of Limenaria, 297 from Prinos and 211 from Kallirachi. 

Also it is evident that for variables area, trees, olives and oil the distribution of their 

values is right-skewed. It is noteworthy that only 197 farmers use organic cultivation 

and that most of them are in the area of Limenaria. 

 

 
Fig. 2. Visualization of the attributes with class variable “Mun” (municipality)  

3.2 Classification  

In the classification step, the algorithm OneR is applied. The attribute “Mun” 

(municipality) is used as a class. Fig. 3 presents the overall accuracy of the model 

computed from the training dataset and is equal to 77.89%. The worst performance 

based on the F-measure that combines precision and recall is for the municipality of 
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Kallirachi and equals 65.2%, whereas the best performance is for the area of 

Limenaria and equals 84.2%. 

The results indicate that the best attribute, which describes the classification, is 

variable Olives that holds the number of olives for each farmer. This means that 

variable Olives is more closely related to variable Mun than the other variables and 

therefore in some Mun (municipalities) there is higher olives production (Kallirachi, 

Prinos) than in other municipalities (Limenaria). A possible explanation for these 

results is that the area of Limenaria has a dryer climate compared to Prinos and 

Kallirachi and thus the olive trees have lower production. 

 

 

Fig. 3. Classification results using variable “Mun” (municipality) as class 

3.3 Clustering  

The clustering step was performed using the k-means algorithm (SimpleKmeans 

in the context of WEKA). The number of clusters is set to 2, since the variable “bio” 

was used to compute the accuracy of the clustering and inspect the impact of the type 

of the cultivation to olive oil production. 

Fig. 4 shows the results of the clustering. The incorrectly clustered instances 

(farmers) are 26.06% based on variable “bio”. It is also evident from the cluster 

centroids that organic cultivation, represented as cluster 0 in the results, contains 

trees that produce higher quantities of olive oil compared to cluster 1 (conventional 

cultivation). This preliminary result indicates the potential of organic cultivation for 

improving olive oil production. 
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Fig. 4. Clustering results. Variable “bio” is used for assessing the clustering. 

 

3.4 Association rule mining 

The Apriori algorithm (Agarwal et al., 1996) was used for finding association 

rules for our dataset. The algorithm was executed using a minimum support of 0.1 

and a minimum confidence of 0.9, as parameters. WEKA produced a list of 10 rules 

(Fig. 5) with the support of the antecedent and the consequent (total number of items) 

at 0.1 minimum, and the confidence of the rule at 0.9 minimum (percentage of items 

in a 0 to 1 scale).  

The application of the Apriori algorithm for association provided some 

interesting outcomes for the production of olive trees. Figure 5 shows the association 

rules that can be discovered. There are of course some uninteresting rules, like rules 

2 and 4. They present relatively known information since it is an expected or 

conforming relationship between variables Olives and Oil. There are also a couple of 

symmetrical rules, since the antecedent element and the consequent element are 

interchanged. There is also a similar triad of rules, rules with the same element in 

antecedent and consequent but interchanged, such as rules 1, 3 and 7. It is rather 

surprising the outcome of rules 5, 6, 7, 8 and 9. Conventional (non-organic) is the 

preferable cultivation for farmers with small area (and trees), and consequently small 

production of olives and olive oil. The last remark might be useful for the motivation 

that might be given to farmers with limited number of trees (or area) to follow the 

organic cultivation. 
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Fig. 5. The Apriori algorithm results based on the confidence metric 

 

Summarizing the results from the classification, the clustering and the association 

rule mining methods we can conclude that:  

(i) The attribute which best describes the classification is the variable Olives that 

holds the number of olives for each farmer. The attribute “Mun” (municipality) is 

used as a class. 

(ii) Using “bio” as class attribute in clustering, namely if cultivation is 

conventional or organic, the results show that trees which belong to the second 

cluster produce higher quantities of olive and oil compared to the ones with 

conventional cultivation. 

(iii) In association rule mining, although there are some trivial rules, namely 

expected and previously known, like rules 2 and 4 that show that the productions of 

oil and olives are mutually dependent, there are also rules like 1, 3, 8, 9 and 10 which 

offer a lot of actionability. Organic cultivation has great impact to the olives and oil 

production. Rules 5 and 6 show that farmers with limited number of trees and/or area 

prefer the organic cultivation. 

Overall, the production of olives and oil are based on two different factors. The 

first one is environmental and depends on the part of the island that the olives trees 

are cultivated. The second factor is the type of cultivation, traditional or organic. 

 

 

4. Conclusions 

The application of three different data mining techniques in agricultural data is 

presented in this paper. The dataset involves Olea europea var. media oblonga that is 

cultivated in the island of Thassos. It is quite a commercially successful Olea species 

that the latest years has been extensively monitored by the EAS of Kavala. The 
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parameters which were investigated were the total area of land owned by the farmer 

in m
2
, the total number of trees owned by a farmer, the type of cultivation (0: 

Typical, 1: Biological/Organic), the municipality in which the farmer has his/her 

trees, the number of olives each farmer has and the total liters of olive oil produced 

per farmer. 

The results show some interesting outcomes. First of all, the classification method 

indicate that the environmental differences between the northern and southern part of 

the island can influence the production of olives and oil, concerning the number of 

olives and the quantities of olive oil they can produce. This is mainly due to the fact 

that the southern part of the island is considered to be dryer than the northern part 

and thus the amount of waterfall influences olive trees. Furthermore, the clustering 

results show that organic cultivation could improve olive and oil production. 

Although, organic cultivation is usually more cumbersome than conventional one, it 

could worth the extra effort if olive oil production is increased. The last data mining 

method, the association rule mining, suggests that farmers with limited number of 

trees (or area) could benefit more by following the organic cultivation. Organic 

cultivation could help them produce more olives and olive oil. In other words organic 

cultivation seems to help improve production in the regions presented in the study at 

the island of Thassos.  

The study has an inherent advantage as far as the data analysis is concerned. The 

tree Olea offers two variables as input, the total number of trees and the total area of 

land and two variables as output, the number of olives and the total volume of olive 

oil.  

Further investigation is still required since the results are based on only three 

municipalities. In the future we plan to extend the study to other municipalities and 

areas of the island Thassos. Furthermore, we plan to overcome the limitation of 

manually mining such datasets, by developing a plug-in tool for WEKA to automate 

the whole procedure. It should be mentioned that even if the scope of the method is 

on olive trees production, it could be easily adopted to the production of other 

products of agriculture. A comparative analysis for the same products among 

different parts of Greece could also be useful, i.e. for Olea among Thassos and 

Lesvos islands and Chalkidiki peninsula. 
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Abstract. APMP process has been conventionally used to produce writing and 

printing papers. Maragheh Paper Industries Company (MPIC) was first 

company in Iran which started producing alkaline peroxide mechanical pulp 

(APMP) on a new Andritz 50000 tones/year at its mill in Maragheh city 

followed by establishment of another 50000 tones/year in Kermanshah city, 

Iran. Due to lack of required chemicals for the process including H2O2, 

Sodium Silicates, DTPA and Magnesium Sulfate and the subsequent high 

production costs mill trials were performed to examine the suitability of APMP 

process for producing packaging paperboards for which only alkaline addition 

is adequate. Different ranges of Alkali dosage were experimented and the 

resulted pulps were both evaluated online using FiberScan System supplied by 

Andritz and the laboratory tests. The results from this investigation 

demonstrated that APMP can be utilized as an alternative to produce standard 

quality packaging pulp and paper other than the printing purposes using less 

production costs.  

Keywords: Pulp and Paper Industry, APMP, Packaging Papers, Bleaching, 

Strength Properties. 

1   Introduction 

Pulp and Paper industry is changing rapidly; environmental concerns will be the big 

issue of the new developing industrial generation focusing on paper recycling and 

new pulping and bleaching technologies. NSSC pulp produced from a wide selection 

of raw material has been traditionally used to supply the fluting paperboard used in 

the packaging industry thanks to special strength properties in the end product RCT 

and CMT supported by extensive literatures published (1-9). Environmental issues 

towards sulfur-free processes (10- 11) have been the driving force for replacement of 

neutral sulfite semi-chemical pulps with recycled (12-14) and mechanical pulps (15-

________________________________
Copyright ©by the paper’s authors. Copying permitted only for private and academic purposes.    
In: M. Salampasis, A. Matopoulos (eds.): Proceedings of the International Conference on Information 
and Communication Technologies     

for Sustainable Agri-production and Environment (HAICTA 2011), Skiathos, 8-11 September, 2011.  

 
 
 
 
 
 
499



19) in the packaging industry and the recent fiber analysis have confirmed this 

altering trend (20-21). In Iran, the recycling fibers, however, do not meet the quality 

specifications required for the packaging industry and particularly the corrugating 

medium especially in the small papermaking mills because of the lack of certain wet 

end chemistry strategy and not economically compromising the use of different 

chemicals. 

 

The APMP process was first introduced at the 1989 International Mechanical 

Pulping Conference (22). Since then, a number of studies have been reported from 

the Andritz Pilot Plant in Springfield, Ohio on the characteristics of the APMP 

process, on how it compares to CTMP and pre-bleached CTMP, and on its 

application to various wood species (23-26). 

 

Generally, APMP is used most favorably for two special areas in high-yield 

pulping. One area involves high-brightness pulp grades when peroxide bleaching is 

necessary. The other involves a specific hardwood species for which caustic 

pretreatment is needed to reduce energy consumption and, more importantly, to 

obtain acceptable pulp strength. Alkaline Peroxide Pulping is conventionally used to 

produce writing and printing grades, but because of high Lignin content and the 

physical properties, the end product might have some applications in the packaging 

papers.  

 

In the area of achieving high brightness with peroxide bleaching, a certain amount 

of sodium hydroxide has to be applied. In the APMP process, both sodium hydroxide 

(NaOH) and hydrogen peroxide (H2O2) are applied prior to refining. Not only does 

the sodium hydroxide function as a necessary component of bleaching reagents, but it 

also softens the fibers. As a result, the refining energy is reduced, and the pulp is 

improved by having greater strength and lower shive content. In this way, the 

chemical potential of sodium hydroxide is realized more fully, and the long fiber 

content is better preserved.  

 

The APMP process, like conventional CMP or CTMP, consists of two primary 

components—impregnation and refining. During the impregnation stage, chips are 

steamed, pressed, chemically impregnated, and retained in the reaction bin to allow 

the chemical reactions to run to completion. Fiberization and fibrillation are 

completed with conventional atmospheric refining. The key to the success of any 

APMP process lies in chip impregnation. The goal at the impregnation stage is to 

achieve the best efficiency with the chemicals used. These chemicals include not 

only caustic and peroxide chemicals but stabilizers including DTPA, Sodium Silicate 

and Magnesium Sulfate (Epsom salt). The optimization of the conditions depends on 

the wood species and the requirements for pulp quality. Careful selection of species 

ensures the high brightness product unless reaching to the target brightness is not 

feasible.   

 

Two APMP pulp mills were delivered to Iran by Andritz AG, Vienna, Austria to 

Gharb Paper Industries (GPIC), Bakhtaran Province and Maragheh Paper Industries 

(MPIC), Azarbayejan Province with the production capacity of 50000 ton/year from 
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which the latter was successfully started up in 2006. The mill has been designed to 

produce writing and printing grades. The mill process variables have been 

customized for two local selected species i.e. Populus alba and Populus nigra. Soon 

after the start-up and commissioning of the factory, use of other various Populus 

species and hardwoods other than the above mentioned ones became indispensible 

due to the lack of industrial plantation which high variation in the brightness level 

affected the market demand for the final product. Moreover, lack of an industrial 

production plant for any of the chemicals used (except Sodium Hydroxide) escalated 

the shipping and handling problems increasing the production costs. This paper 

reports the mill trials carried out in MPIC to modify the process for the production of 

corrugating medium. 

2   Materials and Methods 

Table 1. ISIRI number 3488- Corrugating Meduim Paper; Properties and Test Methods.  

Water 
Capillary 
Absorption 
(mm)

Moisture 
Content

(%)

Air 
Resistance 
(S) *

Concora 
Medium 
Test (N)

CD
Ring 
Crush 
Test 
(N)

MD 
Breaking 
Length 
(Km) *

Caliper 
(mm)

Basis 
Weight 
(gr/m

2
)

08 ± 
1.5

35177
12

5

4

0.19
-0.23

115

40

184
12

9
0.20

-0.24
120

190
13

5
0.21

-0.25
125

45

240
20

4
0.26

-0.31
160

269
22

9
0.29

-0.34
180

* Minimum values

 

A mixture of Populus species including P. alba, P. nigra, P. euroamerican and P. 

deltoids chips was selected to supply the pulp mill. No certain selection for the 

Populus alba and Populus nigra applied as the pulp mill was designed for. PulpExpert 

PEX131 supplied by Andritz, recorded the results of the process modification on the 

strength properties excluding RCT and CMT which were determined separately 

according to Tappi standards. The target was to reach to minimum requirements for 

the corrugating medium as specified by the institute of standards and industrial 

research of Iran, ISRI number 3488 (table 1).  
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2   Results and Discussion 

The standard consumption of chemicals in MPIC formulated by Andritz AG is 

presented in table 2.  

 
Table 2. Standard Consumption of Chemicals in Maragheh Paper Industries Company 

(MPIC), Azarbayejan, Iran. 

Chemicals

H2O2
(Kg/AD
MT) *

NaoH
(Kg/AD
MT)

Na2Sio
3

(Kg/AD
MT)

DTPA
(Kg/AD
MT)

Epsom 
Salt
(Kg/AD

MT) ×
Process

Impregnati
on No. 1

20 45 18 3 1.5

Impregnati
on No. 2

25 30 17 2 1

*Air Dried Metric Ton APMP Pulp;
× Magnesium Sulfate, the application ceased after start up according to Andritz's 

process modification.

 
Table 3. Results Obtained with and without the Presence of Bleaching-enhancing 

Chemicals in the Standard Consumption of Chemicals. 

Freeness 
(CSF)

Brightnes
s (%)

Tensile 
index 
(Nm/g)

Breaking 
Length 
(Km)

Ring 
Crush 
Test 
(N)

Concora 
Medium 
Test (N)

Air 
Resist
ance 
(S)

With
bleaching 
enhancing 
chemicals

215 70.5 49.6 5.10
12

2
195 43

no
bleaching 
enhancing 
chemicals

236 37.8 48.5 4.95
11

9
180 38

 

The main objective was the production of a modified refiner mechanical pulp with 

solely NaOH usage. According to the standard consumption of chemicals, two pulp 

mill trials with the presence of bleaching-enhancing chemicals and without the 

bleaching-enhancing chemicals keeping constant the other production variables were 

studied. The results determined by PulpExpert PEX131 and laboratory measurements 

are demonstrated in table 3.  

 

 

 

 

 
Table 4. Response of Pulp Physical and Mechanical Properties to Different Alkaline 

Dosages. 
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Analysis Treatmen
t

56
(Kg/AD
MT)

75
(Standa
rd)

86
(Kg/AD
MT)

Freeness ml, cs 236 236 202

Air Resistance Gurley, s 50 38 35

Burst Index Kpa.m2/g 1.08 2.06 2.87

Tear Index mN.m2/g 3.22 4.49 5.06

Tensile Index N.m/g 28.2 48.5 64.3

stretch % 1.13 1.45 2.12

TEA J/m2 13 27 53

Ring Crush 
Test

(N) 116 119 145

Concora 
Medium Test

(N) 170 180 210

Scattering 
Coefficient

Cm2/g 613 533 407

Brightness T 525, % 39 37.8 35

Specific 
Energy

(KWh/AD
MT)

1200 1100 950

 

As indicated in table 3, presence of bleaching-enhancing chemicals affected slight 

improvement in the physical and mechanical properties of the pulp. The authors 

failed to find evidence explaining this effect, however, coagulation effect of chelating 

agents for extractives, metal ions and other contaminants should increase the 

effectiveness of sodium hydroxide functionality to soften the fibers and subsequently 

preserve the long fiber content. Also, table 3 suggests that removing the bleaching-

enhancing chemicals diminishes some physical and mechanical properties below the 
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required range outlined in the Iranian corrugating standard (table 1).  In order to 

compensate the inferior physical properties and to clarify the alkali charge effect, two 

alkaline dosage ranges, 56 and 86 Kg/ADMT were corresponded to standard alkaline 

dosage of 75 Kg/ADMT (table 4). 

Reduction of alkaline charge in no-bleaching-enhancing chemical treatment to 56 

Kg/ADMT deteriorated the pulp properties far below the standard specifications with 

the increase in specific energy consumption corresponding to 1200 KWh/ADMT. 

Charge of 86 Kg/ADMT alkaline improved the physical properties and reduced 

specific energy consumption to 950 (KWh/ADMT). 

 
Fig. 1. Comparison of paper properties between the two packaging papers produced in MPIC 

and Mazandaran. 

 

 

A comparison of paper properties between the two packaging papers produced in 

MPIC and Mazandaran Wood and Paper Company is shown in fig 1. As evident from 

the figure, the properties of paperboard produced in MPIC are almost identical or 

superior to the properties of the corrugating medium produced in Mazandaran Wood 

and Paper Company. 

Conclusion 

The results from this investigation demonstrated that APMP can be utilized as an 

alternative to produce standard quality packaging pulp and paper other than the 

printing purposes using less production costs and with properties comparable to the 

packaging paperboard of  Mazandaran Wood and Paper Company.  
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Abstract. The establishment of Christmas tree plantations over the last 50 

years in Greece has provided an additional income for the inhabitants of 

certain mountainous and semi-mountainous regions of the country and 

contributed to their development. In this paper is used a neural network which 

combined with ARIMA which makes forecast of number of actually cut 

Christmas trees until the year 2015.

Keywords: TNN, ARIMA, Christmas Trees, Greece 

 

1. Introduction 

Forestry is very closely linked to the economy of mountainous and semi-

mountainous regions in Greece; it contributes to and increases the income of the local 

population, through the production of wood and other forest products. In recent 

decades, the cultivation of Christmas trees (CT) is an activity that has supported the 

development of mountainous and semi-mountainous areas of Greece. 

The use of Christmas trees over the Christmas period is a Christian custom that is 

very broadly disseminated in Greece, and in other countries. In Greece, until 1964, 

the market demand for Christmas trees was covered by the felling of small trees 

during the clearing or thinning of forests, always in accordance with forest 

management plans. The increasing demand for Christmas trees and the inability to 

cater for this demand using domestic products resulted in the import of Christmas 

trees from other countries, such as Austria, Denmark and Germany (Karameris, 

1996). 

In response to this situation, the Forest Services took action, urging and advising 

farmers in mountainous and semi-mountainous regions of Greece to create artificial
________________________________
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Christmas tree plantations on their land, and even provided them with subsidies and 

small trees for free from the state forest nurseries (Karameris, 1996). 

Thus, the cultivation of Christmas trees began to develop gradually in several 

mountainous and semi-mountainous areas of continental Greece. The main centres 

involved in the production of Christmas trees are the areas of Arnaia-Polygyros, 

Spercheiada, Sparti, Karpenisi and Astros Kynourias (Christodoulou et al, 1991; 

Papaspyropoulos et al., 2008). 

The production of Christmas trees in Greece mainly takes place on privately-

owned land; only a very small number of trees are supplied from public forests. The 

main species produced include: Abies borisii Regis, Abies cephalonica, Pinus nigra, 

Pinus silvestris and Pseudotsouga menziesii. 

The Christmas trees that come from public forests are the result of cultivation 

interventions made within the implementation framework of various management 

plans; they are also obtained from the opening of roads, from clearing lanes for 

electricity and telephone lines, etc. 

At privately-owned areas, the production of Christmas trees takes place: a) on 

mountainous and semi-mountainous agricultural land that has either been abandoned 

or whose owners believe that the cultivation of Christmas trees is more profitable 

than other crops, b) at privately-owned chestnut orchards, where fir trees have been 

planted and c) at privately-owned forested fields, whose cultivation either for wood 

or fruit production necessitates the removal of certain small fir trees growing there 

(Karameris, 1996). 

The cultivation of Christmas trees is of very high economic importance, since it 

creates an additional income for the inhabitants of some mountainous and semi-

mountainous regions of Greece, and upgrades the natural environment (Kaloudis et 

al, 2002). These are areas that would have otherwise remained uncultivated and 

exposed to erosion; by having Christmas trees planted, these areas are covered by 

vegetation and flooding is prevented. 

In addition, the cultivation of Christmas trees is considered to be a competitive 

option, compared to other agricultural crops, such as wheat, and the end product is 

also non-polluting (Christodoulou et al, 1991). 

Nevertheless, the producers of Christmas trees face significant problems as 

regards the sale of their products, due to the low purchasing power of households, 

and because of the competition both from low-quality trees and from substitute trees 

(e.g. artificial Christmas trees) (Kaloudis et al, 2002). 

The Greek state has not taken the necessary steps to support the cultivation of 

Christmas trees through subsidies; therefore, imported Christmas trees are gradually 

gaining points in the domestic market. 

According to data from the Ministry of Environment, Energy and Climate Change, 

in recent decades, it has been observed that the number of felled CT is lower 

compared to the number of approved CT. The ratio between approved and felled CT 

fluctuates from year to year and also per category of origin (artificial plantations, 

chestnut orchards, forested agricultural lands) (MEECG, 2010). 

In Europe, Denmark is one of the countries with the greatest production of 

Christmas trees. Its annual production is equal to 10 million trees, making it the 

second European country in production figures after Germany (Østergaard and 

Christensen, 2007). Also, in Belgium, the area covered by Christmas trees amounts 
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to 5,000 ha and is mainly located in Wallonia (Guiot and Raymackers, 2007). In 

Austria, the largest share of the demand is covered by the domestic production (85%) 

and the rest (15%) by imports from countries such as Denmark and Germany 

(Schuster, 2007). 

The aim of this paper is to forecast future Christmas tree production, based on the 

last 28 years of production (1981-2008). The two time series which were used was 

the number of approved trees for cutting (input value) and the number of actually cut 

trees (output value). The results from the model were combined with the results from 

an Autoregressive Integrated Moving Average (ARIMA) model and a forecast of 

Christmas tree usage until the year 2015 was made.  

2. ARIMA Model 

Univariate –ARIMA models are constructed using only the information contained in 

the series. Thus models are constructed as linear functions of past values of the series 

and/or previous random shocks (or errors). Forecasts are generated under the 

assumption that the past history can be translated into predictions for the future. Box 

and Jenkins (1976) formalized the ARIMA modelling framework by defining three 

steps: identification of the model, estimation of the coefficients and verification of 

the model. These procedures apply to stationary series (time series with no 

systematic change in mean and variance) whose data are normally distributed. First 

or second - order differences usually remedied non–stationary means, and 

logarithmic transformation remedied non–stationary variances and non – normal 

distributions of original data. Identification of the number of terms to be included in 

the model was based on the examination of the autocorrelation (ACF) and partial 

autocorrelation (PACF) functions of the difference, log–transformed time series. 

Estimation of the model coefficients was achieved by means of the maximum 

likelihood method. Verification of the model was performed through diagnostic 

checks of residuals (histogram and normal probability plots of residuals and 

standardized residuals). The simple non – seasonal ARIMA model has a general 

form of (p,d,q) where p is the order of the non –seasonal autoregressive term (AR), q 

is the order of the non – seasonal moving average term (MA) and d is the order of the 

non – seasonal differencing. In our case we used the approved for cutting time series 

an we made an estimation of approved trees for the years 2009 until 2015. The 

selected ARIMA model was an (1,0,0) because it presented the smaller AIC and SBC 

values. 

 

 

 

 

 

3. Neural Networks 
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3.1. Multilayer Perceptrons 

Multilayer perceptrons have been applied successfully to solve some difficult and 

diverse problems by training them in a supervised manner with a highly popular 

algorithm known as the error back-propagation algorithm. This algorithm is based on 

the error- correction learning rule. As such, it may be viewed as a generalization of 

an equally popular adaptive filtering algorithm. Basically, the error back-propagation 

process consists of two passes through the different layers of the network: a forward 

pass and a backward pass. In the forward pass, an activity pattern (input vector) is 

applied to the sensory nodes of the network, and its effect propagates through the 

network, layer by layer. Finally, a set of outputs is produced as the actual response of 

the network. During the forward pass the synaptic weights of the network are all 

fixed. During the backward pass, on the other hand, the synaptic weights are all 

adjusted in accordance with the error-correction rule. Specifically, the actual 

response of the network is subtracted from a desired (target) response to produce an 

error signal. This error signal is then propagated backward through the network, 

against the direction of synaptic connections tic weights are adjusted so as to make 

the actual response of the network move closer to the desired response. The error 

back-propagation algorithm is also referred to in the literature as the back-

propagation algorithm, or simply buck-prop. Henceforth, we will refer to it as the 

back-propagation algorithm. The learning process performed with the algorithm is 

called back-propagation learning. 

 

Fig. 1. A multilayer perceptron with two hidden layers 

A multilayer perceptron has three distinctive characteristics: 

1. The model of each neuron in the network includes a nonlinearity at the output end. 

The important point to emphasize here is that the nonlinearity is smooth (i.e., 

differentiable everywhere), as opposed to the hard-limiting used in Rosenblatt’s 

perceptron. A commonly used form of nonlinearity that satisfies this requirement 

is a sigmoid al nonlinearity defined by the logistic function: 
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     Where uj is the net internal activity of the neuron and j is the output of the neuron 

. The presence of nonlinearities is important because, otherwise, the input-output 

relation of the network could be reduced to that of a single-layer perceptron. 

Moreover, the use of the logistic function is biologically motivated, since it 

attempts to account for the refractory phase of real neurons.  

2. The network contains one or more layers of hidden neurons that are not part of the 

input or output of the network. These hidden neurons enable the network to learn 

com plex tasks by extracting progressively more meaningful features from the 

input patterns (vectors).  

3. The network exhibits a high degree of connectivity, determined by the synapses of 

the network. A change in the connectivity of the network requires a change in the 

population of synaptic connections or their weights (Haykin, 1999) 

3.2. Back Propagation Algorithm 

The error signal at the output of neuron j at iteration n (presentation of the nth 

training example) is defined by 

ej(n)=dj(n) – yj(n), neuron j is an output node 

Where: 

# ej(n) refers to the error signal at the output of neuron j for iteration n. 

# dj(n) refers to the desired response for neuron j.  

# yj(n) refers to the function signal appearing at the output of neuron j at 

iteration n. 

We define the instantaneous value of the error energy for neuron j as  
2

1 2

je (n). 

Correspondingly, the instantaneous value  (n) of the total error energy is obtained by 

summing  
2

1 2

je (n) over all neurons in the output layer; these are the only "visible" 

neurons for which error signals can be calculated directly. We may thus write 

      

  (n)= $
%Cj

j ne )(
2

1 2

 (2) 

where the symbol  (n) refers to the instantaneous sum of error squares or error 

energy at iteration n, the set C includes all the neurons in the output layer of the 

network. Let N denote the total number of patterns (examples) contained in the 

training set. The average squared error energy is obtained by summing  (n) over all 

n and then normalizing with respect to the set size N, as shown by 
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The instantaneous error energy  (n), and therefore the average error energy  av, is a 

function of all the free parameters (i.e., synaptic weights and bias levels) of-the 

network. For a given training set,  av represents the cost function as a measure of 

learning performance. The objective of the learning process is to adjust the free 

parameters of the network to minimize  av. To do this minimization, we use the 

Levenberg–Marquardt algorithm (Haykin, 1999) 

The Levenberg–Marquardt algorithm (LMA) provides a numerical solution to the 

problem of minimizing a function, generally nonlinear, over a space of parameters of 

the function. These minimization problems arise especially in least squares curve 

fitting and nonlinear programming. 

The LMA interpolates between the Gauss–Newton algorithm (GNA) and the 

method of gradient descent. The LMA is more robust than the GNA, which means 

that in many cases it finds a solution even if it starts very far off the final minimum. 

On the other hand, for well-behaved functions and reasonable starting parameters, the 

LMA tends to be a bit slower than the GNA. 

The LMA is a very popular curve-fitting algorithm used in many software 

applications for solving generic curve-fitting problems.  

The primary application of the Levenberg–Marquardt algorithm is in the least 

squares curve fitting problem: given a set of empirical datum pairs of independent 

and dependent variables, (xi, yi), optimize the parameters ! of the model curve f(x,!) 

so that the sum of the squares of the deviations 

 

 

(4) 

 

becomes minimal. 

4. Methodology 

For this paper we used the NNTool of the MatLab 2009 suite for the creation of 

two neural networks, the first was a Feed Forward-Back Propagation (FFBP) and the 

second was a Cascade – Forward Back Propagation (CFBP). In detail, we used for 

training a sample of 28 measurements of inputs and outputs; we used the TRAINLM 

function, the LEARNGD adaption learning function and the MSE, performance 

function. Both neural networks were composed, by 2 layers, one hidden and one 

output. The hidden layer transfer function was the sigmoid and the output layer 

transfer function was the linear. The number of neurons in the hidden layer was 70 

and in the output layer was 1. 
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Fig. 2. The Feed forward back propagation Neural Network used for the calculations  

 

 

Fig. 3. Cascade-forward back propagation 

In order to stop the training from over fitting we used the Validation and Testing 

ability of the NNTool which was supplied with inputs and outputs for better training. 

The networks were trained for 500 epochs. 

After the initial training of the networks, we simulated the output results by 

providing the networks only with the inputs. The network that made the best fit to the 

real values (in this case the FDBP) was selected for forecasting the number of cut 

Christmas trees (Table 1 Results). 

In doing so we provided the network with a series of measurements which were 

created by an ARIMA model. These measurements forecast the number of approved 

trees for cutting for the years 2009 to 2015.  

Thus we created a hybrid model which combines the results from an ANN and an 

ARIMA model. Hybrid models were proved to provide better results in comparison 

with ANN or ARIMA models. (Koutroumanidis et al, 2009) 
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5. Results 

The following table presents the results from the training of both ANN and the 

results provided by the ARIMA model. Additionally there are some statistical results 

which provide relative measures of accuracy.   

 
Table 1.  Model Results

 Samples R2

Training FDBP 21 1 

Validation  FDBP 4 0.87887 

Testing FDBP 3 0.8775 

Training CFBP 21 1 

Validation CFBP 4 0.70654 

Testing CFBP 3 0.41744 

Feed forward back propagation (FDBP) 

sMAPE 0,050443 or 5,04 % 

NRMSD 6,40275E-06 

Cascade forward back propagation (CFBP) 

sMAPE 0,12044927 or 12% 

NRMSD 2,51239E-06 

ARIMA

sMAPE 0,00675 or 0.67 % 

NRMSD 3,1468E-05 

R2 is the coefficient of determination, and represents the square of the sample 

correlation coefficient between the outcomes and the values being used for 

forecasting. Values, which are closer to 1, indicate better forecasts and high degree of 

correlation, while values closer to 0 indicate poor forecasts and low level of 

correlation (Steel and Torrie, 1960; Nagelkerke, 1991). 

sMAPE or symmetrical Mean Absolute Percentage Error, is an accuracy measure 

based on percentage (or relative) errors. It is usually defined as follows: 

 

 SMAPE =
1

1

( ) / 2

n
t t

t t t

A F

n A F"

 

!
$  (5) 

 

When having a perfect fit, sMAPE is zero. But in regard to its upper level the 

sMAPE has no restriction. The results show that for the ANN the average error of 

forecast is 5.04%, which represents the deviation from the real value, which will be 

observed.   

NRMSD is the Root Mean Square Deviation. It is a frequently used measure of 

the differences between values forecasted by a model or an estimator and the values 

actually observed from the thing being modelled or estimated. 

It is usually defined as follows: 
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The results from the trained network and the forecast for the years 2009-2015 are 

presented on the following diagram. 
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Diagram. 1. Hybrid Model Forecasts 

The forecasted values were calculated from the hybrid model and are presented in 

diagram 1. It is obvious from the results that we expect a significant increase in the 

number of cut Christmas trees in the following year, followed by a decrease in the 

years 2010 and 2012. After the peak point which we will reach in 2010, we should 

expect a decrease in the number for the years 2011 to 2013.  
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Fig. 2. Regression analysis of ANN training (FFBP) 

It is obvious from diagram 2, that training results are very good; the coefficient of 

determination is 1.  

6. Conclusions 

From the above-mentioned research, it is observed that maintaining the custom of 

Christmas trees is a particularly profitable activity, since the production of Christmas 

trees offers an additional income and contributes to the development of certain 

mountainous and semi-mountainous rural regions, which would otherwise be 

destined to decline. The economic advantages involved, in combination with the 

environmental benefits of cultivating Christmas trees render their continued 

cultivation an important factor for the economy of mountainous areas and for the 

natural environment. In recent years, a gradual reduction of felled trees has been 

noted, probably due to the economic crisis, cheaper imported trees and the artificial 

trees on sale. Based on the results that emerge from this model, a further reduction in 

the number of trees that will be felled from 2011 onwards is also to be expected. This 

methodology provides the ability to make predictions regarding the future Christmas 

Trees market. These predictions could help producers to modify their production 

according to the future demands. In the future the predictions could be enhanced by 

adding more predictors (ie more time series) and / or enhancing the amount of data 

provided by the already selected time series. ANN’s are greatly affected by the 

amount of input data and thus by the time series we provide them for learning and 
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training. There are no specific disadvantages of this methodology apart from the fact 

that there is a need for large time series in order to provide adequate predictions.  
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Abstract. In this work the analysis of branches of Ukrainian economy was 

done, particularly average financial parameters were found. For each parameter 

the boundaries were determined which divide enterprises into 5 parts and allow 

making more detailed ratings. The ratings were made by each parameter and 

then the aggregate rating was found. The analysis of indices interrelation was 

made using Bayesian network (BN). The coefficient of partial correlation in 

BN was used to analyze the interrelation of indices. This subject-matter was 

developed for Ministry of Industrial Policy of Ukraine. We recommend to use 

cascade naive Bayes model in financial planning.  

Keywords: financial indices, bankruptcy, Bayesian networks, naïve Bayes, 

partial correlation. 

1   Introduction 

Each industry of economy is characterized by numerous features which distinguish 

one particular industry from a variety of others, for instance such features are length 

of operating cycle, requirement in available funds, tax policy of the state etc. The 

peculiarity of every industry causes the difference in major financial indices. That is 

why defining indices standards, their average values within the industry is an 

important issue, which helps to describe the place of each enterprise in the industry 

and also to compare industries with each other. 

Setting the problem of standardizing of the financial indices estimation in frames 

of industries at once raises a question about the necessity of calculating the 

bankruptcy probability for each industry separately. To be mentioned, defining 

bankruptcy probability following problems are faced: a) the fact of bankruptcy is 

influenced not only by quantitative but also by qualitative indices like the possibility 

of getting preferential crediting, support of the state, uninteresting of creditors to 

confess a debtor to be a bankrupt; b) inadequate statistics of bankruptcies (procedure

________________________________
Copyright ©by the paper’s authors. Copying permitted only for private and academic purposes.    
In: M. Salampasis, A. Matopoulos (eds.): Proceedings of the International Conference on Information 
and Communication Technologies     

for Sustainable Agri-production and Environment (HAICTA 2011), Skiathos, 8-11 September, 2011.  
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of bankruptcy stretches on a few years and fact of confession a bankrupt becomes 

separate from the beginning of problems  what  could have been foreseen before by 

the changes of financial indices); c) absence of adequate, representative base of 

bankruptcies, which would allow estimating probability of bankruptcy within 

industries.  

An estimation of arising of overdue payments probability from the side of 

enterprise would be more precisely, as problems which are described above level 

with the estimation of non-fulfillment of creditor liabilities. 

 

 

 

 

Fig. 1. Interaction financial indices and bankruptcy. 

Qualitative indices influence the stage 2 in a greater measure than stage 1 (Fig. 1). 

A fact and a term of payment delay is accurately fixed by credit organizations. 

Statistics of overdue debt is collected by credit organizations, delays in payments 

happen more frequently, so that estimation of probability for every industry is more 

exact. 

Therefore we stress on adequacy and possibility of estimation on the stage 1 and 

mention that during the transition from the first stage to the second one accuracy is 

being lost, and that is why estimation of the link “financial indices – bankruptcy” is 

considered to be purposeless. 

2   Criterion of Choosing the Standards  

The only assumption we will use to make the analysis is that we know the direction 

of index influence, in other words, increasing of the index influences positively the 

enterprise state or contrariwise. The standard values of index can be based on 

following considerations:  

a) Through the influence of index on a resulting index (investigation of different 

variants both negative and positive: fact of overdue debt, bankruptcy debt, increase 

of net income). Recommended value of index would be the one which guarantees 

fulfillment of obligations with certain probability. 

b) Finding average value within the industry, medians or division into several groups 

of sorted index values (more than 2) and finding average value for every group. This 

approach is similar to rating; some part receives the highest rate and the other lowest. 

Moreover, it is convenient to follow the indices moving from one group to other and 

afterwards to check stability of a model.  

The disadvantage of the first variant is difficulty to work with the correlated 

indices because we have to define which of them exactly influences the result. The 

exclusion of the strongly correlated indices from a model will not deprive us of 

possibility to estimate standards for them. For example, we will have to use one of 

the indices of liquidity only. The disadvantage of the second variant is a risk that 

industry is in the phase of recession/growth and we will not get the standard values, 

Financial 

indices

Problems with liabilities 

fulfillment
Bankruptcy 

1 2

520



but correspondingly decreased (increased). The best way would be to compare the 

results which were found by two methods and exactly to estimate in what parts the 

whole set is divided by probability found by first method and what probabilities we 

will get for the indices were found by dividing the set into equal parts. 

3   Breaking on the Branch 

Companies were divided into the industries according to The Classifier of Kinds of 

Economic Activities (CKEA). But the way of fragmentation of CKEA was different 

from the standard approach.   We tried to pick out specific industries. For example, 

insurance was picked out of financial sector, pharmacy – out of chemical industry. 

Such method turned out to be appropriate, that was proved by the difference between 

indicators.  

We tried to provide the fragmentation as accurately as possible to be sure that the 

company’s activity is the same that is in the industry. For example, how production 

of metal should be divided from production of metal products, wholesale trade and 

subsidiary services? Trade and subsidiary services may differ much one from 

another. But at the same time it is inappropriate to combine them in one industry. 

Therefore, companies were divided into the next classes: extraction, production, 

engineering industry, wholesale trade, retail trade, rent and services.  

Finally, we have got the following distribution of all the enterprises (376151) into 

the industries: Auto – 9 384,  Building – 41 831, Building  materials – 12 271, Power 

engineering – 4 427, Cafe and hotels – 10 400, Municipal service – 6 208, Culture 

and education – 10 602, Wooding – 11 656, Medicine – 5 446, Metallurgy -5 469, 

Real estate – 30 671, Fuel – 8 134, Polygraphy – 6 537, Cattle breeding – 6 473, 

Textile – 6 396, Telecommunications – 14 568, Transport – 12 684, Tourism – 4 978, 

Pharmacy – 5 481, Media – 3 529, Food industry – 28 058, Chemical – 7 061,  

Wholesale trade – 50 019, Retail – 27 121, Machinery construction – 9 685, 

Financial services – 15 685, Insurance – 726, Non-financial services – 16 892, Law – 

3 759. 

4  Dividing into Groups with the Further Purpose to Make Ratings  

Now we will determine the average indices (see Table 1).  
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Table 1. Financial indices for the enterprises 

                      Name                                                    Definition 

 

1. Moment liquidity ratio:             cHL LAML /A  

2. Current ratio:              cl LACR / LA  

3. General liquidity ratio:              cw LAGL /A  

4. Current assets to equity ratio            EqcurrentAnonEqCA /)_( _( An _(EqEq  

5. Independence coefficient:             EqOFIC /OF  

6. Return on assets:              )/()12()( NAANPaR ()  

7. Return on sales:              )/()12()( NNPNIsR ()  

8. Inventory turn(days):                                     NPICavgNIT /30 IC gN gN gN  

9. Debtors accounts turn(days):                         NPARavgNDT /30 AR30N  

10. Creditors accounts turn (days):            NPAPavgNCT /30 AP30N  

11. Capital assets depreciation:             OCDcaD /)( /) D  

12. The proportion of capital assets and  

goods in process in total assets:            АGCACAinA /)( G(  

 

HLA  – high-liquidity assets, which consist of cash, their equivalents and current 

financia investmens; cL  – current liabilitis which consist of short-term credits and 

accounts with creditors; lA  – liquid assets which consist of high-liquidity assets, 

accounts receivable and billss of exchange received; wA  – working assets; qE - 

equity; Anon_current – non-current assets; OF- obtained funds; Eq- equity; NP – net 

profit; N – number of monthes in period; NI – net income; AA – average value of 

assets is calculated as (assets at the beginning of period + assets at the end of 

period)/2; ICavg – average value of inventoryis calculated as (inventory a the 

beginning of a period+inventory at the end of a period)/2; ARavg – the average sum 

of the accounts receivable is calculated as (accounts receivable at the beginning of a 

period + accounts receivable at the end of a period)/2; APavg – the average sum of 

accounts payable is calculated as (accounts payable at the beginning of a 

period+accounts payable at the end of a period)/2; OC – original cost of capital 

assets; D – depreciation; CA-capital assets;  G-goods-in-process;  А-assets ( see 

definitions in Van Horne and Wachowicz,  (2008) or  Stickney et al., 2010). 

The period for NI, NP, AA , IT, DT , CT is quarter. 

The differences between the branch indices showed the necessity of the work 

which was done.  The short-term indices them selves don’t allow to estimate the 

enterprises adequately, their place in the whole field. The values of each index were 

divided by quantity into 5 equal groups (see Table 2).  
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Table 2. Fragment division (value average of diapasons). 

Food-industry ML CR GL CA IC R(a) R(s) IT

100% 5 10 15 10 50 1 1 500

80% 0,115 0,996 2,058 1,000 2,545 0,045 0,025 203,774

60% 0,022 0,508 1,154 0,967 0,557 0,002 0,005 108,812

40% 0,003 0,221 0,883 0,397 0,074 0,000 0,000 52,493

20% 0,000 0,045 0,426 -0,009 -1,155 -0,025 -0,024 18,246

0% 0,000 0,000 0,000 -10,000 -50,000 -1,000 -1,000 1,000

Insurance ML CR GL CA IC R(a) R(s) IT

100% 5 10 15 10 50 1 1 500

80% 2,627 5,479 7,569 0,981 0,281 0,188 0,300 28,630

60% 1,224 2,451 3,429 0,689 0,058 0,041 0,091 8,203

40% 0,408 1,333 1,554 0,184 0,008 0,004 0,031 4,418

20% 0,049 0,515 0,757 0,000 0,001 0,000 0,000 2,323

0% 0,000 0,000 0,000 -10,000 -50,000 -1,000 -1,000 1,000  
 

It gives the possibility to determine the position of an enterprise by each of the 

parameters more precisely. In this table we can see that 20% (after filtered of 

information) enterprises of food industry have high value of ML in range [0,115; 5], 

also 20% enterprises of insurance industry have high value of ML in range [2,627; 5].  

40% enterprises of food industry have low value of ML in range [0; 0,003], also 20% 

of insurance industry have low value of ML in range [0; 0,049]. We recommend use 

this information in comparative analysis and determination position in industry. 

After making the division for each enterprise by all the parameters the ratings 

were made (0 means error, 2-6 according to the value of parameter: the less 

parameter is the bigger the rating is, 1 was used for errors testing and isn’t applied as 

a rating estimation). In this work there were considered both those coefficients which 

increase is positive for an enterprise (return on assets, absolute liquidity) and those, 

which increase is negative (depreciation, stock turn). For making the general rating 

it’s necessary to make transformation so that the increase of the rating estimation by 

all the parameters will cause increase of the general rating. Let’s convert the rating 

estimation of the parameters, which increase is positive by the following 

formula: RR RR RR RR 8 . This transformation leads to 62 62 , 53 53 , 44 44 , 35 35 , 

26 26 . 

Below is given the rating of three branches enterprises (Fig. 2): 
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Fig. 2. Rate distribution of enterprises rating. 

As a result we have a distribution close to even (it was expected because the 

coefficients with the least correlation values were chosen for this rating). The 

similarity for different branches is the evidence of the proposed method adequacy 

and gives the possibility to compare enterprises from different fields by means of this 

rating. For making rating 5 parameters were used: GL, IC, R(a), CT, D(ca). While 

forming the rating the following indices were transformed: GL, IC, R(a); so the 

higher the value of R is, the more risk there is for solvency in the future. Visual 

similarity of distributions causes a question about the similar connection between the 

values notwithstanding the branch. The more detailed research of the parameters 

influence using Bayesian networks will be given further. 

5   Construction of Bayesian Network 

Bayesian networks are used for modelling subject domains which are 

characterized by uncertainty. BNs are often used for the classification problem 

(Friedman et al., 1997). There are the direction of using Bayesian networks in 

economics: bankruptcy prediction (Sun and Shenoy, 2007), early warning of bank 

failures (Sarkar and Sriram, 2001), credit risk modeling ( Pavlenko, Chernyak, 2010), 

portfolio risk analysis and others. 

Now we calculate the coefficients of correlation among the variables. In the 

Table 3 represented values of the coefficients of correlation among the variables. 

Colored cells represent coefficients of correlation which 1,00 .  
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Table 3. Value of the coefficients of correlation. 

ML CR GL CA IC R(a) R(s) IT DT CT D(ca) CAinA

ML 1 0,49 0,43 -0,09 0,11 0,17 0,14 -0,09 -0,14 -0,24 0,01 -0,02

CR 1,00 0,70 -0,05 0,19 0,19 0,21 -0,14 0,22 -0,23 0,02 -0,19

GL 1,00 -0,09 0,26 0,26 0,28 0,10 0,06 -0,28 0,06 -0,21

CA 1,00 -0,52 -0,08 -0,09 0,08 0,08 0,07 0,24 -0,44

IC 1,00 0,23 0,19 0,01 0,03 0,04 -0,08 -0,09

R(a) 1,00 0,89 -0,01 -0,03 -0,11 -0,04 -0,09

R(s) 1,00 0,03 0,06 -0,09 -0,06 -0,06

IT 1,00 0,16 0,25 0,03 -0,14

DT 1,00 0,29 -0,05 -0,19

CT 1,00 -0,02 -0,11

D(ca) 1,00 -0,31

CAinA 1,00  
 

According to the Table 3 results the connection graph was built ( Fig. 3). On this 

graph R-rating is the value of the 0-level. ML, CR, GL, IC, R(a), R(s), CT, IT, D(ca) 

are the first-level values (on the graph ML, GL are imaged not on the same level with 

the other values of the first-level for the better visual perception and for showing the 

influence of this value on the other, their interdependency).The second-level indices 

(DT, CAinA, CA) have the biggest influence on the turnover indices (CT, IT) and 

liquidity (ML, CR, GL). We chose 1,00  to be the level of link value.  

In case if the influence of some index (eliminating the other indicators influence) 

on rating is inessential (absolute value of partial correlation is less then 0,1) then this 

index will be moved from the first- level to the second and then its influence on the 

first-level indices will be estimated. If some index of the second-level will influence 

all the first-level linked indices inessential then it will be moved into the third-level. 

While moving into the lower level we “break” only the links with the indices of the 

upper level (while moving the index into the second-level only the link with the 

rating is broken).The following are the values of partial correlations for indices, 

which are linked on the graph (Table 4): 
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Fig. 3. Dependences among the variables ( 1,00 ).  

Table 4.  Partial correlations (first-level indices). 

corr(R;ML|CR) -0,38 corr(R;CR|ML) -0,05 corr(R;GL|ML) -0,09 corr(R;ML|GL) -0,39

corr(R;ML|IC) -0,49 corr(R;IC|ML) -0,15 corr(R;GL|R(s)) -0,21 corr(R;R(s)|GL) -0,20

corr(R;ML|R(a)) -0,47 corr(R;R(a)|ML) -0,36 corr(R;GL|IC) -0,23 corr(R;IC|GL) -0,12

corr(R;ML|R(s)) -0,48 corr(R;R(s)|ML) -0,19 corr(R;GL|R(s)) -0,21 corr(R;R(s)|GL) -0,20

corr(R;ML|CT) -0,48 corr(R;CT|ML) 0,01 corr(R;GL|IT) -0,36 corr(R;IT|GL) 0,52

corr(R;CR|GL) -0,11 corr(R;GL|CR) -0,12 corr(R;GL|CT) -0,25 corr(R;CT|GL) 0,04

corr(R;CR|R(s)) -0,22 corr(R;R(s)|CR) -0,22 corr(R;R(a)|R(s)) -0,16 corr(R;R(s)|R(a)) 0,08

corr(R;CR|IC) -0,24 corr(R;IC|CR) -0,14 corr(R;R(a)|GL) -0,34 corr(R;GL|R(a)) -0,33

corr(R;CR|R(a)) -0,22 corr(R;R(a)|CR) -0,36 corr(R;R(a)|CT) -0,39 corr(R;CT|R(a)) 0,08

corr(R;CR|R(s)) -0,22 corr(R;R(s)|CR) -0,22 corr(R;IC|R(a)) -0,10 corr(R;R(a)|IC) -0,36

corr(R;CR|IT) -0,23 corr(R;IT|CR) 0,45 corr(R;IC|R(s)) -0,14 corr(R;R(s)|IC) -0,24

corr(R;CR|CT) -0,25 corr(R;CT|CR) 0,05 corr(R;IT|CT) 0,45 corr(R;CT|IT) 0,00

 

According to the given calculations we come to the conclusion that the influence 

CT on R is inessential so this index should be moved into the second-level. Colored 

cells show insignificant correlations (absolute value of partial correlation is less then 

0,1). 
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 Now we only have to calculate the partial correlations between the first and 

second-level taking into account translation of CT into the second-level. Before 

moving CT we have following result (Table 5). 

Table 5. Partial correlations (second-level indices). 

corr(CR;DT|CT) 0,30 corr(CR;CT|DT) -0,31

corr(CR;DT|CAinA) 0,19 corr(CR;CAinA|DT) -0,16

corr(D(ca);CAinA|CA) -0,22 corr(D(ca);CA|CAinA) 0,23

corr(D(ca);CA|CAinA) 0,12 corr(D(ca);CAinA|CA) -0,22

corr(IT;DT|CAinA) 0,13 corr(IT;CAinA|DT) -0,12

corr(CT;DT|CAinA) 0,28 corr(CT;CAinA|DT) -0,05  
 

Here we may conclude that the influence of CAinA on CT is inessential. After 

moving CT we have following result (Table 6). 

Table 6. Partial correlations (second-level indices, after moving CT). 

corr(CR;DT|CT) 0,30 corr(CR;CT|DT) -0,31

corr(CR;CAinA|CT) -0,23 corr(CR;CT|CAinA) -0,27

corr(IT;DT|CT) 0,09 corr(IT;CT|DT) 0,22

corr(IT;CAinA|CT) -0,12 corr(IT;CT|CAinA) 0,25

corr(GL;CAinA|CT) -0,25 corr(GL;CT|CAinA) -0,32

corr(ML;DT|CT) -0,07 corr(ML;CT|DT) -0,21

 

We come to the conclusion that the link between IT and DT, ML and DT is 

absent. As a result we get the following links (Fig. 4 – cascaded naïve Bayes model): 
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Fig.4. The structure for the cascade naïve Bayes model. 

 

In the article (Sun and Shenoy, 2007) it was proposed to set the value level 0,1 

analogically. Finding bigger threshold value of , the influence of the second-level 

indices on first-level indices was confirmed, it didn’t lead to any changes in the graph 

structure. 

We recommend using cascade naive Bayes model while making financial 

planning.  For example, an enterprise seeks to minimize the risk of insolvency – it 

should seek to decrease/increase the correspondent index (depending on the 

correlation sign), taking into consideration that the first-level indices are influenced 

by the second-level indices. Measure and character of the influence have to be 

compared using the following tables of conditional probabilities (Tables 7, 8): 

Table 7.  Conditional probabilities of insolvency depending of moment liquidity ratio. 

ML

0 High Medium Low Sum

Error 10,61% 10,49% 4,29% 0,18% 25,58%

High 0,00% 0,47% 7,29% 7,08% 14,84%

Medium-High 0,00% 0,87% 8,42% 5,61% 14,91%

Medium 0,00% 1,15% 9,83% 3,91% 14,89%

Low-Medium 0,00% 2,59% 13,24% 2,64% 18,47%

Low 0,00% 3,62% 7,16% 0,55% 11,32%

Sum 10,61% 19,18% 50,24% 19,97% 100,00%

Rating
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Table 8.  Conditional probabilities of insolvency depending of return on assets. 

ML

0 High Medium Low Sum

Error 10.61% 10.49% 4.29% 0.18% 25.58%

High 0.00% 0.47% 7.29% 7.08% 14.84%

Medium-High 0.00% 0.87% 8.42% 5.61% 14.91%

Medium 0.00% 1.15% 9.83% 3.91% 14.89%

Low-Medium 0.00% 2.59% 13.24% 2.64% 18.47%

Low 0.00% 3.62% 7.16% 0.55% 11.32%

Sum 10.61% 19.18% 50.24% 19.97% 100.00%

Rating

 
 

Tables of conditional probabilities are very useful when we have incomplete 

information. For example, value of ML – is known (high – level) and other 

information – absent.  

032,0
0708,00729,00047,0

0047,0
)/( ,0

,0,0,0
)/ highMLhighRP , 

(1) 

49,0
0708,00729,00047,0

0729,0
)/( ,0

,0,0,0
)/ highMLmediumRP , 

(2) 

478,0
0708,00729,00047,0

0708,0
)/( 0

,0,0,0
)/ highMLlowRP , 

(3) 

3476,01997,0478,05024,049,01918,0032,0)/)(( ,0,0050,0,00)/) highMLhighaRP . (4) 

6   Conclusions 

 The main idea of this research is to demonstrate the differences between the 

financial indices for different industries. The analysis of indices interrelation was 

made using Bayesian network. The coefficient of partial correlation in BN was used 

to analyze the interrelation of indices. While making ratings there was made an 

assumption about the independence of the distribution form in which the rating 

frequency is described for all enterprises from branch.  

The explanation of the inadequacy of the bankruptcy probability estimation is 

given (especially in terms of Ukrainian economy). The bigger accuracy of the 

solvency estimation is pointed out. The assumption is made about keeping the 

coefficients proportions in discriminatory models of solvency estimation 

notwithstanding the branch. 

This subject-matter is being developed for Ministry of Industrial Policy with the 

purpose of temporary revelation of the enterprises subordinate to these Ministry 

financial problems. 
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Abstract. This paper is an attempt to help in the area of regional management. 

The quality of life of people in cities and villages is dependent of quality of 

regional management, because the landscape and environment are, today, the 

main aspects of quality of life. The shortage of knowledge can be problem and 

the reasons of insufficiently care about landscape. But, especially in the small 

villages, solution cannot be only in education, but also in making management 

simpler and in using modern methodologies like modeling and simulation. In 

this paper we use two approaches known from IT area as methods of regional 

management and planning. 

Keywords: Regional management, modeling, simulation, object 

normalization, BORM 

Introduction 

There is fact that landscape is important part of quality of life of people in European 

Landscape Convention. The progress in techniques of agriculture, forestry, industry 

and in mining of minerals, but at the first processes in the area of regional and urban 

planning, transport and infrastructure, and on the general level changes in the world 

economics has great influence on the landscape changes. Landscape is key element 

of level of living of people and whole society and its protection is connected with 

rights and duties. In small villages this fact determines need of knowledge of local 

representatives and other stakeholders. 

But we have problem consist of impossibility for local representatives to be 

lawyers and experts on the law in this area. The correction should not be in education 

in law, although this education is not bad, but in making processes simpler and 

clearer so they will be understandable for people who are not experts or lawyer. This 

need is all the more urgent, because approximately 80 percent of landscape of the 

Czech Republic belongs to cadaster of small villages, which don’t dispose of great

_________________________________
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In: M. Salampasis, A. Matopoulos (eds.): Proceedings of the International Conference on Information 
and Communication Technologies     

for Sustainable Agri-production and Environment (HAICTA 2011), Skiathos, 8-11 September, 2011.  

 
 
 
 
 
 
531



infrastructure and own experts. These villages are depending only upon the people 

living in this village.  

This paper has one goal - present two approaches, know as typical IT approaches, 

as possibilities how to reach purposes described before.  

Our Experience 

Our experience in system modeling suggests that classical UML is not suitable for 

first stages of analysis, where business processes need to be recognized. UML 

diagrams are too complex for the users from the problems domain community as they 

often contain too much detail concerning potential software implementations. This 

means classes, inheritance, public/private methods, attributes, link classes, etc. 

Almost the same experience we have is documented in Simone and Graham [27]. 

The UML is suitable in next stages of analysis and design, where we need to show 

the structure of the system and structure of modeled reality. But we have to 

understand UML diagrams and models not only in IT way, but we have to find out 

the business aspects of models. If we try to say this in another way, we have to show 

our customer what he can know and understand.  

We believe that the business community needs a simple yet expressive tool for 

process modeling; able to play an equivalent role to that played by Entity-Relation 

Diagrams, Data-Flows Diagrams or Flow-Charts over the past decades. One of the 

strengths of these diagrams was that they contained only a limited set of concepts 

(about 5) and were comprehensible by problem domain experts after few minutes of 

study. Unfortunately UML approach lost this power. In this paper we try to explain 

how we can use UML (with corrections and with business approach) in better way. 

That is why we developed our own BORM process diagram and our own way to 

start business system analysis. It is a simple methodology going smoothly from 

business analysis and simulation to subsequent detailed UML software design based 

on MDA software-oriented concepts necessary for the construction of software-

oriented conceptual model. BORM process diagrams are useful in the first stage of 

development. Then we try to use common approach known as object normalization 

[33] for next stages.  

System Development 

Developing systems is a complex activity fraught with many difficulties for software 

engineers as they endeavor to ensure that the right system is built. A right system 

being one that meets the user’s needs at a cost they can afford.  

On the surface this would appear a straightforward task, first year university 

students studying system design are often surprised when it is pointed out to them 

that incorrectly specifying the required system is one of the major causes of software 

systems failure. Such students, however, have little experience of the complexity of 

the real world where software developers and experts from the user domain appear to 
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live in different universes, each with their own jargon, which acts as a barrier to true 

communication.  

It is in this context that software developers face the first and perhaps major 

challenges of software development; to fully understand the user domain and 

moreover to convey their understanding of that domain to the user.  

Adele Goldberg [14] uses the term “concept space” to describe what the 

user/experts believe, assumes or knows to be the case. The “articulation space” is 

what the expert/user communicates in response to the analyst’s questions. The 

analyst then constructs a model to feed back to the user/expert their mental model of 

the concept space, which they construct out of the information presented in the 

articulation space. The difference between this analyst’s model and the user space is 

the concept gap.  

To a certain extent, part of this gap is unbridgeable; we cannot easily reduce the 

gap between concept and articulation space as these exist in the user/expert’s head. It 

is true, however, that the languages, natural and graphical, used by the analyst in 

representing this model, are a vital component in the user/expert’s ability to validate 

this model against the users own concept space.  

The problem is to find a common language for the developers to express their 

understanding of the problem space that is both sufficiently rich for the developers to 

fully articulate their ideas while also being comprehensible to users from all areas of 

discourse. Well-formed graphical diagrams should reduce this problem. But the main 

condition is, that the diagram shows real structure, which is known for our 

customers. 

Use-Case has become a well-accepted part of object-oriented analysis and in many 

cases has proved a useful mechanism for communication between developers and 

domain experts. We do not intend to discuss it further here. However, Fowler [12] 

highlights some deficiencies in the Use-Case approach and also suggests "Activity 

diagrams can be useful in cases in which workflow processes are an important part of 

the users’ world."  

Same as [7] we think that activities are a key component of business process 

modeling. Eeeles and Sims [9] define a business process consisting of a number of 

elements; activities, transitions, states and decisions. They state that the UML 

activity-diagrams can be a useful modeling tool in capturing business processes as 

well.  

Initial analysis diagram should support only problem domain-specific concepts; 

any software-orientated concepts can be left until later in the modeling process. This 

is in sharp contrast with UML, which claims to be a universal system; meaning that 

the same notation is used for analysis, design and documenting the implementation. 

Our reasons for this requirement are based on the observation that this universality of 

the UML’s notation hinders the design process. In this we are in broad agreement 

with the criticism of this aspect of UML expressed by Simons and Graham [27].  

It is necessary for the organization modeling and subsequent simulation, that every 

participating object should be viewed as a state machine with states and transitions 

dependent on the behavior of other objects. Each state is defined by its semantic rule 

over object data associations and each transition is defined by its behavior, necessary 

to transform the object from its initial to its terminal state. Organizational and 

business process models must be able to be simulated. Hence it should accent the 
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mutual relationships (communications and associations) of states and transitions of 

objects in the modeled system.  

The BORM Approach 

Motivation 

Development of the BORM methodology started in 1993. At that time, several "first 

generation" object or semi-object-oriented analysis methods (OMT, Martin-Odell, 

Booch, Coad-Yourdon, Jacobson, etc.) existed. These methods were, and still are, 

very useful for the development of hybrid software systems. For example, an object-

oriented client, which collaborates with several relational servers. However the 

authors felt that these methodologies possessed two fundamental weaknesses, which 

made them inappropriate for their own development requirements. 

Firstly these existing methods did not offer sufficient support for development 

using a pure object-oriented language like Smalltalk. When developing systems in 

Smalltalk the authors often used constructs of the language like polymorphism 

between objects without any inheritance or object dependency, which were not 

supported and could not be expressed in any of these existing development 

methodologies. Also in the diagrammatic notations they provided it was impossible 

to represent most pure object-oriented algorithm. Such algorithms may often be 

described as mutual asynchronous communications (message passing) between 

objects, which as the result of receiving messages invoke internal methods with a 

consequential change in their state. 

Secondly, these existing methodologies initially commenced with the construction 

of a set of classes showing inheritance and aggregation hierarchies. While this is an 

effective way of expressing the structure required for subsequent coding in an object-

oriented language, it is not however effective in illustrating the problem domain. This 

is because the "object oriented nature" of these diagrams are difficult for domain 

experts, not educated in computer science concepts, to understand. Consequently 

such diagrams cannot be used in describing proposed solutions to clients. 

BORM Projects 

The initial work on BORM was carried out under the support of the Czech Academic 

Link Program (CZALP) of the British Council, as part of the VAPPIENS3 research 

project; further development has been carried out with the support of Deloitte Central 

Europe. (The British Governments CZALP, administered by the British Council 

funded VAPPIENS. The authors acknowledge the support they received from this 

source, which enabled them to meet and carry out the initial work, out of which 

BORM grew.) BORM has been used for a number of large projects including 

 

• the identification of business processes in Prague city hospitals, 
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• the modeling of properties necessary for the general agricultural commodities 

wholesale sector in the Central European region, 

• as a tool for business process reengineering in the electricity supply industry and 

• as a tool for business process reengineering for telecommunication network 

management in the Central European region. 

BORM fundaments 

BORM is a unified approach to business and IT system modeling. For more on the 

BORM method see [18, 20]. 

BORM is based on the spiral model for the development life cycle as described in 

[5]. One loop of the object-oriented spiral model contains stages of strategic analysis, 

initial analysis, advance analysis, initial design, advanced design, implementation 

and testing. 

1. The first three stages are collectively referred to as the expansion stages. 

Expansion ends with the finalizing of the detailed analysis conceptual model, 

which fully describes the solution to the problem from requirements point of view. 

2. The remaining stages are called as consolidation stages. They are concerned with 

the process of developing from "expanded ideas" to a working application. During 

these the conceptual model is step by step, transformed into a software design. 

 

Object-oriented approach. 

 

The object-oriented approach has its origins in the researching of operating systems, 

graphic user interfaces, and particularly in programming languages, that took place in 

the 1970s. It differs from other software engineering approaches by incorporating 

non-traditional ways of thinking into the field of informatics. We look at systems by 

abstracting the real world in the same way as in ontological, philosophical streams. 

The basic element is an object that describes data structures and their behavior. In 

most other modeling approaches, data and behavior are described separately, and, to 

a certain extent, independently. OOP has been and still is explained in many books, 

but we think that this one [14] written by OOP pioneers belong to the best. 

 

Automata theory. 

 

In the field of theoretical informatics, the theory of automata is a study of abstract 

automatons and the problems they can save. An automaton is a mathematical model 

for a device that reacts to its surroundings, gets input, and provides output. 

Automatons can be configured in a way that the output from one of them becomes 

input for another. An automaton’s behavior is defined by a combination of its inner 

structure and its newly - accepted input. The automata theory is a basis for language 

and translation theory, and for system behavior descriptions. Its usage for modeling 

and simulation in software engineering activities has been described in [26] and 

many newer publications. The idea of automata also inspired behavioral aspects of 

the UML standard [29]. 
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Three areas of BORM modeling in MDA perspective. 

 

MDA (Model-Driven Approach) is a software development methodology. It provides 

a set of guidelines for the structuring of specifications, which are expressed as step-

by-step transformed models. It was created by the Object Management Group 

(OMG) in 2001 and is the most used software methodology based on the UML 

(Unified Modeling Language)[29]. BORM can be regarded as a special kind of 

MDA. In the MDA terminology, we can describe BORM as: 

 

1. The CIM (Computer-Independent Model) modeling, according to the BORM 

method, is a visualization of the environment in which a project is being executed. 

It deals primarily with business process models. Its aim is to understand and 

describe a problem and find a solution. A well-made CIM model enables proper 

descriptions of settings for information system to be made; a necessary condition 

for a designed solution. This part of BORM having the special BORM process 

diagram used for the organizational modeling and simulation is discussed in this 

paper. 

2. PIM (Platform-Independent Model) modeling, according to the BORM method, is 

a visualization of the required information system in software engineering 

concepts. The UML (Unified Modeling Language) standard has an important role. 

There is a set of transforming rules [22] from BORM model to the conceptual 

UML model [17]. 

3. The PSM (Platform-Specific) model is a revised form of the PIM model which, 

unlike PIM, enables specific software implementation, since it includes specific 

properties of the target environment and reused artifacts of the IT architecture, etc. 

There is also a set of transforming rules from PIM UML models to the PSM UML 

models [17]. 

BORM CIM — organizational modeling 

The first part of the method (CIM) covers the organizational modeling. It transforms 

a project assignment into a model described by miscellaneous hierarchies, process 

participants, process scenarios, various diagrams and generated reports. The main 

instrument of verification and validation is the process simulator, which is currently 

implemented in the Craft.CASE tool [6]. 

For the following purposes, it is possible to use this part of BORM without any 

relation to a software engineering phase or organizational structure improvement as 

is it also presented in the example of this paper. BORM CIM modeling has been used 

as: 

 

1. Projects documenting processes and organizational structure. These are, for 

instance, projects whose aim is knowledge management, creating training 

materials, knowledge visualization, etc. 

2. Projects for preparing the groundwork for selection procedures for organizational 

consultancy, or other consultancy services. 
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3. Projects for preparing the groundwork for selection procedures for the delivery of 

information systems, or other software engineering projects. 

 

BORM was initially developed as an object-oriented method for the analysis and 

design of object-oriented software systems. The process (described by Satzinger 

[25]) starts from an informal problem specification and provides both methods and 

techniques, to enable this informal specification to be transformed into an initial set 

of interacting objects. The tools and techniques developed for requirement analysis 

and used in the initial phases of BORM, provide an independent method for business 

process modeling as part of business process reengineering. The authors find that this 

independent method, referred to as BOBA (BORM Object Behavior Analysis) is 

frequently used alone. 

One advantage of this approach is that it provides a close interactive interchange 

between the developers and members of the user’s organization. As well as 

identifying initial objects, BOBA elicits from the domain experts, detailed 

descriptions of their requirements which are fed back to them via easily understood 

descriptions of the proposed system’s behavior using a number of tables and graphs. 

The problem specifications from which the process starts are obtained from 

relevant parties in the problem domain by interviewing. This determines a list of 

required system functions, which are essentially Use Cases. From this list, a set of 

system scenarios is formed. BOBA scripts always include at least the four sections 

shown in Table 1. 

Table 1: Scenario structure in BORM. 

 

This structure represents the four most important attributes of each scenario. The 

complete set of scenarios is capable of describing system behaviors, as well as 

determining the objects that perform these behaviors. In addition to those four 

attributes each scenario must also refer to the required system function it realizes. 

BORM business diagram 

BORM uses an original diagram for business process modeling and subsequent 

simulation (see figure 1). It conveys together information from three separate UML 

diagrams: state, communication and sequence. The BORM group has found that it is 

section name  description  

initiator  

A brief verbal description of the beginning of the scenario including 

any inputs or entry conditions. It also describes the first event or first 

activity of some element within the process.  

action  A verbal description of the process itself.  

participants  

The set of those members of the system, which are required for the 

action. It is often the case that the same participants may be present in 

several processes of the modeled system.  

result  A brief verbal description of the end and outputs of the scenario.  
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clearly understood by business stakeholders. Main principles of the BORM process 

diagram are: 

 

1.  Each subject participating in a process is displayed in its states and transitions. 

2. This diagram expresses all the possible process interactions between process 

participants. The business process itself consists of a sequence of particular 

communications and data flows among participating subjects. 

 

 

Figure 1. BORM diagram symbols 

 

More formally, BORM process diagrams are graphical representations of 

interconnected Mealy-type finite state machines of particular subjects. The idea of 

modelling objects as finite-state machines was firstly discussed in [26]. Visual 

simulation of a business process is based on market-graph Petri net. This similar 

approach is described in detail by [3]. Therefore we can show states, transitions and 

operations for all subjects playing a role in a business process. This is a very 

powerful, yet simple diagram. 

BORM Application Example — Public Regional Management System 

One of the recent BORM applications of organizational modeling and simulation was 

the project of improvement the decision-making on the level of mayors and local 

administrations. It offers the possibility to model and simulate real life situations in 

small settlements. The project activities were for modeling; simulation and 

reengineering processes related to the regional government processes of small towns 
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and villages, and the subsequent development of supporting information systems 

addressing life situations of local people. 

Nowadays we have to solve many problems related to the small settlement 

development and expansion, landscape care and over-all efforts to improve the 

quality of life and the level of democracy while preserving the conditions of the 

sustainable development (addressing living standard, cultural and historic value, 

agricultural and industrial production, transport infrastructure construction, tourism 

potential, etc.). 

One of the specific problems that our approach can be applied to is the urban 

sprawl as it is stressed by Frumklin in [13]. The cause of the urban sprawl in the 

small settlement development is the fact that the elected members of local 

administrations (e.g. mayors and clerks) are not (and as the logic states they cannot 

be) fully educated in all the details of law, state and local administration agenda and 

their effects on living in the settlements. They don’t know how to use fully the 

legislation in favour of the settlements and usually depend on a misleading 

interpretation provided by their governing bodies and more often by another subjects 

(usually privately involved in the process in question and thus biased). 

Urban sprawl is a phenomenon that emerged in the last decades in the advanced 

industrial countries (USA, France, Great Britain) and recently also in our country. 

Inhabitants of affected settlements usually percieve the urban sprawl positively at 

first, mainly because of the lobbying. It can be described as an uncontrolled 

expansion of certain kind of urban build-up into the free landscape caused by 

favourable land prices, demand for cheap but modern estates, etc. Dualny and others 

write [8] about harmful absorption of original small settlement structures, which 

causes following negative effects: 

 

1. Pawning of infrastructure development of the original settlement. New inhabitants 

fulfil themselves and shop only at the place of their work in a metropolis and the 

settlements are just a kind of sleeping accomodation for them. New inhabitants’ 

lack of interest in contributing to the settlement development leads to misusing of 

democratic principles of the self administration against the original local 

inhabitants and inevitably to the rise of social segregation between the original and 

the new inhabitants. 

2. Urban sprawl causes disruption of the cultural and historical value of the 

settlement, disruption of the ecological stability of the area, deconstruction of the 

transport infrastructure, loss of touristic attractiveness etc. 

3. Loss of the quality agricultural soil. 
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Figure 2. Our project: urban plan having sprawl problem 

Modeling and simulation 

We analyzed the legislation and local officials’ knowledge related to the processes 

and agendas of the urban planning of the landscape areas and small settlements with 

regards to the new housing and building law and regional management trends in the 

European Union. Our approach using process models and their visual simulation 

helps the officials (especially in the smallest settlements) to clarify the legislation and 

shows them possible ways of its usage. Our models and their visual simulation show 

how the BORM can be used to improve the process of decision-making on the level 

of mayors and local administrations. It offers the possibility to model and simulate 

real life situations in small settlements. The example at the figure 2 shows the BORM 

business object diagram of a process of obtaining building permission. The figure 3 

shows the concrete simulation step.  
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Figure 3. Building permission process 

 

 

Figure 4. Simulation step example 

The object normalization approach 

Motivation 

Object normalization is a technique that is in recent times already regularly used 

method for modern information systems´ drafts. Through object normalization we 

have an opportunity to draft the system in a way that is going to eliminate any 

redundant information which could case serious problems during system running, 

such as data inconsistency, during which conceptually same data are appearing in 

more forms, therefore naturally lowering usability of such system. Moreover, given 

larger scale it might case that the information system in question is completely 

incapable of running. 

Object normalization has become of the common methods for information 

systems´ draft. Its importance was so far limited to the IT area itself (as a purely 

technical method) without investigation of other possibilities of its usage. We 

personally believe that object normalization, its consequences and, above all, 

characteristics of respective object normal forms, can be successfully used as tools of 

bridging known conflicts between IT and business world, i.e. the world of our 

customers. In this article we will try to show how this method of work could be used 

and practically applied. We are purposefully going to avoid more than necessary 

mathematic and other formalization. The reason to this is the fact that formalization 

and mathematisation are some of the aspects of the dispute between world of 

technicians and the world of managers we have to communicate with.  

What is it about? The basic principle of the method we are about to use must be 

the fact that after use of this method it is going to be easy for our partners from the 
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business world easier to understand, for example by the way of making resulting 

model easily understandable and that we are able to defend so far purely technical 

approach as a method via which we reach even commercially intriguing aim. It has 

been already suggested that people used from the world of business are used to only 

minimal amount of abstraction and require the communication with them to be free 

of abstract terms and approaches as much as possible. Instead of abstraction they ask 

for actual entities and actual processes. Object normalization can when used 

appropriately provide a tool for such improvement of communication and 

understanding. We are going to base my article on the statements that may be found 

in [33]: 

 

Object model is specialization of much more general conceptual model, that is 

why object normalization is specialization of conceptual normalization [31] 

 

This definition says that the objective model is specialization of conceptual model, 

i.e. is based on that model. Conceptual model is result of an ontological on the world 

around us and it is basically a model of concepts (terms) occurring in the real world. 

By other words – object model is in figurative sense a model stemming for reality, 

which can be used e.g. my employment of analogy in teaching OOP. If we accept the 

thesis that these analogies can contribute to easier understanding of OOP by students 

(which are by unaware of this paradigm, or they know very little), they we can claim 

that the same principle can be used when communicating with representatives of the 

business field, i.e. we have the possibility to use these analogies even here in order to 

communicate more easily, more effectively, more graphically and more 

systematically. What is more, not only to communicate, but to understand and 

consequently on the base of understanding effectively collaborate on the 

development. Now there is a need to clarify, in what way the object normalization 

influences an understanding and in what way it can contribute to utilize analogies. If 

we base the conclusion on the statement (1), then it is immediately clear, that object 

model is specialized version of conceptual model, therefore object model is only a 

specialization of model derived from reality, therefore an object model can be 

understood as a simplified model of reality, which truly corresponds with common 

understanding of the objective model. In the article we are going to introduce 

practical example of the objective normalization, which we have taken from (1) and 

we are going to show on this example than superior object normal forms help not 

only formal structure from IT professional perspective, but they also form reality in a 

way that is understood by people from the field of business. We are therefore going 

to show object normalization is not only a purely technical means, but it can also 

become an appropriate tool for communication with customers. It is however 

necessary to realize that object normalization can be just of the tools, not the only, 

all-covering one. 

Object normal forms – simulation of reality in more phases 

In order to work with the objective forms and to show in which way they can be 

useful for communication with the client, it is vital to set an example which we are 
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going to develop further. For example, imagine very small information system which 

saves information about lots. The most simple way is make list of lots like on the 

figure 5. 

 

Figure 5. Scheme before object normalization 

It can be seen it is very difficult to work with this scheme not only from the IT 

professional perspective, but this scheme by no means describe any real structure of 

the common world. For example - imagine that the village will be renamed or two 

villages will be connected together, all records we have to update. It brings risk 

because of possibility of forgetting or mistake. For professional from application 

domain this scheme doesn’t represent the real structure, where region is independent 

object, the village and owner the same. The technical inconsistence is the reason why 

object normalization exists. But, we can explore that this process can help also in 

communication between IT professionals and customers.  

The object normalization is process consisting of several stages. The result is the 

third object normal form. Definitions of normal forms are: 

 

The class in the first object normal form (1ONF) when its objects do not contain a 

group of repeating atributes. These atributes need to be separated to the objects of a 

new class and the  group of repeating atributes must be replaced by one connection 

to the collection of the new class objects.Scheme is in the 1 ONF when all classes of 

objects within are in the 1 ONF.  [31] 

 

The class in the second object normal form (2 ONF) when all of its objects do not 

contain any atribute or a group of atributes that would have been shared with some 

other object. The shared atributes have to be separated to a new class object and 

they have to be replaced by connection to this new class object in all object they 

appeared.Scheme is in the 2 ONF when all classes of objects within are in 2 

ONF.[31] 

 

The class in the third object normal form,  when all of its objects do not contain 

any atribute or a group of atributes that have the meaning independent from the 

objects they are contained in. If any such attributes exist, they have to be separated 

to a new class object and they have to be replaced by connection to this new class 
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object in all object they appeared.Scheme is in the 3 ONF when all classes of objects 

within are in 3 ONF.  [31] 

 

The first and second object normal forms are weaker in definition and this forms 

are steps to final third object normal form. Our scheme converted in the third object 

normal form is on the figure 6. The different is that all in reality independent objects 

are independent in scheme. There is not possibility of inconsistence, redundancy and 

similar problem which occurs in schemes which are not in the third object normal 

forms.  

 

Figure 6. Object scheme after normalization (3rd ONF) 

This scheme is, of course, better for technical employees. But it is also better for 

communication and for people from business. The question is about the reason of this 

fact. The scheme in third normal form is closer to reality. In our situation – the lot is 

in some village (village is object independent of lot) and the village is part of some 

region (and region is independent object). Every lot has owner and owner is again 

independent. Person can be not only owner of one ore more lots, but it can be, for 

example, mayor of the village or region. In reality regions, villages, lots and persons 

are object and the same structure is better for understanding of structure of system by 

businessmen.  
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Modeling and simulation 

This approach is not so known and so widely used, so we use only theoretical 

example for demonstration of this approach. The model is the same as we described 

in paragraph before. For modeling we use software Daskalos [38]. In this software 

was modeled the scheme you have seen on figure 8. But this is the static model and 

we want to simulate real structure - so we can instantiate classes in software 

Daskalos. This instances are shown on figure  

 

Figure 8. Dynamic object model 

There is small region with one village and one lot modeled. Village is part of 

region and lot is part of village. Every object has connection to other objects and all 

objects create closed structure, very similar to real structure of region. Now you can 

simulate the real situation. You can, for example, make list of lots depending on 

some criteria. Daskalos contains programming language based on lambda calculus 

and Smalltalk, so you can create queries and other structures. 

Conclusion 

The paper tried to present two approaches, which should be useful in regional 

management. These approaches are widely used, but in the area of pure computer 

science or software development. Our efforts are about extends using this methods to 

the area of regional management and generally, to the area of public service. It the 

general level - the information and its processing we can found in all areas of peoples 
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activity. And computer information system as computer representation of 

information processing is something as extension.  

Of course, we can find some problems with application of these methods. The 

problems are in the fact that this methods are not known in the area of public service 

in the level we need. And the second problem should be that these methods are not 

constructed for public services and in some situation they are not suitable. These 

problems have to be solved - theoretically, this means some papers and new methods, 

as well as practically, it means by education. 
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Abstract.  Today, not only scientists and researchers, but public services and 

governments as well use DSS (Decision Support System) methods to solve 

forest policy and management problems in order to meet the multiple needs of 

the public and to achieve the greatest possible effectiveness. This paper 

presents and analyses the current trends in emerging DSS applications for the 

sector of forest policy and management. The research relates to the scientific 

journal articles that propose a DSS since 2007 and until the present. The DSS 

are registered and classified as to their characteristics, such as their decision 

support topic, multiple-aim DSS, country of application, type of software, 

database use, GIS, mathematics, online presentation in the Internet etc. Finally 

the DSS applications are categorized as to the above characteristics and current 

trends are identified and discussed. GIS and Database technology seem to be 

the most popular software used by the decision makers, since Europe North 

America emphasize most in these kind of DSS applications. 

Keywords: Decision Support Systems, forest policy, forest management,  

current trends, 

1   Introduction 

Information Systems researchers and technologists have built and investigated 

Decision support systems (DSS) for approximately 40 years. Computerized decision 

support systems became practical with the development of minicomputers, timeshare 

operating systems and distributed computing. Ferguson and Jones (1969) reported the 

first experimental study using a computer aided decision system. The authors have 

developed and conducted experiments with a time-sharing computer model. By 

modeling the dynamics of a job shop the authors were able both to make use of and 

to evaluate academic research in job shop scheduling. The response of over 300 

managers and academicians who have participated in the experiments provides 

evidence of the practicality of such an approach to multi-dimensional, time-variant 

problem solving.
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There are many valid definitions regarding DSS. DSS have been initially defined 

as “…computer-based support system for the management decision makers who deal 

with semi -structured problems” (Keen and Morton 1978). Decisions are courses of 

action that are taken to avoid or reduce negative effects, or to take advantage of 

opportunities (Mc Leod 1998). It is a content-free expression; that is, it means 

different things to different people (Turban and Aronson, 1998) meaning that a 

D.S.S. interacts with the user in order to provide decisions. Recently, DSS are 

defined broadly as interactive computer-based systems that help people use computer 

communications, data, documents, knowledge, and models to solve problems and 

make decisions (Power, 2007). In this paper DSS are approached as a tool, available 

to managers, for solving complicated environmental problems by aiding in the 

decision making process. 

The decision maker has to consult many factors and data in order to provide the 

best possible solution to a problem. According to Burstein and Holsapple (2008) the 

DSS relaxes cognitive, temporal, spatial and economic limits on the decision maker, 

since the support furnished by the system allows a decision episode to unfold: 

 

� in more-productive ways (e. g., faster, less expensively, with less effort), 

� with greater agility (e. g., alertness to the unexpected, higher ability to 

respond), 

� innovatively (e. g., with greater insight, creativity, novelty, surprise), 

� reputably (e. g., with higher accuracy, ethics, quality, trust), and/or 

� with higher satisfaction by decisional stakeholders (e. g., decision 

participants, decision sponsors, decision consumers, decision 

implementers) 

 

Today a number of academic disciplines provide the substantive foundations for 

DSS. Database systems provide tools on managing data; management science has 

developed mathematical models for use in building model-driven DSS, whilst some 

other important fields related to DSS are human-computer interaction, software 

engineering and telecommunications. Further, the Internet and Web have precipitated 

the development of the DSS through Information and Communication Technologies 

(ICTs) and its applications that act as providers of a great amount of information and 

services related to all sectors of science (Andreopoulou, 2006).  

Based upon Alter’s (1980) pioneering research we can identify the following three 

major characteristics: DSS are designed specifically to facilitate decision processes, 

DSS should support rather than automate decision making and DSS should be able to 

respond quickly to the changing needs of decision-makers. 

In persuing the goal of improving decision-making, many different types of 

computerized DSS have been built to help decision teams and individual decision 

makers. Power and Sharda (2009) point that some systems provide structured 

information directly to managers. Other systems help managers and specialists 

analyze situations using various types of quantitative models, some DSS store 
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knowledge and make it available to managers and some systems support decision 

making by small or large groups. 

1.1 DSS in forest management and policy  

Today, Forestry has to resolve a number of issues and to find effective ways to deal 

with the ecological and social problems that act, in many ways, as a threat to the 

environment and the people. Such issues that forestry is confronting are: forests fires, 

land use, wildlife protection, reforestation, wind damages, illness and infection 

damages, infringement of the forest law and many others. In general, the major issue 

is the protection and conservation of the natural environment in a way that builds an 

intercourse between the people and the environment. 

In our days, the definition of forest has been changing towards a wider range of 

qualitative characteristics and it is defined as an ecosystem that combines 

simultaneously various land uses (Helms, 2002). Modern forestry mostly focuses on 

environmental sustainability of the ecosystems in relationship to the citizens as a 

result of the current change in both urban and rural areas (Andreopoulou, 2007). 

Forests and especially urban forests are considered to be the most popular outdoor 

recreation environments in Europe underlying the changing role of forestry through 

time (Konijnendijk et.al., 2000). 

The multiple functions of forests imposes the existence of several tasks that have 

to be dealt in parallel and formulate the forest policy aspects such as forest 

management, wood production, forest and wild life protection, forest technical 

constructions, treatments, reforestations, forest recreation, land-use legal conflicts 

administration and economics (Tasoulas et.al., 2011). 

Today, not only scientists and researchers, but public services and governments as 

well use DSS methods to solve forest policy and management problems in order to 

achieve the greatest possible effectiveness. Geographical Information Systems (GIS), 

Database technology, Mathematics, Economics, Chemistry, Internet and software 

engineering, are only some of the tools used and combined by the researchers with a 

view to create a DSS for an individual issue. Moreover, DSS provide an interesting 

framework to integrate database management systems with analytical and operational 

research models, graphic and tabular reporting capabilities to assist in natural 

resources management and policy analysis (Borges et al., 2003; Reynolds et al., 

2005, 2008). 

 It is appreciated in recent research (Andreopoulou, 2009, 2011) that the use of IT 

tools is the only process to meet the extended needs of forests and in parallel, to 

protect forest ecosystems. This paper presents an analysis of the current trends in 

emerging DSS applications in forest policy and management sector through their 

registration and classification. The aim of the presented research project is to inform 

about the current trends in DSS regarding these issues, in order to service further 

scientific research. 
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2 Methods and material 

Aiming to identify the current trends in DSS in the sector of forest management 

and policy, an analytical review of the articles of relative scientific journals has been 

performed, in order to register them. There has been a research among the web bases 

of the most known journals (High Impact factor) that deal with forest policy and 

management and DSS applications, detecting related journal articles for the period 

2007-2011. As we can see in Figure 1, the findings were registered and classified 

using “EndNote X4”, which is reference manager software. 

 

 

Fig. 1. Endnote Library 

The DSS applications were registered and various characteristics have been 

studied aiming to be further classified. The characteristics studied are:  

-the specific topic that the DSS deals with such as forest fires, land use, ecosystem 

protection, forest planning, etc ,  

-if they constitute a multiple-purpose DSS or not,  

-the country or the area of DSS application, 

-the type of software used to develop the DSS,  

-the employ of database,  

-the use of GIS technology,  

-the existence of mathematic analysis, such as linear programming,  

-online presentation and exploitation of the DSS  in the Internet etc.  

The classification as to their characteristics was accomplished with an Ms-excel 

sheet (Fig. 2). 

Finally the DSS applications are categorized as to the above characteristics and 

current trends are identified and discussed. 
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Fig. 2. Registration and classification of the findings in Microsoft Excel 

3   Results 

This survey concerns published journal articles derived from 9 individual scientific 

journals. There were identified and registered 46 emerging DSS applications for the 

sector of forest management and policy since 2007. 

In a percentage of 43, 5% they constitute a multiple-purpose DSS as they apply to 

more than one specific topic of forest management and policy and can be adopted 

and support decision making widely.  

As it concerns the specific topics that DSS applications deal with, there were 

identified 14 different topics. 15% of the findings relate to forest fires, 15% to forest 

management in general and 11% to ecosystem protection as it is presented in figure 

3. 
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Fig. 3. Topics of the DSS applications in the sector of forest management & policy (%) 

Regarding the country-area of the DSS application, a geographical allocation 

arises in figure 4. As it is obvious the DSS applications identified are mainly targeted 

to Europe and America. It is important to underline that 17 out of the 21 journal 

articles found in America, came from the USA and Canada and also apply to these 

countries. Further, the European DSS applications refer to EU nations except for one, 

which applies to Switzerland. 

As far as the type of software used to develop the DSS, 18 out of 46 DSS used 

Database technology, 25 were based on GIS (Geographical Information System) 

applications and only four introduce a web DSS application available in the internet. 

Moreover, 37% of the total findings regard to DSS based on a combination of 

existing software applications and with the aim of programming languages and other 

software engineering, they present a prototype software as a decision making tool. 

Researchers are mostly using Visual basic (C++, NET), SPSS and Java script. 

Last but not the least, 50% of the DSS applications seems to have processed 

mathematical data in order to achieve the desirable result and to present a reliable 

outcome.  
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Fig.4. Geographical allocation of the DSS applications 

4   Discussion 

According to the results of this study, the current trends in the DSS in the sector of 

forest management and policy refer to implementation of geographically based data, 

through GIS software, which collaborates effectively with database technology. This 

kind of combination is considered to be so successive that 43 out of 46 DSS 

applications, registered in this survey, are using either GIS or Databases, whilst 12 of 

them are using a combination of both. It is also remarkable that this trend applies 

almost to the total of topics of DSS that were mentioned above. Particularly 

databases were applied in 10 out of the 14 topics recorded in this research, since GIS 

was the basic software for 11 DSS topics of the forest management sector. 

The DSS applications identified are mainly targeted to Europe -especially to EU 

member nations- and the USA and Canada. This fact proclaims the interest that these 

countries show to the protection of the environment and their intention to study and 

establish new methods of managing forestlands. Northern states of the USA and 

mostly Canada maintain enormous forest areas and not only local institutes and 

scientists precisely work on these issues, but the governmental policy seems to 

encourage this trend. 

As far as the European Union, European commission’s effort to establish a 

common framework of managing the natural environment, is offering opportunities 

and possibilities to Universities and independent scientists to study upon these 

sectors of environmental sciences and to recommend computerized systems to aid 

critical decision making. 
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Abstract. A system for monitoring movement of the free-living second stage 

juveniles of root-knot nematodes (Meloidogyne spp.) using digital image 

analysis is described. The method is based on the analysis of video sequences 

of movement of individual random nematodes encumbered with or without 

Pasteuria penetrans endospores. Software packages were used to grab video 

images, to process images and to monitor the movement of selected body part 

positions over time. Methods include the study of nematode locomotion based 

on (a) the geometric center (b) the centroid body point, (c) tracking of two or 

four selected body points and (c) tracking a rectangular shape area produced by 

the nematode’s body. Data showed that (a) the normal sinusoidal movement of 

nematodes is changed when individuals are encumbered with spores of P. 

penetrans and (b) in all cases a significant greater motility was observed by 

nematodes without P. penetrans spores attached.  

Keywords: Nematode movement, digital image analysis, motion analysis. 

1   Introduction 

Pasteuria penetrans (Thorne, 1940) is a mycelial, endospore forming bacterial 

parasite of plant parasitic nematodes (Mankau, 1975; Imbriani and Mankau, 1977) 

showing promising results in a biocontrol strategy of root-knot nematodes 

(Meloidogyne spp.) (Stirling, 1991). The endospores attach to the outside nematode 

body wall (cuticle) of the infective stage, the second-stage juveniles (J2) of 

Meliodogyne populations (Mankau, 1980). After the J2 penetrates a plant root and 

begins to feed, the bacterium penetrates the nematode body wall and begins to grow 

and develop in the developing nematode (Mankau and Imbriani, 1975; Imbriani and 

Mankau, 1977; Sayre and Wergin, 1977). Eventually, the female nematode body 

becomes completely filled with spores (Sayre and Wergin, 1977; Stirling, 1991). 

Each infected female may contain up to 2.5 million spores (Darban et al., 2004), 

which are eventually released into the soil.
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The potential of P. penetrans to control of root-knot has been widely studied 

(Gowen et al., 2008) including distribution, host range, and specificity. Successful 

parasitism depends on the attachment of 5-10 spores per juvenile, which is sufficient 

to initiate infection without reducing the ability of the nematode to invade roots 

(Davies et al., 1988; Rao et al., 1997). There may be little or no root invasion if there 

are greater than 15 spores attached, inferring that spore attachment will affect the 

ability of a J2 to locate and/or invade a root (Davies et al., 1988). Few attempts have 

been made to quantify the effect of P. penetrans spore attachment on the movement 

of infective root-knot nematode juveniles. 

Nematodes move by undulations or wave-like motions through dorsal/ventral 

contractions of the body (Buchsbaum et al., 1987; Storer et al., 1979) similar to an 

undulatory swimming motion of eels (Tytell, 2004) and as larval chironomids 

(Brackenbury, 2003). As one segment of the body contracts, it “pulls” the remainder 

of the body forward along the body in a head to tail direction (Brackenbury, 2000). 

There are no previous experimental data to model root-knot nematode movement 

encumbered with or without P. penetrans spores. In this paper a study using digital 

image analysis is made of the movement of the root-knot nematode (Meloidogyne 

spp.) and how this is affected when sporesof the bacterium Pasteuria penetrans (a 

naturally occurring nematode parasite) are attached to the cuticle. 

2   Materials and methods 

2.1 Nematode cultures 

Nematode cultures (M. javanica) were maintained on tomato plants in the glasshouse 

and fresh second stage juveniles (J2) were collected from infected tomato roots using 

the methods described by Hussey and Barker (1973).  

 

2.2 Preparation of Pasteuria penetrans spores  

A commercial product of Pasteuria penetrans (Pp) (Nematech Co. Ltd., Japan) was 

used in this study. Fresh J2 were encumbered with Pp spores as described by Darban 

et al. (2004). Nematodes with 5-10 spores attached were considered as the Low Pp 

and J2 with 15-25 spores were the High Pp treatment. 

 

2.3 Acquisition of the video images 

Nematode locomotion was tracked with an inverted microscope (MICROTEC 200) 

mounted with a digital camera (Aptiva 3.2 Megapixel). In all cases a nematode’s 

movement was observed in water in a 9 cm Petri dish. Nematode movement was 

recorded in 30 second video sequences. The microscope magnification was x 100 for 

Figure 1, x 200 for Figures 5, 6 and 7 and the highest magnification for Figure 3. All 

video sequences showing nematode locomotion were observed on Movie Maker 2 

(Microsoft software) before any further analysis. 

 

2.4 Image extraction 
Before analysis, images (frames) grabbed from selected 30 sec videos were obtained. 

We used a video decompiler (SC Video decompiler software program) to extract 
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frames. A total of 390 frames saved in jpg format were obtained from a 30 sec video. 

Original images were 320 x 240 pixels or 3.3 x 2.5 inches.  

 

2.5 Measurement of nematode movement  
Measurement of movement (in inches) was performed using image analyzer software 

Scion Image for Windows (Scion Corporation, www.scioncorp.com).  

 

2.6 Image processing and analysis 

All frames were saved in a tiff format before importing to the Scion Image software 

package. For image analysis the 39 frames were aligned in ranks of 10 as the 1
st
, 11

th
, 

21
st
 and the 31

st
 frame.  When an image file (*.tiff) was imported to the Scion Image 

software program, measurements were performed with the Manual Area 

Measurement selecting the Measure command of the program. In order to understand 

the aspects of nematode body posture, measurements were taken of the body 

movement. For each frame, five measurements were taken; (a) tracking of the 

nematode geometric center; (b) tracking the nematode centroid body part; (c) 

tracking of two or four selected body points and (d) tracking a rectangular shape area 

produced by the nematode’s body. In detail, the measurements of the five above 

measurements are: 

 

2.6.1 Nematode locomotion 

Using the rectangular selection tool of the Scion Image Program and moving the 

mouse on the nematode image, we fitted all faraway nematode body segments in a 

rectangle shape in order to estimate the X-Y geometric center (using the 

measurement options Area, X-Y Center of the Scion Image program). With the 

geometric center (X-Y center of the rectangle area) we were able to track the 

geometric point of the nematode body, or very close area matches in that point. 

Further, we extracted metrics to an Excel data spread-sheet and presented all data to 

GenStat 7
th

 Edition to create a scatter plot. The trends of two individual J2/treatment 

movement directions were randomly selected and shown in a scatter plot.   

 

2.6.2 Tracking the nematode centroid point and two or four nematode body points 

The centroid points, of four random J2 per treatment were tracked using the Elliptical 

Collection Tool of the Scion Image Program follow the procedure described above.  

Using the Cross Hair Tool, and moving the mouse on the nematode image we 

marked four equal-distance nematode body points and their X-Y coordinates were 

recorded for each frame and analysed in the Program Results window. The points 

were:  1 the head; 2 the esophagus; 3 the centre of the gut: 4, the tail. All data were 

extracted as X and Y values on the program Result window and exported to an Excel 

data spread-sheet.  

Based on those data we displayed the nematode per treatment movement, with the 

centroid body point and the relationship of four nematode body parts or the 

relationship of the two intermediate (Ym1 and Ym2) nematode body points 

movement in all Pp treatments. 

Moreover, the equation of nematodes movement based to the centroid point were 

obtained by fitting the data sets (X, Y values) to CurveExpert 1.3, a curve fitting 

system for Windows by using the Program CurveFinder command. 
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Further, the equation of nematodes movement based to four or to two intermediate 

Ym1 and Ym2 nematode body parts were obtained by fitting the data sets values to 

GenStat by using the Standard Curves command of the Nonlinear Regression 

Analysis. 

 

2.6.3 Tracking the nematode rectangular shape area 

Using the Rectangular Selection Tool of the Scion Image Program and moving the 

mouse on the nematode image, we fitted all faraway nematode body segments in a 

rectangular shape in order to estimate the rectangular shape area, using the 

measurement options Area of the Scion Image Program. Further, we extracted 

measurements to Excel and represented the different rectangular shaped areas 

produced by nematodes encumbered or unencumbered with Pp endospores. 

 

2.6.4 An estimation of J2 motility  

The locomotion of nematodes treated with low and high or without P. penetrans 

spores were estimates based on the nematode wavelength (�) and the distance moved 

over time. The body lengths of each nematode were measured using the Straight Line 

Selections Tool of the Scion Image Program and moving the mouse on the nematode 

image marked the nematode head and the tail each time. The same procedures were 

used to measure the distance covered by the nematode head over time t1 and t2 

(frames 1 and 2) (up to 15 frames) moving the mouse from X1,Y1 (frame 1) to 

X2,Y2 position on frame 2. Data were exported to an Excel data spread-sheet as 

described above. The absolute body length of a J2 in this research is equal to a 105 

pixels as presented in Figures 6 and 7 with a dotted line. Measurements were based 

on 10 nematodes per treatment and with 15 frames per individual nematode. The 

time between two frames in sequence was 11.5 sec.  

 

2.7 Statistical analysis 

All regression analyses were performed to GensStat 7
th

 Edition statistical program. 

Scatter line plots (Figures 1-3) were performed to MinTab 13
th

 Edition statistical 

program and all other graphs were made to GraphPad Prism5 statistical program. 

3   Results 

3.1 Nematode locomotion 

Over the same time period, J2 without P. penetrans spores attached can move further 

than those J2 encumbered with low numbers of spores (Figure 1). That means that 

the body of a J2 without Pp spores moves in a direction explained by a linear 

regression r
2
 96-98%. Attachment with P. penetrans spores probably disrupts this 

natural behaviour.  

 

3.2 Tracking the nematode centroid point and two or four nematode body 

points 
When data sets based on the nematode centroid body point were fitted to 

CurveExpert, the best equation to explain the J2 body movement without P. 
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penetrans spores(Figures 2.1a-2.4a) is the sinusoidal fit, y=a+bcos(cx+d) with 

correlation coefficient r1=0.9368, r2=0.9396, r3=0.9345 and r4=0.9090 (R
2
 

parameters based to four random nematodes). When nematodes were encumbered 

with P. penetrans sporesthere was no sinusoidal movement (Figures 2.1b-2.4b and 

Figures 2.1c-2.4c). 

Our simple tracking system for extracting data from the four or the two 

intermediate nematode body part points has shown that nematodes without P. 

penetrans spores attached have a sinusoidal movement producing a double Fourier 

curve (equation 1). This is represented in Figure 3A where the Ym1 line presents the 

esophagus and the Ym2 line the gut (R
2
 Ym1+Ym2 = 86.0, P<0.001) and in Figure 3B 

where the tracking points are the head, the esophagus, the centre of the gut and the 

tail (R
2
 head +esophagus + gut +tail = 78.4, P<0.001). 

 

 

.  

 
Fig. 1. Nematode travel position without P. penetrans spores (circle solid dots) and with low 

P. penetrans spores (square solid dots, top). The arrows indicate the direction of movement (X, 

Y axis units in pixels). The nematodes without P. penetrans spores move in a line explained by 

a Linear regression fit y=a+bx with a correlation coefficient (R
2
) equals to 0.9868 and 0.9679 

for the two random individual nematodes. Axis scales x, y are measured in pixels (200_250 

pixels), value for a straight J2 body length is 10 pixels. 

 

Based on the movement of the four body points, the best curve to explain our data 

is also the double Fourier curve. This is a compound of two sine waves as presented 

in Figure 4, one having half the cyclic period of the other.  

 

Y = a + b*sin(2*pi*(X-e)/w) + c*sin(4*pi*(x-f)/w) equation 1 

 

 

 

 

J2 without Pp start point 

 

 

J2 without Pp end point 
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A J2 free of Pp spores fits 

a rectangle shape with a 

forward movement* 

(figures 1-4a in a 

column) 

A J2 encumbered with 

low Pp spores fits in a 

smaller box with a slow 

movement (figures 1-4b in 

a column) 

A J2 encumbered with 

high Pp spores, fits in box 

with no forward 

movement (figures 1-4c in 

a column) 

Box a 

 
 

                   Box b Box c 

� 
Figure 2.1a, t=0sec 

 

Figure 2.1b, t=0sec 

 

Figure 2.1c, t=0sec 

 
Figure 2.2a, t=10sec 

 

Figure 2.2b, t=10sec 

 

Figure 2.2c, t=10sec 

 
Figure 2.3a, t=20sec 

 

Figure 2.3b, t=20sec 

 

Figure 2.3c, t=20sec 

 
Figure 2.4a, t=30sec 

 

Figure 2.4b, t=30sec 

 

Figure 2.4c, t=30sec 

 
*Note that the grid lines show that there is a significant movement of J2 without 

Pp spores compared to those encumbered with Pp spores Figs 1-4b and 1-4c.  

 
Fig. 2. Nematode body wave formation presented as a rectangle shape movement over time. J2 

were encumbered with Pp spores column b (low Pp) and c (high Pp) or without Pp spores 

column a. Arrows indicate the J2 speed. 
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Fig. 3. Motion analysis and position of nematode body parts over time. Nematodes were not 

encumbered with P. penetrans

Package based to (a) Ym1 and Ym2 data sets and (b) to four nematode tracking points (head, 

esophagus, gut and tail). 

study) to 1.8. and X axis, in frames where 39 frames are equal to 30 sec. 

   

 

                            

                        Head

  

 
Fig. 4. Motion analysis (4a) and position (4b) of nematode body parts (XY) over time. 

Nematodes were free P. 

Ym2 and to the J2 tail data sets. R

promotion to nematode body length which is equal (in this study) to 2.0.

Motion analysis and position of nematode body parts over time. Nematodes were not 

P. penetrans endospores. Analysis was performed using GenStat Statistical 

Package based to (a) Ym1 and Ym2 data sets and (b) to four nematode tracking points (head, 

esophagus, gut and tail). Y axis, in promotion to nematode body length which is equal (in this 

axis, in frames where 39 frames are equal to 30 sec.  

Head 

 

Motion analysis (4a) and position (4b) of nematode body parts (XY) over time. 

P. penetrans spores. Analysis was performed based to the Head, Ym1, 

Ym2 and to the J2 tail data sets. R2 = 74.9, P<0.001. Axis scales x, y are measured in 

promotion to nematode body length which is equal (in this study) to 2.0. 

Ym1,Ym2 & Tail 

 

Motion analysis and position of nematode body parts over time. Nematodes were not 

. Analysis was performed using GenStat Statistical 

Package based to (a) Ym1 and Ym2 data sets and (b) to four nematode tracking points (head, 

axis, in promotion to nematode body length which is equal (in this 

Motion analysis (4a) and position (4b) of nematode body parts (XY) over time. 

spores. Analysis was performed based to the Head, Ym1, 

= 74.9, P<0.001. Axis scales x, y are measured in 
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The observation that a nematode body produces a sine wave is further tested using 

the MotionPro software program ver. 4.4.2., by PDSofTec (www.pdsoftec.com), 

based on head region turns. The directions of head region rotation were observed 

based on nematode movement and displayed as a set of points (dots) in real time 

when nematodes moved (Figure 4). 

With nematodes free of spores we observed that the 2
nd

, 3
rd

 and 4
th

 body part 

follows the head movement. This does not happen when the nematode is encumbered 

with P. penetrans spores at low or high density (Figures 2.1b-2.4b and Figures 2.1c-

2.4c). 

 

3.2.1 Tracking the nematode rectangular shape area  

The analysis showed that the nematode without P. penetrans spores produced a 

rectangular shape with a significantly greater area compared to nematodes 

encumbered with spores (Figure 5). This was confirmed with the Movie Maker 2 

software program where each nematode video was observed (Figure 2). We conclude 

that nematodes without P. penetrans spores fit a rectangle shape with a strong 

forward movement equal to the rectangle shape in Figure 2 marked as box a, whereas 

nematodes encumbered at a low or high density of spores could fit to rectangles 

equal to boxes b and c in Figure 2. There was little movement of J2 encumbered with 

high P. penetrans attachment and several times they were seen to collide. 

 
 

Fig. 5. Rectangle estimation results for J2 motion treated with (left) or without P. penetrans 

spores (middle and right). The major (long) rectangular side presents J2 forward movement 

where the minor (short) presents the width of the sinusoidal J2 body motion. The value of two 

(2) in Y axis is equal to a value for a straight J2 body length. 

 

3.2.2 An estimation of J2 motility 

The measurements based on the nematodes locomotion shows a significantly greater 

wavelength (�) and distance movement values for nematodes without spores attached 

compared with nematodes encumbered at a low or high density of spores (Figures 6 

and 7 respectively). Nematodes encumbered at a high spore density showed 

insignificant movement (Figure 7) confirming observations shown in Figure 2 where 
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nematodes’ faraway body segments can be fitted in a box with an insignificant no 

forward movement.  

 

 
 

Fig. 6. Differences in J2 body length [= a nematode wavelength (�)] during motion in 

treatments with or without P. penetrans spores. Dotted line represents a straight J2 body length 

which is equal (in this study) to the value 105 in Y axis. 

 

 

 
 

Fig. 7. Distance moved by J2 with or without P. penetrans spores (N=10) in 15 sequential 

frames (=11.5 sec). Dotted line represents a straight J2 body length which is equal to the value 

105 in Y axis. 
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3   Discussion 

 

In this paper we present a technique to track a plant parasitic nematode movement 

using a digital camera and an inverted microscope. Similar techniques where shown 

in Baek et al. (2002) and Cronic et al. (2005) where the authors used a microscope 

fitted with a camera and a videtaping (VCR) system to record movement of 

Caenorhabditis elegans. 

Using free Internet software packages such as the SC Video Decompiler we 

extracted images (frames) from video files (.avi format) for further analysis. This is 

similar to Cronic et al. (2005) who took their data to a PC using a Matrox Meteor-

II/Standard video frame grabber hardware and the Recognizer 2.1 software package. 

Further, with the commercial software package Scion Image we collected data 

taking selected nematode body points. Similarly, Cronic et al. (2005) presented the 

same ideas for data extraction and processing in Matlab called Wormproc; they 

showed many C. elegans measurements and histograms grabbed at 13 points and 

from the centroid point of the body respectively. Greng et al. (2004) identified and 

tracked separately the head and tail movement of C. elegans. In our studies we 

employed the GenStat statistical program and the Standard Curve Routine, a tool of 

the regression analysis and we described effectively with the double Fourier curve 

the motion of four or two body points in nematodes without Pp endospores. Wallace 

(1958; 1959), Baek et al. (2002); Cronic et al. (2005) concluded that nematodes 

produce a sinusoidal movement. In our studies we showed that the nematode motion 

is a compound of two sine waves, one having half the cyclic period of the other 

(double Fourier curve). 

A natural characteristic is that all nematode body parts follow the movement of 

the nematode head (Niebur and Erdos, 1991) and this is demonstrated. However this 

did not occur when the nematodes were encumbered with Pp endospores, probably 

because the spores impeded forward movement. Moreover we show that J2 

encumbered with high numbers of sporesshow no forward movement and several 

times were observed to collide with other nematodes. 

The nematode rectangular shape area produced by a nematode’s body parts proved 

a very good estimator to describe nematode locomotion for nematodes without spores 

and those encumbered with low and high numbers. 

Nematodes without spores move faster than those that are encumbered. Moreover 

those nematodes moved in a straight line in the same direction and covered a longer 

distance than those with endospores. Those nematodes pulse the body with a 

wavelength (�) equal to a straight body position, probably this is a random walk with 

memory as suggested by Hapca et al. (2007). Wallace (1958) observed the same for 

Heterodera schachtii migration in soil and he concluded that the maximum speed of 

the H.  schachtii J2 is attained when there is no lateral movement and each part of the 

body follows the part immediately in front of it. 

Finally it can be suggested that this research could be improved with more 

emphasis on mathematics developing codes e.g. on the Matlab software package. 

Further the methods (the technique to track a plant parasitic nematode movement 

using a digital camera and a microscope) could be improved in wider range. 
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Abstract. The objectives of this study were: (i) to compare five models 

(Wood, Cobby & Le Du, Wilmink, Cappio Borlino, Djikstra) for describing 

the lactation curve of Chios sheep, (ii) to identify variation in lactation 

parameters related to environmental factors (season) and animal factors 

(parity). A data base on 61,705 recordings of daily milk production obtained 

from an automatic milking system was used. The lactation models were 

individually adjusted for each lactation. Analysis of variance was performed 

for the comparison of the parameter estimates. The goodness of fit measures 

used for comparisons of the models was the coefficient of determination (R2), 

mean of mean square error (MMSE), Akaike information criterion (AIC), 

corrected Akaike information criterion (AICc) and Bayesian information 

criterion (BIC). Wood model had the lowest values for information criteria 

(MMSE = 347.4681, AIC = 1,056.436, AICc = 1,056.733, BIC = 1,063.856) 

and the highest value for the coefficient of determination (R2=0.79). The 

highest values for information criteria were found for Djikstra’s model 

(MMSE = 636.6438, AIC = 1,076.621, AICc = 1,077.117, BIC = 1,086.582) 

having the same time the lowest value for the coefficient of determination 

(R2=0.59). Overall, Wood (1967) model showed the best adjustment. Despite 

of being more recent, the model by Djikstra (1997) mechanist based and with a 

higher number of parameters showed a low convergence for the data used. 

Wood model (1967) has a greater advantage of producing a good fit 

measurement with only three parameters. 

Keywords: lactation curve, Chios sheep, daily milk yield, environmental 

effects 
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1. Introduction 

The term lactation curve refers to a graphic representation of the ratios between 

milk production and lactation time (Sherchand et al., 1995). Equations that describe 

milk production in time provide summary information, which is useful in making 

management (nutrition) and breeding (culling) decisions, in simulating dairy 

enterprise and in genetic breeding programs. 

The lactation curve is also important because its wide characterization of the 

animal production throughout lactation allows to estimate the peak yield, the time of 

peak, days in milk, the total milk yield (Ferreira & Bearzoti, 2003).  

There is a lack of studies on the complete lactation of dairy sheep and this is partly 

due to the fact that in most dairy sheep production systems, lambs are allowed to 

suck for at least 30 days post lambing and milk recording starts only after the 

weaning. However, in some dairy sheep flocks operated under intensive 

management, the common practice is to milk the ewes from the start of the lactation. 

Lambs are moved from their mothers at lambing into an artificial rearing unit. To 

study the lactation curve of dairy sheep, several papers dealt specifically with the 

application of Wood’s (1967) model to various sheep breeds (Torres-Hernadez and 

Hohenboken, 1980, Cappio-Borlino et al, 1989, Sakul and Boylan, 1992, 

Groenewald et al, 1995, 1996, Portolano et al, 1996a). The first attempts to 

mathematically represent the lactation curve were made by Brody et al. (1923) and 

Brody et al. (1924). However, only after the development of the model of the Wood 

(1967) did the use of lactation curve models become more popular. Since then, many 

researchers have attempted to develop lactation curve models from empirical 

conceptions (Cobby Le Du, 1978, Wilmink, 1987, Cappio Borlino et al, 1995) or 

mechanist conceptions (Djikstra et al, 1997). The major limitations of the Wood 

curve are the poor fit especially around the lactation peak (Cobby Le Du, 1978) and 

the large margin of error for the estimation of total milk yield. On the other hand 

Wood (1967) model has the advantage of estimating three parameters a, b, c which 

can easily be linked to the biology of the lactation curve. This has rendered the Wood 

(1967) model the most widely used function for the description of the lactation 

phenomenon. Advances in modeling, however, provided models which represent 

biological processes occurring in the mammary gland. Djikstra et al. (1997) 

developed a mechanistic model that describes proliferation and death of mammary 

gland cells during pregnancy and lactation. The mechanistic representation provides 

an understanding of factors controlling the variation in milk production throughout 

lactation that cannot be attained with most empirical models. However, greater 

complications arise when using a mechanistic model. For instance, non-limited 

supply of nutrients to the mammary gland needs to be assumed for simplification.  

The objectives of the current study were to compare five models (Wood, Cobby & 

Le Du, Wilmink, Cappio Borlino, Djikstra) for describing the lactation curve of 

Chios sheep and to identify effects of season and parity on the lactation curve 

parameters.  
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2   Materials and methods 

Database 

The data used in the current study consist of 61705 recordings of daily milk 

production of a Chios sheep herd obtained from an automatic milking system. The 

first milk recording was between 10 and 40 days after parturition, minimum and 

maximum lactation lengths were 101 and 260 days. In this flock, for a period of time 

lambs were weaned immediately after parturition but then due to the high mortality 

rates, lambs were suckled by their mother and weaning was on average 40 days after 

parturition. The data were ranked according to the lactation number, into first, 

second, third or greater.  

 

Lactation models 

Five models were used in the current study to describe lactation curves. The 

models are: Wood (1967), Cobby & Le Du (1978), Wilmink (1987), Cappio Borlino 

(1995) and the mechanist based model by Djikstra (1997). Wood’s equation is: 

y = a t 
b
e 

– c t
 (1) 

 

Where y is milk production (gr/day) at time t of lactation (days), and a, b and c are 

parameters that determine the shape and scale of the curve. The parameter a is related 

to the milk yield after parturition, b is the inclining slope parameter and c is the 

declining slope parameter.  

The Cobby & Le Du model is: 

y = a-bt – ae 
– c t

 (2) 

Where y is milk production (gr/day) at time t of lactation (days), and a, b and c are 

parameters that determine the shape and scale of the curve. The parameter a is related 

to a milk yield, b is the inclining slope parameter and c is the declining slope 

parameter.  

Wilmink’s equation is: 

y = a  - be 
– k t 

-ct (3) 

Where y is milk production (gr/day) at time t of lactation (days), and a, b and c are 

parameters that determine the shape and scale of the curve. The parameter a is related 

to the level of the milk production, b is the milk yield before peak and c is the 

declining slope parameter, k is related to peak day of  peak milk yield.  

The Cappio Borlino model is:  

y = a n 
be – c n

 (4) 

Where y is milk production (gr/day) at time t of lactation (days), and a, b and c are 

parameters that determine the shape and scale of the curve. The parameter a is related 

to the milk yield after parturition, b is the inclining slope parameter and c is the 

declining slope parameter.  

Dkjikstra’s equation is: 
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y= m*exp[(m1/k’)(1-exp(-k’*t))-l*t] (5) 

Where m is the initial rate of milk production (gr/day) at parturition. The 

parameters m1 and l are defined as the specific rates of secretory mammary cell 

proliferation at parturition and of death respectively, k’ is a decay parameter 

associated with reduction in cell proliferation capacity with time.  

 

Statistical analysis 

The models were fitted by non-linear regression to the data described above using 

PROC NLIN statement of the statistical package SAS (SAS 1999). This non linear 

regression method is preferred to that of log-linear transformation, because the 

reduction of weighting of higher yields when using the log scale may lead to a 

greater lack of fit around the peak (Cobby & Le Du, 1978). Estimates of the 

parameters of each of the models were obtained for each individual lactation curve. 

For each model were calculated the typical characteristics of the lactation curve, peak 

day, peak milk yield and total milk yield. Cluster analysis was used to investigate the 

nature of the lactation curves in each model. Analysis of variance was performed for 

the comparisons of the parameter estimates between seasons and number of 

lactations. Based on information theory, several methods have been developed for 

comparing models, determining which model is more likely to be correct for 

describing the used data. The mean of mean square error (MMSE) was calculated as: 

MMSE=(1/N)*(MSE) (6) 

Where N is the number of animals and MSE is the mean square error.  

Akaike information criterion (AIC) was calculated as  

AIC=Nln(RSS/N)+2K (7) 

Where RSS is the residual sum of squares, N is the number of data points and k is 

the number of independent parameters of the model (Burnham & Anderson, 2002, 

Motulsky & Christopoulos 2003). 

With data sets without a large number of data points (N) or for models containing 

more parameters the corrected AICC is more accurate:  

  

AICc=AIC+2k(k+1)/Ν(Ν+1) (8) 

Bayesian information criterion (BIC; Leonard & Hsu 2001) is a model order 

selection criterion and imposes a penalty on more complicated models for inclusion 

of additional parameters: 

BIC = N*N ln(RSS/N)+K*ln(N) (9) 

A small numerical value of MMSE, AIC, AICc, BIC indicates a better fit when 

comparing models.  
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Table 1.  Number of lactations with the smallest information criteria for each model 

 Wood 
Cappio 

Borlino 
Djikstra 

Cobby & 

Le Du 
Wilmink 

Number of lactations with the 

smallest AIC 
153 21 43 86 47 

Number of lactations with the 

smallest BIC 
186 25 22 97 20 

Number of lactations with the 

smallest MSE 
124 19 60 71 76 

Table 2.  Information criteria for each model 

Model MMSE AIC AICC BIC R2 

Convergence 

Percentage 

(C %) 

Wood 347.4681 1,056.436 1,056.733 1,063.856 0.79 82.1 

Cobby 457.9985 1,076.762 1,073.041 1,084.2278 0.78 77.3 

Cappio 423.5469 1,076.931 1,073.2102 1,084.386 0.76 81.01 

Wilmink 530.7866 1,087.444 1,082.9083 1,097.423 0.79 63.5 

Djikstra 636.6438 1,076.621 1,077.117 1,086.582 0.59 53.5 
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Fig.1. The plot of the average lactation curve for Cobby & Le Du Model. 
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Fig.2. The plot of the average lactation curve for Wilmink Model. 
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Fig.3. The plot of the average lactation curve for Djikstra Model. 
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Fig.4. The plot of the average lactation curves of two clusters for Cappio Borlino Model 

(cluster 1 solid line, cluster 2 dashed line). 
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Fig.5. The plot of the average lactation curves of two clusters for Wood Model (cluster 1 solid 

line, cluster 2 dashed line). 
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Table 3.  Cluster Analysis for Cobby & Le Du model 

 a b c 

Time of peak 

Yield 

Cluster Mean Mean Mean Mean 

1 2,830.8497 11.6251 0.1706 31 

 

Table 4.  Cluster Analysis for Wilmink model 

 a b c k 

Time of peak 

yield 

Cluster Mean Mean Mean Mean Mean 

1 3,145.3152 2,670.9527 13.3077 0.0746 38 
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Table 5.  Cluster Analysis for Djikstra model 

 m m1 k l 

Time of peak 

yield 

Cluster Mean Mean Mean Mean Mean 

1 1,301.6837 0.0805 0.0506 0.0131 40 

3   Results 

Some lactations were well-fitted and others poorly fitted by each of the models 

examined. Information criteria (MMSE, AIC, AICC, BIC) confirmed the comparison 

between models. Wood model was superior in fitting the Chios sheep lactation 

curves showing smaller MMSE, AIC, AICc, BIC (Table 2) based on the average 

values of information criteria. For more than half of the Chios sheep lactation curves 

BIC criterion values were lower than those of the rest of the models (Table 1). This 

indicates that the Wood model provided a better fit than the others for over the half 

of the lactation curves.  It was considered not converged each lactation curve model 

that completed 100 iterations without reaching the reduction of the sum-of-squares-

error (SSE) or whose parameters converged to unreal values. The percentage in each 

lactation curve model was calculated. Djikstra’s model showed the worst 

convergence percentage for the used data. Wood’s model had the higher convergence 

percentage and then follows the Cappio Borlino model. This was expected because 

Cappio Borlino’s model is a non-linear modification of Wood’s model. Problems of 

convergence have been previously reported for the models by Rook et al. (1993), 

(Perochon et al., 1996, Vargas et al., 2000) and Pollot (2000), Val-Arreola et al., 

(2004). The coefficient of determination (R
2
) also showed a higher value for the 

Wood model and the Wilmink equation. This result revealed that the Wood model 

provided a better fit to lactation curves. Although the model by Wilmink presented a 

good coefficient of determination the values of MMSE, AIC, AICC, BIC were high 

and also showed a lower convergence percentage.  

Having established that the fit of the Wood model is the best for the used data 

cluster analysis was performed in order to investigate the behavior of the lactation 

curves. For the models Cobby & Le Du, Wilmink, Djikstra cluster analysis detected 

no differences in the behavior of the lactation curves (Table 3, Table 4, Table 5). The 

results showed that in these three models the lactation curves showed similar 

behavior with mean parameter values as seen in Tables 3, 4, 5.  The plots of the 

average lactation curves for the three above models are presented in figures 1, 2, 3. 

Cluster analysis for the models Cappio Borlino and Wood detected difference in the 
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behavior of the lactation curves. The results are shown in Tables 6 and 7. The plots 

of the average lactation curves of the two clusters are presented in figures 4 and 5. At 

Cappio Borlino model the animals of the first cluster start with a lower initial milk 

yield and reach their peak 2-3 weeks later. The animals of the second cluster start 

with a higher initial milk yield reach their peak earlier and have a lower decreasing 

rate c. At Wood model the animals of the first cluster have lower initial milk yield 

reach their peak about three weeks later comparatively with the animals of the second 

cluster which have a higher initial milk yield and reach a higher peak milk yield. 

Peeters et al. (1992), Cappio Borlino et al. (1995) noted that ewes with high milk 

yield at the beginning of the lactation had a significant reduction of their production 

due to a genetic effect. Katsaounis and Zygogiannis (1984b) formulated that lactation 

curve is significantly influenced by the genotype of the ewes. It is very possible that 

the variation in the behavior of the lactation curves in the used data is due to the 

differences in the genotype of the animals. 

Along with the comparison of information criteria values for all models it is 

necessary to examine the pattern of the residuals. Lactation data were combined to 

give a mean lactation curve for all data. Plots of residuals (resulting from comparing 

the fitted curves against the observed experimental values) are shown in Figures 6, 7, 

8 and 9. The latter Figures clearly indicate a better fit by the Wood model than others 

demonstrating smaller and more randomly distributed residuals (Figs 6, 7, 8, 9).  

Analysis of variance was performed for the comparisons of the parameter 

estimates, time of peak, peak milk yield and total milk yield between seasons and 

number of lactations for the Wood model which is the best model to describe our 

data. The data were ranked according to the lactation number, into first, second, third 

or greater and according to the season of lambing into winter (season 1), spring 

(season 2), summer (season 3) and autumn (season 4). Results are shown in Tables 8 

and 9. The analysis of variance shows that season effects significantly the initial milk 

yield a (P<0.01) of the animal. The initial milk yield a for the animals of the two 

clusters has a greater value in winter. The animals of the second cluster start with a 

higher initial milk yield reach their peak two to three weeks earlier and have a higher 

total milk yield. Parameter b (P<0.01) is lower for the animals lambing in winter. 

The decreasing rate of milk yield c (P<0.01) is lower for the animal lambing in 

winter. A lower value of parameter c denotes a higher persistency in lactation. The 

number of lactation has significant influence in the parameters and in the typical 

characteristics of the lactation curves. Parameters a (P<0.05), b (P<0.01), peak milk 

yield (P<0.01), total milk yield (P<0.01) have the tendency to increase in second and 

decrease in the following lactations. Parameter c (P<0.01) has the tendency to 

increase with the number of lactations. The animals of the first lactation reach their 

peak later comparatively with later lactations.  
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Table 6.  Cluster Analysis for Cappio Borlino  model 

  a b c 

Time of peak 

yield 

Cluster Ν Mean Mean Mean Mean 

1 162 212.4825 0.9079 0.0059 46 

2 124 705.5924 0.5514 0.0123 27 

 

Table 7.  Cluster Analysis for Wood  model 

  a b c 

Time of peak 

yield 

Cluster Ν Mean Mean Mean Mean 

1 143 469.9499 0.5713 0.0125 46 

2 147 1,330.144 0.2868 0.0108 26 
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Fig.6. The residual plot for: Wood model (•), Cobby and Le Du model (◦).  
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Fig.7. The residual plot for: Wood model (•), Cappio Borlino model (◦).  
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Fig.8. The residual plot for: Wood model (•), Wilmink model (◦).  
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Fig.9. The residual plot for: Wood model (•), Djikstra model (◦).  
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Table 8.  Parameters and estimates of the Wood model (Cluster 1) for the data 

Wood

(1967)

Cluster 1

a b c Pday PY TY

Season 1
581.71297

(48.2602)

0.4802

(0.0426)

0.0108

(0.0007)

44

(2)

2,007.909

(117.9499)

291,941.1877

(17,418.0397)

Season 2
396.6664

(30.6201)

0.611

(0.027)

0.0116

(0.00045)

53

(1)

2,156.6187

(74.8368)

318,768.4752

(11,051.388)

Season 3
516.0028

(30.0631)

0.5633

(0.02658)

0.01344

(0.00044)

42

(1)

2,278.521

(73.4754)

307,230.3048 

(10,850.3495)

Season 4
478.213

(38.8608)

0.5895

(0.0343)

0.0142

(0.0005722)

41

(2)

2,337.3908

(94.9774)

309,210.5243 

(14,025.6112)

No 

lactation 1

460.3654

(30.6854)

0.5473

(0.0271)

0.0107

(0.0004)

50

(1)

2,001.1615

(74.9963)

299,531.051

(11,074.9456)

No 

lactation 2

526.5262

(41.7315)

0.5753

(0.0369)

0.0134

(0.00061)

43

(2)

2,396.3517

(101.9935)

325,904.06829

(15,061.7088)

No 

lactation 3

492.5548

(25.2103)

0.5604

(0.0222)

0.0134

(0.00037)

41

(1)

2,187.8165

(61.6149)

294,927.7498

(9,098.8792)
1 Values in parenthesis = standard deviation. 

a, b, c, = parameters of the Wood model, PY = peak milk yield , Pday = Peak day, TY = total 

milk yield  

 

Table 9.  Parameters and estimates of the Wood model (Cluster 2) for the data 

Wood

(1967)

Cluster 2

a b c Pday PY TY

Season 1
1,474.2059

(63.6863)

0.2303

(0.018)

0.0089

(0.0005)

26

(1)

2,448.8119

(73.4418)

340,085.1043

(11,090.9179)

Season 2
1,028.6415

(99.4689)

0.3436

(0.0282)

0.0108

(0.00082)

31

(2)

2,429.6752

(114.7056)

332,038.5337 

(17,322.4357)

Season 3
1,362.07084

(72.4404)

0.2733

(0.0205)

0.01162

(0.0006)

23

(1)

2,450.0601

(83.5369)

304,214.8992 

(10,085.2688)

Season 4
1,267.6736

(74.7357)

0.2867

(0.0212)

0.01079

(0.0006)

26

(1)

2,460.165

(86.1837)

319,155.1797 

(13,015.1623)

No 

lactation 1

1,375.2912

(96.7763)

0.2106

(0.02745)

0.009

(0.0008)

23

(2)

2,168.12461

(111.6005)

292,155.2798

(16,853.5172)

No 

lactation 2

1,434.8362

(73.6961)

0.3324

(0.0209)

0.0109

(0.00061)

30

(1)

2,628.4687

(84.9849)

353,573.3822

(12,834.1276)

No 

lactation 3

1,285.3165

(46.7921)

0.3074

(0.0132)

0.01158

(0.00038)

26

(1)

2,544.941

(53.9598)

325,891.6257

(8,148.8196)
1 Values in parenthesis = standard deviation. 

a, b, c, = parameters of the Wood model, PY = peak milk yield , Pday = Peak day, TY = total 

milk yield 

4   Discussion 

Over the years, Wood’s equation has been the standard model to describe the 

lactation curve of animals. Wood in 1977 tried to integrate the rate parameters of this 
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empirical model with the processes of proliferation and death of mammary gland 

cells. The Wood (1967) model was generally found to be of statistically better fit 

than other’s equations. The animals of the second cluster have a lower value of 

parameter c. This means that persistency is higher. Animals with a more persistent 

lactation curve may be less stressed, have better feed utilization efficiency and less 

nutrition related diseases than animals with a less persistent lactation curve. Also, 

differences in persistency between animals of two clusters may exist because of 

genetic selection (Shanks et al., 1981). 

 In most mammals there is a tendency for the amount of milk produced to increase 

with successive lactations up to a certain age and thereafter to decline. This is also 

observed to our data. Those who have studied the effect of age on milk yield in sheep 

have demonstrated a similar pattern, for example, Bonsma (1939) and Barnicoat et al. 

(1949). In dairy sheep, Montanaro (1940) found that in Sicilian sheep milk 

production increased in succeeding lactations to reach a maximum in the fifth and 

subsequently declined. A similar trend is observed for the peak milk yield. In 

literature have been reported similar trends (Ramirez-Valverde et al., 1998; Rekik et 

al., 2003; Magana-Sevilla). Casoli et al. (1989), Hatziminaoglou et al. (1990) and 

Ubertalle et al. (1990) observed increasing milk yields with the progress of lactation 

periods.  Hatziminaogloy et al. (1990) in their study for the sheep Karagouniko 

reported that lactation period influences significantly the milk yield. Ewes reach 

maturity at second lactation period. Similar results have been found by Bencini and 

Purvis (1990), Kremer et al. (1996), Maurogenis (1996), El Saied et al. (1996). 

According to Gootwine και Goot (1996) at first lactation period is observed the 

lowest milk yield. Gradiz et al. (2009) reported that milk yield is usually low in first 

parity cows because the animal is not fully developed yet and they partition more 

resources to maintenance and growth at the expense of milk production. The high 

milk yield in later lactations could also be attributed to selection since animals with 

low milk yields are normally culled as part of the herd management practices leaving 

only high producers in the herd.  

The influence of season of parturition has been studied very early mostly in dairy 

cows. Danell (1982) reported that in countries where the grazing season is short and 

cows are foddered indoors for most of the year, the highest lactation yield is given by 

cows calving during the autumn and early winter (eg. Johansson & Hansson, 1940, 

Syrstad, 1965). Effect of month calving can vary in different years, herds and regions 

(the weather conditions may be one reason), though the general pattern seems to be 

the same overall (Wunder & McGilliard, 1971, Danell, 1976). Similar reports have 

been demonstrated (Durhes, M. C., and J. F. Keown. 1991, Freeman. A. E. 1973, D. 

Norman, R. Meinert, M. Schutz, 1995, Tekerli et al., 2000). A same trend is shown in 

our results. A highest lactation yield is given by ewes lambing during the autumn 

or/and winter. It is generally known that climatic conditions influence milk yield in 

different ways. One way is by changing the animal's metabolism as a result of high 

temperature and indirectly determining the season of forage and feed utilization 

(Collier et al., 1982; Jonsson et al., 1999). Gradiz et al. (2009) reported that there was 

a tendency of cows that calved in the rainy season to have lactations with higher milk 

production levels than those that calved during the dry seasons. Hatziminaoglou et al. 

(1990) reported that the important climatic differences and the resulting grazing 

availability between consecutive production periods are probably responsible for the 
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differences in the effect of the month of lambing and the level of feeding on milk 

yields. 

The model by Wood (1967) has a greater advantage of producing a good fit 

measurement with only three parameters. This model has been widely used in several 

types of studies, such as for new models assessments (Cobby Le Du, 1978), genetic 

breeding (Ferris et al., 1985) milk production simulation systems (Rotz et al., 1999) 

and nutrition (Fox et al., 2003), because of its recognized capability allied to its 

simplicity. In our study it is also apparent that the Wood (1967) model still remains a 

good choice with a great suppleness for describing lactation curves with different 

behavior.  
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Abstract. Lately, as sustainability has been globally a key goal at local and 

regional level, environmental governance and management issues, related to 

decisions that verify performance have also gained a continuously growing 

focus. DSSs designed for this purpose can use multi criteria analysis and 

indicators to implement sustainable forest management. This DSS application 

includes 6 variables for the forest and by using the specific programming code 

based on If – Then statements of Visual Basic, automatically selects and 

decides management measures to propose to the forest manager as an output 

for each variable. This happens by estimating the interaction of different 

variables in the forest, which concerns the allowance or conflict case of two 

different uses. The manager can accept, reject or complete the proposed 

measures. Such a DSS application can easily be connected to other software as 

GIS or CAD and can easily be expanded to many new technology applications.  

Keywords: DSS, environmental governance, multi-objective forest 

management 

1. Introduction  

Governance constitutes a distinct policy regarding management issues and 

designates processes which focus on decision making and indicates the total sum of 

given and anticipated mechanisms. Decision support technologies have lately been 

widely used in many scientific fields and this diffusion affords many gains either to 

researchers or to the administrators. A Decision Support System (DSS) is a 

computer-based information system that supports business or organizational 

decision-making activities. DSSs serve the management, operations, and planning 

levels of an organization and help to make decisions, which may be rapidly changing 

and not easily specified in advance (Power, 2000). Information and Communication 

Technologies (ICT) is a discipline that can adequately be exploited for environmental 

management issues, such as wild flora and fauna management, aiming to help local 

authorities/administratives in decision-making process (Papastavrou et al., 1999). It 

is based on the specific administrative targets set and also aims to select the most 

suitable measures for their achievement. Environmental governance in Greece is
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entrusted on Public Forest Services, enterprises who are working with stakeholders 

and other non profit Organizations. Lately, as sustainability has been globally a key 

goal at local and regional level, environmental governance and management issues, 

related to decisions that verify performance have also gained a continuously growing 

focus DSSs in forest management are adaptable for small private holdings, large 

public properties or cooperative management across multiple ownerships (Twery et 

al., 2005). In recent research (Andreopoulou, 2000, 2009) regarding the introduction 

of informatics in Forest Service, it is estimated that the use of new information 

technology tools is the only process to meet the extended needs of the local forest 

units to protect forest ecosystems. Forest service in Greece is a non-profit 

government organisation. It is a sub-division of the Ministry of Environment, Energy 

and Climate Change and plays an important role in the sustainable exploration of 

forest areas and furthermore, the preservation of forest character. As forests and 

forest areas cover almost 20% of the area in Greece, the multiple roles of forests 

imposes the existence of several task divisions in a Forest district office, such as 

forest management, wood production, forest and wild life protection, forest technical 

constructions, treatments, reforestations, recreation, forest-related legal issues, 

administration and economics. All the above activities create a variety of 

administrative jobs towards the central service in the Ministry of Environment, 

Energy and Climate Change, to the Prefecture Forest Administration Department, to 

Regional Forest Service, other services or the local population. There are also many 

administrative and statistic books that need to be completed continuously. Therefore, 

the personnel are due to paperwork for administrative purposes that have to handle 

within timetables. For example, findings from the research in the Region of Epirus 

reveal that the forestry public sector has not reached high rates of adoption mainly 

concerning infrastructure, hardware, and LANs (local networks) and moreover, there 

is a certain lack in personnel’s skills and education as to computer literature 

(Andreopoulou, 2011). Promotion of Information and Communication Technologies, 

including DSSs, will offer better administration results, helping sustainable forest 

management. 

Forest ecosystems have several functions such as: a) Source of timber products 

and firewood, b) Wild fauna’s biotope and habitat for fresh water fish, c) Water

source and soil protection, d) Habitat for range-plant growing, e) Land with great 

biodiversity and f) Recreation sites. Nowadays, forests are often managed for 

multiple uses (Seely et. al. 2004). Forest planning is a very complex activity because 

there are many goals, which should be achieved simultaneously and a lot of 

components and elements, which must be considered (Tasoulas, 2011). Modern 

forestry mostly focuses on environmental sustainability of the ecosystems in 

relationship to the citizens as a result of the current change in both urban and rural 

areas (Helms, 2002).

A method for the measure choice in forest management is multi criteria analysis. 

In this case criteria and indicators are primarily used in implementing the principles 

of sustainable forest management at national, regional, and at forest management unit 

levels (Wolfslehner et al. 2005). The factors that must be reviewed, affect forest

policy selection, including the nature of goods and services, social values, and 

economic values (Cubbage et al., 2007). In planning forest ecosystem management, 

evaluations of alternative plans with respect to ecological values are usually based on 
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a set of variables describing the forest and the relationships between the variables and 

ecological values is assessed on the grounds of expert judgments (Leskinen et al., 

2003, Baskent et al., 2008). By using a DSS in forest management, administrators can 

achieve exploiting natural resources, focusing on sustainability and respect to 

biodiversity so great benefits can be offered to society (Tasoulas et al., 2010). The 

multiple benefits from forests and generally from natural environment can only be 

achieved by using tools of new technology and new daily workflow within Forest 

Service, aiming to increase the productivity of human resources, has to be redefined 

through the use of computers and network tools and techniques (Andreopoulou 

2009).

This paper describes the planning and development of software for a DSS 

application, aiming to support the administrator/manager of Forest Service or 

stakeholder to properly manage forest ecosystems. In the DSS the manager will 

import data for all parameters as variables of the forest into the programme and after 

the elaboration of the system, specific management measures will be prompted for

him to choose. This application includes a Data Base Management System 

(D.B.M.S.) for handling of stored data. It can be used by the National Forest 

Services, enterprises working on forest management and foresters that work in other 

Organization relative to this field. This work constitutes a part of a doctoral study, 

which is held on Laboratory of Forest Informatics, at Aristotle University of 

Thessaloniki, Greece. 

2. Materials and Methods 

The programming language that was selected to develop this DSS was Visual 

Basic and the platform of software that was used is Visual Studio.NET of Microsoft. 

Visual Basic constitutes a part of Visual Studio.NET as also other languages do. 

Visual Basic.NET (VB.NET) is an object-oriented computer programming language 

that can be viewed as an evolution of the classic Visual Basic (VB) which is 

implemented on the .NET Framework. Visual Basic was chosen because it does not 

require advanced training and can be quickly assimilated and used (Plant and 

Murrell, 2007). Microsoft Visual Studio is an integrated development environment 

(IDE) that can be used to develop console and graphical user interface applications 

along with Windows Forms applications, web sites, web applications, and web 

services in both native code together with managed code for all platforms supported 

by Microsoft Windows, Windows Mobile, Windows CE, .NET Framework, .NET 

Compact Framework and others.  

In Visual Studio.NET, Project or Solutions are the fundamental screens of 

designing. The designer works new projects on Solution Explorer and Properties 

windows, using mainly Windows Form Designer and Toolbox. The programming 

steps for developing applications are a) Design the interface of the program b) set the 

properties for each element and c) write the source code. 

During the source code writing, procedures as Private or Public Sub were 

developed, structures if-then-else and select case and loops do-while and do-until 

were used to express the queries for the variables.   
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The Data Base Management System was developed in Microsoft Access and 

connected to the application by the ADO.NET method.  

The data that must be imported to the DSS Application pertains to the several 

functions of forest ecosystems and are categorized to six basic variables: 

 

1. Timber management 

2. Wildlife management 

3. Mountainous water resources management 

4. Biodiversity 

5. Grassland management 

6. Recreation areas 

 

The raw data of these variables must be ad hoc collected in the forest and be 

available to specified users for insertion into the fields of the DSS application. The 

role that an expert will play in organizational decision-making by using a DSS is 

very important and cannot be substituted by non experts (Diasio et. al., 2009). That is 

why the insertion of the data in the program demands foresters with management 

experience.   

Some basic calculations on forest variables refer to the estimation of the standing 

timber volume, the stand structure, the wildlife, the determination of the maximum 

hunting bag, the degree of roundness of the basin, the maximum quantity of the 

cascading water, biodiversity, the ordinary use of the grassland, suitable areas for 

human recreation and many other which are interlaced into the forest. For choosing 

the appropriate measures for the forest ecosystem, many uses concerning these six 

variables were recorded and the interaction between them was recorded too. The 

criteria for the proposed measures concern the allowance or the conflict case of two 

different uses that should take place simultaneously. Indicatively, uses that can take 

place at the same time is timber production and hunting or water production and uses 

that conflicts are protection of rare species of flora and deforestation or soil erosion 

and grazing.  

3. Results 

The DSS application that was planed and developed is composed of 20 different 

screens including over 300 components. The DSS application must be user-friendly 

aiming to be used from non-computer literate users as many foresters are, so the 

interface that was developed has served these assumptions. The first screen of the 

application is a typical window screen, with basic information such the name of the 

program and folding menus as File, Management and Suggested Management 

Measures (Fig. 1).  
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Figure 1.The introductory interface of the application 

 

After the introductory screen, the forest administrator/manager can skip into six 

other screens, each for every parameter/variable and insert all the needed data 

(Fig.2). These data must already have been collected from the forest that is studied, 

under the directives of the administrator. In every phase of the insertion of the data, 

there is a button that appears a help screen which provides the necessary guidelines 

to the user how to fill the fields in each screen.  

 

 
 

Figure 2.One of the six parameters/variables screens of the application 
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As the insertion of data is completed and by clicking the proper button in every 

screen for acceptance, the program automatically performs the respective 

calculations and transfers the records to the database. Every record is programmed to 

be inserted in the appropriate table which has been planed for this purpose. There, by 

using the specific programming code which is based on If – Then statements of 

Visual Basic, the application automatically selects and decides specific management 

measures to propose to the administrator as an output for each variable. These 

measures derive from the processing of inserted data, which are analyzed based on 

the interaction of the data that manager has introduced. This interaction concerns the 

allowance or conflict case of two different uses in the forest. The suggestions appear 

to the user either on message boxes during the filling of each field (Fig.3), or by 

opening the screen for the proposed measures. In this screen specific check boxes are 

already checked depending on user’s inserted data (Fig.4).  

 

 
 

 
 

Figure 3.Message Boxes for allowance or conflict case of two different uses 

 

 
Figure 4.The screen of the suggested measures for a variable 
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During decision-support process, the forest manager can accept the suggested 

measures or reject some of them, based on other specific needs that the application 

can’t read and introduces more measures. At last appears a final screen, with all the 

management measures gathered, ready for printing.  

 

 
Figure 5.The screen of the recommended measures by the DSS 

 

Verifying the actual use of the presented DSS application by people involved in 

forest management, data for the co-owned forest ecosystem of Tetrakomo in 

Prefecture of Arta, Greece, were inserted in the DSS, concerning the six variables 

that were mentioned. These data were taken from the approved management plan of 

this forest. The DSS application transferred the data properly into the data base, 

proceeded to the required calculations and finally recommended specific measures to 

the forester (Fig. 5). The measures, which are presented in the final screen, were 

totally accepted by the forester of the enterprise that is responsible for the 

management plan of this forest.  

4. Discussion  

The DSS application that was developed is an independent window application, 

which can be installed to every modern computer and it is not yet connected to any 

other software. It may have 20 different screens including over 300 components, but 

it is user-friendly, based on the usual interface of most common window programs 

and can be used as a tool for multi-purpose forest management. Such a Decision 

Support System must do, this one supports by using specific criteria and indicators 

the Forest Authorities/Administrators to select the appropriate measures for 

sustainable multi-objective management for forest ecosystems. This happens by 

analyzing the interaction which concerns the allowance or conflict case of two 
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different uses in the forest. The proposed measures can be accepted, rejected or 

completed by the forest manager-user of the application. That is because DSSs can 

not decide the measures instead of human mind, but their role is to support by 

processing a big store of data, make modeling calculations, revealing many aspects 

of the situation and at last propose specific measures. Human mind is indispensable 

and that’s why it takes the final decision. Although the more comprehensive 

knowledge and analysis of the data, the better results for the administrator in 

adopting management measures for the forest ecosystem.  

The programming code of Visual Basic.Net is the tool that has been used for 

processing the inserted data, making the connection with the database and permits or 

forbid specific actions, which conform or clash between two ore more different uses. 

This analysis in cooperation with the DBMS offered the application the feasibility to 

analyze a big store of data in short time (Elmasri and Navathe, 2004), reaching the 

proposal of specific measures after the exclusion of many others. Finally that is what 

why it is classified at the DSS systems.  

The application interface is presented in the Geek language because it deals with 

the multi-purpose management of Greek forest ecosystems. Forest ecosystems in 

Greece are characterized by intense biodiversity and that imposes the 6 different 

topics to be dealt with. Therefore, foresters in Greek Forest Service will have to deal 

with management issues and they constitute the target audience of the application.  A 

future extend of the application would be the creation of multiple versions of 

the interface, in other languages, such as an English version, a German version, etc 

aiming at being extensively used. However, changes have to be made also in the 

original code of the application aiming at fulfilling the managerial needs of other 

type of forest ecosystems, too, except of Greek forest areas. 

 

5. Conclusions 

The National Forest Services, enterprises working on forest management and 

foresters that work in other Organizations, can easily use that DSS application. As 

information and communication technologies (ICTs) are key elements supporting the 

growth of e-governance initiatives and projects, using this DSS in forest 

administration helped forest managers to achieve exploiting natural resources with 

focus on sustainability, with respect to biodiversity, by gaining great benefits for the 

forest owner and the whole society. 

It includes open source code, which can be upgraded in the future when new 

management techniques will come to the front. It is compatible to various software 

platforms; it can be connected to Geographic Information Systems (GIS) by using 

dynamic link libraries (Sugumaran, 2002) and other software, so that in the future the 

data can acquire spatial information. At last it can be easily expanded to many new 

technology applications such as Internet, i-Pads and i-Phones to gather information 

and communicate at once with multiple users. Conclusively a DSS is an appropriate 

application for the Forest Administration, which can seriously contribute to a better 

598



management of forest ecosystems and provide many scopes for improvement taping 

the future extends in information technologies to forest management’ s account.  
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Abstract. Climate change is one of the most important challenges in 

sustainable development which has negative effect on terrestrial and aquatic 

ecosystem. The lead factor of this phenomenon is Co2 accumulation in 

atmosphere. One of the suitable ways of facing the mentioned issue is carbon 

sequestration in plant biomass and soil as a simple as well as inexpensive 

refined way in rangelands. With respect to the fact that Artemisia lands occupy 

an extensive part of the rangelands in Iran, in order to investigate the role of 

Artemisia lands in carbon sequestration, an area of Artemisia sieberi vegetation 

type in Hamadan province was selected and the content of aboveground and 

underground biomass carbon and soil organic carbon was determined. The 

result showed that the total carbon sequestration per hectare was 287.49 kg/ha 

and 90% of total carbon sequestration was soil organic carbon. The results of 

biomass carbon distribution showed that the carbon content in aerial biomass 

was more than underground biomass. Among the different parts of aerial 

biomass, the greatest storage was related to foliage carbon. Within proper 

range management in rangeland ecosystems, a major step forward in rising 

plant biomass could be taken. On the other hand, any attempt to restore lost 

natural resources could increase carbon sequestration. 

Keywords: Carbon sequestration, soil carbon, Biomass, Artemisia lands. 

1   Introduction 

Climate change is one of the most important challenges in sustainable 

development that bears a negative effect on aquatic and terrestrial ecosystems. The 

lead factor of climate change is co2 accumulation in atmosphere (Petit et al, 

1999).For the reason that reduction of co2 in atmosphere by artificial ways is 

extremely expensive (Cannel et al, 1992) thus carbon sequestration is the simplest 

and the most economically practical way in order to face with climate change crisis
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(Dixon et al 1997).One of the suitable options for carbon sequestration is arid and 

semi arid rangelands. Rangelands occupy approximately half of the area of dry lands 

and over one third of underground and aboveground storages of carbon in dry lands 

is located within them (Allen-Diaz1996).Although the aerial and underground parts 

in rangelands compared to forests are lesser but they play a more striking role in 

carbon sequestration as they are more expansive than forests comprising 38% of dry 

lands (Lciuk et al, 2000 and Snorronson et al, 2002). 

Schuman et al (1999) indicated that live stock grazing results in an increase in soil 

carbon content in depth of 30 centimeter rather than treatments without grazing. Sing 

etal (2003) in India stated that there was appositive relation between soil organic 

carbon and vegetation cover. In this study, the content of carbon in plant organ and 

soil in a favorable vegetation cover was estimated about 1.96 -2.83 and 3.06-6.38 per 

hectare respectively but in an unfavorable vegetation cover it was 0.24-1.37 and 

1.13-5.18 per hectare. Aradottir etal (2000) concluded that the amount of carbon 

differs among the methods of reviving dry lands. However, as a basic principle the 

amount of carbon in soil is more than that in root biomass but the carbon storage in 

aerial biomass rises across the time rather than the soil and the amount of aerial 

biomass is mostly more than the roots. Abdi (2005) reached a conclusion on 

estimation of carbon sequestration in Astragalus lands located in Markazi province 

that soil organic carbon forms 87%of total carbon sequestration. And the results of 

total biomass emission showed that carbon storage in aerial biomass has been more 

than roots. Also, there was a significantly positive correlation between carbon 

sequestration with shrub’s volume as well as height, total biomass, litter and soil 

organic carbon. 

Kolahchi (2005) drew a conclusion from investigation of carbon sequestration 

content in dominant shrubs and soil of enclosed pastures located in Heidarposht 

Hamadan province that the major amount of carbon sequestration was for Astragalus 

lands and there is a significant relation between slope direction and vegetation cover. 

On the other hand, the content of increase in soil organic carbon is not a function of 

height shifts. 

Aghafashami (2007) on cognition of pasture potential to store carbon 

sequestration in southern of central Alborz in either of grazed and enclosed parts for 

two types of forbs and shrubs concluded that there was not a significant relation 

between plant carbon of   shrub lands in either of grazed and enclosed parts at the 

level of 5% and no significant difference was observed between the types of shrubs 

and forbs through comparing these factors among them at the level of 5%. Also, the 

amount of soil organic carbon in grazing conditions has been greater than that of 

enclosed pastures. 

 Mahdavi (2008) through investigating the effect of plant distance Planting 

distance, pruning height and pruning  time upon the amount of carbon sequestration 

in Atriplex lentiformis in Isfahan Ardestan found that there was a significant 

difference between planting distance and pruning height with carbon storage of aerial 

biomass as well as root at the level of 5 %. But none of these treatments bore a 

significant effect upon soil organic carbon storage.  

Pastures are the most expansive vital lands in Iran with an area of about 86 million 

hectares. UN office of civil (2000) announced that the pastures in Iran bear a great 

capacity by 1 million ton carbon for carbon sequestration, Provided that they are to 
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be revived. Regarding the fact that Artemisia sieberi is considered as a dominant 

shrub species in arid and semi arid rangelands, it is of great importance for forage 

production of livestock, erosion resistance as well as soil preservation. Besides, it 

could be of wider significance for bioenvironmental aspects like carbon 

sequestration. Thus, this study has been launched to find out the amount of carbon 

storage in various parts of Artemisia including aerial parts (leaves and stem) as well 

as root. Also, the relation between the amount of carbon in these organs within each 

other and soil carbon was investigated.  

2   Materials and Methods 

2.1   Study area  

The area at issue is located in 49 13 11 longitude and 35 16 13 latitude, 18 km 

away from east of Rezen, in the north east of Hamadan that is considered as up-

country   pastures of Hamadan province. the climate is cold step, semi arid with long 

term mean of rain about 342.9 mm, soil texture is clay to clay-loam with a height of 

1850 to 1900 m above the surface of sea (Anonymous,2005). 

 

2.2   Sampling method 

After gathering of documentary information and present maps of the study area, 

using minimal area, an area of 1m2 was designated for each plot. Regarding the 

vegetative condition of the site, 30 plots were applied. Then, after determining the 

number  and dimention of plot, certain points were  plotted through which despite of 

production, percentage of vegetation cover, percentage of stone, percentage of bare 

soil as well as litter were measured. In order to evaluate the aerial biomass in 

Aremisia, clipping method was used up. concerning the matter  that shrubs have a 

strong root system, in addition, the proportion of stem to root in arid and semi arid 

areas is more than one, samples were taken from the depth of 15 cm of soil surface to 

assess the amount of carbon sequestration. 

After transferring the samples to the laboratory, samples of stem, leaf and root 

were isolated then soon after being dryed in fresh air, Combustion in an electric 

furnace method was used up that last for 3 hours in 550 cg then, the amount of 

organic carbon was determined by the residual weigh of ash. The measurement 

of organic soil was taken upon Valk Black method (MacDicken, 1997 and Jafari, 

2003). 
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2.4   Analyzing method 

First, minimum and maximum mean as well as standard variance of the 

measured features in plots was taken. In order to analyze data, Spss13 and 

Minitab were applied. At the beginning concerning the matter that the units of 

dependent and independent units were distinctly different, all the data were 

standardized then, normalizing was carried out and using normalized data, 

regressive analyzing was conducted. To find out the relation between vegetation 

cover, soil, topography as well as carbon sequestration, correlation indices were 

calculated by Pierson method among the factors. 

 

 

3   Results 

The summary of statistics including minimum and maximum mean as well as 

standard variation on total mean of whole plots of the area at issue has been 

given in table 1.total sequestered carbon per unit area in the study area was 

287.86 kg/ha, of the total sequestered carbon, soil organic carbon content was 

259.12 kg (90%), biomass carbon content was 28.74 (10%) (table1). The results 

indicated that of the total sequestered carbon in biomass, 68.89%, 31.1% have 

been related to aerial and underground biomass respectively. 

 
Table 1.  Summary of statistics including minimum and maximum mean as well as 

standard variation on mean of 30 plots in Gharaghie. 

feature Standard 

variation 

maximum minimum mean 

Height 

above the 

surface of 

sea 

10.75 1889 1850 1868.76 

Soil 

apparent 

weigh g/cm3 

0.19 1.68 1.01 1.38 

Slope 

percent 

2.42 9.76 0 4.41 

Vegetatio

n cover 

percent 

9.32 73 38 54.8 

604



Stone 

percent 

6.57 28 3 13.4 

Litter 

percent 

3.76 19 4 12.26 

Naked soil 

percent 

10.01 43 3 19.33 

Soil 

carbon kg/ha 

5.1 34.11 5.13 14.85 

Stem 

carbon kg/ha 

1.7 11.37 1.78 4.95 

Root 

carbon kg/ha 

3.61 15.74 3.51 8.94 

Total 

biomass 

carbon kg/ha 

3.47 20.4 3.47 28.74 

Soil 

organic 

carbon kg/ha 

116.35 447.61 99.36 259.12 

Total 

carbon 

sequestration 

126.1 127.2 27.44 287.86 

 

 

3.1    Regressive equations among carbon storage (leaf, stem, and root) and 

vegetation factors, topography, soil: 

A- Leaf carbon 

Leaf carbon as a dependent variable as well as soil factors, vegetation cover and 

topography as independent variables were investigated. Results of table 2 indicated 

that leaf carbon was related just with stem carbon that correlation index by 99% and 

the relation between these two variables were significant at least at the level of 1%.  

The regressive model will be in this way: 

C1 = Cst + 3.33                                (1) 
 

 

 

Table 2. results of regression analyze of leaf carbon with stem carbon in Gharaghie 
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Significance level Leaf carbon assumption 

0.0001 99% Stem carbon 

 

B- Root carbon 

Root carbon as a dependent variable and   litter   as independent were studied and 

the results of table 2 illustrates that root carbon was significantly related just with 

stone percent and bare soil percent. The relation index among these two variables 

was 90% and the relation between these two variables was significant at least at the 

level of 65%.Regressive model will be:  

Cr = 0.586Lt + 2.87                          (2) 

 
Table 2. results of regression analyze of root carbon with litter in Gharaghie 

Significance level Root carbon assumption 

0.016 65% Stem carbon 

 

C- Soil organic carbon 

Soil organic carbon as dependent variable and the other elements as independent 

were investigated and the results in table 3 showed that there is a significant relation 

between soil organic carbon with soil bulk density and leaf carbon. Correlation index 

among these two factors (soil organic carbon and soil bulk density has been 99% and 

the relation between these two variables has been significant at the confidence level 

of 75%. Correlation index between two variables equals with 98% and the relation 

between two variables has been significant at least at the confidence level of 43%. 

The multiple regression model of soil carbon with soil bulk density is: 

Cs = 0.614Wt – 42.1                             (3) 

The multiple regression model of soil carbon with leaf carbon is: 

               Cs = 0.437C1 – 6.12                                  (4) 

 
Table 3. Results of regression analyze of soil organic carbon with soil bulk density and leaf 

carbon in Gharaghie 

Significance level Soil organic carbon assumption 

0.007 0.75 soil bulk density 

0.02 0.43 Leaf carbon 
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4   Discussion 

The total mean of carbon sequestered was estimated about 287.49 kg/ha. 

Regarding the fact that of the total carbon sequestration, the content of soil carbon 

has been more than 90%.thus, it could be stated that, range land ecosystems 

especially soil of Artemisia lands is the most important organic carbon resource. 

Researches carried out by Aradotir etal (2000) confirmed this issue. The results of 

total biomass carbon emission showed that the storage of carbon in aerial biomass is 

more than roots. Aradotir etal (2000) observed similar results. According to the 

correlation indices among the features at issue (table 2) there was a positive relation 

between soil organic carbon and soil bulk density .This content was the greatest in 

western slopes that on account of the highest percentage of vegetation cover as a 

result of which, the highest amount of litter in soil, it has the greatest soil bulk 

density and the greatest amount of soil organic carbon as well. These results are 

similar to Kolahchi (2005). Soil organic carbon and leaf as well as stem carbon were 

positively related. Soil organic carbon is dependent upon plant organ carbon. Abdi 

(2005) and Agha fashami (2007) observed similar results. There was a significantly 

negative relation among vegetation cover and slope direction. The percentage of 

vegetation cover in northern and eastern slopes was greater than that of southern and 

eastern slopes and it was due to Angle of solar radiation and following that, the litter 

content of the soil surface is depleted as well. Kolahchi (2005) observed similar 

results. With regard to the results of carbon content among different parts of plant, 

leaf carbon was the greatest of all (14.85kg/ha) and for the reason that Artemisia 

sieberi is a  deciduous  plant, the content of annual sequestered carbon of leaves is 

precisely related to that year which involves 52% of sequestered carbon of plant. The 

amount of sequestered carbon of the other plant organs depends upon the content of 

sequestered carbon in leaf in a way that a positive relation was observed among leaf 

and stem carbon. 

Generally it could be concluded that the total carbon sequestration in unit area 

Artemisia lands is related to vegetation cover, biomass as well as its components, soil 

organic carbon and litter. In order to make an increase in carbon sequestration these 

three factors: soil, biomass and litter should be taken in to account and any 

fluctuation on these factors will affect carbon storage. Thus, within proper range 

management in rangeland ecosystems, a major step forward in rising plant biomass 

could be taken. On the other hand, any attempt to restore lost natural resources could 

increase carbon sequestration. Regarding the fact that a large proportion of 

sequestered carbon was in soil, therefore, each biological or mechanical procedure 

preventing downward trend of soil will be a positive step to manage carbon 

sequestration (Izaurralde etal, 2007). Range management should involve everything 

in a way that in addition to sustainable exploit, carbon sequestration should be 

considered as well.  
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Abstract. This paper presents the monitoring system for the status of soil 

quality in Romania. This system is organized on three levels. The first level

includes a fixed grid of 16x16 km and covers the whole country. In the

monitoring system of the status of soil quality is important to determine the

soil loading with elements and potentially polluting substances. The content of 

elements and potentially polluting substances in the soils is determined both by

main characteristics of soils and of human actions. Some types of industrial 

pollution are the most aggressive pollution with heavy metals and oxides of

sulphur which is found in (%)#&*+$,-, Zlatna and Baia Mare. Are presented 

the concentrations of soluble heavy metals and sulphur in the three areas

mentioned above and ecological reconstruction measures are proposed. 

Keywords: monitoring, heavy metals, sulphur, soils, pollution. 

1   Introduction

Urbanization, industrialization, agriculture, development of the circulation

network and increase in energy, prime materials and materials required for new

technologies consumption, have in addition positive and negative effects on soil

quality status. They can lead to major changes in soil quality that may be irreversible. 

It is therefore absolutely necessary to know in advance these changes to be 

evaluated their gravity. 

So, came the need to establish a national monitoring system of soils in order to 

determine their current status and trend. ./-01-*(23*(4'56!&*7623*89:;<2*

Monitoring system of the status of agricultural soils quality in Romania, as part of 

the National System of Environmental Quality, was founded in 1977. In 1992 they

founded a new National System for Monitoring of Soil Quality in Romania, a system 

established in line with other European systems. 

The system is characterized by the following elements:

-spatial distribution; 

-network density; 

-the set of indicators; 

- frequency of measurements. 

These items are detailed on three levels, namely:
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a). Level I consist of performing a minimum of investigation in all aspects of fixed 

networks for the determination of areas with soils in different stages and various 

processes of degradation. It seeks, regular, evolution of these soils through specific 

indicators.

b). Level II consists of details of investigations into certain points of the Level I 

network to identify the causes of soil degradation processes.

c). Level III includes detailed investigations to verify the hypothesis, analysis of 

soil degradation processes, making forecasts for recommendations to their 

remediation.

The frequency of measurements is 4 years for grid points without special problems 

of level I and 1 year for those with special problems.

Fig. 1. The monitoring system of soils from Romania, Level I.

In Romania, the first level includes a fixed network 16x16 km covering the entire 

country. The network has 944 points of which 675 are in areas with agricultural soils 

and forest soils 269 territories. Points are located at each network node, the contents 

of a square of 400 m (Fig. 1). Soil profile description is based on a medium sample in 

modified structure consisting of 20-25 individual samples from the first 10 cm, three 
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individual samples for each horizon and four samples from each horizon in the 

natural structure according to the methodology presented in the "Monitoring the

status of soils quality from Romania". ./-01-*(2*and  collaborators, 1998, Dumitru 

M., 2000). The soil samples are centrally stored, soil tests are carried out, processed

and interpreted data. Field and laboratory work for level I are almost 100% done.

The paper presents the soil load from monitoring sites of level I with potentially 

polluting elements and substances. 

PPES contents in soils is determined by the main characteristics of soils (texture, 

pH, organic matter content), and human actions (fertilizer, phytosanitary treatments, 

pollution, etc.).

An important role in the concentration of pollutants in the soil it is relief, 

accumulative forms retaining a larger volume of polluting substances. Most sites in

Romania are situated on horizontal land - very low pitched (50%) and the remaining 

land with different inclinations. 

Approximately 50% of agricultural sites may suffer pollution by chemicalization

works. 

In terms of soil classes and soil types (Florea N., Munteanu I., 2003) on the Level 

I monitoring sites are: 

- Chernozem, Kastanoziom, Phaeozem      23.14 %

- Cambisol Eutric, Cambisol Dystric  23.57 %

- Luvisol, Luvisol, Planosol            28.58 % 

- Entic Podzols, Haplic Podzols             4.35 %

- Gleyosols, Stagnic Luvisols             3.93 %

- undeveloped soils          14.82 %

Special issues related to retention and movement of pollutants in the soil raises

Luvisol, Spodisols and Cambisols. 

Related to soil texture, note the high percentage of Level I monitoring sites, clay

soils (41.5%), clay loam (23.1%) and sandy loam (20.5%). Soils with slight texture

not hold large PPES content, but favor strong mobilizing them. Fine textured soils

retain high PPES content that can reach in the plants.

Soil reaction is of particular importance in terms of mobility PPES. Soils with

weak alkaline reaction has very low-average vulnerability and the moderate and 

strong alkali are not vulnerable. 

Vulnerability of soils to pollution with heavy metals is determined by soil

characteristics listed above.

The most aggressive industrial pollution is heavy metal and sulfur oxides in Alba, 

Maramures, Sibiu counties with compounds of fluorine in Prahova Olt, Bacau, 

Tulcea counties.

Among the types of agricultural pollution, HCH and DDT residues pollution is

important, wastewater, sludge livestock pollution. 

613



2 Paper  Preparation

2.1 Mater ial and Methods

Soil indicators followed into the monitoring works are: 

- joint analysis: texture (particle size composition), pH, humus, total nitrogen, 

mobile phosphorus, mobile potassium, moisture, apparent density, penetration 

resistance, hydraulic conductivity, total porosity, contraction index; 

- specific analysis: the sum of exchangeable bases, hydrolytic acidity, 

exchangeable aluminum, total cation exchange capacity, base saturation degree, the 

total content of soluble salts, exchangeable sodium, total carbonates content; 

- special analysis: heavy metal content, soluble sulphur content, soluble fluorine

content, organochlorine pesticide content, the number of bacteria, mushrooms and

dehydrogenate activity. 

Methodologies used to determine the joint analysis are:

- Texture is determined by the sedimentation method and it is extracting a sample 

of suspension of a certain amount from depth h at time t, using the pipette Kubiena;

- Apparent density is determined on soil samples in the structure unchanged, using

a metal cylinder from stainless material;

- Humidity is determined in the laboratory by oven drying method; 

- Resistance to penetration was determined in the laboratory on soil samples 

collected in the cylinder, with humidity of 50% of the capacity of water, using a 

static penetrometer;

- Hydraulic conductivity in saturated medium is determined "in situ" through the 

"Auger Hole" method;

- Total porosity and the rate of contraction are determined by calculation; 

- pH is determined potentiometrically in aqueous suspension 1:2.5; 

- Humus is determined the modified method of Walkley-Black;

- Total nitrogen is determined by the method of Kjedhal; 

- Mobile phosphorus and potassium are determined by extraction solution of 

ammonium acetate-lactate (by Egner-Riehm-Domingo);

Regarding the specific analysis, the methodology applied is as follows: 

- Sum of exchangeable bases is determined by the method of Kappen (0.1n HCl);

- Hydrolytic acidity is determined by percolation with Na acetate or K 1n; 

- Exchangeable aluminum is determined by the method of Socolov;

- Total capacity of cation exchange is determined by the method of Cernescu; 

- Degree of base saturation is determined by calculation;

- The total content of soluble salts is determined by Conductivity;

- The total content of carbonates is determined by gas volumetric method with

Scheibler calcimeter; 

- Exchangeable sodium was determined by the method of Bower;

Special analysis refers to:
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- Heavy metals are determined spectrophotometrically by atomic absorption;

- Soluble sulfur content is determined by gravimetric dosing;

- Soluble fluoride content is determined by extraction in CuCl2, microdiffusion 

Brewer;

- Organochlorine pesticide content is determined chromatographic gaseous phase;

Interpretations and size classes for most of the indicators listed above are those of 

the Development methodology of soil studies, vol. III (Florea N. and collaborators, 

2003) and for special indicators are presented in Table 1. 

Table1. Range concentration provisional of some potentially polluting elements and 

substances  

POLLUTANT DEGREE LOADING , PPM NORMAL 

CONTENT 

MAXIMUM 

AVAILABLE

LIMITS

LOW MODERATE HIGH VERY 

HIGH

EXCESSIVE

CU 21-40 41-100 101-

200

201-

400

>400 <21 100

PB 21-40 41-100 101-

300

301-

1000

>1000 <21 100

ZN 101-

150

151-300 301-

700

701-

1500

>1500 <101 300

CD 1.1-

2.0 

2.1-3.0 3.1-

7.0 

7.1-

20,0 

>20 <1,1 3

CO 21-30 31-50 51-

100

101-

200

>200 <21 50

NI 21-30 31-50 51-

100

101-

200

>300 <21 50

MN 901-

1100

1101-1500 1501-

2100

2100-

2700

>2700 <901 1500

CR 31-50 51-100 101-

200

201-

400

>400 <31 100

SOLUBLE

SULPHUR

151-

300

301-500 501-

700

701-

1500

>1500 <151 -

SOLUBLE 

FLUORINE

1.1-

5.0 

5.1-10.0 10,1-

25.0 

25.1-

75.0 

>75 <1,1 10

DDT

TOTAL

0.011-

0.050

0.051-

0.100

0.101-

0.500

0.501-

5.000

>5 <0,011 0.1

HCH

TOTAL

0.011-

0.050

0.051-

0.100

0.101-

0.500

0.501-

5.000

>5 <0,011 0.1

Normal content: heavy metals – Adriano 1986; soluble sulphur – /-01-* and  

collaborators 1998; soluble fluorine – Larsen and Widdowson 1971, Omuetti and 

Jones – 1980, total DDT and HCH – /-01-*and  collaborators, 1998. 

Maximum available limits: heavy metals – Kloke, 1980; soluble sulphur – /-01-*

and collaborators, 1998; soluble fluorine – Larsen and Widdowson, 1971; Omuetti 

and Jones – 1980, total DDT and HCH – /-01-*and collaborators, 1998.  

615



2.2   Results and Discussions

One of the most important types of soil pollution in Copsa Mica, Baia Mare and

Zlatna area is pollution with heavy metals and sulphur compounds. 

The soil pollution $=*(%)#&*+$,-*&'!&*was determined by non-ferrous metallurgy

industry. Pollution is given by heavy metals (Cu, Pb, Zn, Cd) and sulphur

compounds. The area is characterized by a great geomorphologic complexity and a

wide variety of soils (chernozem, phaeozem, nitisol etc.). In agricultural soils the 

accumulation of pollutants is achieved in the first cm of the soil, wherefrom through 

agricultural work the pollutants get into the whole horizon A (Table 2).

Table 2.  The concentration of heavy metals and sulphur (($%>&=03*+$?-$@!5,0, 2001)

Pollutant Soil (0-5 cm) Normal content Maximum 

available limits

Cu 46 20 100

Pb 394 15 100

Zn 287 50 300

Cd 6,7 1 3

Soluble 

sulphur

215 100

From table 2 results that lead exceeds four times the maximum available limits, 

two times the cadmium and zinc is close to this limit. Copper and sulphur content

exceeding 2 times normal. 

Soil pollution in Zlatna area was determined by non-ferrous minerals processing 

companies that eliminate annual significant quantities of SO2, oxides and sulphates

of lead, zinc, copper, arsenic, antimony and bismuth in air. These sediment particles

were deposited on the ground. .+$?-$@!5,0*A23*($%>&=0*(23*BCCC<2*Pollution is given

by heavy metals (Pb, Cu, Zn, Cd) and sulphur compounds (Table 3).

Table 3.  The concentration of heavy metals and sulphur .($%>&=03*+$?-$@!5,0, 2001)

Pollutant Soil (0-5 cm) Normal content Maximum 

available limits

Cu 217 20 100

Pb 38 15 100

Zn 192 50 300

Cd 1.61 1 3

Soluble 

sulphur 

608 100

Polluted area is an area of hills and mountains, with varied soils (nitisol, luvisol, 

eutricambisol etc.) and with periods of calm atmosphere which promotes the 

stagnation of air masses and deposition of pollutants.

From table 3 results exceeding the maximum available copper limits by 2 times, 

and the normal lead content of 2.5 times, zinc 4 times and sulphur 6 times. Cadmium

content is little high than normal. 
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In the area Baia Mare, mining companies of non-ferrous ores and their processing

have been polluting factor. Soils pollution is given by heavy metals (Pb, Cu, Zn, Cd) 

and sulphur. The decisive role in the spread of pollutants is the relief. It is 

mountainous in the north constitute a barrier to pollution and is an alluvial plain in 

the south-west where the air currents allow the transport of heavy metal particulates. 

Lower meadows accumulate large quantities of heavy metals than higher landforms. 

.*D-,-60#0*/2*&=E*,%@@&>%'&6%'53*899F<2

Also, the hydrological regime has an important role in heavy metal pollution. 

Surface water and groundwater contribute to the spread of pollutants and stagnant 

waters from micro depressions allow fixing of heavy metals on the surface of clay 

soils (Table 4).

Table 4. The concentration of heavy metals and sulphur .($%>&=03*+$?-$@!5,0, 2001)  

   

Pollutant Soil (0-5 cm) Normal content Maximum 

available limits

Cu 113 20 100

Pb 749 15 100

Zn 224 50 300

Cd 4.44 1 3

Soluble 

sulphur

1450 100

From table 4 results an excess of 7.5 times of maximum available limits of lead

and a small excess of copper. Normal content is exceeded by 5.5 times of zinc and

4.4 times by cadmium. Normal content is exceeded the soluble sulphur by 14.5 times. 

Important sources of soils pollution with sulphur compounds are emissions from

power plants that do not apply desulphurization processes, from sulphuric acid power 

plants, from non-ferrous metallurgy, etc.

Oxides of sulphur coming from air pollution generates, after several chemical and 

biological transformations, SO4
2- and H+ - ions which contribute to soil acidification. 

This leads to fewer bacteria and microbiological activity disorder. 

The objectives of the national monitoring system of soils quality in Romania are: 

a). systematic monitoring of quality characteristics of the soil; 

b). processing the information obtained to assess the quality status; 

c). elaboration of forecasts on the evolution of soil quality; 

d). warning agencies and makers on the situations in which appear the dangerous

intensification phenomena of pollution, in order to prevent or limit harmful effects on

soils; 

e). providing data needed to establish the main causes of soil pollution phenomena

in order to build and improve prevention and improvement measures, including

rehabilitation and / or recycling of waste substances usable and to avoid or mitigate 

damage to the economy;

f). tracking dynamics of effectiveness of preventive measures against pollution of

soils; 

g). providing information and data to establish technical and economic measures 

necessary to ensure the current and future stage, for consistency between the 

country's socio-economic development, protection of soil and environmental quality;
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h). providing documentation necessary to support the national program of 

environmental protection;

i). using data on soils to achieve the national system of integrated environmental 

monitoring;

j). providing data of soils quality from Romania necessary to participation of the 

Romanian part to achieve International Reference System or other international 

programs.

For the reconstruction of agricultural soils contaminated with heavy metals and 

sulphur dioxide are necessary the works listed below:

a). general measures:

- reducing the emission of pollutants by upgrading polluting industries;

-attachment measures of waste dumps to prevent their scattering (Baia Mare);

- setting up perimeters of improvement of affected areas based on their mapping 

up-to-date;

- total or partial restructuring of uses in the areas affected.

b). specific measures:

- correcting acid reaction soil by applying calcareous amendments to bring the pH 

from a strong acid domain (pH < 5,8), into a moderately acid or weak acid domain 

(pH = 5,9-6,8). This reduces soil acidity so mobility of heavy metals and 

exchangeable aluminum concentrations. Doses of calcareous amendment are

calculated using the formula:

  DCaCO3 =  SBi = [ 1 
Vi

Vd
]
Cn

100
        t/ha  (1)

in which: Vd - desired degree of saturation; 

     Vi – initial degree of saturation; 

    SBi – sum of exchangeable bases; 

    Cn  - neutralizing capacity of the amendment.  

- fertilizing of soil with manure, which brings a surplus of nutrients in the soil (N, 

P, K);

  DG = )
8

35.1)(
30

15(
4.0

AINN
 !     t/ha  (2)

in which: A- clay content with diameter  of <0,002 mm, %;

    N – nitrogen content of organic fertilizer, %;

   IN – index of nitrogen according to the humus content and degree 

          of base saturation. 

-fertilization with nitrogen will consider cultivated plants and expected harvest 

and use nitro chalk, 

- fertilization with phosphorus will be applying the relationship: 

 DP2O5 = PFgPg
x

PAl
! 

 
(

604,0

50
)                 kg s.a./ha (3)

in which: 50- optimal content of mobile phosphorus from soil ppm;

     PAl – initial content of mobile phosphorus from soil ppm;

     0,04- average growth rate of mobile phosphorus content depending on 

the amount of P2O5 applied as fertilizer;

618



                 6 – number of years that apply phosphorus fertilization; 

     Pg – P2O5 contribution by organic fertilization; 

     PFg – P2O5 intake by amendment with phosphogypsum. 

- potassium fertilization. The dose is calculated with relation: 

  DK2O = CcarbKg
x

K Al
! 

 

805,0

160
     kg s.a./ha (4)

in which: 160- optimal mobile potassium content ppm;

       KAl – initial soil content in  potassium mobile;

       0,05 – average growth rate of mobile potassium content per kg of K2O 

applied through fertilization ppm;

       8 – number of years that apply ameliorative fertilization with K; 

       Kg – K2O intake of organic fertilization; 

       Ccarb. – correction for carbonates

- afforestation of polluted areas function to intensity of pollution, namely: 

excessive heavily polluted area (acacia, black pine and bushes), the moderately 

polluted area (acacia, black pine, bushes, red oak), low polluted area (sessile,

beech, hornbeam, mountain and plain maple, linden, cherry and bushes);

- establishing waste dumps with fallow furrows and seeding grasses, planting 

acacia and vine.

2.3   Conclusions

The results of research conducted in (%)#&*+$,-, Zlatna and Baia Mare, lead to 

the following conclusions:

-soils investigated are vulnerable soils to pollution processes by sulphur

compounds and heavy metals; 

-the main pollutants that affect agricultural ecosystems are the acidic sulphur

compounds, Pb, Cu, Zn and Cd;

-pollution effects on soils were highlighted through acidification and depletion of 

bases of the adsorption complex; 

-due to pollution with heavy metals and sulphur compounds disturbance

microbiological activity takes place;

-the effect of pollution is destroying the soil structure;

- increasing the mobility of aluminum and heavy metals, with toxic effects on 

vegetation;

- changes of nutritional conditions leading to premature drying of vegetation and 

loss soil protection functions.
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Abstract. The paper contains data about the destructive effects of gully 

erosion on the environment. It provides general information about the gully

erosion in several countries around the world including Romania and is

considered a case study for a river basin located in the Semenic Mountains 

(Bârzava drainage area). 

The case study is based on the following assumptions: the presence of 

different types of soil, the constant rain intensity over the entire river sub-

basins, the land use is the same over all the sub-basins; there are no soil 

erosion control works. 

The model was applied to the each area of the bed (gully), by calculating the 

quantity of the soil lost, depending on the soil type.

The data entered in the program are: the use of the land - forests, climate - the 

average monthly temperature and precipitation, the soil characteristics, the sub-

basins areas, the characteristics of the river beds: the average width of the river 

bed and the river bed type (channel river bed in the forest area).

Keywords: gully erosion, exogenous factors, water erosion, anthropogenic 

factors, river basin, the calculation model

1   Introduction

In its evolution, the Earth has suffered and continues to suffer major changes due 

to the action and interaction between endogenous and exogenous factors. 

Crust movements, caused by endogenous factors, lead to the activation of

exogenous factors such as gully erosion. 

In 1983, according to the estimates made by FAO in the world, an area of 5-7

million hectares of land were removed from the agricultural lands, due to the 

degradation processes (erosion, toxic chemicals, soil salinization, urbanization, etc.) 

the estimated losses at the end of year 2000, being of 100-140 million ha. 

In Europe, an area of about 115 million hectares (about 12% of the Europe’s

surface) is affected by water erosion.

The most affected areas are the Mediterranean region and large areas in the central 

and eastern parts of the continent due to natural contributing factors (relief, climate,

_______________________________
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In: M. Salampasis, A. Matopoulos (eds.): Proceedings of the International Conference on Information 
and Communication Technologies     
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soil, etc.) and to anthropogenic factors (massive deforestation, improper practice of 

agriculture, overgrazing on the same area).

In Romania, taking into account the specific indicator of the erosion intensity 

(t/ha/year), counties in the bend area of the Carpathians Mountains (Buzau, Vrancea, 

with values of approximately 40 and respectively, 35 t/ha/year) are clearly different 

from the maximum allowable erosion of 4-6 t/ha/year. According to Motoc (1982), 

Romania weighted average was of 16.28 t/ha/year. Gully erosion in the world has 

various effects on the environment, namely:

- In Russia, land area is degraded by approximately 500 thousand ha/year. 

Through water erosion, approximately 400 thousand gully erosion formations were 

formed, covering over 500 thousand hectares (according to G. Gardner 1996).

- In Pakistan, 75% of the country is affected by water and wind erosion and gully

erosion affects 36% of the agricultural area of the country (according to G. Gardner 

1996).

- Greece has about 40% of the total area of cultivated land affected by erosion, and 

over 800 active torrents transport over 30 million m3 of solid material (Vousaros A. 

quoted by 123(+4$V., 1986).

- China is affected by erosion - approximately 3.7 million km2 (about one third of

the country (Mircea S., 1999).

- In India, gully erosion affects 3.67 million hectares (Mircea S., 1999).

- In Lesotho, a country with an area of only 30,000 km2, about 20-30 large 

thousand ravines occupy 4% of the arable area of the country (according to Wenner, 

1989, quoted by Mircea S., 1999).

- In Romania, a network totaling over 25,000 km of gully erosion in formations 

assets has been inventoried (Mircea S., 1999).

From an economic and environmental point of view, the development works of

the gully erosion formations are of particular importance. The development of these 

formations causes damage primarily to agriculture, to socio-economic objectives, to 

silting of storage lakes and to water courses. If a storage lake has a calculated dead

volume, which should be filled with silt in 80-100 years, there are cases when the 

storage lakes were no longer usable due to sealing, in only a few years or decades. 

The annual volume of sediments transported by rivers in Romania is over 44 

million tons (C. Diaconu, 1971), to which gully erosion contributes by 31% (5(6('$

M. 1984).  

2 Working Method

In order to estimate the losses of soil erosion on slopes, various computational 

models have been developed (Laflen 2003 RUH-Ming 1973, Popovich 1991; 

Carvaiho 1994, Di Silvio 1998, Trott and Singer 1983, Wischmeier and Smith 1960, 

etc.).  

In what follows, we treated soil losses through erosion and their impact on the 

environment in the Bârzava river basin (Romania) by two methods. 

 The estimation of the soil erosion in the Bârzava river basin by the physical
         modeling. 
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Universal soil loss equation developed by Wischmeier and Smith (1960) is based 

on the experimental technique applied by the two researchers. Subsequently, soil

erosion assessment and prediction were improved by modeling techniques and  by 

the elaboration of computer programs that allow separate treatment of the

deployment processes of soil particles and fluid flow. 

Thus, Trott and Singer (1983), using research with the rain simulator and

measuring leakage, developed an equation of sediment production based on

granulometric composition, for the forest soils in California: 

SY= -9,391+25,298(P+A) – 0,2297(P+A)2 – 12,551(Kaolinite) + 31,420

(Smectite)

Where: 

SY = sediment produced in g/m2; 

P+A = dust percentage + clay percentage; 

Kaolinite = kaolinite percentage present in the soil; 

Smectit = smectite percentage present in the soil.   

This equation was developed by Covaci, D. (2002) using the erosion tester and by 

Rogobete Gh. and Grozav, A. (2006) using the plot with the rain simulator, which 

gave the following equation:

SY= -9,391+ 25,298(P+A) – 0,2297(P+A)2 – 12,551(Kaolinite) + 31,420

(Smectite)-6,18(Humus).

Where: 

Humus = percentage of humus on the soil surface  

 The estimation of the solid leakage by applying the WEPP model
The perimeter studied in her doctoral thesis by Grozav, A. (2011), is located in the 

Semenic Mountains, near Gozna Peak (1444m), being the catchment basin of the 

Eagles’ Bathroom’s source. 

The studied area has a mountainous terrain with altimetry values between 600 and

1400m. 

The case study is based on the following assumptions: 

 - the presence of different soil types (aluviosol, podzol, prepodzol, histosol, 

districambosol) 

 - constant rain intensity over the entire river sub-basins; 

 - the land use is the same in all the sub-basins; 

 - there are no works to combat the soil erosion. 

The model was applied to each area of the river bed sector (gully), by calculating 

the quantity of the lost soil depending on the soil type.

The sub-basin was divided into sub-basins corresponding to the river bed sectors 

taking into account the direction of the water flow. The sub-basins are noted with H 

and the river beds with C (river beds sectors). (Figure 2)

The data entered in the program are:

 - land use - forest;

 - climate - the average monthly temperature and precipitation;

 - soil characteristics;

 - sub-basins areas;

 - characteristics of the river beds: the average width of the river bed and the 

river bed type (river bed channel in the forest area).
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The scheme of the river sub-basin, resulting from the application of the WEPP 

program is shown in Figure 1 and the river network diagram in Figure 2. In addition 

to the quantities of soil loss, several graphs of variation of erosion and deposition

processes on each slope and the maximum rate of entrainment of soil particles on

each slope were also presented (Figures 3-7). 

Fig. 1. The Bârzava river basin scheme using WEPP  

Fig. 2. The hydrographic network scheme in WEEP with associated river sub-basins 
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Graphs of variation of erosion and deposition processes

Fig. 3. The evolution of the erosion process on slope H2 (Aluviosol, maximum involvement 

of soil particles at 484m - 57.1 kg/m2, the maximum deposit at 556m - 6.72 kg/m2)

Fig. 4. The evolution of the erosion process on slope H8 (Histosol, maximum involvement 

of soil particles at 509m - 767kg/m2, without deposit) 
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Fig. 5 The evolution of the erosion process on slope H26 (Prepodzol, maximum 

involvement of the soil particles at 264m - 7.79 kg/m2, without deposit) 

Fig. 6. The evolution of the erosion process on slope H29 (Podzol, maximum involvement of 

the soil particles at 648m - 74.2 kg/m2, the maximum deposit at 842m - 11.5 kg/m2)
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Fig. 7. The evolution of the erosion process on slope H6 (Districambosol, maximum

involvement of the soil particles at 615m – 342kg/m2, the maximum deposit at 741m – 10,5 

kg/m2)

Table 1. The results of  the WEPP model on the whole river basin (Grozav, A. 2011)

Number of slopes Surface

Soil type

Leakage 

volume 

(m3)

Lost 

Soil 

(kg)

Deposited

sediment  

(kg)

Produced

sediment 

(kg)Autocad WEPP ha

H1 Hill H8 10,663
Dystric Cambisol 460,9 1346,7 0,0 1346,7 

H2 Hill H9 20,796
Aluviosol 1214,0 10023,3 0,0 10023,2

H3 Hill H7 44,586
Dystric Cambisol 0,0 0,0 0,0 0,0 

H4 Hill H6 15,716
Dystric Cambisol 373,6 5104,9 0,0 5104,7

H5 Hill H4 10,295
Dystric Cambisol 324,9 4965,9 0,0 4965,7 

H6 Hill H5 24,991
Dystric Cambisol 740,1 14470,4 20,4 14450,0

H7 Hill H2 6,587
Dystric Cambisol 422,5 3581,7 0,0 3581,7 

H8 Hill H3 26,551
Histosol 656,9 2552,1 0,0 2552,1

H9 Hill H1 12,277
Dystric Cambisol 556,3 1249,9 0,0 1247,9 

H10 Hill H10 10,909
Dystric Cambisol 300,6 3673,2 0,0 3673,2
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H11 Hill H11 7,331
Dystric Cambisol 700,1 4944,1 0,0 4944,1

H12 Hill H13 2,725 
Dystric Cambisol 253,7 2371,9 0,0 2371,8

H13 Hill H14 2,810
Dystric Cambisol 94,9 1180,5 0,0 1180,5

H14 Hill H12 0,516 
Dystric Cambisol 28,4 187,1 0,0 187,1

H15 Hill H16 8,466
Dystric Cambisol 783,5 10908,9 0,0 10908,7

H16 Hill H15 12,837 
Dystric Cambisol 261,2 5080,5 0,0 5080,7

H17 Hill H18 2,341
Dystric Cambisol 287,3 2698,3 0,0 2698,4

H18 Hill H19 5,306 
Dystric Cambisol 176,7 3282,3 0,0 3282,3

H19 Hill H17 0,231
Dystric Cambisol 13,2 27,1 0,0 27,1

H20 Hill H20 12,922 
Dystric Cambisol 251,0 4444,0 0,0 4444,0

H21 Hill H21 14,017
Dystric Cambisol 602,4 12516,5 1,5 12514,9

H22 Hill H22 8,302 
Dystric Cambisol 229,2 3803,5 0,0 3803,6

H23 Hill H23 19,382
Dystric Cambisol 469,0 9368,2 24,2 9344,0

H24 Hill H24 5,929 
Prepodzol 202,5 1942,6 0,0 1942,6

H25 Hill H25 8,193
Prepodzol 743,1 11672,9 0,0 11673,0

H26 Hill H27 14,721 
Prepodzol 0,0 0,0 0,0 0,0

H27 Hill H28 4,340
Prepodzol 0,0 0,0 0,0 0,0

H28 Hill H26 4,578 
Prepodzol 0,0 0,0 0,0 0,0

H29 Hill H34 17,575
Podzol 0,0 0,0 0,0 0,0

H30 Hill H35 8,356 
Dystric Cambisol 262,9 2734,7 0,0 2734,7

H31 Hill H36 23,086
Dystric Cambisol 645,3 10983,9 6,9 10977,1

H32 Hill H37 2,269 
Dystric Cambisol 36,2 563,1 0,0 563,2

H33 Hill H38 4,683
Dystric Cambisol 284,5 3656,5 0,0 3656,5

H34 Hill H39 4,050 
Dystric Cambisol 117,9 1060,0 0,0 1060,0

H35 Hill H32 43,287
Dystric Cambisol 1017,1 15284,1 4,2 15280,2

H36 Hill H33 23,277 
Dystric Cambisol 455,8 5305,6 0,0 5305,6

H37 Hill H30 25,003
Dystric Cambisol 782,0 5840,6 0,0 5840,6

H38 Hill H31 14,270 
Dystric Cambisol 335,7 1706,7 0,0 1706,7

H39 Hill 29 58,027
Dystric Cambisol 0,0 0,0 0,0 0,0

TOTAL
542,203
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Fig. 8. Comparative values of different soil types in the Bârzava river basin  

  (Grozav, A. 2011) 

3 Conclusions

- The emergence and development of the torrential gullies in the studied river 

basin evolved over time; 

- The erosion values in this basin exceed the maximum allowable erosion; 

- The muddy leakage produced on this river basin area also affects the 

downstream lake; 

- The massive deforestation in the area, without reforestation in that area and

without other works to combat the erosion of this river basin, leads to the 

environmental degradation with serious long-term consequences. 

- Because are not allocated money (in present) for erosion control works

cannot be a reason for the serious effects from the future. 
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Abstract. The present study surveys the validity of PPP in the dairy sector for 

European countries. We implement in the context of nonlinear smooth 

transmition error correction model the associated nonlinear ECM-based tests as 

well as  the nonlinear analogue of the residual-based test for cointegration in 

linear models proposed by Kapetanios et.al (2006). The aforementioned tests 

are employed with the assistance of R software. The innovation of our survey 

stands on the fact that the particular method is used for first time in the case of 

agricultural products and especially in the case of dairy sector for countries of 

European Union given the implementation of CAP regime, amplifying the 

validity of PPP.     

Keywords: Nonlinear Cointegration, Dairy sector, EU, PPP. 

1   Introduction 

PPP has been a surveyed extensively within the last few decades with the 

application of ADF and Johansen cointegration technique (Abuaf and Jorion, 1990; 

Balassa, 1964; Taylor and Taylor, 2004). Though, there has been no consensus on 

whether the real exchange rates are mean reverting or not while their results depend 

on a number of factors like the data span, the countries included in the sample, the 

methodology employed, and the exchange rates’ regime under which the countries 

stand. In addition, the power of the particular stationarity test related to the widely 

used ADF test proved to be greater based on Monte Carlo simulation tests. This 

result is more evident in the region of the null where they are highly persistent 

(Kapetanios et al., 2003). 

The present paper introduces the processes of nonlinear stationarity and 

cointegration tests in the field of agriculture. To be more specific, we employ the test 

of nonlinear unit root introduced by Kapetanios et al, (2003) in order to survey the
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validity of PPP in dairy products for different European countries. The 

aforementioned test is based on a STAR framework and the test involves detection of 

the presence of nonstationarity against nonlinear but globally stationary exponential 

smooth transition autoregressive processes (Kapetanios et al, 2003). 

1.1 CAP and PPP in the sector of dairy products  

The Common Agricultural Policy (CAP) until the year 2003 was implemented 

through a complex system including price support, production quotas, import 

restrictions, and export subsidies. Despite the production quotas, the EU produces 

more milk and milk products (such as butter and milk powder) than it needs to satisfy 

domestic consumption. This results in a structural surplus of dairy products, which is 

disposed of on internal and external markets using subsidies. 

The CAP reform in the year 2003 initiated a great number of changes related 

either to the volume of production or even the pricing policy. In particular, the Single 

Farm Payment scheme has led to changes in resources’ allocation given the 

decoupling of subsidies from production.   

The reform and the farmers’ adjustment to the new policy differ among different 

countries leading to modification in the adjusted pricing policy. As confirmed by a 

recent analysis conducted by Walford (2003), farmers are not taking decisions 

consistent with a less production-oriented environment and have distinctive patterns 

of adjustment to policy reform. Thus CAP will enable EU farmers to be more market 

oriented. This implies that they will produce having profit as criterion while the 

stability of their income is still guaranteed. 

Evidently all these changes may well lead to a differentiation in the pricing policy 

and thus to a deviation from PPP given the uniform currency used within the EU.  

1.2 CAP reform in dairy products 

The regime of intervention prices was abolished for the dairy products as well as 

for  rice and rye. However, intervention price support is still an important element of 

the EU sugar regime and to some extent cereals. For dairy products, the original 

proposal was always weak and the final agreement – to cut the butter intervention 

price by 25% by 2007/8 and skimmed milk powder (SMP) by 15% by 2006 – is 

extremely disappointing for the producers of dairy products. In fact, the changes to 

the milk powder regime do not differ from those agreed as part of Agenda 2000 in 

1999. The final agreement will still leave the EU butter intervention price in 2007 at 

about 2,450 euro/tonne compared to the current world price of about 1,150 

euro/tonne.3 

The CAP reforms of 2003 were initiated with a view to making European 

agriculture more market orientated and less influenced by support mechanisms. The 

reforms were also aimed at the achievement of a WTO trade deal that would 

primarily assist developing and less developed countries. The main change for 

Europe’s producers is a switch to decoupled farm payments (single farm payment), 
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which issues payments based on historic production levels and enables producers to 

switch to the production of products demanded by the markets. 

The single farm payment was strongly supported by farming lobbies. This was 

considered as a “freedom to farm”. In theory it enables producers to switch to more 

profitable or suitable agricultural enterprises without compromising the level of 

subsidy payments from Europe. However the contribution of this payment to farm 

income is not recognised when evaluating market returns for farm output and is 

leading to calls for stronger prices for farm output, irrespective of what the 

marketplace can deliver. The current strength of dairy markets has meant that this 

debate remains largely within the beef and lamb sectors to date. The annual reduction 

of this payment through may lead to a reduction of the value of this payment in time. 

The EU offer to phase out export refunds by 2013 was a monumental step in a 

process towards freer international trade and a clear signal that the EU is prepared to 

do its part in supporting the developmental aspect of the current WTO trade 

negotiations. But irrespective of the WTO process, it has become increasingly 

difficult for Europe to justify continued subsidisation of exports as consumer food 

prices increased and reform of the refund system was always on the cards. However 

the EU’s WTO offer has not been matched by others and while a deal has not been 

achieved, Europe continues to work towards the complete abolition of export refunds 

by 2013. Future exports will therefore be possible only when the internal price is 

equal to the world price less tariffs (Mechemache et al., 2008) . 

The intervention system has been a strong component of market management by 

Europe for the past number of years. This mechanism though is being removed as 

part of the CAP reforms and market forces will now be felt at producer level as little 

remains to cushion market fluctuation. The loss of intervention will introduce a 

seasonality cost to Irish production systems and lead to increased price volatility 

requiring a review of working capital required at farm level. 

What is more significant concerning CAP for the dairy industry is the decision by 

the Commission to phase out milk quotas by the year 2015. The lifting of production 

restrictions has received a broad welcome as it will remove quota rental and 

purchasing costs and potentially enhances Europe’s relative global competitiveness. 

However increases in European production can lead to excess supply and 

consequently to lower commodity prices. This concern is based on the fact, that  

removing of market management measures can protect the market from depressions. 

This can lead to a cyclical problematic situation leading to a limited ability of the 

producers to finance their production. To be more specific, international dairy 

markets are characterized by times of weakened prices and without subsidies or 

market intervention, many producers will become unable to handle the management 

of their business. The management of quota abolition is therefore crucial for the 

evolution of Europe’s dairy farmers to an unmanaged marketplace. (Lelyon et al., 

2008) 

Direct payments are received by dairy farmers as compensation for reduction in 

the intervention prices. Thus, the prices might become even and doubled. Decoupled 

payments will not come into effect until the reforms are fully implemented unless 

member states decide to introduce it earlier. Furthermore, decoupled payments will 

still be partially linked to production, “What is valid is that the more quota the 

greater the premium.” The way the UK government tries to defend this position is by 
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arguing that dairy farmers do not have to produce milk to get the payment but keep 

all land in ‘good agricultural condition’, so in effect it is decoupled (more 

information is awaited on this proposal and how it would be implemented) (Ramsden 

et al., 1999, Jongeneel et al., 2010). 

All those changes take place within a broader environment regulated by WTO 

agreements. The last CAP reforms are in line with the basic lines of WTO. Though, 

the proposed tariff cuts may result in shocks for the world markets. In order stability 

to be sustained in the world markets a longer lead in time is necessary for the tariff 

reductions of this magnitude New regime of reduced tariffs and increased trade flows 

demands an extension of timelines for the internal reforms to take place, not only in 

EU but also in US.  

The WTO process offers some mechanisms designed to assist product groups that 

could be severely undermined by an unbalanced trade deal. The sensitive products 

mechanism was designed to reduce the tariff reductions for such products at the cost 

of allowing a predetermined quantity of imports at a reduced tariff rate (Applying a 

tariff rate quota (TRQ)). However the TRQ methodology as currently proposed 

renders this tool redundant as the proposed TRQ for seeking sensitive product status 

is excessive. For potential sensitive dairy products such as butter and cheese, 

increased market access TRQ’s of 100% and 400% respectively are offered. This 

degree of market access will destabilise the internal market to such a degree that 

Europe cannot consider sensitive product status for dairy products (Viju, 2008). 

The special safeguard mechanism can be used to protect exposed products for a 

limited period of time. This system must be implemented in a manner that ensures 

coverage for the duration of a market instability. This requires a balanced approach 

in nominating a product as “special” but even still it could be a contentious issue for 

many. This therefore may not be a sustainable position and product groups may lose 

in the long term. 

Given that there are effectively no stabilising measures that can act to assist the 

market if required, the current tariff reductions are excessive and if left unchanged 

will act to destabilise global dairy markets. The WTO process must review its 

timelines to reflect the dynamics of the dairy sector. 

Under these conditions we survey the validity of PPP with the assistance of non 

linear cointegration. Section 2 introduces the concept of non linear cointegration, 

section3 describes a few important studies on the issue, section 4 gives the 

econometric framework , section 5 presents the result and the final section conclude.  

2. Definition of nonlinear cointegration 

),....,( 1
¢= nttt yyy is an n-dimensional random vector for each ity

 is integrated 

of rank 1. This vector  is said to be nonlinear cointegration if there is a vector as a 

function of time  provided by ),....,( 1
¢= nttt a aa  so that the product tt ya ¢  is a I(0) 

time series. 

The time-varying vector should have the following features:  
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1. The first term should be a nonzero-constant in order to can be normalized 

and to be derived the following term  

 

),....1( ¢= ntt aa
 

(1) 

 

2. each term of the aforementioned vector is a  well defined function of a 

random variable S such that each term ita to have a logistic smooth 

transition form provided by the following relationship; 

 

itiit Gaa +=
 

(2) 

 

Where; 

 

{ }( ) 0,,,)(exp1 >--+= iiiiiitiit withparameterscacSG ggg
 

(3) 

  

The transition variables itS  are weakly stationary or deterministic variables. In 

this case  ta  is the nonlinear cointegrating vector. 

3. Literature Review 

The existence of a unit root process in the real exchange rates functioned as an 

impediment to model the real exchange behavior with PPP. This has led to 

modifications of PPP theory. For instance Edison and Kloveland (1987), point out 

validity in the PPP theory only in the long run necessitates the use of long runs of 

data which in turn is accompanied by regime changes in tastes and technology and in 

a sequence permanent movements in the terms of trade or in the relative price of 

traded to nontraded goods. According to their findings, adjusting for “general 

equilibrium” shocks, enables them to reject the unit root in real exchange rates and 

provide support for the PPP hypothesis.  

Altering the economic theory was not the correct way for scientists to confront 

investigators are looking to alternative frameworks within which to test for unit roots. 

The most widespread methodologies employed for the survey of PPP are related to 

the existence of nonlinearities as suggested by numerous studies (Pesaran and Potter, 

1997; Balke and Fomby, 1997). To be more specific, Nonlinearities, Cointegration 

and nonstationarity has been extensively a subject of study  by Enders and Granger 

(1998), Berben and van Dijk (1999), Caner and Hansen (2001), Lo and Zivot (2001) 

and Kapetanios and Shin (2001). STAR and ESTAR processes have been the 

nonlinear models validating PPP given that its ignorance leads to a bias against the 

long run PPP hypothesis. 
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4.Econometric Framework 

4.1KSS test 

The methodology applied in the present study for nonstationarity was initially 

introduced by Kapetanios et al., and is known as KSS. The model initially employed 

is the following; 

Ttxy ttt ,....,2,1=++= xy  (5) 

 

{ } ttt xx eqg +--=D -- )exp(1x 2

11t  (6) 

 

{ } ttt xx eqgx +--+=D -- )exp(1y 2

11t  (7) 

 

 

where; 

( )xy --= -- 11 tt yx  (8) 

 

while the sum of squared residuals is given by the following equation; 

( ) { }[ ]å
=

--- ----D+--=
T

t

tttt xxyySSE
2

22

11

2

1 )exp(1 qgxxy  (10) 

 

given that each square residual is normal and the concetrated log-likelyhood 

function is monotonic in the sum squred residuals. 

For 0=q  it is valid that; 

( ) [ ]å
=

- -D+--=
T

t

tt yySSE
2

22

1 xxy  (11) 

 

Then the restricted maximum likelehood estimators are provided by the following 

relationships; 
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1

~ 1

-

-
=

T

yytx and xy -= ty~
 

 

(13) 

 

The LM-type test is obtained by deriving the first derivative of SSE with respect 

to θ at θ=0, which is given by: 

 

( ) ( )( )å å
= =

-
-- --D=-D

T

t

T

t

tttt ssysy
1 1

33

1

3

1 xx  (14) 

 

where; )1(
~~

1 ---=- tys tt xy  and 
3-s is the mean of  

3

1-ts . 

The aforementioned equation is equivalent with the following auxiliary 

regression; 

ttt sy edx ++=D -
3

1  (15) 

 

0:
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1
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d

d
 

The t – statistic employed for the aforementioned null hypotheses is provided by 

the following equation; 

( )( )

( )
2/1

1

33

1

1

33

1

ˆ ú
û

ù
ê
ë

é
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=

å

å
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-
-

=

-
-

T

t

t

T

t

tt

NLSP

ss

yss

t

s

x
 (16) 

 

ŝ denotes the standard error of the regression. In addition, given the validity of 

the  functional central limit theorem and the continuous mapping theorem, under the 

null hypothesis the following relationships are derived; 

 

)(][

2/1 rVs tr sÞT-
 (17) 
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(19) 

 

the[.] denoting the largest integer part stands for weak convergence, 

)1()()( rWrWrV -= ; standard Brownian bridge. 

ò-=
1

0

3 )()()( rVrVrV , standard Brownian motion. 

In addition under the null, the validity of semi-martingale property and the 

standard results on weak convergence the following relationships can be proved; 

( )( ) ( )å å ò
= =

-
-

--
-

- Þ-=-D-T
T

t

T

t

tttt rdWrVssTyss
1 1

433

1

233

1

2 )()(sex  (20) 

 

( )å ò
=

-
-

- Þ-
T

t

t rdWrVssT
1

26233

1

4 )()(s  (21) 

 

Consistency of standard error and combination of the aforemnetioned results gives 

us the asymptotic null distributional result; 

2/1
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1

0
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drrV
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Finally in order to eliminate potential dependence in errors we employ lagged 

values leading to the following equation; 
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å
=

-- ++D+=D
p

j

ttjtjt esyy
1

3

1dfx  et  is the error. 

 

(23) 

 

That is the modification of ADF in a nonlinear framework. 

4.2 Nonlinear cointegration 

The conditional exponential smooth transition regression error correction model 

(STR ECM) for tyD and the marginal vector autoregression (VAR) model for txD  is 

provided by the following equation; 

 

tt

p

i

it

cu

ttt ezxeuuy t +D+D¢+-+=D -
=

--
-- å-

1

1

'))(

11

2
11( ywgf q

 (24) 

 

the test of the null of no cointegration against the alternative of globally stationary 

cointegration can be based on the single parameter θ. 

We set the null hypothesis of no cointegration as; 

0:0 =H q (no cointegration) 

0:1 >H q  (ESTR cointegration) 

The null hypothesis implies in terms of the preceding model that;

0==fq  (24.1) 

  

The FNEC (tNEC) test refers to the F-type (t-type) statistic obtained directly from 

the nonlinear ESTR error correction regression, whereas the tNEG test is the 

nonlinear analogue to the Engle and Granger (EG) statistic for linear cointegration. 

 

txtt xyu 'ˆˆ b-=  (24.2) 

 

The auxiliary regression under which 0¹f  takes the following form; 

tt

p

i

ittttt ezxuuuy +D+D¢+++=D -
=

--- å 1

1

'3

131
2

211
ˆˆˆ ywddd  (25) 

 

That is the cubic polynomial nonlinear error correction (NEC) model. 
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For this model, we consider an F-type test for 04321 ==== dddd  that is 

given by the following relation; 

( )
)4/(

3/10

pTSSR

SSRSSR
F

o

NEC --

-
=  (26) 

 

Under the assumption that 0=f the NEC model takes the following form; 

 

tt

p

i

ittt ezxuy +D+D¢+=D -
=

- å 1

1

'3

1
ˆ ywd  (27) 

 

In this case we employ an t-type test for δ=0 (no cointegration! against d < 0 

(ESTR cointegration) and is provided by the following statistic; 
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where; 
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),.......,,( 1 pZZXS -- DDD= , Tx(k+p(k+1)) data matrix 

( )¢DD=D Ti xxX ,......,     ( )¢DD=DZ --- iTii zz ,......,1  

iywd )))
,,  are the OLS estimates of  iywd ,, / 

 

(29) 

5.Data 

In the present study real exchange rates based on dairy products for fifteen 

European countries of different economic status philosophy and productivity ability 

in dairy products are employed for the nonlinear stationarity test indroduced by 

Kapetanios et al (2003). The time series are consisted of monthly observations extend 

from 1.1995-12.2007. The results obtained are derived with the application of R 

640



software.  In addition the nonlinear cointegration based on EG initial model involved 

the differences of the dairy prices between the European country and USA in  

logarithmic form and the nominal exchange rate of Euros/dollar also in logarithmic 

form for the same time period. 

6. Results 

The results of the nonlinear unit root process are presented on table 1. The results 

are based on the estimation of the model provided by equation7. the number of 

augmentations must be selected prior to the test to accommodate possible serially 

correlated errors. For comparison purposes we provide the results derived by 

Zafeiriou (2009), for the same data and the same time period. 

Table 1. Unit Roots tests against nonlinear STAR process 

Country ADF 
NLSt  

qbeld -2.723 (2) -3.58 * 

qbuld -2.725(0) -2.652 

qcypd -2.008(2) -2.314(2) 

qdand -1.93(0) -1.874(0) 

qestd -1.817(2) -1.4235(2) 

qfind -2.019(0) -3.042(0)* 

qfrand -2.2436(1) -2.2542(1) 

qgerd -1.7829(2) -1.9225(2) 

qgrbrd -1.545(1) -1.545(1) 

qgreed -1.792(0) -1.792(0) 

qird -1.096(0) -1.122(0) 

qitad -2.2132(2) -3.842(2)* 

a Indicates rejection of the null of a unit root at the 5% significance level. 
 

Evidently, the non linear stationarity test is able to reject a unit root in many cases, 

whereas the linear DF tests fail, providing some evidence of nonlinear mean-

reversion in both real exchange rates in the case of dairy products. 

The next step in our study involves the application of non linear cointegration.  

In the next step employing the appropriate augmentation model we surveyed the 

validity of PPP through cointegration of the dairy products’ prices differences and its 

respective exchange rates. The results of this process are provided in the next table 

12. 
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Table 12. Cointegration tests and estimates of the ESTAR parameter for differences in dairy 

prices between the European countries and exchange rates 

Country tNEC q̂  qt  

qbeld -3,42** 0.0007 2.8 

qbuld -3.75** 0.0011 2.65 

qcypd -4.2* 0.0009 3.4 

qdand -2.68 0.0004 2.2 

qestd -4.88* 0.0011 3.9 

qfind -7.32* 0.00112 5.4 

qfrand -4.72* 0.0014 2.1 

qgerd -5.21* 0.0013 3.09 

qgrbrd -3.82** 0.0018 3.6 

qgreed -4.77* 0.0011 4.01 

qird -4.65* 0.0012 2.01 

qitad -4.76* 0.0018 3.07 

qlatd -4.55* 0.0043 4.1 
The success in rejecting the null of no cointegration is less marked for tNEC, with only five rejections 

at standard significance levels, although three of these reject also at the 1% A further two tNEC statistics 

are quite close to the 10% critical value. 

7. Conclusions 

Empirical univariate analysis of nonstationarity against stationarity has been an 

integral part of time series econometrics. However, the emphasis of the earlier 

literature was on the examination of the linear model, implicitly disregarding any 

possible nonlinearities in the series under consideration. This paper complements 

other recent studies in trying to survey this scientific field. 

According to the results of the nonstationarity test introduced by Kapetanios et al, 

indicate that this test is a useful tool for time series known to be stationary but also 

persistent like that of the real exchange rates. In addition the ESTR model is 

evidently a better alternative compares to those of AR models in such cases 

(Kapetanios et al., 2003).  

Finally regarding the nonlinear cointegration we confirmed that a simple direct 

cointegration test procedure that it has better power than the linear cointegration tests 

that ignore the nonlinearities. Unlike linear cointegration tests, the nonlinear tests 

find substantial evidence of cointegration in diary prices differences and exchange 

rates for the European countries employed. 
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Αppendix – The R code 

 

sim=function(t=25,a=1,b=1,d=0){  
# data generation under H0  

t=t+5 # check the delay parameter d, and the first five value is ...  
y2=rep(0,t)  

y2[1]=rnorm(1)  

for(i in 2:t){  

ee=rnorm(1)  

y2[i]=y2[i-1]+ee  
}

y3=rep(0,t)  

y3[1]=rnorm(1)  
for(i in 2:t){  

ee=rnorm(1)  

y3[i]=y3[i-1]+ee  
}

y1=rep(0,t)  
for(i in 1:t){  

ee=rnorm(1)  

y1[i]=a*y2[i]+b*y3[i]+ee  
}

# Compute the F Value  

diff_y20=diff(y2)  
d1=5-d  

d2=t-1-d  
diff_y2=c(diff_y20[d1:d2])  

yy2=diff_y2*y2[6:t]  

yy21=diff_y2^2*y2[6:t]  
yy22=diff_y2^3*y2[6:t]  

diff_y30=diff(y3)  
d1=5-d  

d2=t-1-d  

diff_y3=c(diff_y30[d1:d2])  
yy3=diff_y3*y3[6:t]  

yy31=diff_y3^2*y3[6:t]  

yy32=diff_y3^3*y3[6:t]  
y11=matrix(y1[6:t],t-5,1)  

y22=y2[6:t]  

y33=y3[6:t]  

x=cbind(y22,yy2,yy21,yy22,y33,yy3,yy31,yy32)  

bt=solve(t(x)%*%x)%*%t(x)%*%y11  
rr=matrix(c(a,0,0,0,b,0,0,0),8,1)  
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st=(t(y11-x%*%bt)%*%(y11-x%*%bt))/(t-8)  

F_v=t(bt-rr)%*%solve(st[1]*solve(t(x)%*%x))%*%(bt-rr)/6  
return(F_v)  

}

# simulation:  
F_v=rep(0,10000)  

for(i in 1:10000){  
F_v[i]=sim(25,1,1,0)  

}

hist(F_v,breaks=40)  

q_val=quantile(F_v,probs=c(99,97.5,95,90,10,5,2.5,1)/100)  

q_val  

(2) Testing for nonlinear cointegration for PPP data set 

p1=100*(log(PZUNEW)-log(PZUNEW[1]))  

p2=100*(log(PC6IT)-log(PC6IT[1]))  
s=100*(log(1/EXRITL)-log(1/EXRITL[1]))  

PPP.data=ts(cbind(p1,p2,s))  

plot(PPP.data,plot.type="single",col=2:4)  
abline(h=0, col = "gray60")  

dd=1  
diff_p2=diff(p2)  

c=length(diff_p2)-dd  

diff_p2=diff_p2[1:c]  
g=dd+2  

pp2=p2[g:length(p2)] 
 

p22=diff_p2*pp2  

p23=diff_p2^2*pp2  
p24=diff_p2^3*pp2  

diff_s=diff(s)  

diff_s=diff_s[1:c]  
ss=s[g:length(s)]  

s2=diff_s*ss  
s3=diff_s^2*ss  

s4=diff_s^3*ss  

pp1=p1[g:length(p1)]  
lm0=lm(pp1~pp2+ss-1)  

lm1=lm(pp1~pp2+p22+p23+p24+ss+s2+s3+s4-1)  

rss0=sum(residuals(lm0)^2)  

rss1=sum(residuals(lm1)^2)  

F_val=((rss0-rss1)/6)/(rss1/(length(pp1)-8))  

F_val  
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Examining Agriculture from a Regional Perspective:

Implications for the Common Agricultural Policy   

Stilianos Alexiadis1, Nikolaos Hasanagas2 and Ladias Christos3

1 Ministry of Rural Development & Foods, Department of Agricultural Policy &   

Documentation, Division of Agricultural Statistics, e-mail: ax5u010@minagric.gr
2Aristotle University of Thessaloniki, Department of Forestry & Natural Environment 
3 University of Central Greece, Department of Regional Economic Development

Abstract. Regional convergence is one of the major goals of the European 

Union. In this paper, the intention is to augment the existing literature on 

regional convergence across the NUTS-2 regions of EU-27 in terms of 

agricultural labour productivity during the period 1995-2004. A low annual rate 

of absolute convergence is estimated for the NUTS-2 regions over the period 

1995-2004. The rate of regional convergence exhibits a considerable variation 

across different territorial divisions of the European Union. The implications of 

these results are discussed in the context of the Common Agricultural Policy 

and respective recommendations are issued.

Keywords: Agriculture, European Union, CAP 

1. Introduction

Recent years have witnessed a growing number of attempts to assess regional 

convergence using extensive datasets, such as the regions of the European Union 

(EU). This focus of interest is not entirely unexpected given the concern about 

regional convergence or what the European Commission calls ‘regional cohesion’. 
As Button and Pentecost (1999) point out ‘[…] if the growth rates of regions deviate 

significantly this, it is feared, can generate instabilities. Those in the poorer regions 

feel resentment at the prosperity of others’ (p. 2). In this literature industrial sites 

are mainly considered from a planning or environmental point of view, thereby 

largely neglecting the economic perspective Nevertheless, in the so far literature 

regional convergence is mainly considered from a aggregate point of view, i.e. for 

the economy a whole1, neglecting the agricultural sector2, especially at the regional 

level.  

                                               
The findings, interpretations and conclusions are entirely those of the authors and do not necessarily 

represent the official position, policies or views of the Ministry of Rural Development and Foods and/or the 

Greek Government. 

1 It is not difficult to document studies on regional convergence across Europe (e.g. Button and Pentecost, 

1995; Neven and Gouyette, 1995; Álvarez-Garcia et al., 2004; Ezcurra et al., 2005). Fewer studies refer 

specific sectors, explicitly, usually manufacturing (Pascual and Westermann, 2002; Gugler and Pfaffermayr, 

2004) or services (e.g. Button and Pentecost, 1993). 

2 Some notable exemptions are the studies by Soares and Ronco (2000), Bivand and Branstad (2003, 2005).
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Regional convergence in terms of the agricultural sector is a key issue, especially 

in connection with the Common Agricultural Policy (CAP). The second pillar of the 

CAP (‘rural development’) and the agricultural and rural sections of the Structural 
Fund Programs of the European Regional Policy attempt to promote a 

‘regionalisation’ of agricultural policies. As regions in the EU take more political 

and administrative responsibilities, the ‘regionalisation’ of CAP incurs 

opportunities and challenges for regions. However, Trouvé and Berriet-Solliec 

(2010) point out the risk that this regionalisation might increase inequalities across 

regions. Therefore, a clear and precise knowledge of the existing convergence 

pattern across the European regions is essential for an effective reform of the CAP. 

This paper attempts to shed some further light on that issue. We should emphasise 

at the outset that the approach used in this paper is mainly quantitative. However, it 

is hoped that this paper will be able to isolate some interesting views on the issue of 

convergence in RALP across Europe. The rest of this paper is structured in the 

following manner. Section 2 is devoted to an overview of agriculture in Europe.

Two of the most commonly used measures of regional convergence are discussed in 

Section 3. Section 4 presents the econometric results. In the concluding section we

offer a possible explanation for the results we obtain and suggest that might afford 

an interesting policy conclusion.

2. Agriculture in the European Union  

Europe faces probably the worst recession since World War II. The current 

economic crisis has wiped out years of economic and social progress and exposed 

structural weaknesses in Europe’s economy. More than 80 million people are at risk 
of poverty; 19 million of them are children while 8% of labour force does not earn 

enough to make it above the poverty threshold3. Unemployment, budget deficits4

and divergent growth patterns result to accumulation of government debts and put 

uncertainty and unpredictability for the single currency (euro). The GDP in the EU-

27 has fall by 4% in 2009, industrial production has dropped back to the levels of 

the 1990s and 23 million people (10% of active population) are unemployed5.

According to EUROSTAT (2010), employment rate rose from an average of 65.4% 

in 2007 to only 65.9% in 2008. The Lisbon employment target (70%) is set to be 

achieved in 20106. However, in 2008, only 94 NUTS-2 regions, out of 271 regions,

had already achieved this target for 2010, while 50 regions were still 10 percentage 

points below the overall employment target. Relatively low employment rates were 

                                               
3 Poverty threshold is defined as 60% of the average income in each Member State of the EU. 

4 Budget deficits were 7% of the GDP, on average (the target of 3% of GDP is set to be achieved by 2013) and 

debt levels at over of 80% of the GDP.

5 Only two-thirds of labour force in the EU is currently employed, compared to over 70% in the US and Japan.

6 It is questionable, however, if, under the present circumstances, the target of the employment 75% of the 

population aged 20-64 set by Europe 2020 would be achieved.
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recorded in the south of Spain, the south of Italy, Greece, Poland, Slovakia, 

Hungary, Bulgaria and Romania, whereas a relatively high employment rate 

characterises the regions of Netherlands, United Kingdom, Denmark, Sweden and 

Finland.  

Europe faces a moment of transformation and three factors can be taken into 

consideration: globalisation, energy consumption and climate change. Globalisation 

creates more opportunities for producers and entrepreneurs, who are in a position of 

enjoying larger markets and higher competitions. Consumers will benefit from 

higher living standards through lower prices and a wider choice of goods. A general 

increase in economic activity and trade will enhance labour demanded and real 

wages for skilled labour create employment and increase economic growth. 

Globalisation is driving scientific and technological progress, making the European 

dimension ever more important in boosting knowledge, mobility, competitiveness 

and innovation. The opening up of huge new markets creates vast opportunities for 

Europeans, but it will at the same time test Europe’s capacity to further adjust to 
structural change and manage the social consequences of that change. The 

dissemination of innovation and know-how will also increase productivity. 

However, globalisation might also bring structural adjustment. Increasing 

competition can put additional pressure on local firms and, indirectly, on wages, 

especially for low-skilled labour. Regions are enlarging their area of influence, 

sometimes globally. Several regions in the EU should restructure their economic 

base and promote continuous innovation (in products, management and processes), 

as well as human and social capital – to face the challenge of globalisation. 

Nonetheless, the benefits of globalisation remain concentrated in a limited number 

of regions with advanced urban centres. Globalisation is likely to increase regional 

imbalances within Europe. Most regions located in the Southern and Eastern parts 

of the EU, stretching from Latvia, Eastern Slovakia, Hungary, Bulgaria and 

Romania to Greece, Italy, Spain and Portugal, appear to be much more exposed to 

the challenges of globalisation. This vulnerability is predominantly due to the 

relatively large share of low value added activities in these regions and weaknesses 

in workforce qualifications, which may lead to difficulties in attracting investment 

and creating or maintaining jobs.  

The EU is characterised by a growing external energy dependency, especially in 

the fossil energy sources (oil, gas, coal) and in nuclear energy sources (uranium)7.

Agriculture and industry, especially Small-Medium Enterprises (SMEs), have been 

hit hard by the economic crisis and all sectors adjusting their production processes 

and products to a low-carbon economy. Energy prices appear to have become ever 

more volatile with extreme price peaks. Peripheral regions located in Eastern and 

southern Member States appear to be more vulnerable. Energy consumed directed by

agriculture is related to the use of machinery, such as tractors, and the heating of 

livestock stables and greenhouses. There is also the indirect energy use for the 

production of agrochemicals, farm machinery and buildings while considerable 

                                               
7 In 2005, 53% of energy consumption in the EU was covered by imports. 
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amounts of natural gas are used for the production of inorganic nitrogen fertilisers. 

Although the use of machinery and mineral fertilisers results to increases in 

agricultural productivity and food supply, nevertheless it contributes to the depletion 

of non-renewable energy sources and to global warming (CO2 emissions from fossil 

fuel consumption). The total consumption of energy by agriculture in the EU-27 has 

decreased by 7% since 2005; from 29,939 kilo tonnes of oil equivalent to 27,826 in 

2007 (EUROSTAT, 2010a). The share of agriculture in final energy consumption by 

all sectors, in the EU-27 on average has been steadily declining, from 2.7% in 2000 

to 2.4% in 2007. Nevertheless, this share exhibits considerable variations across the 

EU-27 countries (8.1% in the Netherlands and 0.6% in the United Kingdom). This 

index, however, does not reveal anything about the intensity of energy use by 

agriculture and depends on the size of agricultural sector, the energy use and size of 

the remaining sectors. Therefore, a more appropriate indicator would be the final 

energy consumption of all energy products by agriculture in kilograms of oil 

equivalent per hectare of utilised agricultural area. According to EUROSTAT 

(2010), the average energy consumption in the EU-27 is 161 kilograms of oil 

equivalent per hectare. The highest energy consumption per hectare is recorded for 

the Netherlands (2,166 kilograms of oil equivalent) due to the high intensity of 

production in heated greenhouses, the most energy consuming type of crop 

production.   

Climate change will, in the long-run, lead to an increase in average annual 

temperatures, alter rainfall quantities and patterns, and raise the sea level and the 

risk of coastal erosion. In Southern regions, climate change is projected to worsen 

existing conditions through declining precipitation and drought. More than 170 

million people (about one third of the EU population) live in regions most affected 

by climate change. Regions subject to the highest pressure are generally located in 

the South and East of Europe, Spain, Italy, and several southern parts of France 

Greece, Bulgaria, Malta, Hungary and Romania. Although agriculture is of

particular importance for the low-income Southern regions, nevertheless these are 

characterised by a low capacity for adoption to climate change. The Alpine areas 

with reliable snowfall will decrease and the industry will have to shift its focus to 

summer holidays, whereas Mediterranean regions might suffer from temperatures 

above the heat comfort zone and loss of biodiversity. In the energy sector, climate 

change will lead to changing patterns of energy demand and to greater fluctuations 

in energy production and demand, particularly in regions with a high share of 

renewable energy8 and varying availability of water for cooling of large-scale 

heating power plants. These effects will impact on regional growth potential in 

affected regions and create disparities with those regions that are less affected by 

climate change. Changing weather conditions will have a negative impact on 

                                               
8 The share of renewable energy resources in consumer’s energy consumption exhibits considerable variation 

across the EU countries. The highest percentage is recorded for Sweden (about 40% in 2005), due to 

geothermal and hydro energy production, while the lowest are found in the UK, Luxembourg and Malta. 

Increasing tendencies are evident in Latvia, Lithuania, Romania and Estonia.  
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human health and well-being in several areas9. In this respect, the Mediterranean 

regions will suffer the most from worsening conditions, while Northern, Western 

and Eastern European regions will see a less serious deterioration or even a 

temporary improvement in conditions. Changes in temperature and precipitation 

will also lead to changing agricultural yields and production methods with distinct 

patterns throughout Europe. In fisheries, climate change will place an even greater 

strain on marine ecosystems subject to over fishing. This is likely to intensify the 

existing social and environmental disparities between the EU regions, especially in 

terms of regional agricultural labour productivity (RALP).

The Treaty of Rome expresses a commitment to “ensure a fair standard of living 
for the agricultural community, particularly by increasing the individual earnings of 

persons engaged in agriculture” while increased productivity in agriculture is one of 
the main goals of the Common Agricultural Policy (CAP); a policy which still 

dominates the EU budget10.   

Even a swift glance at the various publications of EUROSTAT (1999, 2007) 

reveals that this activity follows a declining tendency. For instance, total 

employment in agriculture has fallen from 16.3 million in 1970 to 7.9 million in 

1994. In 2005 the share of agriculture, hunting, forestry and fisheries in Europe’s 
(EU-25) total employment was just 4.9% while in this share EU-15 was 3.7%. An 

employment share more than 10% is recorded for five countries (Greece, Latvia, 

Lithuania, Austria and Poland). In EU-15, throughout a period of ten years (1995-

2005), the labour input11 in agriculture has declined by an average rate of 2% 

annually while for the EU-25 countries, this share was about 2.5% (Table 1). This 

decline in agriculture is accompanied with an increase of labour employed in sectors 

related to services. To be more specific, in 2005 the share of economic activities in 

total employment of EU-25 was 67.6% in services, 27.5% in industry and 4.9% in 

agriculture.

A similar tendency is observed for the share of agriculture in Gross Value 

Added (GVA) (Table 2). In 2005, about 2% of the EU-25 GVA is produced by 

sectors related to agriculture. The share of these sectors in the New Member States 

(NMS) is relatively higher compared to that of the EU-12 and EU-15. Nevertheless, 

there examples of EU-15 countries in which the share of agriculture is higher than 

NMS (Greece and Poland with shares 5.2% and 4.8%, respectively). In 2005 the 

share of agriculture in the total GVA of EU-26 was less than 1.8%. Nevertheless,

agriculture does not seem to be evenly distributed across the EU countries. For 

                                               
9 The increasing number of heat-related deaths, the limited availability and quality of drinking water, 

constitute examples of such negative impacts.  

10 For a more detailed of the CAP see Fennell (1979, 1997), Grant (1997), Scott (1995), among others.     

11 Labour input is measured in terms of Annual Works Units (AWUs), defined as full-time equivalent 

employment (total hours worked) divided by the average annual number of hours worked in full-time jobs 

within an economic territory. It covers all persons providing salaried and non-salaried labour input to the 

agricultural industry.  
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example, France, the largest agricultural producer in the EU-12, contributes 19.1% 

in total agricultural output, followed by Italy (14.7%) and Spain (12.2%)12.

Table 1. Labour Input in Agriculture 

1995 2000 2005 1995-2000 2000-2005

AWU (1,000 persons) Annual Change (in %)

EU-25 : 10,540 9,310 : -2.5

EU15 7,209 6,529 5,797 -2 -2.3

Belgium 84 75 71 -2.3 -1.2

Czech Republic : 166 157 : -1.1

Denmark 90 76 65 -3.3 -2.9

Germany 792 685 583 -2.9 -3.2

Estonia 70 65 38 -1.7 -10.2

Greece 645 586 610 -1.9 0.8

Spain 1,102 1,101 989 -0.02 -2.1

France 1,137 1,028 943 -2 -1.7

Ireland 232 172 167 -5.8 -0.5

Italy 1,463 1,383 1,159 -1.1 -3.5

Cyprus : 24 22 : -1.7

Latvia : 149 136 : -1.7

Lithuania : 187 151 : -4.1

Luxembourg 5 4 4 -2.6 -1.4

Hungary 780 676 521 -2.8 -5.1

Malta 5 4 4 -0.4 -0.8

Netherlands 221 220 197 -0.1 -2.2

Austria 198 175 169 -2.4 -0.7

Poland : 2,495 2,292 : -1.7

Portugal 619 503 370 -4.1 -5.9

Slovenia 111 104 91 -1.3 -2.6

Slovak Republic 203 143 101 -6.8 -6.6

Finland 141 111 96 -4.6 -2.8

Sweden 90 77 76 -3.3 -0.2

United Kingdom 391 334 299 -3.1 -2.2

Bulgaria : 771 626 : -4.1

Romania : 3,645 2,515 : -7.2

: Not Available. Source: EUROSTAT (2007) 

                                               
12 Depending on the specific year, Germany after unification is classified as the second power in agriculture in 

the EU-12.  
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Table 2. Gross Value Added in Agriculture (% of the total economy) 

  

1995 2000 2002 2003 2004 2005

EU-25 2.8 2.3 2.2 2.1 2.1 1.9

EU-15 2.7 2.2 2.1 2 2 1.8

Belgium 1.5 1.5 1.4 1.1 1.1 1.1

Czech Republic 5 3.9 3.3 3.1 3.3 2.9

Denmark 3.5 2.6 2.2 2 1.9 1.5

Germany 1.3 1.3 1.1 1.1 1.2 1

Estonia 8 4.9 4.2 3.7 3.8 3.7

Greece 9.9 7.3 7 6.7 5.7 5.2

Spain 4.5 4.4 4 4 3.8 3.3

France : 2.8 2.7 2.5 2.5 2.2

Ireland 7 3.4 2.6 2.5 2.5 :

Italy 3.3 2.8 2.6 2.5 2.5 2.3

Cyprus 5.1 3.6 3.7 3.4 3 2.9

Latvia 9.1 4.6 4.6 4.1 4.4 4.1

Lithuania 11.4 7.9 7 6.4 5.8 5.7

Luxembourg 1 0.7 0.6 0.6 0.5 0.4

Hungary 6.7 5.4 4.7 4.3 4.8 4.3

Malta : 2.3 2.5 2.5 2.5 2.5

Netherlands 3.5 2.6 2.3 2.3 2.2 2.2

Austria 2.7 2.1 2 1.9 1.9 1.6

Poland 8 5 4.5 4.4 5.1 4.8

Portugal 5.7 3.8 3.3 3.4 3.3 2.8

Slovenia 4.2 3.2 3.2 2.6 2.7 2.5

Slovak Republic 5.9 4.5 5.1 4.5 4.5 4.3

Finland 4.3 3.5 3.3 3.2 3.1 2.9

Sweden 2.7 1.9 1.8 1.8 1.8 1.2

United Kingdom 1.8 1 0.9 1 0.9 0.9

Bulgaria : 13.9 12.1 11.6 10.9 9.3

Romania : 12.4 12.6 13.0 14.3 10.1

: Not Available. Source: EUROSTAT (2007) 

Agriculture accounts for about 20%, on average, of the working population in 

Greece and only 2% in Belgium and the UK. In 1988 as an illustration, the 

percentage employed in agriculture ranged from 45.9% in the region of Central 

Greece down to 0.2% in the Brussels-Gewest region and 0.3% in Bremen. In terms 

of RALP, about 46% of the EU-27 regions are below the European average with the 

majority of them located in Southern Mediterranean and Eastern Europe. Northern 

regions, especially in the UK and Netherlands, characterised by a cost effective 

agricultural sector, display a level of labour productivity two times higher than 

regions located in Southern and Eastern countries, which are generally 

characterised by relatively high shares of labour force employed in agriculture. A
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rather stable distribution of crop-specialist, livestock-specialist and mixed farming 

holdings is detected between 2003 and 2007. About 40% of agricultural holdings in 

the EU-27 are specialized13 in cropping (filed crops, horticulture and permanent 

crops), 22% in livestock (grazing livestock, granivores, i.e. animals mainly feeding 

on cereals, such as pigs and poultry) and 38% on mixed farming holdings. Regions 

in the Mediterranean (especially in Greece, Italy, Portugal and Spain) and in

Scandinavian countries are highly specialized in crops while livestock farming is 

the dominant activity in the agricultural sector of several regions in Ireland, the UK, 

Germany and the Benelux countries. On the other hand, mixed farming is found in 

most regions of the New Member States (NMS). Considerable variations are also 

detected in the regional distribution of input expenditure. On average, input 

expenditure is rather low in the regions of Portugal (less than 190 euros per hectare) 

while the average input expenditure in the western coastal regions is in the range 

between 630 and 1,040 euros per hectare.

From what has been said in this section, it is obvious that there are considerable 

differences in agriculture across the EU-27. Clearly, this implies that rate of 

convergence might differ across the European regions. It becomes of crucial 

importance, therefore, to determine an appropriate framework for examining the 

trends in regional convergence. The following section presents a contextual review 

of two of the most commonly used measures of regional convergence.   

3. The Empirical Framework

In the context of regional convergence, the term ‘region’ refers either to areas 
determined according to similarities in geographical characteristics or areas 

corresponding to administrative divisions, which may be arbitrary. The relevant 

literature makes extensive use of two alternative notions; -convergence and 

absolute -convergence. 

Conceptually, -convergence is based upon the cross-sectional dispersion in per-

capita GDP and is defined as a decreasing tendency in the dispersion of per-capita 

GDP. Typically, -convergence is measured by standard deviation )(
, ti
)(

ti
)( )(

,
)( )( (Dalgaard 

and Vastrup, 2001):  
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i

i
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y
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n 1
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y

1

log
1

log .  

                                               
13 The terms ‘specialisation’ is used to describe the trend towards a single dominant activity in farm income. 
An agricultural holding is characterised by EUROSTAT as specialised if a particular activity provides a 

Standard Cross Margin (SGM), i.e. the difference between gross production and costs, at least two-thirds of 

the total SGM of the holding.  

654



-convergence is signified when
0,, iTi 0,iTi iTi, iTi iTi
 or more generally, when 0

,
0

ti ti ,
, as 

Tt Tt , where T is a terminal time.

Absolute -convergence requires that regions with relatively low initial labour 

productivity grow faster that those with relatively high labour productivity. Consider 

a distribution of regional labour productivity, i.e. 
0max,0min,

,, YY L
i,0
Y  and the 

associated rates of growth, i.e. 
TT
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max,min,

,,L gg
Ti,

g . Absolute convergence occurs 
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Fig. 1. Catch-up between ‘Poor’ and ‘Rich’ Regions  

Assume that regional growth (
Ti

g
,

) over a given time period ( tT ,,0K tT 0 tT tT ) is a 

function of the initial level of labour productivity (
0,i

Y ). This assumption can be 

expressed as follows (Goddard and Wilson, 2001):  

                                             )(
0,, iTi

Yfg Yf .                              (2)

Assume further that labour productivity (
Ti

Y
,

) grows as follows,   

0,

,

, i

Tig

Ti
YeY Ye .     (3)

Taking logarithms and solving equation (2) for 
Ti

g
,

 yields:  

                                               0,,, itiTi
yyg

0,,
yy

0,, 0,, 0,, 0,, itiT
yy
itiT itiT .                                (4)

Hence, the test for regional convergence is formulated in terms of the following 

dynamic regression equation:  

0,, iTi
byag byag .     (5)

In equation (5), the parameter b , the ‘convergence coefficient’, reflects the 

partial correlation between the growth rate and the initial level of labour 

productivity (
0,, iyTig

f
0,,Ti 0,,g

). Absolute convergence requires that ]01[ 1[ 1[ 1[b while 

]10[0[b  indicates that TTi
gg
max,,
gg
max,  as 0max,0,

yy
i 0max

yy . In the latter case high-

productivity regions grow faster than low-productivity regions increasing the 

existing gap between them. If 00b  implies that ag
Ti
ag

, , i.e. regions grow at a 
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given rate which can be considered as an indication of an autonomous growth rate 

that maintains productivity differences across regions. There is, of course, the case 

when 11b , which Romer (1996) describes as ‘perfect convergence’. Similarly, 

the condition 11b  can be conceived as ‘perfect divergence’. 
In this context, it is possible (and necessary given the concerns of this paper) to 

construct a precise measure of the speed at which regions converge. Following 

Barro and Sala-i-Martin (1995) the convergence coefficient can be expressed as 

follows: 

)1( Teb )1 T )1 )1 )1 )1 )1 )1 )1 )1( eb )1( eb eb .                 (6)

Equation (6) can be written as follows:  

)1(

1
1)1(

)1(
1) 1)1(

b
ebe TT Tbe T be be .    (7)

Solving equation (7) for  it is possible to obtain an expression for the speed at

which regions approach the steady-state value of labour productivity. Thus, the 

average rate of convergence over a time period is given by the following ratio:  

T

b )1ln( )1ln
.      (8)

Given that ]01[ 1[ 1[ 1[b  signifies convergence, then ]10[0[ . A value of 

00  indicates absence of absolute convergence while 11 indicates a rate leading 

to perfect convergence. It follows, therefore, that a higher  corresponds to more 

rapid convergence. Estimating equation (4) using various data sets, Sala-i-Martin 

(1996a) estimates a ‘surprisingly’ similar rate of convergence across both regional 
and national economies, and forms the ‘mnemonic rule’ that ‘economies converge 

at a speed of about two percent per year.’ (p. 1326).  
Barro and Sala-i-Martin (1995) argue that even if absolute -convergence holds, the 

dispersion of per-capita income does not necessarily tend to decline over time and -

convergence can occur simultaneously with absence of -convergence. In this 

respect -convergence is a stricter criterion than -convergence. Friedman (1992) 

argues that -convergence is a weak criterion due to the fact that is a regression to 

the mean. Carree and Klomp (1997) offer a solution to this problem using the 

following ratio: 

2

2

,

2
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)ˆ1(12

1ˆ/ˆ
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ˆ
Tii ,

2
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ˆ
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ˆ1(

1
NS NS NS .  (9)

where N is the number of observations.  

The hypothesis of convergence is accepted if 0
,

0
Ti

S .

Having outlined the main features of the regional convergence model, this paper 

will proceed to evaluate the pattern of regional convergence across the NUTS-2 

regions of the EU-27.  

656



3. Convergence in RALP across the EU-27 regions  

Agricultural productivity can be approximated in various ways. In this paper we 

exploit data on GVA per worker since this measure is a major component of 

differences in the economic performance of regions and a direct outcome of the 

various factors that determine regional ‘competitiveness’ (Martin, 2001). The 
regional groupings used in this paper are those delineated by EUROSTAT and refer 

to 310 NUTS-2 regions14. The EU uses NUTS-2 regions as ‘targets’ for convergence 
and defined as the ‘geographical level at which the persistence or disappearance of 
unacceptable inequalities should be measured’ (Boldrin and Canova, 2001, p. 212). 
Despite considerable objections for the use of NUTS-2 regions as the appropriate 

level at which convergence should be measured, the NUTS-2 regions are sufficient 

small to capture sub-national variations (Fischer and Stirböck, 2006).  
The time period extends from 1995 to 2004; a time period that might be 

considered as somehow short. However, Durlauf and Quah (1999) point out that 

convergence-regressions, such as equation (4), are valid for shorter time periods as 

well, since they are based on an approximation around the ‘steady-state’ and 
supposed to capture the dynamics toward the ‘steady-state’.  

The values of standard deviation for the initial and the terminal years of the 

analysis (0.9 and 0.88, respectively) seem to confirm the hypothesis of σ-

convergence across the NUTS-2 regions of the EU-27. Additional support is 

provided by the 
Ti

S
,

ratio, which is estimated to be positive (0.27). 

Figure 2 summarises the potential for absolute convergence between 1995 and 

2004. Essentially, this figure is a scatterplot which shows the average annual growth 

rate against the initial level of labour productivity.

                                               
14 A list of the NUTS-2 regions used in this paper is provided in Appendix. Due to data limitations, previous 

studies on regional convergence across the EU-27 regions used to treat countries, such as Denmark, Lithuania 

and Slovenia as NUTS-2 regions.  In this paper, the empirical analysis is enhanced using data for the NUTS-2

regions of the aforementioned countries.  
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Fig. 2. Absolute -convergence in RALP, EU-27 regions, 1995-2004 

Casual inspection of the data in Figure 2 provides some indication of an inverse 

relationship between the average annual growth rate and initial level of RALP.

Nevertheless, this property does not appear to be uniform across all the NUTS-2 

regions of the EU-27. As Figure 2 makes visible, this property seems to be 

constrained in a certain group of regions with a relatively high initial level of 

RALP. Several regions, on the other hand, appear to diverge, in the sense that 

relatively low initial levels of labour productivity are associated with relatively low 

rates of growth and vice versa.

The presence of absolute convergence (or divergence), however, cannot be 

confirmed by visual inspection alone. A formal test for absolute convergence can be 

expressed in terms of the following regression equation:  

itiTi
ybag

iti iti iti
ybag

0,1,
.    (10)

where 
ii
 is the random error-term, 1995

0
19t and 1010T . 

Equation (8) is estimated using Ordinary Least Squares (hereafter OLS), for the 

NUTS-2 regions of EU-27 while separate regressions are carried out for the regional 

divisions of EU-12, EU-15 and the NMS15. The results are set out in Table 3 and 

show that the convergence coefficient (
1
b ) to be negative and statistically significant 

at the 95% level in the case of the NUTS-2 regions of the EU-27. Table 3 also shows 

the average rate of convergence, implied by equation (8).  

                                               
15 These are Czech Republic, Estonia, Cyprus, Latvia, Lithuania, Hungary, Malta, Poland, Slovenia, Slovak 

Republic, Romania and Bulgaria. 
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Table 3: Regional Convergence in Agriculture 

EU-27 EU-15 EU-12 NMS

Depended Variable: 
Ti

g
,

OLS

a 0.2678 0.4689 0.6313 0.1037

1
b -0.0437 -0.1084 -0.1601 0.0665

Implied (in %) 0.4471 1.1473 1.7451 -0.6441

  Notes: ** indicates statistical significance at 95% level of confidence while * indicates significance at 90% level.  

The presence of absolute convergence in the form of a negative relationship 

between the rate of growth and initial level of labour productivity is suggested by 

this evidence, and the NUTS-2 regions of the EU-27 have, on average, shown a 

tendency to converge over the period 1995-2004, albeit at a relatively slow rate of 

0.45% per annum. Given this slow rate of convergence, it would take a very long 

time for all the EU-27 regions to reach a common level of labour productivity, as 

predicted by the absolute convergence model.  

Analysis for the NUTS-2 regions of the EU-12 and EU-15 shows that the regions 

of EU-12 exhibit a relatively high average rate of convergence compare to that 

estimated for the regions of the EU-15 (1.75% and 1.14%, respectively). On the 

other hand, the property of absolute convergence does not appear to characterise the 

regions of the new and ascending countries. As the results imply, these regions 

actually diverge at a rate almost equal to 0.6% per annum. There is a positive 

relationship between the rate of growth and initial level of labour productivity, 

suggesting that in these countries initially high-productivity regions grow at 

expanse of initially low-productivity regions.     

Estimating equation (10) separately for each EU-27 country16, yields the results 

in Table 417. It is clear that the property of regional convergence is restricted mainly 

in the EU-15 with the Netherlands to exhibit the highest rate (8.2% per annum). 

The results also indicate that only 4 NMS (Czech Republic, Hungary, Slovenia and 

Romania) are able to converge.

                                               
16 Luxembourg, Cyprus and Malta are considered as single NUTS-2 regions and  had to be excluded.  

17 For brevity, only the coefficients and the rates of convergence are shown.
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Table 4. Regional Convergence in Agriculture: Country Analysis

 1
b Implied (in %)

Belgium -0.1906 2.1149

Denmark -0.0821 0.8563

Germany -0.2614 3.0304

Ireland -0.3763 4.7207

Greece -0.0231 0.2337

Spain -0.2643 3.0695

France 0.0370 -0.3629

Italy -0.3559 4.3995

Netherlands -0.5580 8.1634

Portugal 0.1263 -1.1891

United Kingdom -0.3656 4.5509

Austria -0.0427 0.4359

Sweden 0.0014 -0.0136

Finland -0.3840 4.8450

Bulgaria 0.4640 -3.8119

Czech Republic -0.3659 4.5552

Estonia 0.0742 -0.7155

Latvia 0.0874 -0.8375

Lithuania 0.0180 -0.1787

Hungary -0.2063 2.3100

Poland 0.0857 -0.8224

Slovenia -0.0403 0.4109

Slovakia 0.0893 -0.8556

Romania -0.1154 1.2261

The results in Table 4 illustrate several points. The existence of different rates of

convergence in different levels of territorial disaggregation is, perhaps, not 

unexpected. The EU cannot be characterised as a static entity and its spatial 

composition has changed considerably since its early days. The EU is, as Button and 

Pentecost (1999) aptly call, ‘a fluctuating geographical area’ (p. 45). Successive 

enlargements of the EU have brought into the union regions with low levels of

labour productivity in agriculture, a fact which has obviously brought additional 

difficulties in the process of regional convergence in EU. With a larger number of 

regions the patterns of convergence can, of course, become more complex with some 

groups of regions converging while others diverge and where outlying or peripheral 

regions can distort the overall pattern.

This dissimilarity in the rates of convergence implies considerable ‘within’ 
countries variations in growth rates. Almost all countries exhibited standard 
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deviations in growth rates lower than the international standard deviations, as 

shown in Table 5. In contrast, there is a greater variability of internal regional 

growth rates for most of the NMS. This provides some support to the argument that 

inter-regional disparities tend to increase during the initial stages of development18.

Table 5. Growth Differentials in RALP   

Standard Deviation Minimum Maximum Range

EU-27 1.1600 -5.5438 4.4418 9.9856

EU-12 0.8767 -3.2910 3.7840 7.0750

EU-15 0.8827 -3.2910 3.7840 7.0750

NMS 1.4947 -5.5438 4.4418 9.9856

Belgium 0.3166 -0.4763 0.5586 1.0349

Denmark 0.4876 -0.9124 1.1736 2.0860

Germany 0.4686 -5.5438 1.6563 7.2001

Ireland 0.0804 -0.1032 0.4247 0.5278

Greece 0.1877 0.2776 0.9490 0.6714

Spain 0.9298 -0.2660 2.8402 3.1062

France 0.0976 -0.1588 0.2802 0.4390

Italy 1.0460 -0.0549 3.4988 3.5536

Netherlands 0.4223 -0.6232 0.9216 1.5447

Portugal 2.4485 -3.2910 3.4944 6.7854

United Kingdom 0.8991 -0.5414 3.7840 4.3254

Austria 1.2673 -0.6871 3.6386 4.3257

Sweden 0.3912 -0.1615 1.1474 1.3089

Finland 0.8193 -0.8705 1.3497 2.2202

Bulgaria 0.5822 0.9866 2.5918 1.6052

Czech Republic 0.9766 -0.2465 2.2682 2.5147

Estonia 0.8103 1.3843 3.6861 2.3018

Latvia 0.9433 -0.4826 3.3903 3.8729

Lithuania 1.1302 -0.4826 3.1648 3.6474

Hungary 0.4209 0.4952 1.9558 1.4606

Poland 1.6595 -2.2358 3.3587 5.5945

Slovenia 0.7852 1.6173 4.4418 2.8245

Slovakia 0.2527 0.3445 0.9958 0.6513

Romania 0.9620 0.3445 2.9877 2.6432

  

The empirical results, reported in this section might be considered, to a certain 

extent, as descriptive. In particular, there is a critical question that an answer should 

be provided. What do these empirical results imply about the effectiveness of the 

                                               
18 This idea is put forward by Williamson (1965).  
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CAP in regional agricultural convergence? It seems that this policy had little effect 

in promoting regional convergence in agriculture. CAP can be seen as a mechanism 

able to rectify regional imbalances, although historically has been managed by 

national and European authorities. Overall, CAP policies seem to have little success 

in promoting regional convergence or the effects of these policies are slow in 

restoring regional imbalances. This can be attributed, possibly, to two factors. A 

first factor is related to the absence of an explicit regional perspective in designing 

and implementing CAP. Future agricultural policies should aim towards countries 

with ‘slow-converging’ regions, i.e. regions in which intervention is more urgent 

compare to regions belonging to others groups. A second factor refers to ‘inferior’ 
responses of regions in low-paths. Indeed, several such regions, especially in the 

Mediterranean area, had limited experience in incorporating CAP initiatives in their 

production structures. It might be argued that CAP benefits were rather an 

‘additional’ income to the produces in these regions, rather than as an opportunity 
for improvement.  

4. Concluding Remarks   

In the case of the EU, and although an increasing number of empirical studies 

have paid attention to issues of economic convergence, the empirical assessment of 

agricultural productivity convergence has not so far received the due attention. In 

this paper some new empirical work has been set in the context of an expanding 

empirical literature that has concerned itself with question of regional convergence.

To be more precise, the hypothesis of convergence in terms of agricultural labour 

productivity is tested empirically using data for the NUTS-2 regions of the European 

Union over the period 1995-2004. Taken as a whole, we think that these results are 

important for the ongoing European policy debate about regional convergence.  

What is clarified by the econometric results is that the European regions exhibit 

a slow tendency of convergence in terms of agricultural labour productivity. 

Convergence appears to be considerably faster within the EU-12 and EU-15 regions. 

In terms of implications for public policy, especially regional policy, this paper 

raises a number of pertinent issues. Firstly, regional assistance should, to a 

substantial extent, be diverted towards those regions that exhibit a relatively low rate 

of convergence. Secondly, the greater part of effort and assistance should be directed 

to improve the underlying structural conditions of slow-converging regions and 

thereby generate an economic environment that more closely resembles the 

combination of characteristics found in the fast-converging regions, such as 

product-mix, adoption of new techniques and innovations in agriculture and so 

forth.  

While the empirical results are serious in the own right, they must be placed in 

perspective. There is a little pretence that the forgoing analysis provides an 

exhaustive account of all the factors that affect the process of regional convergence 

in terms of agriculture productivity. For example, additional complications arise 

from the multidimensional nature of the institutional and political structure of the 

CAP; a policy with spatial implications. Nevertheless, the CAP has been designed 
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and managed at the national level. The variations in the rates of convergence in 

terms of regional convergence in agricultural productivity reported in this paper 

suggest that an explicit regional dimension should be taken in the next CAP reform,

anticipated in 2013. The challenge for policy makers and practitioners at different 

administrative levels is to appreciate the heterogeneous territorial context in Europe 

and get inspiration for including an explicit spatial dimension in further policy 

development. Examination of the interaction between the political and spatial 

dimensions of CAP to individual regions remains an important area for future 

research.
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Country

Number of 

Regions Region Country

Number of 

Regions Region

1 be10  Région de Bruxelles 1 pt11  Norte

2 be21  Prov. Antwerpen 2 pt15  Algarve

3 be22  Prov. Limburg (B) 3 pt16  Centro (PT)

4 be23  Prov. Oost-Vlaanderen 4 pt17  Lisboa

5 be24  Prov. Vlaams Brabant 5 pt18  Alentejo

6 be25  Prov. West-Vlaanderen 6 pt20  Região Autónoma dos Açores (PT)

7 be31  Prov. Brabant Wallon 7 pt30  Região Autónoma da Madeira (PT)

8 be32  Prov. Hainaut 1 ukc1  Tees Valley and Durham

9 be33  Prov. Liège 2 ukc2  Northumberland, Tyne and Wear

10 be34  Prov. Luxembourg (B) 3 ukd1  Cumbria

11 be35  Prov. Namur 4 ukd2  Cheshire

1 dk001  København og Frederiksberg Kommuner 5 ukd3  Greater Manchester

2 dk002  Københavns amt 6 ukd4  Lancashire

3 dk003  Frederiksborg amt 7 ukd5  Merseyside

4 dk004  Roskilde amt 8 uke1  East Riding and North Lincolnshire

5 dk005  Vestsjællands amt 9 uke2  North Yorkshire

6 dk006  Storstrøms amt 10 uke3  South Yorkshire

7 dk007  Bornholms amt 11 uke4  West Yorkshire

8 dk008  Fyns amt 12 ukf1  Derbyshire and Nottinghamshire

9 dk009  Sønderjyllands amt 13 ukf2  Leicestershire, Rutland and Northants

10 dk00a  Ribe amt 14 ukf3  Lincolnshire

11 dk00b  Vejle amt 15 ukg1  Herefordshire, Worcestershire and Warks

12 dk00c  Ringkøbing amt 16 ukg2  Shropshire and Staffordshire

13 dk00d  Århus amt 17 ukg3  West Midlands

14 dk00e  Viborg amt 18 ukh1  East Anglia

15 dk00f  Nordjyllands amt 19 ukh2  Bedfordshire, Hertfordshire

1 de11  Stuttgart 20 ukh3  Essex

2 de12  Karlsruhe 21 uki1  Inner London

3 de13  Freiburg 22 uki2  Outer London

4 de14  Tübingen 23 ukj1  Berkshire, Bucks and Oxfordshire

5 de21  Oberbayern 24 ukj2  Surrey, East and West Sussex

6 de22  Niederbayern 25 ukj3  Hampshire and Isle of Wight

7 de23  Oberpfalz 26 ukj4  Kent

8 de24  Oberfranken 27 ukk1  Gloucestershire, Wiltshire and North Somerset

9 de25  Mittelfranken 28 ukk2  Dorset and Somerset

10 de26  Unterfranken 29 ukk3  Cornwall and Isles of Scilly

11 de27  Schwaben 30 ukk4  Devon

12 de30  Berlin 31 ukl1  West Wales and The Valleys

13 de41  Brandenburg - Nordost 32 ukl2  East Wales

14 de42  Brandenburg - Südwest 33 ukm1  North Eastern Scotland

15 de50  Bremen 34 ukm2  Eastern Scotland

16 de60  Hamburg 35 ukm3  South Western Scotland

17 de71  Darmstadt 36 ukm4  Highlands and Islands

18 de72  Gießen 37 ukn0  Northern Ireland

19 de73  Kassel 1 fi13  Itä-Suomi

20 de80  Mecklenburg-Vorpommern 2 fi18  Etelä-Suomi

21 de91  Braunschweig 3 fi19  Länsi-Suomi

22 de92  Hannover 4 fi1a  Pohjois-Suomi

23 de93  Lüneburg 5 fi20  Åland

24 de94  Weser-Ems 1 se01  Stockholm

25 dea1  Düsseldorf 2 se02  Östra Mellansverige

26 dea2  Köln 3 se04  Sydsverige

27 dea3  Münster 4 se06  Norra Mellansverige

28 dea4  Detmold 5 se07  Mellersta Norrland

29 dea5  Arnsberg 6 se08  Övre Norrland

30 deb1  Koblenz 7 se09  Småland med öarna

31 deb2  Trier 8 se0a  Västsverige

32 deb3  Rheinhessen-Pfalz Austria 1 at11  Burgenland

33 dec0  Saarland 2 at12  Niederösterreich

34 ded1  Chemnitz 3 at13  Wien

35 ded2  Dresden 4 at21  Kärnten

36 ded3  Leipzig 5 at22  Steiermark

37 dee1  Dessau 6 at31  Oberösterreich

38 dee2  Halle 7 at32  Salzburg

39 dee3  Magdeburg 8 at33  Tirol

40 def0  Schleswig-Holstein 9 at34  Vorarlberg

41 deg0  Thüringen Bulgaria 1 bg31  Severozapaden

1 gr11  Anatoliki Makedonia, Thraki 2 bg32  Severen tsentralen

2 gr12  Kentriki Makedonia 3 bg33  Severoiztochen

3 gr13  Dytiki Makedonia 4 bg34  Yugoiztochen

4 gr14  Thessalia 5 bg41  Yugozapaden

5 gr21  Ipeiros 6 bg42  Yuzhen tsentralen

6 gr22  Ionia Nisia Czech 

Republic

1 cz01  Praha

7 gr23  Dytiki Ellada 2 cz02  Strední Cechy

8 gr24  Sterea Ellada 3 cz03  Jihozápad

9 gr25  Peloponnisos 4 cz04  Severozápad

10 gr30  Attiki 5 cz05  Severovýchod

11 gr41  Voreio Aigaio 6 cz06  Jihovýchod

12 gr42  Notio Aigaio 7 cz07  Strední Morava

13 gr43  Kriti 8 cz08  Moravskoslezsko

1 es11  Galicia Cyprus 1 cy00  Cyprus

2 es12  Principado de Asturias 1 hu10  Közép-Magyarország

3 es13  Cantabria 2 hu21  Közép-Dunántúl

4 es21  Pais Vasco 3 hu22  Nyugat-Dunántúl

5 es22  Comunidad Foral de Navarra 4 hu23  Dél-Dunántúl

6 es23  La Rioja 5 hu31  Észak-Magyarország

7 es24  Aragón 6 hu32  Észak-Alföld

8 es30  Comunidad de Madrid 7 hu33  Dél-Alföld

9 es41  Castilla y León Malta 1 mt00  Malta

10 es42  Castilla-la Mancha 1 pl11  Lódzkie

11 es43  Extremadura 2 pl12  Mazowieckie

12 es51  Cataluña 3 pl21  Malopolskie

13 es52  Comunidad Valenciana 4 pl22  Slaskie

14 es61  Andalucia 5 pl31  Lubelskie

15 es62  Región de Murcia 6 pl32  Podkarpackie

16 es63  Ciudad Autónoma de Ceuta (ES) 7 pl33  Swietokrzyskie

17 es64  Ciudad Autónoma de Melilla (ES) 8 pl34  Podlaskie

18 es70  Canarias (ES) 9 pl41  Wielkopolskie

1 fr10  Île de France 10 pl42  Zachodniopomorskie

2 fr21  Champagne-Ardenne 11 pl43  Lubuskie

3 fr22  Picardie 12 pl51  Dolnoslaskie

4 fr23  Haute-Normandie 13 pl52  Opolskie

5 fr24  Centre 14 pl61  Kujawsko-Pomorskie

6 fr25  Basse-Normandie 15 pl62  Warminsko-Mazurskie

7 fr26  Bourgogne 16 pl63  Pomorskie

8 fr30  Nord - Pas-de-Calais 1 sk01  Bratislavský kraj

9 fr41  Lorraine 2 sk02  Západné Slovensko

10 fr42  Alsace 3 sk03  Stredné Slovensko

11 fr43  Franche-Comté 4 sk04  Východné Slovensko

12 fr51  Pays de la Loire Estonia 1 ee001  Põhja-Eesti

13 fr52  Bretagne 2 ee004  Lääne-Eesti

14 fr53  Poitou-Charentes 3 ee006  Kesk-Eesti

15 fr61  Aquitaine 4 ee007  Kirde-Eesti

16 fr62  Midi-Pyrénées 5 ee008  Lõuna-Eesti

17 fr63  Limousin 1 lv003  Kurzeme

18 fr71  Rhône-Alpes 2 lv005  Latgale

19 fr72  Auvergne 3 lv006  Riga

20 fr81  Languedoc-Roussillon 4 lv007  Pieriga

21 fr82  Provence-Alpes-Côte d'Azur 5 lv008  Vidzeme

22 fr83  Corse 6 lv009  Zemgale

23 fr91  Guadeloupe (FR) 1 lt001  Alytaus (Apskritis)

24 fr92  Martinique (FR) 2 lt002  Kauno (Apskritis)

25 fr93  Guyane (FR) 3 lt003  Klaipedos (Apskritis)

26 fr94  Reunion (FR) 4 lt004  Marijampoles (Apskritis)

1 itc1  Piemonte 5 lt005  Panevezio (Apskritis)

2 itc2  Valle d'Aosta/Vallée d'Aoste 6 lt006  Siauliu (Apskritis)

3 itc3  Liguria 7 lt007  Taurages (Apskritis)

4 itc4  Lombardia 8 lt008  Telsiu (Apskritis)

5 itd1  Provincia Autonoma Bolzano-Bozen 9 lt009  Utenos (Apskritis)

6 itd2  Provincia Autonoma Trento 10 lt00a  Vilniaus (Apskritis)

7 itd3  Veneto 1 si001  Pomurska

8 itd4  Friuli-Venezia Giulia 2 si002  Podravska

9 itd5  Emilia-Romagna 3 si003  Koroska

10 ite1  Toscana 4 si004  Savinjska

11 ite2  Umbria 5 si005  Zasavska

12 ite3  Marche 6 si006  Spodnjeposavska

13 ite4  Lazio 7 si009  Gorenjska

14 itf1  Abruzzo 8 si00a  Notranjsko-kraska

15 itf2  Molise 9 si00b  Goriska

16 itf3  Campania 10 si00c  Obalno-kraska

17 itf4  Puglia 11 si00d  Jugovzhodna Slovenija

18 itf5  Basilicata 12 si00e  Osrednjeslovenska

19 itf6  Calabria 1 ro11  Nord-Vest

20 itg1  Sicilia 2 ro12  Centru

21 itg2  Sardegna 3 ro21  Nord-Est

1 nl11  Groningen 4 ro22  Sud-Est

2 nl12  Friesland 5 ro31  Sud - Muntenia

3 nl13  Drenthe 6 ro32  Bucuresti - Ilfov

4 nl21  Overijssel 7 ro41  Sud-Vest Oltenia

5 nl22  Gelderland 8 ro42  Vest

6 nl23  Flevoland 1 ie01  Border, Midlands and Western

7 nl31  Utrecht 2 ie02  Southern and Eastern

8 nl32  Noord-Holland Luxemburg 1 lu00  Luxembourg (Grand-Duché)

9 nl33  Zuid-Holland

10 nl34  Zeeland

11 nl41  Noord-Brabant

12 nl42  Limburg (NL)

Ireland

Greece

Spain

France

Italy

Netherlands

Belgium

Denmark

Germany 

Romania

Poland

Slovakia

Romania

Latvia

Hungary

Lithuania

Slovenia
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Kingdom
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Abstract. Availability of regional information on the internet can be researched 

minimally in two levels: the local information resources and the nationwide 

information resources. The paper deals with the evaluation of the internet use in 

case of availability of regional information at the nationwide level. From 

realized inquiries it is also apparent that internet services become a decisive 

resource of regional information. Above all it is dealt with web services; 

however, an important role starts to be played also by social networks. 

Key words: Information availability, region, regional news service, support of 

business, social networks 

Introduction 

Inequality of economic and social relations between towns and rural regions is 

generally recognized; it is caused by quite a few historical, geographical, political 

and economic phenomena. In the period of information society development, the use 

of information and communication technologies is considered as one of the crucial 

tools for rural development and use of its potential. 

Generally, it can be stated that a contribution for the country is caused by information 

availability, high-quality communication, availability of services and education and 

so on. However, it is also necessary to state that these common phenomena without 

creation of mutual relations and engagement of all appropriate regional structures 

will not independently create required results (Fan, 2010). 

A line which connects directions of rural development are information and 

communication technologies (often replaced by an „all-embracing“ term internet) 
and the contributions should be search for in more efficiently executed activities 

which bring economic profit (Pollone, 2006). On base of this it is possible to describe 

three areas in which ICT have a growth and development potential for rural areas: 

Ø Support of business 

Ø Business itself 

Ø Improvement of quality of life 

The essence is to make rural and remote areas attractive, to reduce their isolation, and 

to achieve a higher productivity within innovative use of modern technologies of
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knowledge society. It requires a systematic innovation which means concurrent 

activities from the viewpoint of politics, technology and social implementation. 

Availability of regional information is ranked in the area of business support which 

includes a complex of activities and processes that already take place in rural regions, 

but in which information and communication technologies multiply increase 

effectiveness, often in such a way that it is dealt with new activities and processes, 

non-viable earlier (Ke, 2009). As the main activities for business support we 

consider: 

Ø Presentation of a region – or information about a region (regional 

information), one of basic marketing tools of regional development; there 

are many potentially presented areas, e.g. 

o Services for interest activities (leisure-time activities) – probably 

the most often mentioned and realized area including travelling, 

accommodation, sport, culture, products etc. (Ping. 2009). 

o Investment possibility – an interest of every region are investors, 

however, it is not possible without introductory information 

o Production and services of a region – specialties and specifics of a 

region 

Ø Information availability – a contribution for development can bee seen 

above all in their economic evaluation 

Ø Education – a better availability of education in regions is a keystone of 

human resource development and use of modern technologies 

Ø Service availability – making business and above all eGovernment, 

electronic banking, electronic communication, eConsultancy easier and 

more efficient, etc. 

Material and used methods 

Availability of regional information on the internet can be researched minimally in 

two levels: the local information resources and the nationwide information resources. 

Usability of local information resources for a region presentation outwardly is 

regarding to the general unfamiliarity with local conditions fundamentally limited by 

marketing visibility of this resource. At present, it is not sufficient „to be on the 
internet“; it is necessary the presented information to make more visible. Here, for 
example SEO/SEM is mentioned often, but also the interconnection into 

supraregional structures (Jarolímek, 2007). If it to be the contrary, this local 

information resource serves above all for needs of inhabitants of the given region, or 

more generally for those who know this region which is also very important, but it is 

not our investigation. 

The paper deals with the evaluation of internet use in case of availability of regional 

information at the nationwide level (nationwide information resources). For 

orientation in the problems it is necessary to divide these resources according to used 

methods of obtaining and provision of information. 

The methods of provision of regional information: 

Ø Independent presentations of regions, information about regions are further 

divisions (e.g. professional) 
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Ø Content classification (news service, advertising, etc.) according to regions 

Ø Secondary product of other activities, most often of a local press 

The methods of acquisition of regional information: 

Ø Editorial content – information are acquired and processed by a professional 

team 

Ø User content - information are acquired from readers; we can ranged also 

blogs there 

Ø Commercial communication (Advertising) – publishing of information is 

paid in some form 

Results and discussion 

Even before a question, how available are regional information, it is necessary to 

answer whether regional information are needed and what are the preferred media at 

present. A relatively unambiguous answer is given by on each independent 

investigations made in regions of the Czech Republic in 2010. A firm Mediaresearch 

researched a representative sample of 547 internet users in the CR and the Czech 

University of Life Sciences a sample of 902 agricultural firms. The significance of 

regional news for users outweighs the foreign news service (the graph 1) and in 

ratings frequency in news service webs the regional news service is on the fourth 

place (the graph 2). From realized inquiries it is also apparent that internet services 

become a decisive resource of regional information (the graphs 3 and 4). Above all it 

is dealt with web services, however, an important role starts to be played also by 

social networks (Červenková, 2011). Also for example Hutchins, 2004 came to 

similar conclusions. 

Graph 1: Significance of regional news (Mediaresearch, 2010) 
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Graph 2: The Frequency of news ratings (Mediaresearch, 2010) 

Graph 3: Way of information acquisition (Mediaresearch, 2010) 
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Graph 4: Way of information acquisition (CULS, 2010) 

Now we get to the evaluation of availability of regional information at the nationwide 

level. Regarding the dominance of internet access we deal only with this medium. It 

is necessary to state that the intention to publish regional information is relatively 

big; there are many news and branch servers which are engaged in this activity. The 

quality of provided information itself can be evaluated quite positively though the 

investigation did not dealt with that. This evaluation stems from a subjective 

observation. However, if we compare the ways of acquisition and provision of 

regional information, we will found out considerable differences in approaches of 

particular servers. In total, 11 news and branch servers (portals) were evaluated. The 

selection was made on base of continuous topicality of published news. The 

evaluation results are presented in the table 1. 

From the evaluation it results that most nationwide information resources solves 

regionality of news service by use of classification and filtration of standardly 

processed content. However, the main problem must be looked for in integrity and 

completeness of provided news which is obviously given by problematic availability 

caused by collection logistics, human resources, and last but not least also by 

financial claims. This is indicated by some ambitious projects of regional news 

service suspended because of financial reasons (Aktuálně, 2011).
The most efficient communication at the lowermost level of social relations becomes 

interactive social networks. A public service has to be a pioneer in use of social 

networks to gain a personal relation with the future generations. The news content 

remains the same as in the past; what changes are distribution channels, and human 

involvement intensifies. 

It is also interesting that map bases and generally the Spatial Data Infrastructure 

(SDI) are not used at all for presentation of regional information on the researched 

servers. 
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News servers

iDnes.cz www.idnes.cz X X X X

Novinky.cz www.novinky.cz X X

iRegiony regiony.impuls.cz X X X

Sedmička www.sedmicka.cz X X

Aktualne.cz aktualn.centrum.cz X X

RTA www.rta.cz X X

Regiony24 www.regiony24.cz X X

CT24 www.ct24.cz X X

Branch servers

Agris.cz www.agris.cz X X

Práce.cz www.prace.cz X X

sReality www.sreality.cz X X

Table 1. Information resource

Figure 1: Illustration of evaluated news and branch servers (portals), selection 
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Conclusion: 

The interest in publishing of regional information is relatively big; there are many 

news and branch servers which deal with this activity. The quality of provided 

information itself can be evaluated quite positively. 

From the evaluation it results that most nationwide information resources solves the 

regionality of news service by use of classification and filtration of standardly 

processed content. The main problem is in integrity and completeness of provided 

news which is obviously given by problematic availability caused by collection 

logistics, human resources, and last but not least also by financial claims. It is also 

possible to state that classification of methods of provision and publishing of regional 

information used in the survey is sufficient at present. 
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Abstract. The multifunctional farm sector in Cyprus poses threats on the 

island’s water resources, but also highly contributes to preserving the cultural 

identity, incomes and employment in rural areas. This paper presents an 

application of the Choice Experiment method, in order to evaluate these 

features of Cypriot agriculture, which are externalities, as farmers are not 

remunerated in markets for such services. The results of the empirical analysis 

demonstrate that the Cypriot public is in favor of a less intensive pattern of 

agriculture. Furthermore, Cypriots are willing to pay in order to mitigate 

adverse environmental effects of agriculture, to improve cultural heritage and 

to safeguard the continuation of farming trade on the island. The estimated 

benefits often exceed income losses from changes in the cropping pattern, 

which verifies that EU rural development policies are regarded as beneficial by 

the public. 

Keywords: Multifunctionality, Choice Experiment, Rural development, 

Cyprus 

1 Introduction 
 The agricultural sector is multifunctional, given its complex interactions 

with the environment and rural amenities. Agriculture’s multifunctionality has been a

central issue during trade liberalization negotiations in WTO and is steadily gaining 

attention in the agricultural policy agenda. Proponents of multifunctionality claim 

that the maintenance of rural landscapes, the viability of rural areas and food security 

are some of the non-traded outputs of agriculture, which are endowed with public 

good characteristics or are externalities (OECD, 2001). As such, these non-traded 

outputs provide additional arguments in favor of intervention in the farming sector. 

The debate over agriculture’s multifunctionality has been mainly based on 

societal perceptions of values that stem from agricultural activity. Farmers continue 

to provide society with landscapes and keep rural economies viable but they are not 

rewarded by markets. A positive approach of multifunctionality recognizes multiple 

functions of agriculture, but favors policy measures to arrange their provision as long 

as they are perceived and valued by society (Vermersch, 2001, Allaire and Dupeuble, 

2002, OECD, 2003). If society is not affected by non-traded outputs of agriculture, 

there is no room for public intervention. Therefore, central to the use of
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multifunctionality in the agricultural policy reform agenda is to provide estimates of 

the values of non-traded outputs, which sum up to the total economic value of 

agriculture (Hediger and Lehmann, 2003).  

The multifunctional character of agriculture is an emerging issue in academic 

circles. Many authors have examined the effects of price policies on the production 

of non-traded outputs (Randall, 2002, Peterson et al., 2002, Romstad, 2004a, b), the 

implications of joint production of traded and non-traded outputs (Paarlberg et al., 

2002, Havlik et al., 2005) and the possibilities of valuing agriculture’s externalities 

(Boody et al., 2005). The valuation of multifunctional aspects of agriculture, on 

continent scale, has been highlighted by Randall (2002). Stated preference 

techniques, such as Contingent Valuation (CV) and Choice Experiments (CE), have 

been employed in order to attach monetary values to non-traded outputs of 

agriculture (Yrjola and Kola, 2004, Kallas et al., 2007). 

The purpose of this paper is to provide estimates of the value that society 

places on certain features of multifunctional agriculture. The CE method is employed 

in order to examine the factors that affect individual preferences about functions of 

multifunctional agriculture and then estimate monetary values for these functions.

The experimental design considers four attributes. The first two functions concern 

the adverse environmental effects of agriculture; that is pollution of water resources 

by pesticide and fertilizer use and pressures on water reserves from irrigation. The 

third function is related to the preservation of cultural heritage and rural landscapes, 

which formulate the identity of rural regions on the island. The fourth function is the 

maintenance of the farming trade, which is multifunctional; it is expected that the 

public is positively predisposed towards farmers.  

The CE data are analyzed by estimating a Conditional Logit Model (CE) 

and Random Parameters Logit Models (RPL), which are based on Random Utility 

Models (RUM). The estimated coefficients reveal public preferences towards the 

valued function of agriculture and focus on the effects of particular characteristics on 

the acceptance of changes in the provision of agriculture’s externalities. Furthermore, 

these coefficients are used in the estimation of the Marginal Willingness to Pay 

(MWTP) for the valued functions. As a final step, income losses from changes in the 

cropping pattern are compared to benefits from non-traded outputs of the Cypriot 

agriculture; the results reveal a net social surplus from the adoption of an extensive 

cropping pattern, due to the provision of externalities at the level that society desires. 

  

2 Agriculture’s Multifunctionality in the Policy Agenda 
Agriculture’s multifunctionality reflects the fact that the agricultural sector 

jointly produces non-traded outputs, food and fiber. The former, referred to as “non-

trade concerns” in the WTO agenda, are often externalities or are endowed with 

public good characteristics. Although controversial, the concept of agriculture’s 

multifunctionality has been central among countries’ claims of widening the “green 

box” measures in order to protect unique farming systems that produce some of these 

externalitites. It is worth to notice that the negative externalities of agriculture, such 

as pressures on water resources and air quality, have been long recognized in 

literature (see Pretty et al., 2000); however, the concept of multifunctionality in 

agricultural policy reform has focused on positive externalities on employment, 

income, cultural heritage and rural development. 
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The EU farm sector has been long recognized as multifunctional, as is expressed 

by small family farms that prevail in the Continent (de Vries, 2000). This “European 

Model of Agriculture” plays a significant role in maintaining vivid rural areas and 

protecting the environment and cultural heritage (Casini et al., 2004). EU policies 

favor protectionism in the farm sector, as market competition could abolish this 

model of agriculture. The Common Agricultural Policy (CAP) provides economic 

incentives, many of which have influenced non-traded farm outputs. However, these 

measures did not achieve environmental and rural development goals. Regulations 

(ΕC) 1782/2003, (EC) 73/2009 and (ΕC) 864/2004 and (EC) 1698/2005 recognize 

that farming should always safeguard soil quality and protect the environment.

The relationships between agriculture and the environment are predominantly 

complex. The extent to which farming affects the environment, either positively or 

negatively, depends on input use and on the cropping pattern. Conventional farming 

systems in the EU produce negative environmental externalities which affect soil, air 

quality and surface and ground water resources. The main pressures of agriculture on 

water resources and aquatic ecosystems are due to poor management of irrigation and 

non-point sources of pollution, mainly residuals of agrochemicals (Hitchens et al., 

1978, Thampapillai and Sinden, 1979, Burton και Martin, 1987, Pretty et al., 2000). 

Lately, agroenvironmental policy measures have emerged in order to minimize 

adverse environmental effects of agriculture (Dobbs and Pretty, 2004). The recent 

CAP reform introduced payments to farmers who adopt integrated or organic farming 

and incentives to expand fallow lands and forests (Axis ΙΙ, Reg. (EU) 1698/2005). 

Another category of agriculture’s externalities is the formulation of agricultural 

landscapes (Lindland, 1998, Peterson et al., 2002, Casini et al., 2004). These 

landscapes include both natural and man-made elements which reflect structural 

changes in the sector as well as social, cultural and political changes that occurred 

during centuries. It is argued that rural landscapes characterize and differentiate the 

countryside and they constitute development resources for these areas.  

Agriculture’s role in rural development is undeniably significant. Functions 

such as safeguarding rural populations, protecting cultural heritage and maintaining 

the farming trade are some of its non-traded outputs that affect rural amenities. Farm 

policies are considered necessary in maintaining them; however, it is ambiguous that 

market interventions are the ideal measures to induce rural development. Most 

countries agree that the diversification of rural economies is prerequisite for lively 

rural areas. This trend is reflected in the constant emergence of pluriactive farms in 

the Union (Potter, 2004). It is argued, however, that in regions where the rural 

economy is poorly diversified, such as EU’s LFAs, agriculture performs cultural and 

environmental functions, except for its predominant role in local economy and 

employment. The introduction of EU Reg. 1698/2005 depicts the incorporation of 

such issues in the CAP, and acknowledges that basic infrastructure is necessary to 

retain acceptable population levels, rather than a heavily subsidized primary sector.  

Cultural heritage and the mere identity of rural regions have been shaped, 

throughout the years, by the predominance of agriculture. The countryside is 

endowed with a wide range of cultural features, such as traditions, music, dances and 

architecture. These elements differ among regions and constitute resources that 

support rural development, based on existing advantages (Lowe et al., 2002, Jervell 

and Jolly, 2003). The public perceives farmers as the keepers of this “agricultural 
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cultural heritage” (Abler, 2003), thus recognizing concrete links between farming 

and culture. Nevertheless, markets often fail to remunerate farmers for these services.  

Farming has traditionally been viewed by society as a particular trade, as life in 

the countryside and constant interactions with nature are unique to the profession.

The multifunctional character of agriculture impels farmers to redefine their scopes 

in order to integrate them in a modern framework which embraces economic, 

environmental and social aspirations (Deverre, 2002). Cayre et al. (2004) recognize 

social and ethical motivations in engaging with farming. Non-economic motivations

are reflected in the maintenance of small family farms with poor economic 

performance, as well as in pluriactive farmers, who take over other activities in order 

to subsidize the continuation of farming (Streeter, 1988, Sumner, 1991).

According to Harvey (2003) the positive way in which society regards 

farming stems from the development process during the industrial revolution, of 

which farmers are the “losers”, who did not have the opportunity to move from the 

countryside and seek new forms of employment and a modern way of life in urban 

areas. The “winners” of this process, civilians, retain a “romantic” view for farmers.

Within this context, the CAP recognized farmers as a disadvantaged trade even from 

its origins (Potter and Burney, 2002). 

3 The Farming Sector in Cyprus 
The main environmental problem in Cyprus is water management. Low 

annual rainfalls threaten surface and ground water reserves on the island. Given that 

the farming sector accounts for 70% of the total water consumption in Cyprus, 

irrigation policies are of vital importance not only for the farming sector, but also for 

the economy as a whole.

Water reserves are also threatened by agrochemical use. The expansion of 

irrigated crops (potatoes, citrus, olives and grapes) has resulted in a considerable 

increase in the use of fertilizers and pesticides, whose residuals pollute the otherwise 

limited water resources on the island. Especially nitrogen pollution is severe and is 

the main cause of eutrophication.  

During the last 25 years, the Cypriot government has prioritized the 

implementation of integrated irrigation water management policies. An estimated 

80% of total funding of the Ministry of Agriculture, Natural Resources and the 

Environment has been directed to irrigation projects. Nowadays, 23% of total 

farmland is irrigated. The amelioration of irrigation networks has permitted the 

extensive introduction of Improved Irrigation Systems, which nowadays cover 

approximately 95% of the irrigated farmland and have brought about water savings 

of up to 70 mil. m
3
/year. Nevertheless, continuous droughts in the past few years have 

deteriorated salinization and have intensified pressures on water reserves, with 

considerable adverse effects on ecosystems and biodiversity. 

The Cypriot farming sector contributed by 3,1% to the GDP and by 6,7 to 

employment in 2008. However, its contribution is vital in incomes and employment 

in highland rural areas, where tourism and manufacturing activities are limited. 

Features of agricultural cultural heritage are widespread in rural areas of the island, 

including monuments, festivals, museums and buildings (windmills, bridges, oil 

mills etc). The importance of these cultural resources has been recognized and 

considerable efforts are in force in order to incorporate them into rural development 
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strategies. The Rural Development Program, in force since 2007, endorses 

investments and actions to protect cultural features through measure 3.2, in order to 

prevent depopulation of rural areas. 

4 Methodological Framework 
The effects of agriculture’s externalities are difficult to value, as they are not 

captured by the production functions. Stated preference valuation techniques have 

been applied by numerous authors during the past few years, in order to attach 

monetary values to non-marketed goods and services (Lusk et al., 2003, Birol et al., 

2006, Travisi and Nijkamp, 2008, Christensen et al., 2011). Among stated preference 

techniques, this paper adopts the Choice Experiment (CE) approach to value 

agricultural externalities.  

The CE method is based on Lancaster’s (1966) theory of consumer 

preference, according to which goods and services can be described in terms of their 

characteristics. The design of a choice experiment requires the choice of attributes 

that describe the good of service as well as the determination of levels for each 

attribute. The researcher adds a monetary attribute that corresponds to an amount that 

a member of a hypothetical market would be willing to pay in order to achieve the 

attribute levels they desire. The possible combinations of attributes and levels yield 

the alternatives, which are then organized in pairs in order to formulate the choice 

sets. Each respondent is presented with 4-16 choice sets (Louviere et al., 2000) and 

for each one they are asked to mark the alternative they prefer. 

 The econometric analysis of CE data is based on Random Utility Models 

where utility is distinguished in an observed (Vij) and an unobserved (εij) part.

ij ij ijU V e= +      (1) 

Based on RUM, several econometric models have been proposed for the 

analysis of choice data, among which Conditional Logit (CL) models (McFadden, 

1973) have been widely applied. In CL models, the indirect utility function is linear 

and the stochastic component of the utility is Gumbel extreme Type-B independently 

and identically distributed. The probability distribution function is formulated as 

follows, where the probability (denoted Pij) of respondent i choosing alternative j 

over all other k alternatives in choice set B equals the utility from this alternative 

over the utility from all other alternatives. 
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å
   (2) 

The basic CL model is subject to two limitations. The first is the 

Independence of Irrelevant Alternatives (ΙΙΑ) property, which states that the choice 

probability between two alternatives is not influenced by the inclusion or exclusion 

of other alternatives in a choice set. If IIA does not hold, the model might be biased

(Christiardi and Cushing, 2007). Second, this CL model does not account for 

preference heterogeneity. This can be arranged in two ways. Observed (systematic) 

heterogeneity can be captured in respondents’ social and economic characteristics, 
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which enter the model as interaction terms. Unobserved heterogeneity is captured in 

the random part of the RUM.  

 Random Parameters Logit models (RPL) (Revelt and Train, 1998) are 

similar to CL in that they are based on the same distributional and behavioural 

grounds. However, in RPL models a separate linear utility function is introduced for 

each respondent and standard deviations for random coefficients account for 

unobserved heterogeneity; hence, utility from choosing an alternative in a choice set 

is itself a random variable. The probability distribution function is formulated as 

follows, where ηi is the random factor in the utility function.
( )
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 Formula (3) can be solved by simulation, using the simulated maximum 

likelihood estimation (Train, 2003). For the estimation, Halton draws are preferred, 

in order to minimize variance (Bhat, 1999, 2000). The choice of random coefficients 

and distributional forms depends on the researcher. Hensher et al. (2005) argue in 

favor of a normal distribution, while Revelt and Train (1998), Lusk et al. (2003) and 

Morey and Rossman (2003) assumed normal distributions in their analyses.  

Following the results of the estimation of logit models, welfare measures can be 

estimated for each attribute. The monetary value of the good or service under 

consideration is reflected in the compensating surplus (CS) (Hicks, 1939, Hanemann, 

1984), using formula (4) (Hanemann, 1989).  

1 0

1 1

ln lni i

I I
V V

i i

payment

e e
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b

= =

-

=
å å

   (4) 

where Vi0 και Vi1 are utilities of individual i before (status quo situation) and after the 

implementation of the proposed management scenario and βpayment is the coefficient of 

the monetary attribute, which stands for the marginal value of income. 

The most commonly used welfare measure in non-market valuation is 

Willingness to Pay (WTP). In choice experiments, the experimental design allows for 

the estimation of the Marginal Willingness to Pay (MWTP), for marginal changes in 

the level of each attribute, as the trade-off between income and a marginal change in 

the level of the attribute. For CL models, as well as for attributes with fixed 

coefficients in RPL models, trade-offs are estimated by means of formula (5) 

1 1 ...attribute n n

payment

S S
MWTP

b b b

b

+ + +
= -   (5)

where β1…βn are the coefficients of interaction terms S1…Sn. It is obvious that 

formula (5) takes into account the observed part of preference heterogeneity.

MWTP for random coefficients in RPL models is estimated using the formula 

(5); however, in order to take into account the standard deviations, Hensher et al. 

(2005) describe a technique that uses the population minutes, in order to simulate the 

unknown distribution of MWTP. By simulating the distribution, it is possible to 
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estimate means, medians and standard deviations, depending on the distributional 

assumptions about the random coefficients (Abou-Ali and Carlsson, 2004).  

Confidence intervals for MWTP are estimated using bootstrapping techniques, in 

order to simulate unknown and complex distributions. Krinsky and Robb (1986) 

proposed a method which uses random draws from a multivariate normal 

distribution, using the vector of estimated coefficients and the estimated variance-

covariance matrix. For random coefficients, the procedure uses population minutes. 

In both cases, MWTP is estimated for each draw and the resulting welfare measures 

create the unknown distribution.  

5 Survey Design and Administration  
The CE questionnaire includes three parts, following common 

recommendations in literature (Mitchell and Carson, 1989, Arrow et al., 1993, Boxall 

et al., 1996). In the first part, respondents are asked about their attitudes towards 

multifunctionality, using Likert-scale questions; in the third part respondents’ social, 

economic and behavioral characteristics are recorded. 

The second part of the questionnaire starts with a brief explanation of 

externatilies that affect the environment and society, as well as relevant problems. As 

a solution, a change in the cropping pattern is proposed. The introduction of an agro-

environmental, non-government trust-fund is proposed, which will be in charge of 

actions and synergies necessary to carry out changes in the cropping pattern. 

Individuals who are interested in this management scenario are invited to volunteer 

by paying an amount to the trust-fund. This payment vehicle is considered 

compatible to the nature of the proposed trust-fund, as such bodies could perform 

better in organizing efforts, by taking into account particularities at the local level 

(Blandford and Boisvert, 2002). Dwyer and Hodge (1996) are also in favor, 

following the example of carts operating in the UK. 

The payment scenario is based on the results of a mathematical 

programming analysis (details are available in Ragkos et al., 2010). Using published 

technical and economic indicators of the main crops in Cyprus, a parametric 

programming model yielded 15 alternative cropping patterns for the country, each 

subsequent of which represents reduced requirements in input use. The basic 

characteristic of this change is the predominance of wheat, which gradually 

substitutes tree crops and vegetables, thus reducing the use of agrochemical inputs 

and irrigation water. Nevertheless, this shift to wheat brings about a loss in farm jobs,

due to its low requirements in human labor, and a raise in incomes per farmer, as the 

loss in total revenue would be counterbalanced by the reduction of the number of 

farmers. The main results of the 15 cropping patterns are presented in Table 5.

The design of the CE survey was based on the results of the parametric 

programming model. The five attributes included in the experimental design are (see 

also Table 1): 

1. “Reduction in agrochemical use”. This attribute captures respondents’ 

preferences about environmental externalities of agriculture, considering the adverse 

effects of detrimental inputs on the environment.  

2. “Reduction in water consumption”. The consideration of public preferences 

towards irrigation water could inform water management policies.
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3. “Rural development and cultural heritage”. This attribute involves retraining 

farmers who will leave farming, as a result of changes in the cropping pattern, in 

order to engage in other sectors of the rural economy. It reflects the values of rural 

cultural heritage and rural landscapes.  

4. “Increase in incomes from agriculture”. An increase in farm incomes 

induces farmers to remain in the trade. Preferences towards this attribute reflect 

public interest in safekeeping the farming sector and imply the degree of consent for 

maintaining protectionism in the sector.  

5. “Payment” is the amount of money that a respondent would pay by 

choosing an alternative.  

Table 1. Attributes and levels in the CE design 

Attributes Levels Description

Reduction in 
agrochemical use

11%, 34%
46%

Reduction in the value of pesticides and fertilizers 
used as a result of changes in the cropping pattern

Reduction in water 
consumption

16%, 41%
60%

Reduction in irrigation water consumption as a result 
of changes in the cropping pattern 

Rural development 
and cultural heritage

18.571 farmers
24.910 farmers
27.852 farmers

Number of farmers who leave farming, as a result of 
changes in the cropping pattern, and will be retrained 
in other sectors of the rural economy (development 
of rural landscapes and rural cultural heritage)

Increase in incomes 
from agriculture

18%, 25%,
37%, 45%

Increase in incomes per farmer as a result from 
changes in the cropping pattern, which entail less 
employment in the sector

Payment 30€, 80€, 150€,
350€, 500€

Amount of money paid for each alternative

The full-factorial yielded 540 alternatives, which were reduced to 25, using 

the orthogonal design command in the statistic package SPSS 17.0. The 25 remaining 

alternatives were organized in 25 choice sets, which were then divided into four 

groups, three of six alternatives and one of seven. This process yielded four different 

versions of the questionnaire. Each respondent was presented with one version, 

therefore making six or seven choices. 

 The sampled population consisted of the total adult population in the 

Republic of Cyprus. The stratified random sampling method yielded a sample of 407 

respondents. Enumerators approached all respondents and the response rate was very 

high (81%), which finally produced a total of 330 valid questionnaires. After 

removing protest votes (see a discussion in Arrow et al. (1993)), a total of 1558 

choices was used for the analysis. 

6 Empirical Results 
Responses to the Likert-scale questions in 1

st
 part of the questionnaire were 

analyzed and five multiple-item indexes were formulated, which represent 

respondents’ attitudes towards specific aspects of multifunctionality of agriculture in 

Cyprus. These indexes are explained in Table 2, along with other variables in the 

analysis.    
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The results of the maximum likelihood estimation of the CL model are reported 

in the first column of Table 3. All coefficients are significant at the 1% level, which 

indicates that all attributes are important explanatory factors of preferences towards 

multifunctionality. The positive signs of “Agrochemicals”, “Water”, Retrain” and 

“Farm_Income” reveal that the probability that a respondent chooses an alternative is 

increased by an increase in their levels, while, as expected, the opposite holds for an 

increase in “Amount”. 

 The CL model was tested for the IIA using the Hausman – McFadden 

(1984) test. The null-hypothesis that IIA does not hold cannot be rejected when 

Alternatives B or C are removed. This entails that the results of the estimation are 

biased, therefore RPL models are estimated. 

Table 2. Variables used in the empirical analysis 

Variables Description

Agrochemicals Attribute "Reduction in agrochemical use"

Water Attribute "Reduction in water consumption"

Retrain Attribute "Rural development and cultural heritage"

Farm_Income Attribute "Increase in incomes from agriculture"

Payment Attribute "Payment"

Gender Male/Female

Age Numeric variable

Income Ordinal variable

Education Numeric variable (Years of schooling)

Resident Lives/Does not live in a rural area

Farm_Family Comes/Does not come from a farm family

Rural_Family Has grown/Has not grown up in a rural area

Env_Group Membership in an environmental club

Knowledge Latent variable - Knowledge about multifunctionality

Water_Management Latent variable - Attitude towards water use

Environment Latent variable - Environmental consciousness

Cult_Her Latent variable - Attitudes towards agricultural culrutal heritage

Farming Latent variable - Attitudes towards the farming trade

The RPL model is reported in the second column of Table 3. “Water” and 

“Payment” are normally distributed random coefficients. All coefficients are 

significant at the 1% level and of the expected sign; hence, an increase in the level of 

non-monetary attributes affects utility positively, whereas larger payments reduce the 

level of utility. The latter finding was expected, due to income constraints.  
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Table 3. Conditional Logit and Random Parameters Logit models  

Variables
Conditional logit

(CL)

Random 
Parameters Logit

(RPL)

Random 
Parameters Logit 
with interactions

(RPL-INT)

Intercept -2,48927***
(0,35727)

-2,11162***
(0,47357)

-2,48527***
(0,47647)

Agrochemicals 0,01883***
(0,00363)

0,02879***
(0,00641)

Water 0,02674***
(0,00264)

0,03165***
(0,00438)

a
-0,10711***
(0,03842)

a

Retrain 0,5177*10^-4***
(0,1394*10^-4)

0,5567*10^-4***
(0,1999*10^-4)

Farm_Income 0,01645***
(0,00450)

0,03277***
(0,00782)

Payment -0,00756***
(0,00040)

-0,02331***
(0,00369)

a
-0,06303***
(0,01152)

a

Water*Gender 0,01333**
(0,00626)

Payment*Gender -0,00488**
(0,00196)

Agrochemicals*Age 0,00041*
(0,00022)

Water*Age 0,00106***
(0,00028)

Payment*Income 0,00389***
(0,00093)

Water*Education 0,00589***
(0,00119)

Retrain*Resident -0,2618*10^-4***
(0,0102*10^-4)

Agrochemicals*Farm_Family 0,01632
(0,01019)

Farm_income*Farm_Family -0,03678***
(0,00977)

Agrochemicals*Rural_Family -0,03701***
(0,01245)

Retrain*Rural_Family 0,5901*10^-4***
(0,1608*10^-4)

Water*Env_Group -0,03032***
(0,01038)

Farm_income*Knowledge 0,00225***
(0,00065)

Payment*Knowledge 0,00089***
(0,00022)

Water*Water_Management 0,00311***
(0,00091)

Agrochemicals*Environment 0,00271***
(0,00083)

Farm_income*Cult_Her -0,00240*
(0,00134)

Retrain*Cult_Her 0,1618*10^-5
(0,1404*10^-5)

Farm_Income*Farming 0,00473***
(0,00126)

Standard Deviations
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Water 0,03379***
(0,01068)

0,03697***
(0,01088)

Payment 0,01411***
(0,00266)

0,01397***
(0,00246)

Log-Likelihood function -1282,955 -1251,210 -1079,931

McFadden R
2 0,25045 0,26900 0,36959

Draws 500 Halton 1000 Halton

Likelihood Ratio Test 857,366*** 920,856*** 1265,213***

Observations 1558 1558 1558

* significant at the 10% level, ** significant at the 5% level, *** significant at the 1% level 

Note: a denotes random parameters 

Unobserved preference heterogeneity is incorporated in the standard 

deviations of the random coefficients, which are significant at the 1% level. The 

reported standard deviations indicate that changes in “Water” and “Amount” have a 

positive impact on utility, although its extent varies among individuals. 

In order to account for both observed and unobserved preference 

heterogeneity, a RPL model with interaction terms (RPL-INT) was also estimated 

(Table 3). The random coefficients of “Water” and “Amount” are normally 

distributed and the estimated standard deviations are significant at the 1% level. The 

McFadden R
2

(0,36959) is significantly improved compared to the models without 

interaction terms, indicating the effects of observed preference heterogeneity. The 

internal validity of the model is verified by the positive sign of the interaction term 

“Payment*Income”, which verifies that individuals of low incomes are less inclined 

to pay higher amounts than individuals of higher incomes. The signs of the other 

coefficients of the interaction terms provide indications as to the preferences of 

particular segments of the population. 

The coefficients of the three models are used in the estimation of the marginal 

Willingness to Pay (MWTP) for each attribute. The estimations are based on formula 

(5). For random coefficients, standard deviations were taken into account.

The estimated MWTP for the non-monetary attributes are presented in Table 4. 

The results produced by the RPL-INT model are considered more reliable, as they 

incorporate all sources of preference heterogeneity. Following these, the Cypriot 

public are willing to pay: 

1. 1,75 €/person for a 1% reduction in the use of agrochemicals, in order to 

decrease pressures on ecosystems  

2. 2,16 €/person for a 1% reduction in the use of irrigation water 

3. 1,65 €/person to achieve a 1% raise in the average farm incomes, which 

would induce farmers to remain in the trade 

4. 0,0031 €/person in order to retrain a farmer who would leave the trade

The MWTP estimates indicate that the Cypriot public is willing to pay for the 

reduction of adverse environmental effects of agriculture, but also for benefits that 

affect society and rural development. 
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Table 4. Marginal Willingness to Pay for attributes of multifunctional agriculture  

1 MWTP estimated using the WALD procedure in LIMDEP 8.0 NLOGIT 3.0. Numbers in 

parentheses are standard errors 
2 MWTP estimated using population minutes
3 Numbers in parentheses denote the lower and upper confidence intervals, at the 95% level, 

estimated using the bootstrapping procedure by Krinsky and Robb (1986). 
4 Numbers in parentheses denote the lower and upper confidence intervals, at the 95% level, 

estimated using population minutes 

The estimated monetary values can be used for the quantification of benefits 

derived from the alternative cropping patterns. Each one of these scenarios 

corresponds to different levels of the four non-monetary attributes and, consequently, 

to various levels of monetary benefits from their implementation. The monetary 

values derived from each scenario are the compensating surpluses (CS) between the 

status-quo situation and the levels of these attributes in each scenario. The CS in each 

case is estimated using the coefficients of the RPL-INT model, which accounts for all 

sources of preference heterogeneity, by simulating the population minutes. 

CS estimations for the 15 alternative cropping patterns are presented in Table 5.

CS per person is minimized in scenario 2 (-51,28 €/person), it increases between 

scenarios 3-7 and then between scenarios 9-11 and reaches a maximum at scenario 

11 (309,49 €/person). It is, therefore, evident that society attaches monetary values to 

the implementation of such extensive scenarios, which would entail reduced 

agrochemical and water use, more human resources to safeguard cultural heritage 

and increased farm incomes to assure the continuation of farming in Cyprus. 

Losses in gross margin, due to the substitution of tree crops and vegetables by 

wheat, vary between 4,7% και 64,2%. However, these considerable losses are 

counterbalanced by the total benefits, aggregated to the Cypriot population, in 

scenarios 3-12. The comparison between total benefits and income losses reveal a net 

social surplus, which varies between 19,7 mil.€ και 91,7 mil.€ for scenarios 12 and 5 

respectively. Hence, the inclusion of the value of agriculture’s externalities in the 

decision-making process, for example considering the introduction of an 

environmental-friendly policy, heavily influences the results, whether only traded 

outputs of agriculture are taken into account. The social and environmental impact of 

farming represents an important part of the total economic value of agriculture and 

need to be included in the decision-making process, alongside with economic criteria.

Attributes

Marginal Willingness to Pay (€/person)
Confidence Intervals (95%) (€/person)

CL RPL RPL-INT

Reduction in agrochemical use 2,49*** (0,48)
1

2,02 
2

1,75 
2

(1,57)-(3,42)
3

(-5,45)-(8,18)
4

(0,61)-(8,63)
4

Reduction in water consumption 3,54*** (0,39)
1

3,74 
2

2,16 
2

(2,81)-(4,35)
3

(-18,94)-(22,48)
4

(-0,97)-(21,04)
4

Increase in incomes from agriculture 2,17*** (0,60)
1

2,30 
2

1,65 
2

(0,99)-(3,38)
3

(-6,20)-(9,32)
4

(0,57)-(8,13)
4

Rural development and cultural heritage 0,0068*** (0,0019)
1

0,0039
2

0,0031 
2

(0,0033)-(0,0106)
3

(-0,010)-(0,016)
4

(0,0011)-(0,0152)
4
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7 Conclusions
The choice experiment approach in valuing some outputs of the multifunctional 

farm sector in Cyprus verifies public awareness concerning agriculture’s 

externalities. Cypriots are willing to pay for environmental benefits, through the 

reduction in pesticide and irrigation water use, for the protection of agricultural 

cultural heritage and for the continuation of farming on the island. This positive WTP 

reflects public consent to a shift towards less input-intensive crops which will limit 

environmental pressures, reduce jobs in the farming sector and improve farm 

incomes. Farmers who will leave the farming sector, because of this extensification, 

could be employed in other sectors of the rural economy, which will develop local 

characteristics formulated by the predominance of agriculture, such as rural 

landscapes and agricultural cultural heritage.  Then, the implementation of such a 

program could bring about considerable benefits, in terms of non-market goods and 

services, which overlap income losses from marketed goods. 

The results of the analysis can be of use in policy design. The estimated welfare 

measures verify that agriculture is a multifunctional sector, endowed with 

environmental and social functions. Therefore, decisions about the cropping pattern, 

rural development and price policies should always incorporate the values of non-

marketed services provided by the agricultural sector. Special attention needs to be 

directed to the values of the farm trade, as the continuation of farming on the island is 

valued by the public, which provides an argument for interventions in the sector. 

The results of the analysis verify that the public is in favor of policies that aim at 

the diversification of the rural economy (Axis ΙΙΙ, Reg. (EC) 1698/2005). The 

analysis has shown that agriculture’s externalities provide a wide range of resources 

that could be developed in this context. The use of existing cultural, environmental 

and social resources in development programs could produce better results as it 

reclaims local know-how. In this pattern, agriculture’s externalities are resources for 

sustainable development, as environmental pressures would be mitigated and 

infrastructure for rural population would be created. The contribution of farming in

local economies would be reduced, without however ceasing to perform its 

environmental and social functions.

Comparisons between the estimated benefits and income losses are not the only 

criteria for the choice of the proper agricultural system. Other significant factors in 

the decision making-process are transaction costs, constraints set by EU and local 

legislation, infrastructures for the rural population and other externalities of 

agriculture, which have not been included in the experimental design. An integrated 

approach of multifunctional agriculture could provide estimates of the total economic 

value of Cypriot agriculture. Furthermore, the formulation of a common valuation 

framework in other EU countries could provide policy-makers with valuable 

information in planning the future of the CAP. 
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On the go measurements of penetration resistance and 

yield and the effect of deep loosening 

Elisabeth Bölenius
1  
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Abstract. A horizontal, on-line penetrometer has been used on several fields in 

Sweden to measure penetration resistance. The yield on these fields have been mapped 

and compared to the penetration resistance. In some of the fields, deep loosening has 

been done on parts of the field in order to be able to study the effects on the yield. 

Some correlation of higher penetration resistance and lower yield has been found but 

no positive effect of the deep loosening was discovered.    

Keywords: GIS, site-specific measurements, penetration resistance, yield 

1   Introduction 

   Yield variations within fields can be very high, several tons of grain per hectare 

(Thylén, 1997). If the reasons for these variations are known, site-specific inputs can 

save resources, the negative effects on the environment can be reduced and yield 

levels can be maintained or even increased (Robert, 1999). Relationships between 

soil physical parameters and yield, especially in the subsoil, are seldom studied, often 

due to labour intensive, and therefor expensive, methods of measuring such 

parameters. The spatial variation in cone index and other physical parameters has 

been studied by a number of researchers but few have studied the relationship with 

yield (Isaac et al, 2002; To & Kay, 2005). A large Swedish study on yield variations 

in sugar beet showed that factors influencing root development and water transport in 

soil had the largest effect on yield (Berglund et al, 2002).  

   The objective of the present study was to use a site-specific horizontal, on-line, soil 

penetrometer for studying soil penetration resistance and its correlation with yield. 

The effects of deep loosening on yield was also studied. 

2   Equipment 

   A four-share parallel-plough was modified to support three parallel, horizontally 

mounted, soil penetrating cones, (see figure 1 and 2). The cone-angle was 30°, with a 

base diameter of 6.3 cm. The cone was connected to a Bosch draught sensor capable 

of registering forces between –25 kN and +25 kN. The instrument is capable of 

measuring soil penetration resistance at three depths (10, 30 and 50 cm), speed and 

position which are recorded with a Trimble SweeEight GPS every second. The
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instrument was used at a speed of approximately 1.5 m s
-1

 and was equipped with a 

stone release mechanism and a system to record actual working depth every second. 

The 1000 Hz signal from the draught sensor was reduced to a 1 Hz signal to lessen 

the noise.    

 

   
Fig 1. Soil penetrating cone  Fig 2. One of the three 

and draught sensor. soil penetrating cones. 

3 Results  

   Fig. 3 shows a yield map for a field while Fig. 4 shows data from penetration 

resistance measurements at 30 cm depth performed after harvest. There was an 

inverse correlation between penetration resistance and yield (Figs. 3 and 4) with 

higher yields obtained at areas of lower resistance. The left part of the maps show 

both a higher yield (fig. 3) and lower penetration resistance (fig 4) and the opposite is 

true for the right part of the map. 

 

 
Fig. 3. Yield of spring barley (ton ha

-1
). 
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Fig. 4. Penetration resistance (kPa) at 30 cm depth. 

Figure 5 shows a field where parts of the field was deep loosened. Some 

differences could be seen in penetration resistance between loosened and unloosened 

parts of the field (fig 6) but these differences was however not visible on the yield 

map. 

  
Fig. 5. The strips show the area that was  Fig. 6. Penetration resistance at 30 cm.  

deep loosened. The red and green dots show  Measurements done in September. 

places that were more intensely sampled. 
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3 Conclusions  

The horizontal penetrometer worked well in the field. The signals were stable and the 

construction was sufficiently robust to tolerate stones in the soil. The measurements 

show that variations in penetration resistance can explain part of the variation in crop 

yield. This horizontal, on-line penetrometer can measure a large area considerably 

faster than a traditional penetrometer, which will make it easier to incorporate soil 

physical parameters into precision agriculture.  
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Application of dGPS to Harvesting Date and Precision 

Viticulture in Slovenia 
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Abstract. In 2002, the maturity of grapevine was researched on the basis of 

sugar content, total titratable acidity and pH at seven locations with an 

undulating topography in four varieties 'Chardonnay', 'Riesling', 

'Welschriesling' and 'Sauvignon'. All sampling points   were geo-referenced 

simultaneously with DGPS for creating sugar maps. The significant 

relationship between the varying altitude above sea level (from 395 m to 505 

m) and the concentration of sugar and the total titratable acidity of grapes was 

estimated during the maturity. The results of the study indicate that a great 

improvement of the grapevine quality is possible in the future by harvested it 

separately on the basis of site-specific maps.  

Keywords: vineyard, sugar map, GIS, GPS 

1   Introduction 

Precision agriculture has been described as a continuous cyclical process of data 

collection, followed by interpretation and evaluation of the information acquired and 

implementation of management decisions in response to it (Cook and Bramley 1998). 

The chosen technologies vary greatly depending on demands of individual farms 

(Blackmore 1994).  

Recently, only a few studies have been reported concerning the opportunities of 

precision viticulture to adapt production of grapes and wine according to the 

vineyard performance and desired goals in terms of yield and quality, although the 

altitude, orientation of the slope and its angle was already reported to affect the heat 

gain significantly (Horney 1973; Becker 1978; Hoppmann 1978; and Hoppmann et 

al. 1997). 

The grape wine quality and its interaction with yield and soil properties is of 

greater importance than might occur in arable farming (Bramley and Proffitt 1999, 

2000). Therefore, management strategies need to be developed so both yield and 

quality can be optimized.  The first investigation of relationships between the yield, 

grape berry quality and soil properties, studied at two vineyards, showed that an 

improved understanding of the input to the grape production system was required. 

For mapping of selected soil and vine indices Bramley (2001) used a modification of 

the HarvestMaster grape yield monitor. In another study, Bramley and Williams
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(2001) successfully implemented a protocol for grape yield map production for two 

years in Coonawarra, Australia. However, it was proved that the commercial yield 

monitoring equipment has not been matched for making useful maps, because of the 

lack of associated support tools. Thus, it is suggested for wine producers to apply 

robust methodologies for production of yield map and other vine attributes. 

In Europe, as the most important vine producer in the world, the vineyard 

managers still have not access to a reliable methodology for updating their 

inventories of vineyard distribution on their territory and technical means to exploit 

this knowledge for supporting their decision in land management in grape producing 

(Montesinos 2002). To develop a methodological approach for defining and testing a 

vineyard database structure and spatial analysis procedures between years 2002 and 

2005 the EU has founded the BACCHUS project. 

Regrettably, till now, no comparable research has been conducted in Slovenia 

neither our wine producers are jointed in European projects, because the holdings are 

extremely fragmented and most of them are less than five hectares. However, 

although Slovenia is one of Europe’s smaller countries, the landscape and climate is 

very diverse, causing by the variety of climatic (Alpine, Panonian, Mediterranean 

and transitional) and geological conditions which contribute to the use of a wide 

variety of grapevines and consequently a large assortment of vines in our wine–

growing regions. 

The eastern Slovenian region contains about 9000 ha of vineyards, with good 

yields, but the individual vineyards are small too, with very steep slopes that 

influence times of ripening of grapes. Nowadays, when, according to the applied 

technology, the whole area of each vineyard is harvested manually at the same time, 

substantial loss of quality may result. Namely, as shown for the sub-alpine vineyards 

by Bertamini et al. (1999) and Rusjan (2002) for western Slovenian vineyards, the 

significant influence of increasing altitude on the sugar content of grapes was 

detected due to the increasing hours of day sunshine on well exposed south- and 

west-facing. However, the positive correlation was not found for the vineyards lying 

higher as 550 m.  

The main objective of our investigation was to produce a vineyard data base 

structure and to investigate the possibility of a site-specific determination of optimal 

maturity of grape berries with the respect to the varying altitude of the vines above 

mean sea level (MSL). 

2   Site description and sample collection 

The area selected for this study was the 20.0 ha Faculty vineyard, Meranovo (Lat 

= 46o 02' 53.27004" N, Lon = 14o 32' 37.36262" E). The site is divided into nine 

parcels lying on differently oriented terraces and is roughly 900 m long (east-west) 

by 650 m wide (north-south). It is characterized by an undulating topography with a 

difference of 98 m in altitude between the highest (505 m) and lowest point (407 m). 

As clearly seen from Fig. 1, rows of grapes are oriented up and down the south 

(‘Sauvignon’), south-east (‘Welschriesling’ and ‘Riesling’) as well as south-west 

facing slopes (‘Chardonnay’). However, in the very near history all rows were 
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oriented across the slope as it can be still noticed in the middle of the old ortho-photo 

map before the last vineyard reconstruction was conducted two years ago. 

 

 

Fig. 1.  Position of the monitoring locations in vineyards 

 

 For investigating the influence of differences in height above mean sea level 

(MSL) on the ripening of grape berries, four different parcels planted with varieties 

'Chardonnay', 'Riesling', 'Welschriesling' and ‘Sauvignon’ were selected. As seen 

from Tab. 1, three of those parcels were divided into a top and bottom area, while the 

'Welschriesling' parcel remained undivided.  

 

 
Table 1: Data of the monitoring locations 

 

Location Variety Area [ha] Row orientation Mean altitude [m] 

1 Welschriesling 0,0161 South-east 505 

2 Chardonnay top 0,0055 South-west 458 

3 Chardonnay bottom 0,0061 South-west 440 

4 Riesling top 0,0070 South-east 435 

5 Riesling bottom 0,0076 South-east 410 

6 Sauvignon top 0,0041 South  423 

7 Sauvignon bottom 0,0047 South  395 

 
The quality analysis including the content of sugars (deg Brix), total titratable acidity 

(g/l) and pH were performed to evaluate the effect of MSL on the process of 
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ripening, whereas the content of sugar was the most important parameter for the vine 

producer. 

On locations 2-7, every seven days, between August 8th 2002 and the grape 

harvest determined on the sugar content of each variety separately, four samples of 

each variety were taken (two from the top part of each parcel and another two from 

the bottom part). Each sample included 100 randomly collected grape berries from 25 

grapevines i.e. two berries from the sunny side and two from the shadow side of each 

selected grapevine. The grape berries were weighed prior the pressing and the grape 

juice was later analysed in the laboratory on the content of sugars (deg Brix) 

refractometrically, total titratable acidity (g/l) and pH (with pH meter Mettler Tolledo 

M120). 

 

 
 

Fig. 2. Position of sampled points on the ‘Welschriesling’ variety parcel 

 

 

On the location 1, planted with the ‘Welschriesling’ variety the influence of 

undulating topography on the sugar content of grape berries was evaluated only at the 

harvest. A regular grid (5x5 m) sampling strategy based on the row and grapevine 

spacing was used (Fig. 2). On that way, approximately 1% of the total number of 

grapevines was sampled. All sampling points were geo-referenced with DGPS. For 

each sample, five grape berries were collected from the middle bunch growing on the 

sunny side of the grapevine and five grape berries from the shadow side, 

respectively. Berry quality was assessed in the same way as on the other six areas. 

The DGPS measurements data (±0,5 m) were acquired using a GPS receiver CMT 
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MARCH II (Corvallis Microtechnologies Inc.). Additionally, an associated local 

base-station GPS (GSR1 located in Ljubljana (Slovenia) (Lat = 46o 02' 53.27004" N, 

Lon = 14o 32' 37.36262" E, h = 351.6585 m) was used to supply differential data to 

correct the coordinates of the data from the receiver. The ground control location was 

referenced to a Gauss-Krieger projection.  

All map production and spatial analysis was conducted using the ArcView as well 

as the PC-GPS software. 

3   Statistical analysis 

To examine the relationships between quality parameters of each grape variety 

measured at different times during the ripening and the altitude (MSL), on 

'Chardonnay', 'Riesling', 'and ‘Sauvignon’ parcels a correlation and linear regression 

analysis as well as paired samples t-test were calculated. Contrary, on the parcel 

planted with ‘Welschriesling’ only the correlation and linear regression analysis 

between different altitudes across the whole area and the sugar content were 

investigated. For performing the statistical analysis the SPSS Package Program was 

applied. 

4   Results and discussion 

Changes of the content of sugar (deg Brix), total titratable acidity (g/l) and pH for 

all selected varieties are represented in Fig. 3 to 5.  

 

 

 
 

 

Fig. 3. The sugar content (deg Brix) and total titratable acidity (g/l) of the 

‘Riesling’ variety from the top and the bottom of the row 
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As seen from Figure 3, showing changes in the ‘Riesling’ variety during August 

8th and September 30th, lower quantities of the sugar content and higher quantities 

of the total acidity were detected from the bottom part of the parcel, while higher 

quantities of the sugar content and lower quantities of the total acidity were measured 

on the top part of the parcel.  
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Fig. 4. The sugar content (deg Brix) and total titratable acidity (g/l) of the 

‘Sauvignon’ variety from the top and the bottom of the row 

 

The main reason for differences in crop maturity between the top and bottom of 

the slope was due to the temperature differences affected by the higher sunshine 

hours. Secondly, according to Žiberna (1992) a phenomena of the ‘warm thermal 

belt’ lying 20-30 m above the lowest point of the vineyard, was found to be the most 

important factor influencing the temperature differences in the night between the 

upper and lower part of vineyards in the eastern Slovenia.  
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Fig. 5. The sugar content (deg Brix) and total titratable acidity (g/l) of the 

‘Chardonnay’ variety from the top and the bottom of the row 
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Furthermore, the same interaction of slope angle, facing and altitude and their 

effect on heat gain was also reported by Bertamini et al. (1999) for vineyards in the 

Trento region (Italy) and Hoppmann (1978) for Rheingau and Baden vineyards in 

Germany. 

For the ‘Sauvignon’ and ‘Chardonnay’ varieties the same pattern in the 

development of sugar and total acidity content was detected (Fig. 4 and Fig. 5), 

showing the influence of the different altitude above the sea level on the ripening of 

grapes. 

With additional paired samples t-test statistics given in Tab. 2, 3 and 4, the 

significantly higher values of sugars were analyzed from the top sub-parcels than 

from the bottom ones in all grapevine varieties proving again the dominant influence 

of the higher temperature on the ripening of grape berries.  

 

 
Table 2: Paired sampled statistics for sugar content (deg Brix) 

 

Pair Mean Paired differences 

  Mean Std dev 
Std 

Error 
Df t p 

Chardonnay top- 

Chardonnay 

bottom 

19,51 

16,72 
2,78 0,78 0,22 11 12,33 0,001 

Riesling top- 

Riesling bottom 

17,61 

15,44 
2,16 0,69 0,18 13 11,63 0,001 

Sauvignon top-  

Sauvignon bottom 

18,38 

16,91 
1,46 0,44 0,13 11 11,40 0,001 

   

 
Table 3: Paired sampled statistics for total titratable acidity (g/l) 

 

Pair Mean Paired differences 

  Mean Std dev 
Std 

Error 
Df t p 

Chardonnay top- 

Chardonnay 

bottom 

12,61 

15,49 
-2,87 1,60 0,46 11 -6,21 0,001 

Riesling top- 

Riesling bottom 

14,67 

17,82 
-3,15 1,31 0,35 13 -8,99 0,001 

Sauvignon top- 

Sauvignon bottom 

12,27 

16,68 
-4,41 1,50 0,43 11 -10,18 0,001 
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Table 4: Paired sampled statistics for pH value 

 

Pair Mean Paired differences 

  Mean Std dev 
Std 

Error 
Df t p 

Chardonnay top- 

Chardonnay 

bottom 

3,09 

3,08 
0,003 0,054 0,015 11 0,212 0,836 

Riesling top- 

Riesling bottom 

2,88 

2,85 
0,022 0,049 0,013 13 1,669 0,119 

Sauvignon top- 

Sauvignon bottom 

2,91 

2,90 
0,007 0,062 0,018 11 0,414 0,687 

 
Contrary, total acidities were significantly higher on the bottom than on the top 

sub-parcels reflecting the much known changes in the sugar and acidity development 

during the ripening. Aside, the pH values did not differ substantially in any grape 

vine variety. 

 

 
Fig. 6: A sugar map of the ‘Welschrisling’ variety (Oe) 

 

A sugar map based on measurements in the ‘Welschriesling’ grapevine variety is 

shown in Fig. 6. According to the distribution of the sugar content, the influence of 

the near-by growing forest on the screening from the afternoon sunshine can be seen 

on the left side of the map. Contrary, the two outstanding picks in the middle of the 

parcel were detected due to the local depression, causing the mild micro climate, 
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which reflected in the higher sugar concentration during the ripening. However, a 

statistically significant correlation between the elevation and the sugar content was 

not estimated, probably because of the insufficient difference between the highest 

(510m) and lowest measuring point (490m).    

4   Conclusions 

The proposed geo-referenced monitoring technique based on the GPS data 

measurements can be employed to provide objective information on the ripening 

process of grape wines growing on the varying altitude above sea level. 

The system was used successfully during the ripening (August-September) in four 

varieties 'Chardonnay', 'Riesling', 'Welschriesling' and 'Sauvignon'. In all cases when 

the difference between the top and bottom part of the parcel was over 15 m, the sugar 

content was significantly higher on the top part of the parcel than on the bottom one, 

while the total titratable acidity was lower. The results of the research showed that 

sugar maps could form the basis for forecasting an optimal harvesting time in the 

future for each part of the vineyards lying on the extremely steep slopes, separately.  

However, an enhanced and complex understanding of the interaction between the 

vineyard, altitude, diseases and the soil variability is necessary to successful adopt 

the site specific determination of optimal grape harvest, thus further work is needed 

to study these particular cases also in the other growing areas. 
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Abstract. The majority of rural population in Iran has limited access to 

agricultural information. However, bridging the digital gap between urban and 

rural areas has been a major challenge for authorities in Iran. Using Information 

and Communication Technology (ICT) for poverty reduction and for the 

economic empowerment of poor women and men in rural areas have been 

experienced world wide. Tele-centers are properly tools and public facility that 

available for villagers and can provide rural people with information related to 

their business, reduce the costs of money transfers, and put microfinance within 

the reach of poor men and women. The purpose of this article is to introducing the 

rural  ICT activities in south khorasan province-Iran and specially reviewing the 

results of socio-economic impacts of them  in sustainable rural development in 

order to find how Iranians use these facilities for poverty reduction and economic 

improvement in rural areas. 

Keywords: ICTs, Development, Rural, Sustainability, Iran. 

1   Introduction 

What makes a nation great and wise is education that percolate all through the People. 

(Seaman Knapp. The Father of  Agricultural Extension Science. 1900).  

We must see that information technology and telecommunication get there  (to rural 

areas) Very fast. If we are interested in eliminating poverty, you have the best chance 

ever in human history through telecommunication, through information technology, 

through micro credit (Professor Yunus, Grameen Bank & winner ofNoble prize).  

In 1985 a very huge exhibition performed in Tsukaba in Japan (Tsukaba, EXPo 85, The 

21th Century’s in View). During six months that doors of the exhibition opened to 
viewers, twenty millions people visited from it. This exhibition was a great propaganda 

for technology of Japan, but also made opportunities for thinking about future human 

communications. Whether when man gradually accustomed to personal facilities such 

as glasses, automobile and etc. he/she can't accustomed to a robot that enables to be 

leader of a blind man. One of the methodologist of cybernetics Problems Wrote: major 

________________________________  
Copyright ©by the paper’s authors. Copying permitted only for private and academic purposes.    
In: M. Salampasis, A. Matopoulos (eds.): Proceedings of the International Conference on Information 
and Communication Technologies     
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problem of our scientists is from that still we don't have complete cognition from 

intelligence and wisdom. We don't go forward from first opportunities (Mohsenianrad, 

1995). In rural development projects, often observe that  executers have used from 

methods that need a huge amount resource that contain more human, technical, 

physical, financial. Since this side, whenever that educational activities culminate, cause 

come up cost ratio that motivate more necessary activities and resources must be doing 

for comprehensive and multidimensional encounter to problem. Educational innovation 

must complete two types of demands. First, it must provide on-time, appropriate and 

flexible responses in basis of work, culture and social dimensions that individual live in 

that. It must have internal talent and merit and expressive in sight of psychology. 

Although it must responsive to quantitative, qualitative  and heterogeneity conditions. 

Distance education contains methods that make it appropriate facility for effective 

delivery the range of educational opportunities with better monitoring (see figs. 1,2,3).  

With use an educational plan in base of systems approach that have developed through

educational processes, under the protection of individual learning opportunities 

(allocated education) to be possible install systems according to day and creative as 

compared with individual needs. 

                                                              Communication 

In the same location                 Contemporaneous 

                                                     Quick       communication 

           Teacher                                             Student 

Fig. 1. Educational interaction in face to face education (performed in one’s presence)

                                                      Quick    Communication 

             Teacher                                                                           Student 

           Educational    Distance   Volunteer 

           Personnel’s   (physical departure) 

                                       Communication in the  Foundation of Media 
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Fig. 2. Comparison between educational interaction in distance education and face to face 

education 

                                                  

                                                          Learning activities 

                      Different location                         Different time 

                                        Area  remoteness                        

                Educational   ________ __________________            _  Volunteer 
                Personnel’s        (physical departure) 

Fig. 3. Educational Interaction in Distance Education (Elliott, 2002) 

Information and Communication Technologies (ICTs) are an expanding assembly of 

technologies  that can be used to collect, store and share information between people 

using multiple devices and multiple media (Chapman & Slaymaker, 2002). Many 

materials connected to agricultural extension and adoption have indicated that whatever 

more methods and channels are used to in agricultural extension, the possibility of 

success is increasing. But without respect to amount of complexity of method, 

efficiency of message in a great deal founded on the person who responsible for 

execution its. The method to transfer a message in large amount determines the change 

in behavior and attitudes. Extension workers especially in developing countries have a 

little instruction in exchange of information and knowledge with respect to level of 

learning ability, power and experience of farmers. The major goals of interventional 

communication that be utilizing in extension, are mobilization, transfer of information, 

teaching skills and establishing organizations (Karami & Fanaie, 1994). The matter that 

still its potentials don’t recognized completely yet in agricultural and rural sustainable 

development in Iran, is ICTs. The subject that in developed and success developing 

countries (especially India, Bangladesh, Kenya, etc.) have 15 to 20  years successful   

experiences and works in that field. Perhaps the main reason for this, is later entrance of 

these technologies and concepts to Iran. This article is part of a research titled: 

((Studying role of  co-operatives in entrepreneurship and agricultural development in 

conditions of globalization of economics-Case Study: South Khorasan Province)) that 

by the author have been done in Islamic Azad University-Birjand Branch-Birjand, Iran. 

2   Situation and Challenges of Agriculture Sector in Iran  

From 75 millions population of Iranian country; 30 millions live in rural regions, which 

main their activities are in agricultural and animal husbandry sectors. Over 26 percent of 
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employed population in country; work in the agricultural sector. Over 26 percent of 

(GDP) country is obtained from agriculture. Rate of average growth for this sector in 

the 4rd development national program predicts to be 1/5 percent. The extent of forests 

and pastures in Iran is 102/4 million ha. The extent of forests and pastures in Iran is 

102/4 million ha (Moja, 2010). In recent years, Iran has raised production of many 

necessary and strategic food crops such as wheat, oil seeds, Potato, citrus Fruits, apple 

and etc; and have walked high steps to receive self-sufficiency in wheat (especially) and 

also export in some products such as pistachio, saffron, raisin, almond, walnut, potato, 

Onion and etc (Ibid.). Major type of production system in agriculture of Iran is petty 

landowners and peasantry and subsistence.  

Table 1. The Iranian out-put listed according to the largest global producer rankings in 2007 

(FAO). 

      World Ranking Commodity  

1st
Pistachio, Berberis (Zereshk), Caviar, Saffron, Stone fruits,

Berries
2nd Dates, Apricots

3rd
Watermelons, Cherries, Cantaloupes & other melons, Apples,

Figs, Gherkins

4th
Sheep Stocks (Flocks), Fresh Fruits, Quinces, Wool,

Almonds, Walnuts
5th Anise, Badian, Fennel, Corian, Chickpeas, Silk worm cocoons
6th Hazelnut, Buffalo milk, Tomatoes
7th Grapes, Onions, Sour cherries, Sheep milk, Kiwifruit

8th

Spices, Peach, Nectarines, Tangerine, Mandarin orange,

Clem, Lemons & Limes, Oranges, Goat milk, Pumpkins,

Squash & Gourds
9th Lentils
10th Persimmons, Tea, Natural honey
11th Hempseed
12th Citrus fruits, Wheat, Plum and sloes
13th Melon-seeds, Hen eggs, Eggplants (Aubergines)

14th Sugar beet, Fresh vegetables, Barley, Potatoes
15th Safflower seed, Artichoke

Commercial and industrial agriculture in Iran have developed since 1970 specially by 

American multinational corporations, but they don’t have a strong situation in 

agricultural sector yet. Agricultural development is one of the most important priorities 

in national development Programs in developing countries. This sector in these 

countries has faced with these major challenges and ICTs can play a significant role in 
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improving them: (1Globalization of Economic and Production system , 2( Erosion of 

natural Basic Resources and Environmental Crisis, and 3( Poverty and food security 

(Emad, 2005).  

3   National Project to Development ICTs Application in Iran 

(TAKFA)  

This project approved in council of ministers in government of Iran in date of 30 June 

2002. Regulations on special manner of implementing specified activities in order to 

deployment utilization Information and Communication Technologies (ICTs) in country 

approved in following summarized details: (1Preparation as more as possible country in 

order to presence whole dimensional in information society and for attainment to:  

a) Systematic deployment of ICTs for the sake of proving to be true ((sagacity axis)) 

economic in order to national sustainable development. b) Development human 

resources as strategic priority of ICTs development in order to establishing value added 

employment. c) Cultural development and strengthen environment and space to national

together increasing. D) Implementing infrastructure arrangement for ICTs development 

containing access network, security, rules and regulations, resources and facilities. E) 

Development fields and opportunities for the sake of mobilization private sector as key 

strategic axis in ICTs development. F) Collaboration among ministries and 

organizations to mobilization all material and human possibilities in country to access 

the goals of (TAKFA). G) Some plans under this project are as following:  

1) E-government plan (system, metaphorical network, rule and security), and 2) 

Functional deployment plan ICTs in ministry of education and development digitally 

skills in human power of country, and also in higher education, hygiene and other 

ministries and organizations in commerce, culture, economic, science, research and etc 

(Management and Planning Organization of Iran, 2005).  

4 Problems of Extension System in Iran 

With pass of time and during studies, iti s revealed that past strategies of rural extension 

and informing in spite of some successes, because of various reasons, mainly: A) One 

way being, B) Emphasis on some special social categories and uncovering public (both 

individual and rural levels). C) Un- comparing with all real educational needs of rural 

people and giving especial attention on agricultural extension and supposing other 

various educational needs of rural people to be un-necessary. They can't very successful 

for villagers. Because of  previous deficiencies, plus not indigenous and not comparing 

with cultural characteristics and geographical conditions in rural Regions in Iran 

(lasaeizadeh, 2000). 

5   ICT and Agricultural Knowledge and Information System in Iran 

(AKIS / NEDAK) 

((AKIS- in English)) or ((NEDAK- in Persian)) is a system that contains elements such 

as centers and collections of production, process/polish, transfer and application of 

agricultural information and knowledge in the direction of increasing content of 
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knowledge in agricultural sector and finally with agricultural development are in 

interaction and connection, as following: 1(Producers of information (like research 

centers, policy making); 2(Polishers and transmitters of information. (Like extensional 

structures and agriculture and rural services); and  3(Users of information (agricultural 

stakeholders). 

These are fundamental elements and proportionately the level of agricultural sector 

advancement, sub systems, mechanisms and other abundant elements interfere in this 

system. With study the situation in this system in various Countries we can find that 

Agricultural Development has meaningful and cause and effect relationship with 

developing of this system. From the viewpoint of (AKIS) following cases are most 

important fields of action and exactly problems of agricultural and rural development: 

1- Efficiency in knowledge and information production.  

2- Access to information and knowledge. 

3- Communicative infrastructures.  

4- Media, channels and communicational methods. 

ICTs have following roles in development of (AKIS) in Iran: 1(ICTs as tool for 

improving agricultural productivity; in the following ways: a) Access to basic services 

(such as education, hygiene). b) Improving social and political participation (by means 

of connections and interactions between individuals and groups in various regions) .c) 

Support from economical activities, and d) Improving access to credit services.   

2) Role of ICTs in increasing biological production output; in the following ways of 

delivery appropriate information: a) Technical information and better and more 

effective productive skills for implementing farm affairs (exploitation Unit). b) 

Information in field of dangerous factors (risk), decreasing risk and productive 

wastages, and c) Information in climate predictions and environmental shocks.  

3) Role of ICTs in increasing economical efficiency of production: For example, some 

studies show that E-commerce can with remove some middlemen, increase revenues of 

poor farmers by means of delivery final prices, sometimes to ten folds (Ministry of 

Communication and Information Technology in Iran, 2009). 

6   Applying ICTs in Extension System of Iran 

A new revolution is sweeping the globe- Information Technology (ICT). It is a vehicle 

for future development, opportunities, challenges and competition that enables 

information to be collected and used. No aspect of human life remains untouched by the 

impact of IT, and agriculture is no exception. Access to information and improved 

communication is a crucial requirement for agricultural development. However, it is 

observed that rural population still has difficulty in accessing critical information in 

order to make timely decisions. Modern communication technologies, when applied to 

rural areas can help in improving communication, increase participation, disseminate 

information and share knowledge and skills. Cyber extension would be the major form 

of technology dissemination in the near future. It uses the power of online networks, 

computer communications and digital interactive multimedia to facilitate dissemination 

of agricultural technologies. In Iran, increasing attention is being paid to apply 

information technology as a means of technology transfer in extension planning and 
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implementation process. In the extension system of Iran, a great emphasis is placed on 

the role of indigenous knowledge to facilitate communication in rural development 

programs. Communication between project personnel and farmers is often very poor, 

particularly in projects with a structure that favors literacy, top-down message flows and 

innovations developed elsewhere. The extension system has been using four main 

channels to convey information to farmers. Those channels are radio, TV, printed 

materials and interpersonal communication. Radio and TV stations located in the 

province’s centers allocate time to the extension offices to make agricultural programs 
and broadcast them to the farmers. The programs are made in the extension office by the 

extension staff. These programs try to reach rural audiences with specially tailored 

messages in an attractive and cost efficient format. Also, extension officers prepare 

publications on the related agricultural topics and present them to farmers. In addition, 

many extension organizations in different provinces produce periodic bulletins with 

news and review articles (In Farsi), which primarily aim at extension services. 

Extension agents also teach the farmers in interpersonal communication channel 

(Golmohammadi . 2007) )Emadi, 2005(.   

7 ICTs  for Effective Agricultural  Extension - Lessons from Asia 

Access to information and improved communication is a crucial requirement for 

sustainable agricultural development. Modern communication technologies when 

applied to conditions in rural areas can help improve communication, increase 

participation, and disseminate information and share knowledge and skills. The 

argument is being put forth that "Cyber Extension" would be the major form of 

Agricultural Extension in the near future. However the rural population in major Asian 

countries still has difficulty in accessing crucial information in order to make timely 

decisions. It is essential that information availability is demand driven rather than 

supply driven. The challenge is not only to improve the accessibility of communication 

technology to the rural population but also to improve its relevance to local 

development. ICTs have started to make their presence felt in Rural. The farmers and 

farm-families are browsing the net and getting general, technical and marketing 

information from the Information kiosks in over  villages across Iran. If the rural area 

can be connected and the “masses” are empowered with “Information”, the Rural 
Economy will take a leap forward into the Digital Millennium with a great speed. The 

process has already started. The focus on “e-Governance” and “IT for Masses” is also 
emerging as front-runner in Iran vision documents. For this purpose, technologies 

especially suitable for rural areas are being developed and deployed. Portals on Rural 

Markets and Agricultural Services are being hosted. District level Web Sites are being 

hosted, Information Kiosks are being established at sub-district and village levels and 

the technical and other need-based information is being collected, digitized and hosted 

on the Internet. The “Pakkisan.com” and “Villages Online” portals of Pakistan, The 
“Grameen Bank’s Village Communication Program” in Bangladesh, Radio-Browsing 

Program in Bhutan, “Penang Elearning Community” in Malaysia and “Interactive 
Radio” and the “ Kothamale Community Radio” in Sri Lanka are all trend-setter 

projects in South Asia .The pilot projects of “ Warna Wired Villages” in Kolhapur, 

Sangli districts of Maharastra, “Gyandoot” intranet project in Dhar District in M.P. and 

“Info Villages” in Pondicherry, Infothela Mobile Telecentre of IIT Kanpur, Community 
Radio in Andhra Pradesh, Drishti.com in Haryana, U.P. and Bihar and many more such 
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rural initiatives in India have successfully demonstrated the acceptability and usage of 

high-end information and communication connectivity at village level. National 

Institute of Agricultural Extension Management (MANAGE), Hyderabad, India has 

taken up a number of innovative projects to provide information and communication 

connectivity to the farmers nd farm families in rural areas, under the banner of “Cyber 
Extension”. These projects include: i)Connecting over 25 Districts, 400 Blocks on 
Internet; ii) Implementing Wireless in Local Loop Technology in Agriculture to provide 

Telephone and Internet connectivity to rural population; iii)Connecting over 40 national 

level institutions on two-way Video Conferencing: and iv) Providing Video 

Conferencing access to Farmers’ groups and Farm-families in Rural Areas through its 

Mobile V-SAT Van. MANAGE is thus very consciously involved in consolidating the 

learning from all the ICT initiatives in India and abroad, and grounding pilot projects to 

test the economics and the logistics involved in this Projects. The ICT enabled 

Extension or Cyber Extension is not the replacement of existing face-to-face extension 

mechanism, it is only a supplement to make the existing mechanisms more effectives 

efficient and economical. The ICTs can help the agriculture extension, more dynamic 

instrument of continuous way dialogue with the farmers, on various issues, including 

agricultural marketing and other forward linkages. A lot has been done to test and 

validate this hypothesis in the Asian continent and the indications are extremely positive 

that ICTs can support extension in a big way) Asian Productivity Organization, 2003(. 

Fig. 4.  elements of system (program) of action for Application Information and Communication 

Technologies (ICTs) for diffusion and Transfer of Information and Innovations to Rural Regions 

(Author). 
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Fig. 5. Livelihood Information wheel   (Chapman. & Slay maker, 2002). 

8   ICTs Capabilities in Diffusing Information and Innovations to 

Rural Regions  

Information is the explicit compiled of knowledge, recognition and awareness and 

knowledge. Recognition and awareness are important aspects of sustainable human 

development. In other hand, sustainable human development can achieve through 

development and Improvement human resources approach. Harbison and  Myer  defined 

" development and improvement human resources as: to consist of increasing in 

knowledge (recognition and awareness), skills, capabilities and powers of whole people 

of a society. Of course, improvement in recognition capabilities in individuals is 

consequence of education, extension and informing activities. The importance and place 

of information and knowledge in development process specially in rural development is 

such important that specially since 1998-99 in global development reports published by 

world Bank and UN that have paid special attention to them (Chapman & Slaymaker, 

2002).  

9   ICTs for Rural Development and Food Security in Iran 
  

Information and communication technologies can play a major role in improving the 

quality of life of rural people. However, the promise is yet to be realized owing to lack 

of connectivity, poor access to universal service and an efficient market. It is necessary 

to remove the impediments faced by the developing rural economy and provide basic 

infrastructure in rural areas to enable ICTs to spread, which would enable them to be 
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part of a comprehensive socio-economic development strategy for rural development as 

a means, not an end. Over 60% of people in Asia-Pacific region and about 40% of the 

people in the world live in rural areas. Extending the international rural ICT 

experiences is a very important issue in most of the world. In Iran some rural ICT 

experiences have been started since year 2000.   

With an area of 1.6 million square kilometers, Iran’s population is 75 million, 33% of 

which live in 64 thousand villages. Most of the villages are thinly populated, so that the 

population of 60% of the villages is less than 100 individuals, and that of only 5% of the 

villages are above 1000. The Iranian’s average per capita income was US$2,401 in 
2006, and normally the rural per capita income is about 75% of the average national per 

capita income. Agriculture sector, considered as the major sector with regard to rural 

activities, contributed to 11% of GDP.  For communication, Iran’s statistics are as 
follows: 280 telephone lines per thousand individuals, 64 mobile telephone lines per 

thousand, 82 internet users per thousand, 110 computer systems per thousand. South 

Khorasan is a province located in eastern Iran. Birjand is the centre of the province. The 

other major cities are Ferdows and Qaen. South Khorasan Province consists of 7 

counties: Birjand, Boshruyeh , Ferdows , Qaen , Sarayan , Nehbandan , Darmian and 

Sarbisheh. South Khorasan is one the three provinces that were created after the division 

of Khorasan in 2004. Its area is 69,555 km² and its Population (2005) is 636,420 and its 

Density is 7.3/km². there are  192 Tele-center in its villages until 2010, that these 

centers covering 95% people living in its rural regions. 

Government’s programs for telephone and cell phone development privatization as well 
as expansion of internet service providers throughout the country show a promising 

future with respect to rapid development of internet and telephone in Iran. Focusing on 

connecting villages to telephone lines and covering villages by mobile network is 

among the priorities of the country. One of the Development of physical infrastructures 

and services of the villages, specially attended in the first and second decades of the

revolution. The Islamic system has particularly focused on rural areas to reduce the 

disparities/differences between rural and urban access to various services including 

roads, drinking water and power, so that now all villages have access to municipal roads 

and electricity and most have access to safe drinking water. Other economic and social 

services have also been developed rapidly in the rural areas. This period is known as 

Rural Construction era among the Iranian. In recent years, further foci were made 

mostly on economic and social development, and inter alias, on skill development, 

modern technologies and production investments. Among them, extensive programs of 

the government for ICT development in villages could be mentioned. 

Access to information by rural population is often very limited, which prevents it from 

using the new technologies and information effectively.  Rural areas are characterized 

by the following challenges:  

  

Inadequate infrastructure to use ICTs, Far away locations of service centers to maintain 

and repair ICT devices and systems, Small markets, Inadequate financial resources, 

which make ICTs less affordable and lower levels of literacy and ICT literacy, Low 

awareness of opportunities and benefits that ICTs can provide (Golmohammadi, 2003, 

2005, 2007).
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Fig. 6. Map of  the Iran and  the  South Khorasan  Province  in the East of Iran. 

Fig. 7. Tele-center in Kalate nasir village - Birjand.- East of Iran (Author, 2010) 
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However, bridging the digital divide between urban and rural areas is one of the 

challenges facing governments and policy-makers today. Factors that contribute to and 

widen this divide include the following: 

A) Economic: ICT infrastructure remains prohibitively expensive for many 

communities and nations. 

B)  Geographic: Difficult terrain, long distances and inadequate infrastructure. 

C)  Technological: Lack of skills to participate in the economy that uses ICTs 

extensively. 

D) Cultural: Inequalities of access and participation. 

E)  Political: Long-term investment versus short-term political cycle. 

10   Why Rural Tele-centers?  

A) Gap between urban area and rural area may be reduced by using Information and 

communication Technology. 

B) We cannot have poverty reduction and economic empowerment of poor women in 

rural and remote areas without using ICT applications at rural Tele-centers. 

C) The most cost-effective solution in rural area is to share necessary facilities at Tele-

centers. Iran has some experiences in building Tele-centers (Jalali, 2006). 

11   Benefits of Rural Tele centers 

Promote self employment opportunities. Computer training at village level. Promote 

CLC services, activities and products. ICT training center for education and health care 

in the region. 

  

Most of the villages in Iran need to use Information and Communication Technology 

(ICT) services. Iran Rural ICT Strategic Plan is one of the Iran ICT Development 

National Plans, and considered as a reference for integrated coordinating of Iran rural 

ICT development. The most important goal of the project is decreasing the rural digital 

divided for economic development in villages and move toward information society. 

National Rural ICT Strategic Plan in 2005 begin and received to its fundamental goal 

namely establishing and exploitation of the 10000 Rural ICT Tele-Service Center in 

2010.

Rural Tele-center which can be publicly or privately owned, be part of a public or 

private franchise, or be provided by international donors, has been proved its 

justification in the world(Jalali, 2006). 
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Figs. 8 & 9. Tele - centers Bojd and Khorashad villages – Birjand - East of Iran (Author, 2010) 

12   Goals, Target Groups and Challenges of Tele-center in South 

Khorasan Province – Iran 

A. Education for all ages and for all people in the areas who need it. 

B. Cultural Activities. 

C. A show case for the way IT can be utilized to govern and a small scale model for e-

government. 

D. A center for women's activities. 

E. An ISP for village. 

F. An e-commerce hub for the village and surrounding areas. 

G. A vehicle for e-learning, and access to virtual universities. 

H. A general information center (health, agriculture, etc.) 

I. Access to E-learning. 

J. Tele-working (Job opportunity),  (Jalali, 2006). 

Target Group  at Tele-centers in South Khorasan Province – Iran are as following: 

Individuals(local community members and village leaders); Small businesses; Schools; 

Youths; Disabled people; Farmers; Women groups; Tele-workers; Government 

departments. 

Tele-centers Challenges in South Khorasan Province – Iran are as following: 

High implementation cost (initial), Limited telecommunication infrastructure in remote 

areas, Limited usage –not enough to sustain, High operating cost (telecommunication, 

electricity, personnel), Encourage private sector participation, Need for effective 

management, need for strong community support, ICT training–wide coverage, 

Technology moves fast.  
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Fig. 10.  Tele-center and Post Bank in Bijaem village- Birjand.- East of Iran (Author, 2010) 

Fig. 11. Infrastructures of Telephone and Electricity for Tele-center in Forg village- Birjand.- 

East of Iran (Author, 2010) 
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13   Conclusion and Recommendations 

Ministry of Communication and Information Technology in Iran in an integrated and 

holistic approach to end of 2009 aimed to establishing 10000 ICTs bureaus in rural 

regions of Iran. In these ICTs bureaus in addition to delivering various services such as 

post, post bank, telephone and fax, and other governmental services, provide accessing 

these rural regions to internet and global WWW. These ICTs bureaus provide at least 

one location to connect internet in these rural regions. The baseline viewpoint for 

application this project is full access  ofmost of Iranian rural regions to telephone and 

usage of this potential for post, communication and bank services in rural regions for 

providing delivering other governmental services in them.  Ministries such as Jihad-

Agriculture (MOJA), Education, Health and Medical, Power and Electricity, and other 

governmental organizations can provide and deliver various services to villagers in 

these rural ICTs bureaus electronically and solving many problems of villagers such as 

coming them to cities for using of  governmental services. This project have been begun 

from 2004 and until end of June 2009, number of  ICTs bureaus in rural regions of Iran 

become 8800 that recieved 100% of planned  ICTs bureaus in rural regions of Iran  

wererealized. ICTs although  can be considered as important achievement of human 

race, but their application accompany with considerations and hesitations that must pay 

attention to them. Entrance to information age, namely instrumental and attitudinal 

completion human in relation to environment and necessarily not meant resolving 

fundamental problems and challenges. In simpler tense, although we can through 

utilization ICTs,can  access more information and knowledge and, deliver more power 

and capability to communities, but as noted in human development Report (1999)  UN , 

information is only one of the needs of communities. Electronic mail can't replace to 

vaccine and can't produce safety drinking water. This statement monitor to  attention in 

selection, range, extension and application of these technologies. Although internet is 

not remedy for all pains of food security, It can open new channels that bring new 

knowledge, awareness and informational resources to rural communities. It has stated 

that "access to an integrated internet development approach in a determined nation or 

region, need collaboration and assistance public agencies, organizations and services. 

Food and Agricultural Organization of United Nations (FAO) therefore can establish 

and strengthen union, mutual agreement and correlation with other international, 

regional, national, donors, multi dimensional and development agencies, governmental 

and non governmental organizations (NGOs) and rural groups in order to access 

sustainable rural and agricultural development. Social multipurpose Tele-centers could 

play a key Role in "information Renaissance" in developing countries and assure global 

accessto information. 

Information and communication technologies have a tremendous potential to help in 

improving the living conditions of the rural population in Iran and it is evident that ICTs 

will change the way people live, work and learn. A large proportion of the rural 

population in Iran is yet to benefit from this technological revolution. Based on the 

results of the study by the researcher in 2009 – 2010 in South Khorasan Province – Iran, 

author find the following findings: 
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- Establish the partnerships with the public and private sector. The financial burden of 

developing ICTs for rural areas is mainly on the government and it is important to enlist 

the private sector to participate in the development or expansion of ICTs in rural areas. 

- Explore ways to increase the participation of the rural population in the planning, 

implementation and evaluation of ICTs program. The lack of support from rural 

population may hinder the progress in the development of the ICTs and slow down the 

momentum. 

- Design the instructional materials which support the role of new ICTs as a 

complement for conventional delivery system. These could speed up the application of 

the ICTs and facilitate the exchange of ideas among various stakeholders. 

- Financial participation of rural people from initial stage is very important. Land of 

Tele-center should be donated by villagers. 

- Training rural people in short period of time after opening is important. 

- Creating website for village with popular villagers’ information and other information. 

- Sufficient agricultural information and elementary services. 

- E-Banking for small investment and low operational cost loan at initial stage for 

commercial operation is important. 

- Participation of rural women in operation is useful for empowerment. 

- Sharing local government in permanent cost (Internet, telephone, gas, water and 

maintenances plus guards) is very important. 

- Broadband access to Internet for running multi-media is needed. 

- According the results of author’s research, villagers have boosted their general and 

specialized knowledge and improved their social and economy since the Tele-centers 

opened. 

- The role of Tele-centers for improving knowledge in general and making a good 

media for business development and entrepreneurship is proved. 

-Adapting new technology without Tele-centers is not possible. 

- Author’s Research on the socio-economics impacts of rural Tele-centers in South 

Khorasan Province–Iran is shown how well these Tele-centers are running. Tele- 

centers in South Khorasan Province–Iran  improving Social and Economic processes 

identified as important for women empowerment. Tele-centers help poor women get 

basic capabilities and the process of social needs economic security.  

-The Tele-center has even created jobs for educated girls in South Khorasan Province–
Iran and more than 90 of them are currently active in this centers.  

- In South Khorasan Province–Iran, educated girls will soon begin work in the Tele-

centers and the economic impacts of Tele-centers in the villages have mainly targeted 

women. 

- The results of  author’s research indicate, more than 90% of women and young people 
reported a positive impact of rural Tele-centers on their lives in South Khorasan 

Province–Iran. 

- Tele-centers in South Khorasan Province–Iran villages are used as a development tool 

for reduction of the need to travel, means of boosting the rural economy and providing 

job opportunities, support for trade and tourism, reducing isolations and extending e-

learning facilities, etc.   

Author also present recommendations in development of ICTs in agriculture and rural 

sustainable development in Iran as following:  
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- Increasing literacy level of employees in agricultural sector. 

- Development  and completing Agricultural Knowledge Information System 

(AKIS or NEDAK).

- Establishing linkages between Iranian agricultural research, education and 

extension  organizations. 

- Development Cooperatives and NGOs in rural regions and then scientific 

strengthening of them and finally transferring ICTs to them.  

- Development infrastructures, services, hardware, software and human ware in 

rural regions in field and domain of ICTs.  

- Absorbing and stuffing young educated and expert people in field of ICTs from 

cities to rural regions.  

- Preparing and development comprehensive plan for ICTs education in the 

country. 

-    Considering cultural, economic and social conditions in usage of ICTS  in rural  

regions. 

- Empowering small farmers in forward to usage of ICTs.

- Studying and evaluating experiences of successful countries in this domain with 

similar cultural, economic and social conditions with Iran – such as India, China and 

Japan- and then use of them.                                                                                                                

Foot notes 

Information and Communication Technologies (ICTs):  

ICTs , are an expanding assembly of technologies that can be used to collect,  store and 

share information between people using multiple devices and multiple media (Chapman  

and Slay maker.  2002).  
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Abstract: The market of organic products in Europe is generally expanding. 

The organic food production has been strictly regulated in the European 

Union. Particular competence requirements need to be developed not only to 

achieve economic production while ensuring compliance with the regulations, 

but also new knowledge, skills and competences are required for the organic 

food retailers in the field of certification, accreditation regulations, licensing, 

etc. The highly successful LDV project “EcoQualify II - Dissemination and 

implementation of a quality assurance system for further education in organic 

retail trade in Europe” has anticipated this development in 2007 and created a 

comprehensive EUROPEAN QUALITY ASSURANCE SYSTEM for the 

further education in organic foods trade. EcoQualify III plans to transfer this 

successful project into four states that have not benefitted from the original 

project. Major role in the project, as the “transfer of innovation” term 

suggests, has the applied in EcoQualify III informatic tools, which are 

described in this paper. 

Keywords: Transfer of innovation, Assurance, Quality, Informatics 

 

 

 

1. Introduction 
 

The Organic agriculture constitutes important parameter for the sustainable 

agriculture in Greece and Europe. Many studies have been presented to this direction 

(Lohr, 1998; Raynolds, 2000; Scialabba, 2000; Giannakas, 2002; Morgan et al., 

2000; Rigby et al., 2003; Badgley et al., 2007). Organic agriculture has its roots at 

the beginning of the 1980s. However, the major change was brought about with the 

application of EU-Regulation 2092/91, in 1993 in the country, while a second

________________________________
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expansion took place after the adoption of EU-Regulation 2078/92 in 1996 in 

Greece. At the moment, in Greece, 2.798.946 str. of land is organically cultivated 

while 1.521.175 of them are pasture lands (Greek Ministry of Agriculture, 2007). 

The starting point for the E(co)-Qualify I initiative was the realization that the 

situation in training in organic retail was very confusing and the quality of offers 

very mixed.  

In Eco-Qualify I, European qualification standards and web-based training 

have been developed for the further training in organic food trade. Qualification 

standards have been developed for the operating  level and for company 

management and provide a basis for transparent systems of evaluation and 

certification. These Standards promoted the mutual adaptation of various national 

educational measures within professional education.  

The certificates awarded in accordance with these qualification standards are 

comparable throughout Europe. The professional standard of employees in special 

organic food stores can be supported and assessed with the help of qualification 

standards. Owners as well as employees of organic food shops can acquire 

certificates in several areas. This ensures a uniform standard for the individual staff 

and shops involved. 

In Eco-Qualify II, the qualification standards developed in the former project 

Eco-Qualify I, were developed to a comprehensive European quality assurance 

system for the further education in organic foods trade and transferred into the 

participating partner countries Austria, Italy, Netherlands, Czech Republic and 

Germany.   

Based on the E(co)-Qualify qualification standards focusing on technical 

content of the organic retail, the E(co)-Qualify II project develops European quality 

assurance system for educators. In order to develop a comprehensive Quality 

Assurance System, various indicators and criteria for the implementation of training 

measures have been included. 

The intention of the introduction of a European Quality Assurance System 

was to offer education on the same high level with international comparable criteria 

and a controllable framework in the EU member states. 

 

 

2   Materials and methods 

 

In the third project phase, in E(co)- Qualify III, the Quality Assurance 

System is being transferred into states that have not benefited from the original 

project (Greece, Bulgaria, Romania and Turkey). The existing knowledge from 

E(co)- Qualify II is crucial for the adaptation and testing of the Quality Assurance 

System (QAS) at the national level and modification and adaptation of the QAS for 

the national needs and conditions in the new countries.  

The project’s objectives are:  

1) Transfer and implementation of the QAS in the practice of educational 

institutions (universities, colleges, vocational training centers, etc.) and 

retailers/farmers in the receiver countries and  
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2) Adaptation and testing of the Quality Assurance System (QAS) at the 

national level and modification and adaptation of the QAS for the national 

needs and conditions. 

Besides, the main products of the Eco-Qualify III are: the European 

Assurance System for Further Education in Organic Food Trade; Licensing 

Guidelines; Quality Handbook, National quality assurance systems for further 

education in natural food trade in the four partner countries.  

The key phases of the project are: 

1.  Project management and administration 

2. Framework analysis 

3.  Adaptation of Quality Assurance System for training in organic foods 

retailing to the national requirements. 

4. Testing of the quality assurance system in Greece, Bulgaria, Romania and 

Turkey 

5. Creating the final version of the QAS 

6. Dissemination and Valorisation 

7. Evaluation 

Major role in our project, as the “transfer of innovation” term suggests, has 

the applied in EcoQualify III informatic tools. Some of these are presented below. 

 

 

Website 

 

A website dedicated to the Eco-Qualify III Project has been created and made 

available to the public. The address of the website is: http://ECOqualifyIII. 

uth.cs.teilar.gr . The following figure (fig.1) shows a snapshot of the website: 
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Fig. 1. Snapshot of the website 
 

 

The website allows easy access and communication between the partners and 

also allows progress on work-packages or individual tasks to be reviewed and 

monitored. The system supports proactive management and communication through 

e-mail. The website also contains two main parts: the “Public Part”, accessible to 

every reader/visitor, and the “Collaboration tools” which can be accessed by the 

project members only.  

The “Public Part” presents the general information on the project and will 

present the project main achievements in the future. 

The public part of the website is divided into several sections. The “Project” 

section has the following subsections: “Summary of the Project”, “Project 

Objectives”, “Consortium - Partners”, “Target Groups”, “Results”, “Products” and 

“Partner meetings”. 

The subsection “Results” will present short announcements of the major 

achievements of the consortium at the stage when they can be made public. The 

“Project Management Board” section gives a short presentation of each of the 

recipients, including the contact information. There is also the «News” section, 

where announcements related to the project are being presented.  

A visitor counter TOOL was installed on the website in order to follow the 

visitor traffic (fig. 2). 
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Fig. 2. Visitor tool in the website 
 

 

The “Collaboration tools” section is a private section. A visitor to this section 

needs to login using unique username and password. The “Collaboration tools” 

section is dedicated for maintaining a record of the project documents and exchange 

ideas with other members in the forum subsection.  

The “Collaboration tools” section has four sub-sections (“Forum”, Files”, 

“Pad” and “Members”), which help partners to discuss topics, exchange ideas and 

valuable suggestions. The members can upload files to the public server using the 

web file manager which gives full administrative options. For the convenience of the 

internal users, the public storage can be accessed using the DropBox file transfer 

tool. Furthermore, the “Collaboration tools” section is integrated with Google 

EtherPad project and offers a web-based real-time collaborative document editor and 

live chat.  

Links of the ECO-QUALIFY III project have been created in 

http://ecoqualify.at.o-r-a.org/  and   http://www.equalita.de/cmsen/, the two formal 

sites of  ECO-QUALIFY projects. 

The website will be updated in order to promote EcoQualify III project, its 

objectives, activities, target groups, partners and results. The project web-site will be 

maintained at least five years after the end of the project, until 2017. 

 

 

ADAM portal 

 

 

ADAM (Advanced Data Archive and Management system) is a new project 

and product portal for the Leonardo da Vinci programme. The ADAM database is 

proper for current Leonardo promoters to showcase their projects, and for anyone 

who wants to view the innovative project work funded by the Leonardo programme. 
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Completed products from the projects can be uploaded in ADAM in a variety 

of formats and can be viewed by many different organizations across Europe. This is 

a simple and cost effective way of sharing project materials with a wide audience 

and make links with European organizations for future working. 

The ADAM application is multilingual, and can in principle display the 

information in any language. Currently all functions are available in English, 

German and French. 

 An important functionality of ADAM database is the “Product and Project 

Search” which is intended to enable users to find relevant projects or products 

quickly. Two types of search are available, a simple and an extended search. For 

both types of searches, the user can select whether he wants to see a list of products 

or a list of projects as a result of the search. In the header of the result list on the 

right side a link (‘search for products’ or ‘search for projects’) is added that allows 

to repeat the same search for products if currently projects are shown, and vice 

versa: 

ADAM has been used from LDV Project team to make the Eco-Qualify III 

project available to the scientific community as well as to disseminate its results.  

Project users must register themselves, before they can create and edit a 

project. In this case the user specific information (last viewed projects, bookmarked 

projects, language and 

preferred homepage) is stored in the ADAM Portal. Basic informations of the 

Projects available in ADAM are: Title of the Project (Project number, year), Status 

of the Project, The marketing text, The summary of the Project, Description of the 

Project, Product Informations, Project homepage, Project Contractor, Coordinator of 

the Project and Contact Person, Partners participating in the Project, Events relative 

to the Project, Project Themes, Project Sectors. 

The ADAM portal has also a field named “files” where everyone interested 

in the Project can download files relative to this. 

  A useful tool in ADAM is the “similar projects” tool which in our case 

appears Eco-qualify II and other Projects similar to our Project. Other tools in 

ADAM are the “Recommend Project” , “Bookmark Project” and “Print Project” 

which give viewers the corresponding choices. Especially, the last one prints the 

project in .pdf form. 

A snapshot image of our project “Implementation of a Quality Assurance 

System in Organic Retail” in ADAM is the following (fig.3). 
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Fig. 3. Snapshot of ADAM project 
 

 

The project operator in ADAM can give other people the right to edit this 

project. If this person is already known in ADAM, the operator can simply enter his 

e-mail address, while If this person is not known, he can enter his data in the form 

and submit. The person will receive an e-mail with a password and a link to this 

project. 

Before a project is made visible in ADAM, it has to be checked and 

authorized by the National Agency. In our case, after Project’s submitting and 

validation, the project was available in public on ADAM portal (http://www.adam-

europe.eu/) on March 15.  

Our ADAM project page will be continuously updated with upcoming 

events, new products and files available to the public. 

 

Dropbox 

 

The Dropbox Desktop Application is software that watches a folder on the 

desktop computer and syncs any changes to the web and other computers. Dropbox 

makes obsolete transferring data between computers. In this view, Dropbox is a 
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basic element in the co-operation of staffs between two or more countries, as in our 

case. 

For our project’s requirements there was created a file named “ECO-

QUALIFY III GR-GB-RO-TK” in dropbox.For the projects necessities, every 

partner has signed in Dropbox and has the opportunity to add/share files with each 

other. This is an extremely easy and immediate way of sharing documents.   

 The contents of our ECOQUALIFY III project file are as in the following 

figure:  

 

 
 

Fig. 4. Snapshot of Dropbox files 
 

 

In the “administrative project” file, there are Guidelines for partners and files 

with special conditions for the management of the project, while in the “all 

meetings” file there are documents about the past meetings as well as all the relative 

material of the project, produced during these meetings. 

The “Concept EQ III” file contains important parts of the project such as: the 

final form of the Application, the budget tables and the tasks per partner and other 

templates relative to the project management. 

There is also a file named “info on ECOQUALIFY I + II” that contains 

information about the previous projects on EQO-QUALIFY. 

Of great importance are the files “Project EcoQualify outputs” and “Project 

docs works”, where partners place the results of their work. According to these, 

partners of the project can add files in Dropbox at anytime and via this tool there is 

the opportunity for easy and fast management of the Project. 
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3  Discussion and Results 

The application of innovative informatics tools for the implementation of the 

Eco-Qualify III project comes to meet the requirements of a “transfer of innovation 

project”. Based on the previous described specialized informatics tools, the 

dissemination and valorization of the project are easier and people interested in the 

field of Organic agriculture (consumers, producers and retailers) are able to get 

familiar with it and the principles of the Quality Assurance System.  Up till now, the 

implementation of previous Eco-Qualify projects, as well as the current one, by 

using the informatics tools already mentioned, has provided considerable assistance 

on showing off the peculiarities of each country and implemented economies of 

scale on creating a credible quality assurance scheme. 

The concrete advantages for the countries (Greece, Romania, Bulgaria and 

Turkey) involved in Eco-Qualify III are going to be obvious in the upcoming years, 

considering that Organic Agriculture is generally expanding and a well established 

European system for Quality Assurance is of great importance for organic food 

retailing.   

Many other countries - inside and outside the European Union- can benefit 

from this Project, thus trying to adapt the Quality Assurance System to their national 

needs. Probably, this could be achieved under certain prerequisites for each country 

and the dissemination of the Project via the application of informatics technologies 

moves towards this direction.  
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Abstract. The paper presents the system for data acquisition from composting 

process in 4-chamber bioreactor. This system lets to create the model for 

decomposition process for different biowaste, especially including ammonia 

and GHG emissions.  

Keywords: bioreactor, composting process, data acquisition, modeling. 

1   Introduction 

 The problem of environmental friendly biowaste management has become one 

of the most important areas of scientific activities within last 20 years in Europe. The 

strong increase of research concerned on recycling and re-utilization of organic 

wastes from agricultural, municipal and industrial origin has been observed (Gomez, 

1998; Raghavarao et al, 2003). This fact was related with the tendencies in suitable 

law regulations according to the strict ecological norms implemented after 1992 in 

EU. One of the most environmental promising technologies is composting of 

biowaste. 

 Composting is a process creating a closed ring of circulation of organic 

substances in the environment. It consists of the microbiological decomposition of 

organic substances in oxygenic conditions under the influence of thermophilic 

microorganisms and moulds. The composting process can run in the piles or open 

containers on a free air, in closed chambers or barrels with controlled oxygen supply 

(Dach et al., 2003; Raghavarao et al., 2003). The very important condition for the 

correct execution of this process is a suitable oxygen content in the delivered air 

(above 8-10%) as well as the proper moisture degree (remaining on a level of 55-

75%) for the whole duration period. 

 However, in some cases, the composting process can be a source of 

ammonia and GHG (greenhouse gases) emissions. It happens while bad, insufficient 

porosity of composted material (emission of CH4 and H2S) or high nitrogen content
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(emission of NH3). That is why during the last years different scientific teams carried 

on the research concerning an estimation of ammonia and greenhouse gases 

emissions from composting of different biowaste and the factors influencing on this 

emission. These activities are focused around national projects and international 

concerted actions where the different models of gaseous emissions are developed for 

many countries under different conditions.  

 However, the fieldworks related with composting process of organic materials 

require an extreme labor and financial input. The weather conditions variability does 

not ensure the guarantee of repeatability. Moreover during the fieldworks it is 

difficult or sometimes completely impossible to use so complex measuring apparatus 

as it is in case of laboratory experiments. Usage of bioreactor eliminates some part of 

fieldwork, considerably decreases the costs and accelerates the final results. 

In 2002 scientific team from Institute of Agricultural Engineering (Poznań 
University of Life Sciences) worked out the idea and built isolated 2-chamber 

bioreactor for model research on the processes of organic matter decay (in the frame 

of Ministry of Science and Higher Education grant concerning the study of gaseous 

emissions from different technologies of manure management (Dach et al, 2003). On 

the basis of many investigations it has been stated that during the experiments 

bioreactor ensures the run of decomposition similar like in real conditions during 

heap composting with usage of tractor aerator. Simultaneously allows to control very 

precisely changes running during the process (Czekała et al, 2006; Dach et al, 2004).  

Numerous experiments explored with usage of bioreactor resulted in new 

conceptions of solutions. In 2006 (under the CleanCompost 6 FP UE project) 4-

chamber bioreactor was designed. Completely new idea of gaseous measurement was 

introduced, the tightness level and thermal isolation were raised, control and 

measurement of aeration level were improved. 

 The aim of this study is to check the possibility of data collecting from aerobic 

and/or anaerobic decomposition of organic wastes in order to create the ammonia and 

greenhouse gases emissions prognostic model. Technologies of reduction of methane 

emission from animal production and manure management in the context of GHG 

taxation” (research project financed by the Polish Ministry of Science and Higher 

Education, Contract number: N N313 271338). 

2   Material and methods 

4-chambers bioreactor set-up 

Scheme of bioreactor construction and working is presented on Fig.1. The 

capacity of one bioreactor chamber amounts 165 dm
3
. Thermal isolation consists of 

hermetic 10 cm tight polystyrene layer. It ensures the run of composting process 

under exact control without any disturbances from the outside.  

The air pressed by the air pomp flows through the biomass placed in bioreactor 

chamber. Chambers are made of metal sheet and components from stainless steel. It 

is conditioned with highly aggressive environment occurring during composting, in 

particular sewage sludge composting process (Harrison et al, 2006). Chambers have 

second bottom with openings of ø 2,5 mm placed every 50 mm on the whole surface. 
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It allows to distribute evenly the delivered air in the entire mass volume, as well as to 

obtain wholeness of drains leaking out from the biomass while composting.  

 

Fig. 1. Schematic diagram of the bioreactor: 1. pump, 2. flow regulator, 3. flow meter  

4. isolated chamber, 5. drained liquids container, 6. composted mass, 7. sensors set, 8. air 

cooling system, 9. condensates container, 10. column of gases content analysis (NH3, O2/CO2, 

CH4), 11. 16-channel recorder, 12. air pomp steering system 

Between the chamber and the cover specialistic seals were used. In connection 

with 60 kg charge it is a hermetic set-up empowering the chemical analysis of the air 

leaving the chamber. Between the air pomp and chamber inlet there is an air flow 

regulator integrated with a flow sensor (produced in IAE by own idea of dr. A 

Jędruś), processed according to the individual solution. This system allows to precise 

control and constant registry of the air amount delivered into the chamber (in the 

range 0,5-6 l/min).In every bioreactor chamber there are at least 2 temperature 

sensors in special acid-resistant covers. The air leaving the chamber at first gets to 

the cooler cooperating with condensers system. The cooler target is to chill the air to 

the temperature below 40
o
C (maximal working temperature for gases sensors). 

 

Integrated sensors and systems for signals measuring and recording 

Selected parameters of bioreactor measuring system are shown in Tab. 1. Parent 

part of this measuring system are simultaneously working two microprocessor 

recorders of measuring signals. Main parameters are presented in Tab. 2. In case of a 

breakdown of one of the recorders the data continuity is ensured by working of the 

second one. In case of voltage fading of feed net system automatically passes on a 

battery power supply. It allows to save the data already recorded in the memory and 

to register further measurements. The system is constantly connected with a 

computer. In any moment the measurements results can be forward to the computer 

with usage of standard output RS 232C. 
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Table 1.  Selected parameters of bioreactor measuring system.  

Measured parameter Sensor type Measuring range Output signal 

Temperature LM35DZ 0-100oC 0-1 V 

Air flow Electronic flowmeter 0.5-6 l/min 0-5 V 

NH3 MG-724AM 0-100 ppm 4-20 mA 

NH3 MG-724AM 0-1000 ppm 4-20 mA 

O2 MG-724OX 0-25 % 20-4 mA 

CH4 MG-724P-90 0-5 % 4-20 mA 

CO2 MG-724CF 0-100 % 4-20 mA 

Table 2.  Selected parameters of bioreactor measuring system.  

Parameter Type 1 Type 2 

Maximum amount of measurement  168 2011 

Measurement frequency 1 measurement/h £ 4 measurements/s 

Supply voltage 12 V DC 12 V DC 

Amount of measuring channels 16 32 

 

Applied measurement heads MG-72 of Alter S.A. firm are designed to measure 

the gasses concentration and to forward this information to the central measuring 

unit. Tab.3 shows the basic technical parameters of gaseous heads.  

Table 3.  Basic technical parameters of gaseous heads MG-72.  

Delivery time of metrologic ability  £ 20 sec. 

Nominal supply parameters 5,6V DC/30 mA 

Maximum termination resistance of current loop 50W 

Temperature working range -20 - +40oC 

Humidity working range 
10 – 90%Rh 

(without condensation) 

Electro-chemical sensor is the main part of this head. It turns the changes of 

concentration magnitude of measured gas onto adequate changes of electric 

parameters. Output signal is the most essential information from the recorder point of 

view. Gasses measuring system consists of the following heads: NH3 (0-1000 ppm), 

CH4 (0-5%), O2 (0-25%), CO2 (0-25%). It cooperates with an original system of 

electro valves which empower to use one set of heads for 4-chamber bioreactor.  

3   Results 

Within last 5 years, described bioreactor set-up was used in many projects. The 

integrated sensors and systems for signals measuring and recording let to collect 

during all experiments many valuable data separately for each bioreactor’s chamber. 
This let to compare the process parameters in each moment of the experiments and 

help to create the database for gases emission model (Fig. 2).  
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Fig. 2. Measurements of selected parameters while sewage sludge composting a) Temperature 

changes b) Changes of ammonia nitrogen c) Carbon dioxide concentration d) Ammonia 

concentration; Three vertical lines are the examples of learning data vectors.  
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4   Conclusions 

Measuring systems and measuring signal recorders used in bioreactor are the source 

of wide amount of data. Large measuring frequency reflects the real dynamics of 

physical and chemical changes of composted mass. Moreover, it is very helpful in 

gaining the representative data indispensable in modeling of occurring processes. 

This is an essential for usage of bioreactor as a tool for prediction of aerobic and 

anaerobic decomposition process with usage of artificial neural network. 

Usage of bioreactor eliminates some part of fieldworks, considerably decreasing 

costs and accelerates the obtainment of final results. Laboratory conditions give an 

opportunity of usage of more developed measuring apparatus in comparison with 

fieldworks ones. 

Constant control of oxygen content allows to avoid the presence of anaerobic 

conditions, unfavorably influencing on the quality of compost. 
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Abstract. The BioDiVine project involves the study and management of 

biodiversity in vineyard landscapes. This project benefits of cofunding of the 

European initiative LIFE+ 2009/2014, it objective is to identify the interest of 

arrangements in wine regions and adaptation of crop management on 

biodiversity, landscape and overall environment. The project focuses on the 

management of six experimental sites (appellations of Saint-Emilion, Limoux 

and Costières de Nîmes in France, the Douro in Portugal and the Rioja and 

Penedès in Spain) and a reference site, Saumur-Champigny. The objectives of 

this project stem from three complementary fields: environment, agronomy 

and landscape. Concrete actions for conservation will be implemented at each 

site with the creation of semi-natural complementary areas in vineyards. 

Parallel with arrangements, it is planned to develop an alternative protection of 

the vineyard. Also, technical follow-ups and cartographic analysis will be 

conducted to assess the scope of these actions to conserve and enhance 

biodiversity through appropriate protocols for different specialties of 

biodiversity. 

Keywords: viticulture landscapes, biodiversity, amenities, sustainable 

management, terroir, RBA method. 

Introduction 

The BioDiVine project involves the study and management of biodiversity in 

viticultural landscapes. This project benefits of the cofunding of the European 

initiative LIFE+ 2009/2014 that supports innovative activities in the field of nature 

conservation and biodiversity contributing to the implementation of the objectives of 

European Commission press release entitled "Halting the loss of biodiversity by 2010 

- and beyond".
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The BioDiVine project objective is to identify the interest of plot and landscape 

management in wine regions on biodiversity, landscape and overall environment. It 

stems from three complementary fields: environment, agronomy and landscape; 

allowing demonstrating that a biodiversity friendly management of the landscape and 

an environmental action plan are compatible with high quality grape and wine 

production. 

Two scales will be apprehended, a vision at the plot scale to ensure understanding 

and sustainable management of soils (soil, protection of the vineyard ...) and a 

broader vision, landscape-level. 

Indeed, interdisciplinary research on issues such as functional biodiversity and 

landscape connectivity demonstrates that new options arise when systems 

management are approached from landscape scale. Over the last decades, many 

attempts have been made to enhance the quantity and quality of semi-natural 

elements left in the countryside such as hedges, groves or ground covers. 

The project focuses on a reference site, Saumur-Champigny, located in the Loire 

Valley (France), which already led a program on biodiversity wine for several years, 

as well as six experimental sites: Saint-Emilion, Limoux and Costières de Nîmes in 

France, the Douro Valley in Portugal and the Rioja and Penedes in Spain. 

Six different partners in the coordination and monitoring of European 

demonstration sites are involved in the project LIFE+ BioDiVine. The IFV (French 

Institute of Vine and Wine) and ARD-VD (Association for Research and 

Development in Sustainable Viticulture) are partners in charge of the different 

French sites and are technically coordinating the project activities. The Spanish 

partners are ICVV (Instituto de Ciencias de la Vid y del Vino) and DIBA (Diputacio 

de Barcelona) which will implement the project activities respectively on the site of 

La Rioja and Penedes. In Portugal, ADVID (Associação para o Desenvolvimento da 

Viticulture Duriense) will be in charge of the Douro demonstration site. Finally, 

Euroquality provides administrative and logistic management of the project. 

 

 

 
 
Figure 1. The logo of the BioDiVine project, which shows the consideration of various aspects 

of vineyard landscapes, both agronomic and environmental. 

744



Material and Methods 

The BioDiVine objective is to identify interest in land development and adaptation 

of crop management on biodiversity, landscape and overall environment. 

Different sites will be studied to determine what key actions can and will be 

implemented locally, adapting the actions to the context of each study area.The 

project comprises two operational components: 

 

       Amenities: Concrete actions of conservation will be implemented on each site. 

Some examples of actions: 

 

- Introduction of ground cover plants (175 ha of grass strips and 245 ha of flowery 

bands in total) 

- Introduction of various hedges (70km established in total) 

- Upgrading or restoration of walls and other layout elements 

 

These different actions are intended to improve the overall biodiversity, landscape 

structure but also to contribute to the control of pests and diseases, reduce soil 

erosion and runoff and reduce water contamination by pesticides. Thus, appropriate 

landscaping implemented locally would be an element of response to enable a 

positive impact on the environment, while improving product image and landscapes 

quality. 

Parallel to conservation actions, the project plans to enhance the implementation of 

integrated protection of the vine, especially through the use of predictive models of 

disease, the development of mating disruption by pheromones, and the optimization 

of spraying. 

 

Technical follow-ups: Monitoring of the result of these actions will be conducted to 

assess the scope of their impact on conservation and restoration of biodiversity 

through appropriate protocols at different levels: Arthropod monitoring through the 

RBA method (Rapid Biodiversity Assessment already developed in various wine 

regions), soil microbiology, botanical plants, birds and small mammals.  

The RBA method, developed in Australia by the arthropods specialists led by 

Oliver and Beattie (1993), aims at assessing arthropod biodiversity, through a 

trapping system (combination of “combi” and pitfall), while avoiding the classical 

taxonomy. Thus, the measurement unit is the “morphospecies”. In 2004, Krells’ 

studies have confirmed and validated the scientific validity of the RBA method on 

arthropods. Furthermore, another study conducted in Switzerland by Duelli and 

Obrist (2005) confirms that the RBA is a very good indicator of biodiversity in the 

understanding of local trends in short and medium term. 

For several years M. VAN HELDEN has been developing this method in various 

French wine regions both at landscapes and plot scale. This process will be 

established at each site and followed by trainees supervised by the ARD-VD. 

In addition, a cartographic analysis will be conducted at each site to locate the main 

landscape units using the Corine Land Cover database, but at a much finer scale 

through Geographic Information Systems (GIS). These tools will facilitate analysis 
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and understanding of the landscape at each site from aerial photographs and field 

surveys. 

Moreover, many public awareness activities and dissemination of the project results 

are planned throughout the project to interest the greatest number, but also to attract 

the attention of winemakers and wine professionals such as the creation of a public 

website (www.biodivine.eu), the implementation of information boards on sites, the 

publications of articles and press releases, the organization of “open days” on 

experimental sites, as well as training workshops. 

 

 
  
Figure 2. The system of trapping by the RBA method for capturing arthropods by pitfall for 

crawling insects, and "combi" for flying insects. 

 

 

Results and Discussion  

 
Objectives: The project encompasses three general and complementary objectives 

that are: 

 

-An environmental goal to evaluate the scope of every concrete conservation action 

implemented to curb the impoverishment of wildlife diversity according to different 

European biotopes (Atlantic, Mediterranean, and Continental). Indeed, the project 

deals with creating complementary semi-natural spaces in vineyards such as hedges, 

ground covers, grainland and/or low walls to host all kinds of arthropods, birds, little 

mammals, fungi, new plants… The idea is to increase vegetal biodiversity that 

supports animal biodiversity. 

 

-An agronomic issue to assess the benefits of arthropods and fungi biodiversity for 

viticulture. Dynamics will be observed at a landscape scale considering this level is 

deciding for preserving biodiversity in agricultural areas. An organized set up of semi 

natural elements will help smooth out negative effects of the intensification of 

parcels by improving connectivity and quality of habitats, and soil biodiversity 
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wealth. The project aims at demonstrating that a landscape and ecological action plan 

can efficiently help wine makers’ work while respecting biodiversity.  

 

-A landscape perspective focusing on the most efficient landscape structures in 

terms of biodiversity. An appropriate landscape layout, respectful both of local 

biotope and regional culture, is more efficient and functional than shorter sight 

perspectives. Management plans will be proposed for each situation by the end of the 

project. 

 

A project that starts out: Since launching of the project in late 2010, each 

demonstration site is being analyzed to determine the specific key actions that can be 

made locally thereafter. To do this, a mapping study across the landscape has been 

achieved with the European Corine Land Cover database to get an idea of the land 

use on each site. In addition, the RBA method was established on each study site and 

aims to look at this first year, the diversity of insects on different habitat on each site 

(vineyard, orchard, hedge, fallow land...) Insects catch began in mid-April, and this 

during the entire growing season of the vine. As to the other protocols, they are being 

developed with all partners and will be implemented next year. 

During the project a general framework of landscape analysis will be set up in 

order to enable the declination of the land management measures depending on the 

different types of territory that exist all over Europe. 

Finally, beyond the six experimental sites, the BioDiVine project aims to promote 

in all European countries actions supporting biodiversity that are adapted to each 

vineyard context (climate, geology, slope, plot type, management systems ...). 

 

 
 

Figure 3. Land use map of Costières de Nîmes (France), using the Corine Land Cover 2006 

(IGN). 
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Abstract. In 2008-2010 grain yield and fodder value of winter triticale cv. 

Kitaro were assessed. The level of plant protection covered three technologies 

with various production intensity. Grain yield of winter triticale cultivated on 

the higher agro technical level was 7,56 t/ha and was respectively almost 36% 

higher than the yield obtained from standard technology. The intensity of plant 

protection agents application influenced the increase of protein and fat content 

but decreased the content of crude fibre and sugar. 

Keywords: fodder value, cultivation intensity, grain yield, winter triticale. 

1   Introduction 

For many years we have seen a growth in the share of cereals in the crop structure. 

They occupy over 70% of the acreage of crops. In some areas even up to 90%. This 

large saturation rotation poses a problem of ensuring appropriate positions on the 

farmland. This causes a number of environmental changes leading to reducing yields. 

Triticale has a greater tolerance to weak soil conditions, a high yield potential in 

comparison with wheat. It is also characterized by a high value of feed grains 

(Ja�kiewicz et al. 2008, Smagacz and Dworakowski 2004, Stankiewicz 2005). 

Therefore, triticale harvest is almost entirely used for animal feed. The value of feed 

of triticale grain in animal nutrition is determined by the nutrients it contains, high 

digestibility and biological value of protein.  

Studies show that the quality of triticale grain does not only depend on the variety, 

but also on other elements of technology such as sowing, fertilizing and applying 

pesticides. 

There are no conclusive research results on the impact of technology on the quality 

of the grain of triticale (Grabinski et al. 2008, Stanley et al. 2002, Stanley 2005, 

Kiely et al. 2009).  

The aim of the study was to determine the yield of Kitaro winter triticale and a 

laboratory evaluation of grain quality depending on cultivation technologies.
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2   Materials and Methods 

The study was conducted in 2008-2010 within the strict field experiments at the 

Experimental Station of the Institute of Soil Science and Plant -National Research. 

Institute in Osiny under cereal crop rotation (100% grain) in the soil of good wheat 

complex. 

The study involved three techniques differing in the intensity of production, which 

was determined primarily by the use of differentiated means of production. A factor 

which clearly differentiated technologies was the level of plant protection (Table 1). 

In all the technologies, Kitaro variety was grown,. The study was conducted on plots 

with a harvesting area of 22m
2
. 

Table 1.  Consumption of seed, fertilisers, and pesticides in the winter triticale 

cultivation technologies.

Technology Technology  

element Standard Integrated Intensive

Seeds kg/ha 205 180 156 
Fertilisers 

kg/ha: 

     N 55 108 141 
     P2O5 35 64 90 
     K2O 50 90 135 

Herbicides Glean  75 WG 

25g/ha

Maraton 375 SC  

4 l/ha 

Starane 0,5 l/ha

Maraton 375SC  

4 l/ha 

Starane 0,5 l/ha 

Fungicides Baytan 

Universal 200 

ml + Galmano 

200 ml/100 kg 

seeds

Baytan Universal 

200 ml + Galmano 

200 ml/100 kg seeds 

Tilt Plus 1,0 l/ha 

+Unix 0,7 l/ha

Baytan Universal 200 

ml + Galmano 200 

ml/100kg seeds 

Tilt Plus 1,0 l/ha 

+Unix 0,7 l/ha 

Prosaro 1,0 l/ha 

Retardants - CCC 1,0 l/ha CCC 1,0 l/ha 

Moddus  0,3 l/ha 

In the phase of full maturity, the yield of winter triticale was determined, and grain 

samples were taken for the implementation of the laboratory determinations. Dry 

matter content was determined by a weight method at a temperature of 105
o
C. Then, 

in the process of mineralization of samples by a wet method (H2SO4 + perhydrol) 

nitrogen was determined by a spectrophotometry flow, crude fiber by a weight 

method, sugars by G. 

Bertrand method, crude fat by weight method by Soxhlet - and ash by weight method 

at a temperature of 580
 o
C.    
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The obtained results were statistically analyzed using analysis of variance. The 

significance of differences in the results was determined using Tukey's test with 

confidence level P = 0.95 

3   Results and discussion 

Technologies of plant cultivation modified the level of crop yield and nutritional 

value of the grain of Kitaro winter triticale (Table 2). 

A significantly highest grain yield of winter triticale was obtained using intensive 

technology. The yield was about 36 and 11% higher than the yield of triticale 

obtained with respectively standard technologies and integrated technologies. 

Intensive technology was characterized by a high-dose and an intensive plant 

protection. It also involved a substantially reduced standard of seeding. 

A significant impact of the intensity of the production on increasing yield of triticale 

is confirmed by the research by Wozniak (1999). Fungicides used against stem and 

leaf diseases increased grain yield by 6.6%. However it must be concluded that a 

lower standard of triticale seed at intensive technology has contributed to an 

improvement in propagation production and increased the number of ears per area 

unit. It is confirmed by the studies of Jaskiewicz (2009).  

In the applied technologies, there was not a significant difference in the percentage of 

dry matter and ash in the grain crops. 

Protein constitutes an important component of the food grain. Triticale is a species 

with a relatively high content of this component. Significantly lower protein content 

in grain was found when using a standard technology. Increasing the intensity of 

cultivation contributed to an increase in the value of this ratio by 4% for integrated 

technology and 14% for the intensive one. 

The research of Piech and Maciorowski (1998), and Stankiewicz et al. (2002) 

indicate that winter triticale grain contains more protein using plant care with 

herbicides compared with the grain derived from plots without a care. However, 

according to Stankiewicz et al. (2002), the use of retardants reduces protein yield but 

improves the digestibility index. 

The content of crude fiber in the grain of Kitaro triticale was 12% higher for standard 

technology compared to intensive technology. Together with an increase of the 

intensity of plant protection, a decrease in the content of crude fiber and sugar was 

observed. On the other hand, there was an increase in the content of fat in the grain of 

triticale. 

To conclude, it should be noted that the purpose of research was carried out because 

we can now recommend for practice an intensive technology of triticale Kitaro, at 

which the highest yield with advantageous features of feed was obtained. 

Higher contents of protein and fat were obtained. Lower crude fiber content in the 

grain determines a better quality of forage triticale, obtained using this technology 

Table 2. Winter triticale grain yield and fodder value of feed depending on the 

cultivation intensity 
Technology Grain 

yield (t)

Dry 

matter 

Crude 

protein 

Crude 

fibre 

Sugars Fat Ash 
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(% s.m.- d.m.) 

  

standard 

5,56 91,8 10,7 1,76 10,54 1,68 1,87 

integrated 

6,81 91,5 11,1 1,63 10,22 1,74 1,85 

intensive 

7,56 91,7 12,2 1,57 9,79 1,81 1,89 

NIR0,95

LSD0,95 

0,651 r.n 0,34 0,123 0,564 0,092 r.n 

4   Conclusions 

1. Cultivation technology of Ttriticale had a significant impact on the obtained  

grain yield per unit area. The highest yield was obtained when using an intensive 

one, then integrated, and the lowest – when standard technology was applied. 

2. Intensive technology has contributed to an increase in the content of protein and 

fat, however the contents of crude fiber and sugar decreased. 

3. Higher value of feed grains was obtained using intensive technology of triticale 

production, and lowest at the application of standard technologies. 
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Abstract. The 35 percents of EU total population uses the advanced Internet 

services. This rate is very low and has to increase in the next years, because the 

employed person needs ICT user skills. The digital literacy knowledge getting 

is very important. Taking part in organized courses and training can be helped 

to increase the digital literacy and ICT users’ skills. Nowadays, the importance 

of e-skills and e-learning is growing rapidly, partly due to the information and 

communication technologies in the information / knowledge-based society to 

evolve. The aim is to enable the knowledge and skills to help the individual 

can be an active member of society, teamwork, motivation and possess the 

skills necessary to find place in the labour market.  

Keywords: e-Skills, e-Learning, digital literacy, labour market, education. 

1   Introduction 

The European Union needs to ensure that the knowledge, skills, competence and 

creativity of the European workforce - including its ICT practitioners - meet the 

highest global standard and are constantly updated in a process of effective lifelong 

learning.

The European Commission adopted in September 2007 a Communication on “e-

Skills for the 21st Century” presenting a long term e-skills agenda for Europe and 

including key action lines at EU level. The Competitiveness Council of Ministers 

welcomed this Communication and adopted Conclusions on a long term e-skills 

strategy at its meeting on 22-23 November 2007. Stakeholders also welcomed this 

initiative and have established the e-Skills Industry Leadership Board to contribute to 

implementing the strategy. 

To take full advantage of the strategic and operational opportunities offered by 

information and communication technologies (ICT), it is clear that more and better 

qualified ICT practitioners as well as e-skilled managers and citizens are needed 

(Brixiova  et al., 2009). 

The e-skills strategy has progressed with several visible achievements and the 

European e-Skills Conference which took place on November 2009 in Brussels

_________________________________
Copyright ©by the paper’s authors. Copying permitted only for private and academic purposes.    
In: M. Salampasis, A. Matopoulos (eds.): Proceedings of the International Conference on Information 
and Communication Technologies     
for Sustainable Agri-production and Environment (HAICTA 2011), Skiathos, 8-11 September, 2011. 
 

 
 
 
 
 
 753



delivered some welcome messages of encouragement in today‘s challenging times. 

Europe is increasingly developing its human capital to be globally competitive and is 

making significant progress towards the important goal of implementing a long-term 

e-skills strategy. 

It is necessary to continue to work at providing a rich science and technology 

environment and the availability of a breadth and depth of skilled labour force 

performing well in the latest technologies. 

E-skills are a central aspect of European policies to boost competitiveness, 

productivity and employability of the workforce. Europe needs to ensure that the 

workforce’s knowledge, skills, competences and inventiveness - including but not 

limited to ICT professionals - meet the highest global standards and that they are 

constantly updated in a process of effective lifelong learning.  

This consensus on the importance of e-skills in Europe is in line with the work of the 

European e-Skills Forum and the November 2006 report of the ICT Task Force, the 

European Commission’s September 2007 Communication on “e-Skills for the 21st 

Century: Fostering Competitiveness, Growth and Jobs”, and the November 2007 

Competitiveness Council Conclusions on “A Long-Term Strategy for e-Skills”. 

2   e-Inclusion and Digital Literacy 

Digital literacy is the skills required to achieve digital competence, the confident and 

critical use of ICT for work, leisure, learning and communication. Digital literacy is 

underpinned by basic technical use of computers and the Internet. 

In response, EU Member States meeting at Riga in 2006 agreed on a series of e-

Inclusion targets, including reducing by half the gap between digital literacy levels of 

disadvantaged groups and the average for the EU by 2010. 

470 digital literacy initiatives across the EU were analysed together with the results 

of the digital literacy. The main conclusions are: 

 Member States have invested in large digital literacy programmes over the 

last ten years as part of their Lisbon priorities for information society and as 

a result regular Internet use has grown rapidly, particularly among young 

persons for who skill levels and usage rates exceed that of the USA. 

 Digital literacy remains a major challenge and more efforts need to be 

dedicated to supporting disadvantaged groups, in particular those over 55. 

 There is evidence that secondary digital divides may be emerging in relation 

to quality of use and more needs to be done to increase the levels of 

confidence and trust in online transactions and the use of ICT for lifelong 

learning for all. 

Digital Literacy is one of the most important but also challenging areas to achieve an 

information society for all. Despite its inclusive effects, the information society has 

also created new divides. The knowledge society is becoming ubiquitous with more 

everyday activities, goods and services available electronically and, increasingly, 

only available online. Digital Literacy is increasingly becoming an essential life 

competence and the inability to access or use ICT has effectively become a barrier to 

social integration and personal development. Those without sufficient ICT skills are 
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disadvantaged in the labour market and have less access to information to empower 

themselves as consumers, or as citizens saving time and money in offline activities 

and using online public services. 

The i2010 Annual Report in 2007 found that 40% of the EU population have no 

Internet skills but higher percentages are to be seen in older age groups, people 

outside the labour force and those with a low level of education. Since 2000, the 

European Union has stepped up its activities to improve e-Learning and to develop 

skills. The e-Europe Action Plan put eLearning and e-Skills high on the political 

agenda and led to the e-Learning Programme, which directly promoted Digital 

Literacy. This has continued under the renewed Lisbon Agenda, which highlights 

Digital Literacy as a key area for policy intervention. 

The Table 1. shows the EU-27 countries in the rank of the persons, who employed 

with ICT users skills. Here can be seen, Hungary 7th in the rank, so it takes clear, 

why so important at first level the digital literacy and at second level the higher 

knowledge of ICT. Nowadays, without these abilities is not easy to get qualified jobs 

in Europe as well as Hungary. 

Table 1: Percentage of persons employed with ICT user skills (EU-27) (2008)  

Source (Eurostat) 

Ranking Country % Ranking Country % 

1. Luxembourg 29,1% 15. Cyprus 18,9% 

2. United Kingdom 25,2% 16. Belgium 18,8% 

3. Lithuania 23,4% 17. Germany 18,3% 

4. Denmark 22,8% 18. Czech Republic 18,3% 

5. Malta 22,4% 19. France 17,8% 

6. Latvia 21,3% 20. Austria 17,5% 

7. Hungary 20,9% 21. Spain 16,0% 

8. Sweden 20,0% 22. Slovakia 15,9% 

9. Finland 20,0% 23. Poland 15,4% 

10. The Netherlands 20,0% 24. Greece 12,9% 

11. Slovenia 19,6% 25. Bulgaria 12,1% 

12. Italy 19,4% 26. Portugal 11,8% 

13. Ireland 19,2% 27. Romania 9,8% 

14. Estonia 18,9%    

How is the Digital Literacy measured? The most obvious way to measure the digital 

literacy, ask the users to evaluate their own knowledge. In the World Internet Project 

evaluation (Internet1) - which made in every two years - did not find a significant 

disparity between the evaluation of average internet usage knowledge and that of 

computer usage. In both cases, most people thought that their knowledge is good. 

Approximately every tenth person surveyed characterized their knowledge is 

outstanding and in a similar proportion of users thought their knowledge is weak. 
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Fig 1. Percentage of  own knowledge of Computer and Internet usage  

Source: (World Internet Project - 2007)

3   e-Skills in Europe 

The growth of ICT has always been marked by fluctuations of activity and there 

has been an element of boom and bust. It is estimated that there are 4.2 million ICT 

practitioners within the EU and that approximately 180 million people are using ICT 

at work (Cepis, 2007). A study on the supply and demand of e-skills (Rand Europe, 

2005) over the period 1998-2004 reported an increase in the estimated number of 

employed IT practitioners during this period of about 48%. After a peak in 2001 a 

low point was reached in 2003. There is some evidence of a cycle, and the European 

e-Skills Forum warned that significant e-skills gaps will again appear and called for 

the preparation of a long-term e-skills agenda. A 2005 industry report predicted that 

there would be a shortage in 2008, across Europe, of up to half a million people with 

advanced networking technology skills (IDC White Paper, 2005). A sectoral survey 

on e-business in 2006 reported that enterprises are anticipating skills shortfalls for 

ICT practitioners, particularly in ICT strategy, security and new business solutions 

(E-Business Watch Survey, 2006). 

Shortages of ICT practitioner skills have been endemic due to technological 

innovation and the fast growth of ICT activity in comparison with the relatively low 

supply and availability of new employees and entrepreneurs with relevant 

educational qualifications. This was observed in particular with the uptake of the 

Internet. In response to industry pressure several Member States launched policy 

initiatives in the late nineties and at EU level a conference on the e-Economy was 
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organised in March 2001. The bursting of the dotcom bubble and the recession of 

2001 adversely affected investment in ICT and reduced temporarily the demand for 

ICT practitioners. Several industry-led initiatives were terminated while political 

interest and support decreased rapidly. Now e-skills shortages are increasing. The e-

skills issue received attention from policy makers in peak times when the ICT sector 

was booming but suffered a loss of interest in difficult periods. This must alter if 

Europe is to anticipate and manage change effectively. 

Fig 2. Some European data about e-Skills and digital illiteracy (Source: Eurostat) 

The European e-Skills Forum identified solutions bringing added-value at EU 

level, but these have so far not been implemented. For example, developing and 

retaining skills required for business success is a necessity to ensure that enterprises 

have employees with the right skills in the right jobs at the right time. For this 

purpose, many of them are developing ICT competence catalogues, processes, tools 

and strategies. 

Several sources report a deterioration of the image of the ICT sector and ICT 

work, which is reflected in the decline in the number of students starting ICT 

courses. Adding to the concerns related to the demographic decline, young people 

seem less and less interested in studying mathematics, sciences and technology, and 

the gender issue still remains. There is a need to communicate better with the public, 

especially young people, parents, teachers and women, and to adopt measures to 

facilitate the adaptation of the workforce. 

The traditional notion of literacy needs to embrace the complete set of e-skills 

and media competences required in a knowledge-based economy and society. 

Eurostat figure (Eurostat, 2006) indicate that 37% of the EU population has no 

computer skills whatsoever and that more than 60% of people not educated beyond 

lower secondary level have no basic e-skills. A lack of e-skills will prevent these 

people from using e-commerce and e-government applications and participating fully 

22 million (~10%)

unemployed in 

Europe, end of 2009, 

but 4 million jobs

vacancies are

37% of

European people 

are digitally 

illiterate

60% of finished 

secondary school is 

digitally illiterate

Over 65 years 

75% of people 

missing the e-Skills

In 2010 will be

~300 000 specialist 

deficit in the ICT 

sector in the EU
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in the information society. Furthermore, the lack of e-skills exacerbates social and 

educational disadvantages, inhibiting lifelong learning and up-skilling. 

4   e-skills in the Hungarian agriculture 

I analysed farmers’ situation – with regard to information circulation – just in 

connection with government because growers must be in contact with members of 

this sector. 

A sort of information systems are at work by all members in the government sector; 

these systems common attribution are to collect, analyse, store, retrieve and forward 

information about economic participant so help the government in decision making 

(Hetyei, 2002). Several administrative studies have revealed that client associations 

are primary among areas which should be converted into electronic processes. The 

supplier character demands that office provides communication channel for clients in 

an easily practicable way.  

Many experts claim, that in the operation of public administration the use of 

information technologies may cause fundamental change, because electronic 

administration may evolve. Nowadays the judgement of opportunities of e-

democracy is not clear. On the one hand, one part of people regards e-democracy as 

the solution of all problems on the other hand others look it as a future dream. The 

main argument of oppositions is that e-administration generates digital gap in the 

society due to its costly appliances (PC) and the relative high demand of knowledge 

(PC and internet use) (Buday and Tózsa, 2007).  

Figure 3. represents why farmers, who have own internet access, use internet 

browser. In the course of browse almost everybody searches for information and at 

least half of them use it in reference to market research or services of e-government 

and bank. 

Fig.3. The purpose of web-browsing by private farmers who have own Internet access, 2010 
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With the help of my questionnaire, we can see (Figure 4.) what measure private 

farmers visit web sites of government and public administration. Web sites of the 

Ministry of Rural Development, Agricultural and Rural Development Agency 

(ARDA) and Agricultural Administration Office (AAO) are visited because of actual 

laws and regulations. On the web site of ARDA we can find training assistances 

related to electronically submission of the application form. 
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Fig.4. Attendance of web sites of government and public administration offices by private 

farmers, 2010  

On the governmental web pages located the client gate which helps for citizens to 

arrange their administrative, official proceedings and attain services related to them. 

After registration online users are able to use electronic governmental services with 

the help of client gate.  

The cause of less attendance of Market Price Information System may be that 

respondents are mainly plant growers. But the system is much more important and 

useful those farmers who produce fresh, easily deteriorating foods (e.g. fruit, milk, 

egg, meat) so the measure of attendance is higher by them. 

5   “e-Migrations” in Europe 

The development and recognition of citizens' knowledge, skills and competence are 

crucial for the development of individuals, competitiveness, employment and social 

cohesion in the Community. Such development and recognition should facilitate 

transnational mobility for workers and learners and contribute to meeting the 

requirements of supply and demand in the European labour market. Access to and 

participation in lifelong learning for all, including disadvantaged people, and the use 
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of qualifications should therefore be promoted and improved at national and 

Community level. 

The Lisbon European Council in 2000 concluded that increased transparency of 

qualifications should be one of the main components necessary to adapt education 

and training systems in the Community to the demands of the knowledge society. 

The Council Resolution of June 2002 on lifelong learning invited the Commission, in 

close cooperation with the Council and Member States, to develop a framework for 

the recognition of qualifications for both education and training, building on the 

achievements of the Bologna process and promoting similar action in the area of 

vocational training. 

The objective of the directive of 2005 of the European Parliament is to create a 

common reference framework which should serve as a translation device between 

different qualifications systems and their levels, whether for general and higher 

education (Dill, 2010) or for vocational education and training. This will improve the 

transparency, comparability and portability of citizens' qualifications issued in 

accordance with the practice in the different Member States. Each level of 

qualification should, in principle, be attainable by way of a variety of educational and 

career paths. The European Qualifications Framework (Young, 2010) should, 

moreover, enable international sectoral organisations to relate their qualifications 

systems to a common European reference point and thus show the relationship 

between international sectoral qualifications and national qualifications systems. This 

recommendation therefore contributes to the wider objectives of promoting lifelong 

learning and increasing the employability, mobility and social integration of workers 

and learners. Transparent quality assurance principles and information exchange will 

support its implementation, by helping to build mutual trust. 

6   Projects relating to e-abilities 

We are taking part two European projects. One of them is the Socrates Grundtvig 

program (NODES) with 6 partners, which deals with adult training / lifelong learning 

in order to facilitate competitiveness, employability and mobility of adults who are 

victims of the digital divide, the second one is the ImpAQ, where process in the 

Lifelong Learning Transversal Program with 9 partners, which deals with definition 

of EQF for the Agricultural sector. 

6.1 NODES 

They are taking part 6 countries in the Socrates Grundtvig project. The NODES 

project aims at promoting the use, in adult training / lifelong learning, of multimedia 

knowledge, in order to facilitate competitiveness, employability and mobility of 

adults who are victims of the digital divide or of some of its components such as 

distance, initial level of knowledge, language and use of complex technologies. 

There are three target groups: the people victims of physical and sensorial handicaps, 

the victims of digital divides and/or of a social handicap, the rural inhabitants 
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(distance handicap). Lots of these people often have several handicaps: geographical 

and social isolation, handicap and digital divide. This is why the NODES device 

proposes to reach these target groups through the intermediary institutions and their 

networks. Each partner-country will associate one specific test group, for whom the 

follow up will be integrated to the project. 

One type of the target groups of the NODES project is group of farmers who are 

living in rural areas. They are victim of digital gap because of lack of knowledge in 

using computers and lack of broad band Internet connection. 32 percent of farmers 

has computer and 28% of farmers use the Internet in Hungary. This rate is very low 

compare to other sectors. That is why the Hungarian National Rural Development 

Plan for 2007-2013 periods contains actions for developing the computer usage skills 

and developing Internet accessibility in rural areas and developing extension services 

and activity. In the NODES project we would like to create an open system for e-

Learning and provide training for using this technology and provide a service for 

content development and distribution for farmers. 

In the framework of the National Rural Development Plan 2004-2006 carried out 400 

consultants for public-benefit advisory tasks. From among the civil servants of the 

Ministry’s Agricultural Offices in the counties the village agri-economist experts 

(650) – related to their public administration tasks, also supply farmers with general 

information and advice. The aim is to increase the number of farmers making use of 

the special advisory services by 35.000 in the years between 2007 and 2013. 

Relating to this aims the Hungarian partner of NODES project organized NODES 

training for village agri-economist experts. The numbers of participants were 21 

village agri-economist experts from Hajdú-Bihar county (neighbourhood of 

Debrecen). It is important, because they can be potentially tutors of the farmers. 

Their tasks are the training of the farmers by distance learning using the modern 

information and communication technology (e -Learning). 

6.2 ImpAQ project 

Qualifications of agricultural sector in EU have a common base but show significant 

geographical characteristics, reflected in the composition of the Learning outcomes 

and hence in their comparability, that could result partly critical. ImpAQ project 

considers these qualifications by identifying/analyzing the main specific issues to be 

addressed for relating them to the EQF and providing solutions, according to the best 

fit criterion. 

Sample Qualifications Inventory describes the qualifications issued in the partner 

countries, related to the EQF levels through the analysis of their Learning outcomes 

which will help understand what the quota of common Learning outcomes is for the 

Qualifications comparable at the same level and the quota of specific Learning 

outcomes related to territorial specific features. 

Range of issues and scenarios of possible solutions organized on different pillars of 

analysis: referencing process, quality assurance, recognition of non-formal/informal 

learning, recognition of credits, etc. 

The project impact concerns the implementation of EU qualifications comparison in 

agricultural sector with the Learning outcomes approach to contribute to gain the 
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EQF goals. The increased comparability/portability of qualifications will bear a 

consistent interpretation/approval across systems, sectors, countries. In a long term 

the VET actors involved in the certifications could consider these criteria to promote 

qualifications more and more comparable at EU level. Besides, if the EU 

Qualifications/Inventory of Agriculture at sectoral level turns out to be the best way 

to describe comparable qualifications, this process will be started at institutional/EU 

level. EU citizens also benefit from the project: promotion of students/workers 

mobility thanks to EU shared qualifications; recognition/validation of 

informal/nonformal learning. 

6.2.1 Aims and objectives of the project 

ImpAQ aims to compare the Qualifications related to the Agricultural sector, by 

identifying and analyzing the main issues to be addressed with the purpose of 

connecting them to the EQF and focusing on the best resolving approaches, 

following the "best fit" criterion. ImpAQ specific objectives are:  

 Make a comparative analysis of the use of the Learning Outcomes approach 

to describe the agriculture related Qualifications issued in the partner 

countries. The partners adopting the research hypothesis and the defined 

investigation model will carry out an analysis of their own national context 

and will compare the results, verifying the presence or absence of quota of 

comparable Learning outcomes units.  

 Develop guidelines to implement the referencing process by comparing the 

results of the envisaged comparison/ in use in the respective countries and 

those reached by using only the Learning Outcome - Learning outcomes 

approach.

 Indicate applicative hypothesis of the different models of the macroscopic, 

microscopic (in function of the country’s having or not a NQF) (Figure 5.) 

or combined referencing process confronting the problems and the adopted 

solutions for the management of the two processes. 

 Establish guidelines to increase the coherence of the Qualifications Systems 

(regional, national and sectorial) by using the best practices analyzed.  

 Establish guidelines to coherently achieve the referencing at different levels, 

in function of the present contextual characteristics, by involving the 

different target groups of the partner countries.  

 Produce a synthesis framework which collects precise indications regarding 

the characteristics of the created NQF and the related construction process, 

and which specifies operational indications to be submitted to the competent 

Authorities in the partner countries. 
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Fig 5. Referencing National Qualifications Frameworks (NQF) to the EQF  

(Source: EQF Newsletter (April 2010)

The used acronyms are the followings in the Figure 5: 

NQF: National Qualifications Framework 

NQS: National Qualifications System 

EQF: European National Qualifications Framework 

Our aims to compare the Qualifications related to the Agricultural sector, by 

identifying and analyzing the main issues to be addressed with the purpose of 

connecting them to the EQF and focusing on the best resolving approaches following 

the "best fit" criterion. 

Conclusion

The 35 percents of EU total population uses the advanced Internet services. This rate 

is very low and has to increase in the next years, because the employed person needs 

ICT user skills. The digital literacy knowledge getting is very important. Taking part 

in organized courses and training can be helped to increase the digital literacy and 

ICT users’ skills. Nowadays, the importance of e-skills and e-learning is growing 

rapidly, partly due to the information and communication technologies in the 

information / knowledge-based society to evolve. The aim is to enable the knowledge 

and skills to help the individual can be an active member of society, teamwork, 

motivation and possess the skills necessary to find place in the labour market.  

We are taking part a Lifelong Learning Transversal Program with 9 partners, which 

deals with definition of EQF for the Agricultural sector. The name of this project is: 

Implement Agriculture Qualification (ImpAQ). This is not easy task, because the 

agriculture includes several sectors.  
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ImpAQ aims to compare the Qualifications related to the Agricultural sector, by 

identifying and analyzing the main issues to be addressed with the purpose of 

connecting them to the EQF and focusing on the best resolving approaches following 

the "best fit" criterion. 

Earlier work in this area was the NODES project in the Socrates Grundtvig program. 
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Abstract. The 1ACFM cascade impactor and the High Volume cascade 

impactors are the instruments that mainly used to define the activity size 

distribution of radioactive aerosols in the environmental air. The impactors are 

instruments designed to collect and separate particulate matter according to its 

aerodynamic size, determining the penetration of particles in the human lung, 

as well as the transport and diffusion of particles in the ambient air. An 

example of the activity size distribution of the natural radionuclide tracer 7Be 

is given, as this determined by a 20cfm cascade impactor. 

 

Keywords: radioactive aerosols, impactor, AMAD, environmental 

radioactivity 

 
1 Introduction 
 

The aerodynamic diameter of particles is a critical parameter in characterization of 

suspension aerosols, while the aerodynamic size distribution defines the manner in 

which the particles are deposited in the lung during inhalation. 

The impactors are instruments designed to collect and separate particulate matter 

according to its aerodynamic size, which is the most important size in particle work 

because it determines the penetration of particles in the human lung, as well as the 

transport and diffusion of particles in the ambient air. These samplers were calibrated 

so that all particles collected, regardless of physical size, shape, or density, are sized 

aerodynamically and can be directly related to human lung deposition. 

In this study two cascade impactors are presented. Finally, the activity size 

distribution of the natural radionuclide tracer 7Be in different inhalable fractions 

(<0.39  m, 0.30-0.69  m, 0.69-1.3  m, 1.3-2.1  m, 2.1-4.2  m , 4.2-10.2  m and 

>10.2  m) is given as this obtained by measurements with a 20cfm cascade impactor 

in the region of the city of Thessaloniki, Greece. 

 

 

2 Instrumentation
 

Measurements on aerodynamic sizes of atmospheric aerosols and associated 

radionuclides are mainly carried out with Anderson 1-ACFM eight-stage cascade 

impactors as well as with 20 cfm (six-stage) high-volume cascade impactors (HVI).

______________________________
Copyright ©by the paper’s authors. Copying permitted only for private and academic purposes.    
In: M. Salampasis, A. Matopoulos (eds.): Proceedings of the International Conference on Information 
and Communication Technologies     
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The 1-ACFM eight stage cascade impactor (Fig. 1), is operating at a flow rate of 

28 l min-1 (1 ft3 min-1). The stages had effective cutoff diameters (ECDs) of 0.4, 0.7, 

1.1, 2.1, 3.3, 4.7, 5.8 and 9.0  m.  

 
 

Fig. 1. The set-up of 1ACFM eight-stage Andersen Cascade Impactor 
 

Each impactor stage contains multiple precision drilled orifices. Each stage has a 

removable glass petri dish with a metal cover. By subsequently making the orifice 

diameter smaller on each stage of the Cascade Impactor, the particles are increased in 

velocity and the aerodynamic separation of particles over a large range can be 

determined. (Fig. 2) Successively smaller particles are inertially impacted onto the 

collection surfaces (http://www.labautomate.net/, http://www.globalspec.com/ 

FeaturedProducts/Detail/ThermoScientificAirQualityInstruments/The_Original_And

ersen_Cascade_Impactors/123307/0). 
 

 

Fig. 2. By subsequently making the orifice diameter smaller on each Stage of the Cascade 

Impactor, the particles are increased in velocity and the aerodynamic separation of particles 

over a large range can be determined. Successively smaller particles are inertially impacted 
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The High Volume Cascade Impactors HVI, are multi-stage cascade impactors 

which attach to any standard high volume air sampler and fractionate particles into as 

many as six size ranges (www.staplex.com, http://www.westechinstruments.com 

/prodlist.asp? productCategory=Ambient Air Samplers).  

The 20cfm High Volume six-stage Cascade Impactor (Fig. 3) has ECDs of 0.41, 

0.73, 1.4, 2.1, 4.2, and 10.2  m. The impactor is operated at the flow rate of 20cfm 

and collection occurred on impaction collection filters.  

 

 

Fig. 3. The set-up of High Volume 20CFM Cascade Impactor (Staplex, Andersen) 

 

Suspended particles enter the high volume air sampler and pass through the 

parallel slots in the first impactor stage. Those particles larger than the particle cut-

off size of the first stage impact on a slotted collection substrate. The air stream 

passes through the slots of the substrate and accelerates as it flows through the 

narrower parallel slots of the following impactor stage and eventually most of the 

particles acquire a sufficient momentum to impact on one of the collection substrates. 

A back-up filter collects the remaining small particles passing through the last 

impactor stage. All particles are collected allowing for determination of total particle 

concentration.  

The cascade impactor was designed as a substitute for the human respiratory tract 

to collect and separate particulate matter according to its aerodynamic size and 

property (Fig. 4). Stage distribution of collected particle mass will indicate the extent 

to which the aerosol sampled would have penetrated the human respiratory system. 

This information is vital to environmentalist, aerosol physicists and industrial 

hygienists for determining health risk and epidemiological risk. 

After sampling is completed, the sampling time is recorded and the collection 

substrates are removed from the sampling instrument. Each substrate for each 

cascade stage is counted in detectors for determining the radioactivity for each 

radionuclide of interest in each stage. Knowing the air sampling flow rate and the 

sampling time, the mean activity of a radionuclide per unit volume of air can be 

calculated for each radionuclide of interest, and the percentage radioactivity in each 

size range can be estimated. 

 

767



 
 

Fig. 4.  The Cascade Impactor designed as a substitute for the human respiratory tract to 

collect and separate particulate matter according to its aerodynamic size and property 

 

 

 

3. A case study 

Beryllium-7 (t1/2 = 53.3 d) is a natural occuring radionuclide with cosmogenic origin 

with an important fraction of its production taking place in the upper troposphere. 

Soon after its formation 7Be is attached to atmospheric aerosol particles 

(Porstendörfer et al., 1991; Papastefanou & Ioannidou, 1995; Paatero and Hatakka, 

2000; Eleftheriadis et al., 2007).  

Our purpose is to define the aerodynamic size distributions of naturally occurring 

radioactive aerosols of 7Be in the region of the city of Thessaloniki, Greece in the 

temperate zones (40°N). 

 

 

3.1 Aerosol Collection Procedure 

Aerosol samplings were carried out in the open air by using a 20cfm high volume 6-

stage cascade impactor with a regulated air flow rate of about 0.57 m3 min!1 (20 cfm) 

and Efficient Cutoff Diameters of 0.39, 0.69, 1.4, 2.1, 4.2 and 10.2  m. 

The length of each collection period was 24 h and the collected air volume was 

about 800m3. Glass fiber filters were used as impaction substrates. After the 

collection procedure the filters were measured for 7Be activity (E"=477 keV) using a 

high resolution (1.9 keV at 1.33 MeV), with 42% relative efficiency, low-background 

HPGe detector (Fig.5). Activity Median Aerodynamic Diameters (AMAD) were 

derived by calculating the percentage distribution in each size fraction and plotting 

the cumulative frequency distribution on log probability paper. 
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Fig. 5. A typical Ge detector for gamma-radioactivity and a gamma spectra, where the peaks of 

some radionuclides are defined 

3.2 Experimental Results 

The activity median aerodynamic diameter (AMAD) of 7Be aerosols ranged from 

0.58  m to 1.22  m (avg 0.80  m) (Table 1). More than 80% of the 7Be activity was 

found to be associated with particles smaller than 1.3  m (Fig. 6). Finally, the age of 

aerosol particles was defined in the order of week.  

The local meteorological conditions seems to affect the activity size distribution of 
7Be, while increased relative humidity during the sampling period results in incresed 

AMAD values (Ioannidou, 2011). 

 

 

4. Conclusions 
 

The 20cfm Cascade Impactor has been proved the ideal impactor for characterizing 

the activity size distribution 7Be aerosols in a daily measurements. The estimation of 

the AMAD values of 7Be aerosols allow us to detrmine the AMAD value of any 

tropospheric aerosol of the same origin, and calculate the total residence time of 

tropospheric aerososl in the order of a week.  
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Table 1. Experimental Data for 7Be aerosols (Ioannidou, 2011) 
 

Start of 

sampling 

7Be AMAD 

( m) 

#s

17-Jun-09 0.74 2.54 

07-Sep-09 0.91 3.63 

22-Sep-09 0.58 1.86 

13-Oct-09 0.62 2.23 

16-Oct-09 1.22 2.85 

20-Oct-09 0.75 2.41 

13-Jan-10 0.83 2.21 
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Fig. 6. Activity size distribution of 7Be aerosols 
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Abstract. In this work we trait the problem of mixtures of normal 

distributions and methods for estimating the number of components as 

well as the parameters in a mixture. Also, we present a practical 

method for the detection of normal finite mixture distribution and 

respective model validation. Finally, we apply the exposed procedure 

to a sample of old grape-vine castes. 

Keywords: Normal distribution, mixtures, grape-vine caste. 

1   Introduction 

Finite mixtures of distributions, and in particular mixtures of normal distributions, 

have been extensively used to model a wide variety of important practical situations, 

in which data can be considered from two or more populations mixed in varying 

populations. It is therefore evident interest in this subject attending the vast 

applications that have been developed by statisticians.  We will emphasize some 

topics that have been successfully addressed in this area, which include among 

others the problem of identification of outliers, (Atkin & Tunnicliffe, 1980) (Wilson, 

1980) or (Beckman & Cook, 1983), latent class models (Goodman, 1974), 

classification analysis (Symons, 1981) (Celeux, 1986) or (Bozdogan, 1992), 

investigating the robustness of certain statistics such as correlation coefficient 

sample studied (Srivastava & Lee 1984).  

In our work there will be some introductory remarks in the context of finite mixtures 

in order to create the enabling environment for a better understanding of this subject. 

We will continue with a statistical approach to key issues in the context of mixtures 

which will focus on the main methods of estimating parameters of a mixture and one 

of the most used algorithms in the identification of a finite mixture of distributions, 

i.e., the so-called EM algorithm (Dempster, et al., 1977). 
_______________________________
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2   Estimating the number of components in a mixture 

The problem of statistical analysis of finite mixtures can be divided into the 

following phases:  

 

i) Verification of identifiability of the mixture;  

ii) Estimation of the number of components / parameters estimation,  

iii) Testing the number of components  

iv) Validation of the model 

 

With a finite mixture density,   r)f(x,   function is identifiable if and only if  
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That is to say that the mixture is identifiable if it admits only a single decomposition. 

(Teicher, 1963) deduced the necessary and sufficient conditions for identifiability 

and proved that the mixtures of normal distributions are identifiable. 

3   Methods for the estimation of mixture parameters 

The problem of parameter estimation in mixtures, in the case of normal 

distributions, is one of the oldest problems in the statistical literature. It was first 

introduced by (Pearson, 1894) in an article "Contribution to the theory of evolution 

mathematical" and subsequently developed by (Quandt & Ramsey, 1978). It is still 

an open problem which attracts strong attention. 

Although at present the study of mixtures takes place in several areas by applying 

other methods, such as the method of maximum likelihood, the original method, the 

method of moments is still considered one of the best approximation methods in 

separating mixtures of normal distributions. It is useful even in the generation of 

initial estimates for the iterative resolution of maximum likelihood equations. 

In order to make the analysis of mixtures of distributions a computational problem 

more accessible, in the decades of the forties and fifties it was fostered the 

development of a high number of graphical techniques. A first step consisted in the 

detection of turning points of the curves (Harding, 1948) and (Cassie, 1954), making 

this method a somewhat subjective process. Later, more rigorous techniques have 

been suggested to determine the inflection points (Fowlkes, 1979) and 

(Bhattacharya, 1967); this author also suggests several methods to determine the 

proportions of the mixtures.  

     These graphical techniques are not only to give a first estimation of parameters, 

they can be quite useful in an initial examination of data, since they have the 

advantage of running without a prior knowledge of the number of components of the 

mixture. They can play a role as an indicator of the number of components, since 

772



this information is needed before applying any of the other methods described 

below.  

 

3.1 Method of Moments 

 

 This method is used on obtaining and solving a system of equations, often of the 

nonlinear type. The equations are obtained from the empirical equality of every 

moment ( )rM  and their theoretical moment ( )rm ,  
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                         ( ) ( ) m,...,r,dxxfxm
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Where x represents the mean of a sample obtained from a population with 

probability density function ( )xf ,   m  is the mean value of random variable X ,  

with the same probability function, m the number of moments needed to estimate all 

parameters. 

Let for each value of  r  obtaining an equation: 
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Note that with the currently available computational means this method becomes 

very advantageous. The disadvantage lies in the fact that it is not applicable to 

mixtures of distributions with a large number of components, as well as to the 

multidimensional case. 

 

3.2 Method of Quandt and Ramsey 

 

This method proposed by (Quandt & Ramsey, 1978) is used in mixtures of two 

univariate components and makes use of the moment generating function ( )txeE .  

The estimate for this function is given by: 
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 The method minimizes the sum of squared deviations between the empirical 

moment generating function and the theoretical moment generating function 
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where k represents the number of t values in a selected interval ( )ba, , with 0a <  

and 0b > . 

 

3.3 Method of maximum likelihood 

 

Consider the sample values n1 x,...,x , 
m

jx ÂÎ , n1,...,j= , a mixture of k 

density functions and consider the log-likelihood function of this sample, 

represented by 
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where  ( ) k,...,i,a,pq ii 1== is the vector of unknown parameters. 

 By derivation of the function ( )qxL  in order to each of these parameters and 

equating to zero each of the expressions obtained, we have the so-called likelihood 

equations: 
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The equations obtained are sometimes impossible to solve analytically or very 

difficult to resolve, so often resort to the use of iterative methods. However, not 

always the most common processes are able to respond to the scale of problems. In 

order to overcome these difficulties there is the EM algorithm of (Dempster, et al., 

1977), which is the most widely used in solving equations that describe maximum 

likelihood. 

In particular if we have a sample size n and a mixture of two univariate normal 

components, the log-likelihood function is given by: 
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4 Practical method for detection finite mixture of normal 

distributions  

The method aims on the one hand prove the existence of mixtures of normal 

distributions and on the other hand achieving the adjustment of an appropriate 
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model. This approach will first check the detailed curves detected in the histogram 

of simple frequencies, and then estimate the parameters of these curves and the 

model checking by applying the Kolmogorov-Smirnov test, adapted to a mixture of 

normal. 

4.1   Dissection of the Curves 

Consider the original data set nx,...,x1 of the sample under study, and begin a first 

step by ordering them in ascending order. We then have the ordered sample 

nz,...,z1  with nz...z ££1 . Let 21 n,n  and 3n represent the sizes of sub-

populations derived from the decomposition of the initial population, 

with nnnn =++ 321 . 

Considering the hypothesis of existence of two normal distributions, denote 

n

n
p 12
=  and  

n

n
p 32

1 =-  where p  and  p-1  represent the proportions of 

each one of the curves found on the original curve. 

 These curves are normal, so they are symmetrical and therefore there is 

2

121 =
+
n

nn
, or is 50% the size of the sample size n .  Let  1m   and  1s  be 

respectively the mean and standard deviation in the distribution curve 1 and  2m   

and 2s be respectively the mean and standard deviation in the distribution curve 2. 

 Thus the probability density function f  of weighing the two normal curves is 

defined by 

 

          ( ) ( ) ( ) ( )22112121 1 smsmssmm ,xnp,xpn,,,,pxf -+=             (10) 

 

 

4.2  Estimation of parameters for the general model 

 

4.2.1   Estimates of  
*n1

 

The value of 
*n1  is the one that minimizes ( )'nD  with      
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For each 'n  there is an estimate of the fraction correspondent to each sub-

population  
'*

np  and 
'*

np-1 and of the respective mean values
*

'n,1m  and 
*

'n,2m . 

Combining these estimates we obtain:  
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and the minimization of: 
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4.2.2   Estimates of  p , 1m and 2m
 

Once estimated 1n we use the correspondent estimates for the fractions and the 

mean values of sub-populations obtaining: 

                                          

ï
ï
ï
ï

î

ï
ï
ï
ï

í

ì

=

+

=

+
=

+++

+

n

n
p

zz

zz

*

n
n

n
n

*

nn*

1

1
22

2

1

1

2

2

2

11

11

m

m

                                     (14)

the distribution mean value will be given by ( ) 21 1 mmm pp -+= .

 

4.2.3   Estimates of  1s and 2s
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To obtain the estimates for  1s and 2s  we use:  
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As we have seen the reason for equality
** n

n
n 13

2
-=  and is justified by the fact 

that the tails of two distributions assume negligible values. So, since 312 nnn += , 

and  
2

2

n
n =  it finally comes 13

2
n

n
n -= . The term ( )*jz 1m-  reflects the 

differences between each value of sample 1.  
*2

1s  and 
*2

2s  denote the estimated 

variances for populations 1 and 2. 

 

 

4.3 Validation of the Model 

We will use the Kolmogorov-Smirnov test to check the model.  The statistic of this 

test is the maximum module of the difference between the empirical distribution 
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We will obtain the values of distributions  ( ) 21,l;,zN *

l

*

l =sm , in iz

points, n,...,i 1= . From the iz points, n,...,i 1= , we calculate 
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So, the problem is simplified since in general it is enough to handle the first 25 

items. The above expression is justified since if 0<w we have 
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and if  0>w  
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After obtaining the values for normal distribution we calculate the values: 
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And we obtain the statistic 
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This value should be compared with the value in normal distribution table and we 

concluded about the existence of a mixture of normal distributions if the T value is 

less than the tabulated. For the previous iterative procedure we decided to simplify 

the calculations, very time consuming, by designing an algorithm, and we used it in 

our practical application. 

5  Application  

First, we will carry out a comprehensive statistical study of available data relating to 

populations of vine varieties. 

 We will discuss three types of caste, namely the Trincadeira Preta in years 1988, 

1989 and 1990 in the region of Almeirim, Aragon 1987, 1988 and 1989 in the region 

of Reguengos and Touriga Nacional 1994, 1995 and 1996 in the region of Foz Coa. 

Regarding the number of observations and replicates of clones for analysis we noted 

that with regard to the caste Trincadeira Preta there is in each year a total of (271 

observations x 5 repetitions) , in Touriga Nacional (197 observations x 5 repetitions) 

and in the Aragonês (153 observations x 4 repetitions). Note that each observation is 

respective to a different clone, repeating this clone 4 or 5 times. For a better layout 

follows the table 1: 

           Table 1.  Varieties per year and repetitions 

Varieties         Year Repetition 
Trincadeira Preta 1988,1989,1990 REP1;REP2;REP3;REP4 ;REP5

Aragonês 1987,1988,1989 REP1;REP2 ;REP3;REP4

Touriga Nacional 1994,1995,1996 REP1;REP2;REP3;REP4 ;REP5
   

For each repetition, we proceeded to calculate the mean, variance, standard 

deviation, median, sum of sample values, 95%, first quartile, third quartile, range of 

the sample, inter-quartile range, skewness coefficient, coefficient of flattening and 

determination of maximum and minimum values of the sample. 

 Then we obtained the histograms for each of the repetitions, and we tested the 

normality through the Kolmogorov-Smirnov test. 

 

5.1 Analysis of distributions of repeat genotypes 

 5.1.1 Testing the normality of distributions 

 

 As the normal distribution in one of the most important ones, it is useful at this 

point proceed to test data normality. To this end we then base our conclusions on the 

results of a nonparametric test, as mentioned above, the application of the 

Kolmogorov-Smirnov test. 
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 With the help of statistical software and consulting the Table of Critical Values of 

the Kolmogorov-Smirnov test for one sample, then we obtained the values KS 

Observed and KS. Tabulated for each repetition and present in table: 

      Table 2.  Kolmogorov-Smirnov application 
K.S. K.S. Tabulated

Varietie Year Repetition Observed 1% 5%

REP1 0.06582 <0.09902 <0.08261

REP2 0.08012 <0.09902 <0.08261

1988 REP3 0.06842 <0.09902 <0.08261

REP4 0.07813 <0.09902 <0.08261

REP5 0.08156 <0.09902 <0.08261

REP1 0.04241 <0.09902 <0.08261

Trincadeira REP2 0.04603 <0.09902 <0.08261

Preta 1989 REP3 0.05565 <0.09902 <0.08261

(n=271) REP4 0.06031 <0.09902 <0.08261

REP5 0.06810 <0.09902 <0.08261

REP1 0.05569 <0.09902 <0.08261

REP2 0.06024 <0.09902 <0.08261

1990 REP3 0.03547 <0.09902 <0.08261

REP4 0.06007 <0.09902 <0.08261

REP5 0.03681 <0.09902 <0.08261

       Table 3.  Kolmogorov-Smirnov application 
K.S. K.S. Tabulated

Varietie Year Repetition Observed 1% 5%

REP1 0.07008 <0.13178 <0.10995

REP2 0.07756 <0.13178 <0.10995

1987 REP3 0.07637 <0.13178 <0.10995

REP4 0.11603 <0.13178 >0.10995

REP1 0.08873 <0.13178 <0.10995

REP2 0.04576 <0.13178 <0.10995

Aragonês 1988 REP3 0.06797 <0.13178 <0.10995

(n=153) REP4 0.11283 <0.13178 >0.10995

REP1 0.09338 <0.13178 <0.10995

REP2 0.10146 <0.13178 <0.10995

1989 REP3 0.13492 >0.13178 >0.10995

REP4 0.12791 <0.13178 >0.10995

Table 4.  Kolmogorov-Smirnov application 
K.S. K.S. Tabulated

Varietie Year Repetition Observed 1% 5%

REP1 0.07714 <0.11350 <0.09690

REP2 0.09881 <0.11350 >0.09690

1994 REP3 0.05603 <0.11350 <0.09690

REP4 0.05166 <0.11350 <0.09690

REP5 0.06040 <0.11350 <0.09690

REP1 0.06864 <0.11350 <0.09690

Touriga REP2 0.07562 <0.11350 <0.09690

Nacional 1995 REP3 0.06499 <0.11350 <0.09690

(«=197) REP4 0.06426 <0.11350 <0.09690

REP5 0.08181 <0.11350 <0.09690

REP1 0.06146 <0.11350 <0.09690

REP2 0.08055 <0.11350 <0.09690

1996 REP3 0.08516 <0.11350 <0.09690

REP4 0.03227 <0.11350 <0.09690

REP5 0.06266 <0.11350 <0.09690

 

We considered 1.63 for 1% and 1.36 for 5% significance level, respectively. 
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In the analysis of the results, we note that the null hypothesis that the sample comes 

from a normal population, is rejected in five cases for the significance level of 5% 

and only in one case to significance level of 1%, which is not altogether surprising 

since we are facing a total of 42 cases. 

 If we consider a binomial distribution with n = 42 and  x = 5 then it's expected that 

5% of observations fall outside the standard of reference, in our case the normal 

distribution. 

6  Considerations and remarks  

The vegetative reproduction seems to guarantee the homogeneity of genotypes. So

in a given year and local the productions of the same genotype should be distributed 

normally. Not always this happens because when we studied the 42 repetitions of 

genotypes: Aragonês, Trincadeira Preta and Touriga Nacional four cases were found 

where the theoretical model did not fit significantly. In these four cases it was 

possible to fit the data a mixture of two normal distributions. 

We consider important in future work using the techniques of ANOVA to estimate 

the variance components internal to the genotypes and between genotypes.
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I-GROW – INTEGRATED CROP MANAGEMENT 

SOFTWARE (ICM)

ACCORDING TO THE AGRO 2 STANDARD 
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DEVELOPMENT CONSULTANTS, email: kaltsis@protypon.eu

The i-grow software is a handy on-line tool to record inputs of an integrated crop 

management system (in compliance with requirements of AGRO 2 standard),since it 

enables users (producers, agriculturists or groups of producers) to document in a digital 

form all the actions that take place at the plot, in connection with the geographical view 

of the plot. 

I-grow function description 

The main concept of this particular on-line software is the development of integrated 

solutions that combine use of innovative technologies in the area of wireless terrestrial 

and satellite technology with specialized software. 

This particular software is an innovative idea and application which has a decisive 

contribution to the swift representation and recording of all the procedures and 

information relating to the products certification and, at the same time, offering 

important information and effective services to the producers, agriculturalists, producers 

groups and generally to those involved in the Certification System. 

Specifically, the on-line application of the software enables the Producers Group, the 

producer, the agriculturalist manager and therefore the company to have a full digital 

recording of all inputs and actions, according to the requirements of the AGRO 2 

standard, taking place in every registered plot. At the same time, this allows processing 

of all the data so that useful conclusions are reached regarding the cultivation practices 

used. 

On the other hand, the system additionally provides GIS capabilities, such as locating 

data of producers plots on a digital map, enlargement-diminution, distance measuring, 

presenting data relating to each plot as well as a flexible system of producing and 

printing reports.
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Consequently, this is an important marketing and promotion tool, as it supports the 

access through network of remote users (e.g. customers of the Company abroad) to a 

central management information server - with controlled however access. 

Some of the software functions enable the following actions per registered plot and 

producer: 

· Full recording of profile and current state of producer (plots, crops, equipment, 

facilities, past certifications, internal audits, etc.). 

· Full recording of soil treatment and cultivation practices (type of work, 

equipment used, etc.) incurred on each plot. 

· Fertilization recording (fertilizer type, amount, method of application, etc.) for 

each plot including the automatic calculation of units of N, P and K up to the 

given time on each plot. 

· Sprayings recording (active ingredient, cause of application, PHI, dose, etc.). 

· Harvest recording (allowable harvest date, harvest date, quantity, etc.). 

· Products harvested quality and quantity recording. 

In addition on-line users can access information though databases with information on 

approved cultivation formulas, agricultural warnings, list of fertilization products, etc. 

Aggregate reports 

The i-grow application supports a total of useful aggregate reports, that can be 

converted into word, excel, pdf, etc files. This allows the user to make a list of reports 

and fields that define the parameters of any type of report. 

The aggregate reports include the following fields: 

· Per plot 

· Per producer 

· Per designated time 

Each type of report may require different parameters. Types of these parameters are: 

· The node in the hierarchy of the users that the report will be defined 

· Beginning and expiry date 

· Other parameters that are specific to a report, e.g. type of fertilizer on a report 

that concerns in Type of Fertilizer 

I-grow application supports the following types of reports: 

· Active Producers of System presentation 

· Active Producers of Plots presentation 
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· Plot fertilizations with centralized units N, P, K 

· Total elements of fertilizations 

· Fertilization type 

· Spraying by type of formulation, drastic substance and total quantity 

· Output of plots and periods of harvest 

· Presentation of plots with the maximum output 

· Quality characteristics of products harvested per plot and producer 

· Dates of internal audits and time of certifications 
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Abstract. The objective of the presented work was to conduct an ex-post 

analysis of land use change in Wroclaw city, Poland, as a response to the soil 

protection regulations. The assessment that was a part of Urban Soil 

Management Strategy (URBAN-SMS) project involved development of land 

use change maps based on the satellite image data, analysis of land use change 

trends within 15 years period and subsequent assessment of valuable soils’ 

consumption for urban expansion as an indicator of soil protection efficiency. 

Most of new transitions into sealed area took place on arable and semi-natural 

lands. Despite the fee payment instrument, existing within the period under 

analysis, the most valuable soils were not sufficiently protected. It can be 

partly explained by the spatial distribution of the best soils.  

 

Keywords: land use, satellite image, soil sealing, soil protection  

 

 

1. Introduction 

Urbanization can be considered as a pressure on landscape reducing its 

buffering capacity and resistance to degradation (Antrop, 2004). Evaluation of these 

pressures is fundamental for development of strategies for protection of soils and soil 

functions. Sealing is one of threats for agricultural soils identified in the framework 

of Strategy for Soil Protection (COM231, 2006). The sealing process may limit 

performance of soil functions (retention, production, filtering, biodiversity, etc.) and 

accelerate other soil threats such as decline in organic matter, contamination, floods, 

compaction (Stuczynski, 2007). There is increasing interest in determining or 

modeling the land use change magnitude and its environmental consequences 

(Pauleit et al., 2005; Rounsevell et al., 2006; Veerburg et al., 2006; Stathis et al., 

2010).  

The objective of the presented work was to conduct an ex-post analysis of 

land use change in Wroclaw city, Poland, as a response to the soil protection 

regulations. It is essential to understand what is the rate and pattern of changes in 

land use and how these changes, especially soil sealing, affect the overall

_______________________________
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performance of the soil function within the city area.  Such an analysis is thought to 

raise awareness on trends of soil consumption within urban development process and 

provide information on effectiveness of the soil protection measures. It must be noted 

that soils differ in properties and, thus, ability to fulfill such functions as retention, 

biodiversity, filtering, crop productivity. 

 

2. Methodology and Data 

The conceptual framework of the analysis of loss of high quality soils in the 

test area is presented in Figure 1. It involved development of land use change maps 

based on the satellite image data, analysis of land use change trends within 15 years 

period and subsequent assessment of valuable soils’ consumption for urban 

expansion as an indicator of soil protection efficiency.  

 

 
Figure 1. The concept of soil protection efficiency analysis in test areas 

 

2.1. Satellite Images 

Satellite images of 10-meter resolution were gathered from SPOT databases. 

The images represented two periods in order to study land use changes within 15 

year timeframe – the black/white photo was captured in 1991 whereas the color 

photo was taken in 2006 period. The B&W SPOT image is monospectral, color 

photo is a combination of 4 bands of different wavelengths (0.5-0.59, 0.61-0.68, 

0,78-0.89, 1.58-1.75 µm). 

 

2.2. Soil Map 

Soil–agricultural map of Wroclaw region in scale 1:25000 was used for 

Wroclaw case study. Soil valorization system in Poland involves soil suitability units 
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at the range 1-14 for arable lands and 1z-3z for grasslands. This classification 

basically reflects productivity potential of the soil (suitability to produce certain 

crops) and the units were delineated based on various soil properties as well as 

climatic conditions, water conditions and slope. The soil suitability units generally 

well describe other soil functions such as water retention, buffering capacity or 

biodiversity. The classes were grouped into high, medium and low quality soils 

(either from perspective of production function, ecosystem function, buffering, 

retention etc.). Units 1, 2, 4, 1z were classified as high quality soils, units 3, 5, 8, 2z 

as medium, while units 6, 7, 9, 14, 3z and barren lands as low quality soils.  

 

2.3. Land Use Change Analysis 

Land use maps of 10-meter resolution were produced for the two periods 

through classification of the satellite images (Fig.2) in Definiens Professional 

software. Process of land use map development in this software basically consists 

with two major steps: segmentation and classification. The satellite image is 

represented by 10mx10m pixels described by spectral information (reflectance data 

at various wavelengths). Segmentation phase is a process based the fact that land use 

types (e.g. built up area, forest, water) posses different spectral information. 

Segmentation delineates spectrally homogenous areas – the segmentation algorithms 

are used to subdivide the entire image represented by the pixel level domain or 

specific image objects from other domains into smaller image objects (groups of 

pixels). 

 
Figure 2. The SPOT satellite image used for development of land use maps.  

 

The classification is a procedure that associates image objects with an 

appropriate land use class labeled by a name and a color. After careful manual 

revision of the classification using all available spatial information the obtained final 

layers were used as land use maps of the pilot area (Fig. 3). 

The land use maps contained 13 different land use types: continuous residential 

areas; commercial and industrial areas; green recreation areas (parks); airports; sport 

and leisure facilities (with generally impermeable or reconstructed surfaces with 
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limited performance of soil functions – e.g. stadiums, tennis courts); dump and 

mineral extraction sites; arable lands; grasslands (pastures and meadows); forests; 

semi-natural areas (covered by shrubs, trees, not used by agriculture); discontinuous 

residential areas (residential area with dispersed buildings, still can fulfill some soil 

functions since most of surface is unsealed); water bodies; transport facilities. 

The land use change information for the analyzed area was produced through 

comparison of land use layers derived for different periods. 

 

 

 
Figure 3. Land use map of Wroclaw for 2006 

 

 

2.4. Approach for Analysis of Soil Protection Efficiency 

The information on land use change was superimposed on the map 

characterizing soil quality in order to detect to what extend the urbanization took 

place on valuable soils. The new sealed area, reflecting the built up sprawl of last 15 

years, consisted with expansion of the following land use classes: continuous 

residential area, commercial/industrial area and transport facilities. The soils under 

these new land use types fully lost their environmental functions. 

In order to assess what is the scale of consuming valuable soils by urban 

sprawl, the transition index was used. It reflects the intensity of land use flows in the 

context of soil quality [Stuczynski, 2007].  

 

Transition index (TI) = percent of soil class “n” in new built area/percent of 

soil class “n” in whole soil area 
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Looking at land use stocks and flows occurring on soils belonging to 

different quality classes, it is difficult to make a straightforward assessment whether 

the observed land use change is equally distributed among soil quality classes since 

the contribution of e.g. soils of high productivity or high water retention potential to 

the total soil cover may vary greatly between regions or parts of the city (Stuczynski, 

2007). Therefore the size (measured in hectares) of change on soils of certain 

characteristics is not a good indicator if these soils are preferentially taken by 

urbanization.  

Interpreting the transition index is straightforward – for example, index 

value of 2 for a flow on a given soil class (e.g. high quality soils) means that within 

changed land the share of this class is twice as high as in the entire soil cover, 

therefore the intensity of high quality soils consumption is much larger than can be 

expected from a structural pattern of soil quality.  

 

3. Results and Discussion 
 

Continuous urban fabrics cover 35 % of total area of the city and 

surroundings enclosed in Wroclaw LAU-2 region. Areas able to fulfill soil functions 

other than surface for construction consist with arable lands, semi-naturally covered 

lands, grasslands and forests – their share in total area is 22, 14.5, 11 and 7.7 %, 

respectively, which together exceeds 55% of total area (Table 1).  

 

Table 1. Summary of land use changes in Wroclaw between 1991 and 2006 

Land use class area in 2006 area in 1991 difference 

[ha] 

% of     

total  [ha] 

% of     

total  [ha] % 

continuous residential areas 5697.6 19.8 5322.2 18.5 375.4 7.1 

commercial and industrial areas 2093.9 7.3 1946.3 6.8 147.6 7.6 

green urban areas 697.7 2.4 697.7 2.4 0.0 0.0 

airports 237.8 0.8 237.8 0.8 0.0 0.0 

sports and leisure facilities 228.0 0.8 228.0 0.8 0.0 0.0 

dump/mineral extraction sites  34.4 0.1 34.4 0.1 0.0 0.0 

arable land 6406.4 22.3 6619.4 23.1 -212.9 -3.2 

grasslands 3145.0 11.0 3242.4 11.3 -97.4 -3.0 

forest 2207.4 7.7 2207.4 7.7 0.0 0.0 

seminatural 4163.0 14.5 4387.3 15.3 -224.3  -5.1 

discontinuos residential areas 1777.7 6.2 1781.8 6.2 -4.1 -0.2 

water bodies 767.1 2.7 751.4 2.6 15.7 2.1 

transport facilities 1248.6 4.3 1248.6 4.3 0.0 0.0 

total area 28704.8 x 28704.8 x x  x 
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The area of continuous sealed surfaces increased by over 500 hectares 

within the period of interest. Most of this change can be referred to residential areas. 

Discontinuous residential zones did not expand recently - they cover approximately 6 

% of total area. Such areas with dispersed pattern of buildings may perform soil 

functions in certain extend due to substantial share of uncovered surfaces and 

undisturbed soil profiles. 

The distribution of new sealed surfaces over soil quality classes are 

presented on Figure 4. The statistics of soil consumption for urbanization indicate 

preferential use of high quality soils in Wroclaw (TI>1.3, 3.6% of high quality soils 

consumed). Share of the weakest soils in newly sealed area was much smaller than 

their share in total resources despite that their supply is substantial (Table 2). 

 

 
Figure 4. Urban sprawl in Wroclaw between 1991 and 2006 on soil quality map 

 

The land use change data provided here may be somewhat different from the 

official statistics that use different methodologies, however the assessed level of the 

change of agricultural lands into sealed area was sufficiently precise as confirmed by 

the city administration. Our study utilized satellite images for detection of land use 

changes – such a method is burdened with a dose of uncertainty. However the 
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advantage of the applied approach is that it enables analysis of spatial trends of land 

use change and their linkage to soil quality information. 

 

Table 2. Indexes for transition of soils of different quality into sealed area for 

Wroclaw 

soil quality class Area of 

soil class 

(ha) 

Share of 

soil class 

in total 

area [%] 

Area 

converted 

(ha) 

Percent 

converted 

[% of soil 

class area] 

transition 

index (TI) 

high quality 7377 48.6 266 3.6 1.33 

medium quality 2259 14.9 42 1.8 0.68 

low quality 5547 36.5 105 1.9 0.69 

 

 

The expansion of artificial surfaces took place equally on arable and semi-natural 

lands. New artificial surfaces mostly comprised with residential fabrics to fulfill 

demand for inadequate housing provision. The analysis fills the information gap on 

the quality of soils lost in urbanization process and, thus, efficiency of soil protection 

approaches. 

It is evident in the light of this study that the best soils were not efficiently 

protected in Wroclaw. It is assumed that the regulations present in Slovakia help to 

protect the most valuable soils. The soils classified as high quality had been covered 

by the fee payment. Transformation of these agricultural lands into other purposes 

was loaded with obligatory payment with a range of payment from approx. 6 to 10 

EUR per square meter, depending on the soil class. Additionally, each transformation 

of agricultural soils of best classes into non-agricultural use must have been approved 

by the Ministry of Agriculture if the area exceeded 0.5 ha. The collected fees fully 

supply the Fund of Land Protection that is spent for land protection, recultivation and 

improving soil quality (e.g. liming). This regulation had covered all soils until 2008, 

after this date the urban soils have been excluded from this instrument. The described 

practice did not ensure the efficient protection of most valuable soils in Wroclaw. 

 

4. Conclusions 
 

Combination of satellite image based land use change maps and soil maps 

provided valuable information on trends in soil cover management under 

urbanization pressure. The assessment performed for Wroclaw revealed negative 

trend of preferential use of the most valuable soils.  

Most of new urban sprawl took place on arable and semi-natural lands. 

Despite the fee payment instrument, existing within the period under analysis, the 

best performing soils were not sufficiently protected. It can be partly explained by 

the spatial distribution of the most valuable soils and still limited establishment of the 

soil issues in the law regulating land management.  

 

Acknowledgments. The presented work was performed within Urban Soil 

Management Strategy project funded by the CENTRAL EUROPE programme 

793



References 

 
Antrop M. 2004. Landscape change and the urbanization process in Europe. 

Landscape and Urban Planning, 67: 9-26 

COM231. 2006. Communication from the Commission to The Council and European 

Parliament, The European Economic and Social Committee of The Regions. 

Thematic Strategy for Soil Protection 

Pauleit S., R. Ennos, Y. Golding. 2005. Modelling the environmental impacts of 

urban land use land cover change – a study in Merseyside, UK. Landscape and Urban 

Planning, 71: 295-310 

Rounsevell M. D. A., I. Reginster, M. B. Araujo, T. R. Carter, N. Dendoncker, F. 

Ewert, J. I. House, S. Kankaanpää, R. Leemans, M. J. M. Metzger, C. Schmit, P. 

Smith, G. Tuck. 2006. A coherent set of future land use change scenarios for Europe. 

Agriculture, Ecosystems & Environment 114: 57-68 

Stathis D., M. Sapountzis, D. Myronidis. 2010: Assessment of land-use change effect 

on a design storm hydrograph using the SCS curve number method. Fresenius 

Environmental Bulletin, 19(9a): 1928-1934 
Stuczynski T. 2007. Assessment an modeling of land use change in Europe in the 

context of soil protection. Pulawy, Poland 

Verburg, P. H., M. D. A. Rounsevell, A. Veldkamp. 2006. Scenario-based studies of 

future land use in Europe. Agriculture, Ecosystems &Environment 114: 1-6. 

 

794



A user friendly GIS model for the estimation of erosion 

risk in agricultural land using the USLE 

 

Anastasia-Maria Sotiropoulou1*, T. Alexandridis1*, G. Bilas 2, N. Karapetsas1, 

Aggeliki Tzellou1, N. Silleos1 and N. Misopolinos2 

1 Lab of Remote Sensing and GIS, School of Agronomy, Aristotle University of 

Thessaloniki, Greece  
2 Lab of Applied Soil Science, School of Agronomy, Aristotle University of Thessaloniki, 

Greece  

* Corresponding authors: ansotirop@hotmail.com, thalex@agro.auth.gr 

Abstract. In the current study, Universal Soil Loss Equation (USLE) was 

implemented using GIS, to assess erosion risk on agricultural land in the 

prefecture of Rodopi (Greece). USLE was programmed in ModelBuilder - an 

ArcGIS application that creates, edits, and manages mathematical models. 

Data processing and analysis of USLE factors was performed in the form of 

raster layers. The R factor (rainfall-runoff factor) was calculated from monthly 

and annual precipitation data of two meteorological stations in the area. 

Calculation of K factor (soil erodibility factor) was based on soils properties 

measured in-situ from past surveys. The LS factor (topographic factor) was 

derived from the digital elevation model of the area. The C factor (cover and 

management factor) was extracted using the Normalized Difference Vegetation 

Index (NDVI) and remote sensing techniques. The P factor (support practice 

factor) was set to 1 due to lack of data. The results showed that erosion risk 

was minimal in the majority of the study area (58%) and highly severe in only 

a small part of it (11%). 

Keywords: Soil erosion risk, USLE, Model Builder, GIS, Remote Sensing.   

1   Introduction  

Due to inappropriate land use, erosion has become one of the most dangerous forms 

of soil degradation leading to significant reduction of soil fertility and crop yields. 

The implementation of appropriate measures is strongly needed in order to prevent 

further degradation of soil. For this reason, GIS and Remote Sensing have been used 

extensively for mapping soil erosion risk. 

The Universal Soil Loss Equation (USLE) (Wischmeier and Smith, 1978) has 

been the most widely used model in predicting soil erosion loss. USLE is an 

empirical equation that estimates the average annual soil loss caused by sheet and rill 

erosion. More recently, the Revised Universal Soil Loss Equation (RUSLE) has been
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developed. RUSLE has the basic structure of the USLE but several improvements in 

the determining factors (Renard et al., 1991). Despite USLE's limitations, it is still 

widely used because of its simplicity. 

Various studies for erosion risk assessment around the world can be found in the 

literature, but there is no user-friendly automated tool for easy estimation. The aim of 

this study was to develop and implement an automatic procedure in ArcGIS Model 

Builder for soil erosion risk assessment for the study area using the Universal Soil 

Loss Equation. 

2 Materials and methods 

2.1   Study area 

The study area (40o.55’N, 25o.25’E) is situated south of the capital city of Komotini 

in the Prefecture of Rodopi (Greece), and covers an area of 6,962 ha. Land use is 

mainly agricultural, and the most common crops are cereals, cotton and tobacco. The 

average annual rainfall for the broader area is 664 mm.   

2.2 Data 

Input data included a multispectral satellite image of Landsat 7 TM, acquired on 3 

November 1999 with a spatial resolution of 30m, and a digital elevation model 

(DEM) of 30m spatial resolution. Monthly precipitation data for the last 20 years 

were measured in the nearby meteorological stations of Komotini and 

Alexandroupoli. Finally, soil data from a recent field survey (Misopolinos, 2010) 

were incorporated in the model. The dataset included 70 sample locations throughout 

the study area, where soil texture and sol organic matter content was measured. 

2.3   Methods  

The Universal Soil Loss Equation (USLE) was used to estimate annual soil loss: 

USLE equation: A = R K (LS) C P (1) 

 

where A is the average annual soil loss in tn/ha/yr, R is the rainfall-runoff factor 

[MJ · mm · ha –1 · hr –1 · yr –1], K is the soil erodibility factor [tn · ha · hr · ha –1 · MJ –1 

· mm -1], LS is the topographic factor, C is the cover-management factor and P is the 

support practice factor. 
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Rainfall-runoff factor (R): The R factor was calculated for each meteorological 

station using the equation (Wischmeier  !" Smith, 1978): 

 

logR = 1.93 log  (pi
2
 / p) -1.52 (2) 

   where pi is the mean monthly rainfall and p is the mean annual rainfall. 

 

Due to the lack of a dense meteorological network in the study area, the equation R = 

1.5894H + 61.342 was used, where R is R factor and H the altitude. This is an 

empirical equation and was derived through linear regression between altitude and 

calculated R factor from the two meteorological stations. 

Soil erodibility factor (!): It was calculated for each sample point with the 

following equation: 

! = 2,1*10-6 "1,14 (12 - a) (3) 

 

where # = (% silt + % very fine sand)*(100 - % clay) and a is the percentage of 

organic matter. Spline interpolation was used to create a continuous map of K factor 

from the sample points. 

Topographic factor (LS): It was calculated using the DEM from the equation 

(Moore and Burch, 1986): 

 

LS =  (FlowAccumulation*cell size /22.13)
0.4

 * (sin /0.0896)
1.3 (4) 

 

where Flow Accumulation is the number of cells contributing in a given cell, cell 

size is the pixel’s side, $ is the slope angle in degrees. 

 

Cover-management factor (C): It was calculated from the Landsat 7 satellite image 

through the Normalized Difference Vegetation Index (NDVI). Since the C factor 

ranges from 0 (full cover) to 1 (bare land) and the NDVI values range from 1 (full 

cover) to 0 (bare land), the calculated NDVI values were inversed using the 

following equation (Van der Knijff et al., 1999): 

 

C = exp (-2 * NDVI / (1 - NDVI )) (5) 
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Support practice factor (P): Due to the lack of spatial distributed data for the P 

factor, it was set to 1 for the entire study area, assuming that no protection measure is 

taken.   

3   Application of USLE in ArcGIS Model Builder  

USLE was applied with the Model Builder, which is an ArcGIS application that 

creates, edits, and manages mathematical models (figure 1). The implementation of 

the equations for the calculation of each factor was done with the Single Output Map 

Algebra, as the final multiplication of the factors. 

 

Fig. 1. Development of USLE in ArcGIS Model Builder 

4   Results and discussion   

The maps for R, K, LS and C factor are shown in figures 2 and 3 respectively, as 

derived by the application of the above equations in ArcGIS ModelBuilder. 
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Fig. 2. Rainfall (R) and Soil Erodibility (K) factors 

 

Fig. 3. Topographic (LS) and Cover management (C) factor  

 

 

After the multiplication of the 4 factors, the resulting soil erosion map was 

empirically classified into 5 classes (figure 4): for soil loss % 10 tn/ha/yr the erosion 

risk characterized "no to minimum", for 10-20 tn/ha/yr "minimum to moderate", for 

20-30 tn/ha/yr "moderate to severe", for 30-40 tn/ha/yr "severe to very severe" and 

for soil loss >40 tn/ha/yr "highly severe" erosion risk. 
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Fig. 4. Soil erosion risk map 

 

The results showed that 58.2% of the study area presented no to minimum erosion 

risk (4052 ha), 16.4% minimum to moderate (1145 ha), 9.1% moderate to severe 

(633 ha), 5.1% severe to very severe (358 ha), and 11.1% highly severe erosion risk 

(773 ha). 

The use of a satellite image in order to generate the C factor image has several 

advantages, such as limited need for field surveys and ability to cover large areas. A 

notable disadvantage is the inability to detect crop residues that left at the field 

reduce erosion, as NDVI only detects the healthy green vegetation. 

Remotely sensed data capture the surface characteristics at the time of the image 

acquisition, for this reason care must be taken when developing the C factor. The use 

of a single satellite image that was acquired on November, time when the most 

agricultural land is bare of vegetation, led to a significant overestimation of soil 

erosion risk. The use of multitemporal satellite images that represent various stages 

of plant cover during a hydrological year may be necessary to generate an 

appropriate C factor.  

The main advantage of using the ArcGIS Model Builder for the application of 

USLE and the assessment of soil erosion risk for the study area was the automation 

of a spatial analytical procedure. The processes in the model and the relations 

between them are dynamic so whenever a change is made the model is dynamically 

updated. This makes it easy to modify, share and reuse the model by multiple users 

for a future application of USLE in the study area or other geographic areas.  

Although this assessment was carried out without the desirable detailed datasets, 

the results are still very important as they highlight the areas exposed to relatively 

high risk of erosion. 
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5 Conclusions 

As the results documented, most of the study area showed a relatively low erosion 

risk while high erosion risk was located at the northwest part covering a much 

smaller area. 

The single click based spatial model is an easy tool for a rapid and effective 

assessment of the soil erosion risk. 

The methodology developed can utilize existing data and provide results that are 

supportive to operators who take decisions about the management of land resources 

at the catchment scale. 
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Abstract. In years 2007-2008 field experiment with spring wheat was 

conducted on the parcels (14 m 2) with 2m deep concrete walls, filled with six 

different soils. The goal of this experiment was to evaluate the influence of soil 

quality on yield and technological properties of spring wheat varieties. The 

results of the conducted experiment showed that the highest level of spring 

wheat yielding were obtained on the soils: good wheat (loess) and very good 

(black earth). The lowest yields were obtained on defective wheat (limestone 

soil) and good rye soil complex. Spring wheat grain quality was modified by 

soil conditions. Grain obtained from the best complexes of soil (very good 

wheat, alluvial soil) was characterized by lower protein and gluten content but 

a higher 1000 grain weight which shows a better milling quality of grain when 

harvested from the good soils. 

Keywords: Spring wheat, soil, grain yield, protein content, gluten content, 

sedimentation value. 

1   Introduction 

Grain yield and quality of spring wheat depends on genotype and is shaped by 

habitat and agrotechnology (Budzyński, 2008, Goodling, 1998). Soil quality has the 

strongest influence on crop yields among the habitat factors (Górski et al., 1999). 

Wheat grown on lighter soil, particularly rye complex is characterized by low grain 

accuracy, 1000 grain weight and hectoliter weight, particularly in years of low 

precipitation, therefore, there is a concern that grain can be characterized by low 

milling quality (Mazurek et al., 2001). Wheat grain quality was evaluated on the 

basis of studies conducted in different localities in terms of habitat (soil, weather). 

Therefore, it is difficult to assess to what extent the technological value of grain was 

shaped by the weather factors, and to what extent by the soil conditions. The impact 

of soil conditions on the grain quality should be determined under the same weather 

conditions. This possibility exists in Pulawy, where more than 100 years ago large 

plots were created and filled with soil typical for Polish conditions. This facility was 

used to carrying out a strict experiment, the aim of which was to determine the
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impact of soil conditions on grain yield, and also on the technological value of two 

spring wheat varieties. 

2 Material and Methods 

The research material consisted of spring wheat varieties samples (Breeze and 

Hewilla) from experiments conducted in 2007-2008. The plots with concrete walls 

(area approx. 14 m
2
), were filled with six different soils (thickness 2 m), qualified for 

the five complexes of the agricultural suitability of soils (Table 1). Recent chemical 

analysis of soils are shown in Table 2. These soils had the natural profile and the 

home ground without insulation. The experiment was a randomized block design 

using three replications. Potassium and phosphorus fertilization was used before a 

sowing term at the amount of 100 kg K20 and 80 kg ha
-1

 P2O5 kg ha
-1

, respectively. 

Nitrogen fertilization of 90 kg N · ha-1
 was applied at two terms, 45 kg N kg ha

-1

before the sowing term and 45 kg N · ha
-1

 during the shooting phase. Weeds were 

removed manually. For each varieties, the 450 seeds per square meter were used.

Sowing was carried out on the 27th March and the 8th April, in 2007 and 2008, 

respectively. Harvest was conducted at the stage of the full maturity: in 2007 – 30th 

July and 2008 – 5th August. After harvesting, the grain yield was determined and an 

assessment of selected parameters of the technology value was conducted. It included 

the determination of 1000 grain weight, protein content by Kjeldahl method (N · 
5.75), the quantity and quality of gluten using Glutomatic System, and SDS 

sedimentation value. Quantity and quality of wet gluten and dry gluten content were

determined using Glutomatic system (Perten, Germany) [ICC Standard no. 155]. 

Falling number value was determined using Falling Number apparatus [ISO 3093]. 

SDS sedimentation values of whole meal flour, 1000 Kernels Weight (TKW), 

hectoliter weight were also determined. 

The results in the system of randomized block design were analyzed statistically 

using two-way variance analysis (ANOVA). The significance of differences was 

assessed using Tukey's test at (P =0.05). Correlation coefficients were calculated 

between soils properties and quality traits. 

Table 1. Characteristics of soils

Plot 

number

Type and kind of soil Valu

ation 

class

Soil suitability  

complex

Index 

of quality

1 Black earth I Very good wheat complex 100

2 Brown alluvial soil II Good wheat complex 92

3 Brown soil developed 

from loess

III a Good wheat complex 83

4 Typical brown soil III b Very good rye complex 70

5 Limestone soil IV a Defective wheat complex 57

6 Typical brown soil IV b Good rye complex 42
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Table 2. Chemical characteristics of soil. Chemical determination: pHKCl – potentiometric 

method; P2O5 – colorimetric method; K2O – flame emission spectrometry; humus – Tiurin’s 
method; Mg, Cu, Mn, Zn – atomic absorption spectrometry; B, Mo – plasma emission method 

Character of 

soils

Type and kind of soil

Black 

earth

Brown 

alluvial 

soil

Brown soil

developed 

from loess

Typical 

brown soil

Limestone 

soil

Typical 

brown soil

pHKCl 7,68 7,70 5,75 6,61 7,80 5,43

mg per 100 g of soil

P2O5

K2O

16,3

2,3

49,5

8,4

19,5

4,4

22,3

4,7

10,3

4,8

5,43

6,4

absorbed 

Mg

2,7 5,4 2,9 8,5 1,6 1,8

Humus 

content

%

3,38 1,16 1,00 1,18 1,50 1,27

content in mg/1 per kg soil

B

Cu

Mn

Mo

Zn

5,18

5,41

177

<0,05

47,0

1,75

6,16

195

<0,05

72,4

0,62

4,86

127

<0,05

49,6

1,27

6,87

172

<0,05

36,5

2,59

5,48

135

<0,05

102

0,90

7,46

167

<0,05

31,9

3 Results 

3.1  Grain yield 

Weather conditions (Fig. 1) in the years of research had been different and had 

modified both technological value and grain yield of spring wheat varieties (Table 3). 

The year 2007 proved to be very detrimental to the yield of spring wheat. Large 

deficits in soil moisture during the plant emergence, high temperatures and lack of 

rainfall during the grain filling (Fig. 1) contributed to lower yields by 39% compared 

to the year 2008. In 2007, Bryza wheat variety yielded about 6% higher compared to 

Hewilla wheat variety. In 2007, significantly higher grain yield was obtained from 

wheat grown on soil of good wheat complex (loess), the lowest on the defective 

wheat complex (limestone soil). Grain yields obtained from soil of very good rye and 

good rye complexes were at similar levels. In 2008, the highest grain yield was 

obtained with good wheat complex (loess) and very good wheat (black earth), while 

the yield was slightly lower on the good wheat complex (alluvial soil) and very good 

rye complex. The lowest grain yield was obtained on the defective wheat complex 

(limestone soil) (Table 3). 
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Table 3. Grain yield of spring wheat cultivars depending on soils conditions in the years 

2006-2007. r.n. – not statistically significant difference 

Soil suitability 

complex

Grain yield [g m-2]

2007 2008

Bryza Hewilla Średnio Bryza Hewilla Means

Very good what 

complex
612 600 602 890 907 899

Good wheat 

complex (brown 

alluvial)

630 580 605 846 874 860

Good wheat 

complex (loess)
710 620 665 992 960 976

Very good what 

complex
598 593 582 822 813 818

Defective wheat

complex
370 339 534 570 584 577

Good rye 

complex
571 564 567 617 582 600

Means
581 549 790 787

LSD α 0,05 

soils

cultivars

51,89

20,06

88,4

r.n

Technological value 

Technological value of spring wheat grain was dependent on the soil quality and 

weather conditions during the research. There was no interaction of the tested 

cultivars with soil conditions in determining the quality characteristics of grains, so 

the paper presents averages for the varieties (Table 4, 5). 

The 1000 grain weight was significantly dependent on soil quality and weather 

conditions during the study (Table 4, 5). Moisture deficits in the soil and high air 

temperatures occurred during the grain filling in 2007 (Fig. 1), which negatively 

affected the formation of grains. Wheat gained significantly the highest 1000 grain 

weight on good wheat complex (loess), the lowest on the defective wheat complex 

(limestone soil). The difference was 28%. In 2008, with favorable weather conditions 

for the wheat growing, the spring wheat grain was characterized by a higher 1000 

grain weights with the average of 46.5 g (Table 4). The highest 1000 grain weight 

gain was observed wheat grown on good wheat complex (alluvial soil), a very good 

rye complex, good rye and good wheat complex (loess). Wheat grains derived from 

the cultivation on defective wheat complex (limestone soil) were characterized by the 

lowest 1000 grain weight. 

Gluten content and gluten index were significantly dependent on the soil quality. 

In 2007, gluten content ranged from 29.3 to 34.8%. Amount of eluted gluten was 

significantly higher in the grains originating from the wheat cultivated on defective 

wheat complex soil (limestone soil). The lowest amount of gluten was obtained from 

wheat grains growing on the soil of very good wheat complex (black earth) and good 
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wheat (alluvial). The difference was 2.3% and 2.0%, respectively (Table 4). In 2008, 

the highest gluten content was obtained from the grains originating from soil of good 

rye complex. Indeed, the lowest gluten index was found in the grain from soil of very 

good wheat (black earth) and defective wheat complex (limestone soil). This 

difference amounted to 9.7% and 9.1%, respectively (tab.5). 

Average total protein content in wheat grains in 2007 was 13.5% and it was higher 

by 8.2% in comparison to the average protein content in 2008. In 2007 wheat grains 

collected from the defective wheat complex (14.8%) and good rye complex (14.1%) 

(limestone soil) had significantly highest protein content. The lowest protein content 

in recorded in the grain of wheat cultivated on a very good wheat (black earth) 

(12.5%) and good wheat complex (alluvial soil) (12.8%). In 2008 grain of wheat 

cultivated on good rye complex was characterized by the highest protein content 

(14.1%), while the lowest (11.8%) on the defective wheat (limestone soil) and good 

wheat (alluvial soil) complexes. Grain of wheat which was cultivated on the soil of a 

very good wheat (black earth), good wheat (loess) and very good rye wheat complex 

was characterized by similar protein content. 

 Soil conditions had influence on SDS sedimentation value (Table 4, 5). The 

highest SDS sedimentation value was observed in 2007 in grain of wheat grown on 

defective wheat complex, very good rye and good rye complexes compared to SDS 

sedimentation value of grain from the other types of soils. In 2008 SDS 

sedimentation value was the highest in the grain originating from very good rye 

complex soil, while the lowest from the defective wheat (limestone soil) and a good 

rye complex soil. There was no significant difference in the value of this parameter 

between soils representing wheat complexes. 

The analysis of correlation (Table 6) shows a negative correlation between soil 

quality and indicators of technological value of spring wheat grain. With an 

improvement of the soil complex, there was a decrease in the parameters such as: 

protein content, gluten content, SDS sedimentation value and gluten index. It was 

found that gluten content is significantly correlated with protein content and SDS 

sedimentation value. Gluten index is also correlates significantly with the 

sedimentation value and the protein content showed a significant correlation with 

SDS sedimentation value. 
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Fig.1. Precipitation and temperature during vegetation period in 2007-2008 

Table 4. Grain quality traits depending on soil complex in 2007 years. r.n. – not statistically 

significant difference 

Experimental factors Grain quality traits

Glut

en 

content

(%)

Glut

en 

index

SDS 

sedimentation 

value (cm3)

Prote

in 

content

(% 

s.m.)

1000 

grain 

weights 

(g)

Very good wheat complex
29,3 48,2 62,4 12,5 41,5

Good wheat complex

(brown alluvial)
30,8 50,5 61,9 12,8 44,4

Good wheat complex

(loess)
32,8 52,3 61,4 13,2 45,0

Very good rye complex
31,8 70,6 67,1 13,4 423

Defective wheat complex
34,3 77,3 71,4 14,8 35,1

Good rye complex
32,8 72,4 69,3 14,1 43,9

LSD (α 0,05)
2,07 3,17 2,79 1,55 3,52

Bryza
32,0 66,0 65,0 13,6 40,3

Hewilla
31,9 51,6 66,1 13,3 43,6

LSD (α 0,05)
r.n 12,0

2

r.n r.n 3,33
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Table5. Grain quality traits depending on soil complex in 2008 years 

Experimental factors Grain quality traits

Glute

n

content

(%)

Glute

n index

SDS 

sedimentation 

value (cm3)

Prote

in 

content

(% 

s.m.)

1000 

grain 

weights 

(g)

Very good wheat complex
27,8 71,6 65,5 12,0 45,5

Good wheat complex

(brown alluvial)
29,7 56,5 63,0 11,8 47,9

Good wheat complex

(loess)
31,0 49,5 63,0 12,4 46,9

Very good rye complex
31,8 58,2 68,0 12,6 47,5

Defective wheat complex
28,4 70,1 61,8 11,8 43,6

Good rye complex
37,5 46,5 70,3 14,1 47,3

LSD (α 0,05) 1,95 9,37 1,81 1,48 3,06

Bryza 31,4 62,3 65,6 12,4 45,7

Hewilla 30,6 56,8 64,9 12,4 46,8

LSD (α 0,05) r.n 4,02 r.n r.n r.n

Table 6. Correlation coefficients of grain quality parameters of spring wheat to soil 

conditions (mean from 2007 – 2008). Level of significance* - p , 0,05 

Parameters Soil

s

quality

Glute

n

content

Glu

ten 

index

SDS 

sedimentation 

value

Protei

n content

1000 

grain 

weights

Soils quality x

Gluten content -

0,675*

x

Gluten index -

0,320*

-

0,145

x

Sedimentation 

value

-

0,627*

0,618

*

0,2

95*

x

Protein content -

0,592*

0,797

*

0,0

95

0,631* x

1000 grain

weights

0,0

65

0,145 -

0,178

-0,058 -0,007 x

4 Discussion 

Spring wheat has very high soil requirements. Studies (Sułek, 2001, Sułek et 

al., 2009) suggest that the issue of wheat grain yield requires a high soil concise, 
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well-sustained water complexes belonging to the very good and good wheat 

complex. The presented research confirms that spring wheat had the highest yield on 

good wheat complex (loess), while the lowest grain yield was found on soil of 

defective wheat complex (limestone soil) and good wheat complex. In the studies 

conducted by Sulek and Filipiak (Sułek et al., 2009) the difference in grain yield 

between wheat (very good and good) and the good rye complexes was 24.0%. In the 

present study the difference was at a similar level. 

It is important to determine the total protein content and gluten content 

while assessing the quality of wheat. In the present study,  the soil quality and 

weather conditions in the wheat ripening period differentiated the protein content and 

gluten content in spring wheat grains. The year 2007, in which high temperatures and 

lack of rainfall were recorded at the ripening period, was more favorable for storing 

protein. Other authors (Daniel et al., 1998a, Daniel et al., 1998b, Stankowski et al., 

2001) emphasize that the most favorable weather for the formation of large amounts 

of protein is that with moderate rainfall and high air temperature The presented 

studies show that the highest amount of protein was accumulated in the grains 

growing on the soil of good wheat complex (2007 and 2008). In the 2007 the lowest 

amount of protein was accumulated in wheat grains grown on defective wheat

complex in 2007. Research conducted by Podolska (Podolska et al., 2005) with 

winter wheat showed no impact of the soil complex on protein content. Studies of 

Kuś and et al. (Kuś et al., 1999) indicate that winter wheat grown on soils with a 
greater abundance of humus (black earth and alluvial soil) are distinguished by 

greater amounts of protein and gluten than wheat grown on the soil of loamy sand 

granulometric composition (good rye complex). Research conducted by Sulek and 

Filipiak (Sułek et al., 2009) showed, however, that the wheat grain grown on good 

rye complex was characterized by a protein content higher by 1.7% in reference to 

wheat grown on the soil of a very good wheat complex. 

SDS sedimentation value characterizes the gluten quality and quantity, which 

determines the suitability of varieties for baking purposes. The study indicates that 

this parameter was dependent on the soil quality. In 2007, grain had the highest SDS 

sedimentation value from wheat grown on rye and defective wheat complexes 

(limestone soil), while in 2008 on the very good wheat and wheat defective 

complexes. According to the research conducted by Sulek and Filipiak, Filipiak and 

Podolska (Sułek et al., 2009, Podolska et al., 2009), Nowak and et al. (Nowak et al., 

2004) the grain from the very good wheat complex was characterized by the highest 

SDS sedimentation value. However, the studies conducted by Podolska and et al. 

(Podolska et al., 2005) showed that there were no significant differences in SDS 

sedimentation value with the deterioration of the soil complex. 

 The results indicate a significant negative correlation between soil conditions, and 

grain quality parameters. Research conducted by Podolska and et al. (Mazurek et al., 

2001) with winter wheat showed that soil conditions have a little influence on the 

baking quality of wheat. They affect the milling value, which is indirectly confirmed 

by this study. 
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5 Conclusion 

1. Spring wheat grown on soil of good wheat, very good wheat, good wheat 

(alluvial soil) and very good rye complexes had the highest grain yield, whereas 

significantly lowest grain yield was detected on defective wheat (limestone soil) and 

a good rye complexes. 

 2. Soil conditions modified the quality parameters of spring wheat grains. Grain 

of wheat grown on soils belonging to the best soil complexes (very good wheat - the 

black earth and good wheat - alluvial) accumulated the lowest amounts of protein and 

gluten, and exhibited the highest 1000 grain weight. 

3. Further research, on the influence of soil conditions on yield and grain quality, 

expanded over longer period of time (more than two years) is of high interest. We 

speculated that the stability of both; yield and yield quality is higher on good quality 

soils; however additional experiments should be performed to confirm that 

hypothesis. Moreover, the future investigations should include the determination of 

the protein content as well as the dough quality and baking properties.  
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Abstract. In our paper we discuss basic objectives, methods and results of the 

implementation of metadata harvesting from the journal Agris on-line. The 

international journal Agris on-line Papers in Economics and Informatics is a 

scholarly open access, blind peer-reviewed, interdisciplinary, and fully 

reviewed scientific journal, which is published quarterly by the Faculty of 

Economics and Management at the Czech University of Life Sciences Prague 

(CULS). The metadata format used is the Dublin Core metadata standard. For 

metadata harvesting from the Agris on-line repository we use the Open 

Archives Initiative Protocol for Metadata Harvesting standard, version 2.0. 

Creators and administrators of the Agris on-line Papers in Economics and 

Informatics used their own solution for metadata storage and services for the 

metadata harvesting. The solution is opened to other repositories of the CULS.  

Keywords: repository, open archive, metadata, OAI-PMH, Dublin Core, open 

access 

1   Introduction 

The number of publications made freely accessible on the Web by institutions 

joined in Open Archive Initiatives such as libraries, research institutions, scientific 

and cultural archives, has been constantly growing (Bellini, 2010). Libraries have 

been trying to find a faster and better way to provide access to resources they hold or 

resources available elsewhere (Han, 2011). The different content of different 

repositories can be described via metadata. Metadata is data on data. Metadata can be 

used for almost any content. Texts, pictures, music, movies, web pages, software (as 

content), etc. – all these materials can use metadata. 

In July 1999, Paul Ginsparg, Rick Luce and Herbert Van de Sompel sent out a 

Call for Participation (Ginsparg, 1999) in a meeting exploring cooperation among 

scholarly e-print archives. The meeting, held in October 1999 in Santa Fe, and 

originally called the Universal Preprint Service meeting, led to the establishment of 

the Open Archives initiative (OAI) (Ginsparg, 1999). The goal of the OAi is to 

contribute to the transformation of scholarly communication in a concrete way.  The 

proposed vehicle for this transformation is the definition of technical and supporting

______________________________ 
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organizational aspects of the open scholarly publication framework on which both 

free and commercial layers can be established (Van de Sompel, 2000). 

Some institutions build central metadata repositories (archives). Those larger 

repositories are filled from other smaller archives. The smaller archives and the 

central larger repository must provide some tools (applications) for automatic 

metadata harvesting. The Open Archives Initiative Protocol for Metadata Harvesting 

(OAI-PMH) has found widespread adoption for exchanging metadata from agrarian 

sector (Haslhofer, 2010). It is used to harvest (or collect) the metadata descriptions of 

the records in an archive so that services can be built using metadata from many 

archives. OAI-PMH is based on a client–server architecture, in which harvesters 

request information on updated records from repositories. 

Commercial search engines have started using OAI-PMH to acquire more 

resources, too. Google is using OAI-PMH to harvest information from the National 

Library of Australia Digital Object Repository. In 2004, Yahoo! acquired content 

from OAIster (University of Michigan) that was obtained through metadata 

harvesting with OAI-PMH. NASA's Mercury: Metadata Search System uses OAI-

PMH to index thousands of metadata records from Global Change Master Directory 

(GCMD) everyday (McCown, 2006). 

2   Data and methods 

The international journal AGRIS on-line Papers in Economics and Informatics is a 

scholarly open access, blind peer-reviewed, interdisciplinary, and fully reviewed 

scientific journal. The journal is published quarterly by the Faculty of Economics and 

Management at the Czech University of Life Sciences Prague (CULS). AGRIS on-

line Papers in Economics and Informatics covers all areas of agriculture and rural 

development: agricultural economics, management, agribusiness, agrarian policy, 

information and communication technologies, information systems, e-business, 

social economy and rural sociology. The journal provides a leading forum for an 

interaction and research on the above-mentioned topics of interest. The journal serves 

as a valuable resource for academics, policy makers and managers seeking up-to-date 

research on all areas of the subject. 

The papers, which are to be published in Agris on-line Papers of Economics and 

Informatics, will be revised by the executive editor and the chief editor before being 

sent to two reviewers. The reviewers propose one of four recommendations: 

1. accepted without revision 

2. minor revision + comments 

3. major revision + comments 

4. reject + comments 

Revised papers are checked by the executive again (to check whether the authors 

had revised their papers). All the accepted papers are checked by a member of the 

Editorial Board before publishing. In total they are reviewed by 5 people before 

being published: 
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1. executive editor 

2. chief editor 

3. the first reviewer 

4. the second reviewer 

5. editorial board member 

There are more than sixty scholarly papers in pdf format in the journal repository 

and papers are - as mentioned above - inserted to the repository quarterly. The 

journal is available at http://online.agris.cz. 

There are two requirements for the successful integration of the content of the 

repository. 

1. The content of the journal repository must be described via metadata, 

because only metadata can present the basic content of each paper 

relevantly. 

2. The journal repository must support the system for metadata harvesting. 

A typical metadata harvesting approach using OAI-PMH (The Open Archives 

Initiative Protocol for Metadata Harvesting) provides an application-independent 

interoperability framework based on metadata harvesting (Van de Sompel, 2004). 

There are two classes of participants in the OAI-PMH framework: 

1. Data Providers administer systems that support the OAI-PMH as a means 

of exposing metadata; and 

2. Service Providers use metadata harvested via the OAI-PMH as a basis for 

building value-added services. 

A resource is the object or "stuff" that metadata is "about". The nature of the 

resource, whether it is physical or digital or stored in the repository or is a constituent 

of another database, is outside the scope of the OAI-PMH. An item is a constituent of 

a repository from which metadata about a resource can be disseminated. The 

metadata may be disseminated on the fly from the associated resource, transferred 

from any canonical form, actually stored in the repository, etc.  A record is metadata 

in a specific metadata format. The record is returned as an XML-encoded byte stream 

in the response to the protocol request to disseminate a specific metadata format from 

a constituent item (Open Archive Initiative, 2008). 

A harvester is a client application that issues OAI-PMH requests. The harvester is 

operated by a Service Provider as a means of collecting metadata from the journal 

repository. The journal repository is a network accessible server that can process the 

6 OAI-PMH requests and the journal repository is managed by a Data Provider to 

expose metadata to harvesters. The operator of the Agris on-line Papers in 

Economics and Informatics repository is within Data Provider role. 

The OAI-PMH solution will be opened and available to other repositories of the 

CULS with scholarly content. 

3   Results 

The journal repository uses for metadata basic Dublin Core standard which 

includes 15 recommended elements (Dublic Core Metadata Initiative, 2010). 
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However the repository does not use all fifteen elements but thirteen only. The list of 

all the used elements is as follows: 

1. Coverage 

2. Creator 

3. Date (YYYY-MM-DD) 

4. Descriptor 

5. Format 

6. Identifier 

7. Language 

8. Publisher 

9. Right 

10. Source 

11. Subject 

12. Title 

13. Type 

Creators and administrators of the Agris on-line Papers in Economics and 

Informatics used their own solution for metadata storage and service for metadata 

harvesting. The solution provides metadata for all the OAI-PMH requests: 

1. Identify – this verb is used to retrieve information about the Agris on-line 

repository. 

2. ListMetadataformats – this verb is used to retrieve the metadata formats 

available from the Agris on-line repository. 

3. ListSets – this verb is used to retrieve the set structure of the Agris on-

line repository. 

4. ListIdentifiers – this verb is an abbreviated form of ListRecords, 

retrieving only the headers of the records. 

5. ListRecords – This verb is used to harvest records from the Agris on-line 

repository. 

6. GetRecord – this verb is used to retrieve an individual metadata record 

from the Agris on-line repository. 
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Fig. 1. OAI-PMH implementation at the Faculty of Economics and Management, the Czech 

University of Life Sciences Prague. 

During the analysis of a possible OAI-PMH implementation it was found that it is 

not possible to use an open source solution such as DSpace or Drupal. DSpace is a 

perfect software of choice for academic, non-profit, and commercial organizations 

building open digital repositories.  It is free, easy to install and completely 

customizable to fit the needs of any organization. But the technical environment at 

the Czech University of Life Sciences Prague does not support the technical platform 

DSpace Software needs, especially databases. This is the main reason why we 

created our own solution for metadata harvesting. 

Creators and administrators of Agris on-line wanted to prepare a general solution, 

which would be usable for other repositories of the CULS. They have prepared a 

local metadata library where metadata from Agris on-line are archived. There are 

services for synchronizing of metadata between the local metadata library and Agris 

on-line repository or another university repository. The application of local metadata 

library supports the OAI-PMH version 2.0 as a means of exposing metadata. 

Archived metadata are classified into sets. The specification of the set for the 

electronic scientific journal is oai:aol and its name is Agris on-line Papers in 

Economics and Informatics. 
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Fig. 2. Example of metadata record. 

<?xml version="1.0" encoding="UTF-8"?>  
<OAI-PMH xmlns="http://www.openarchives.org/OAI/2.0/"  

         xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance" 

         xsi:schemaLocation="http://www.openarchives.org/OAI/2.0/ 
         http://www.openarchives.org/OAI/2.0/OAI-PMH.xsd"> 

  <responseDate>2011-04-20T10:55:46Z</responseDate> 

  <request verb="GetRecord" identifier="oai:oai.agris.cz/?id=2" 
           metadataPrefix="oai_dc">http://oai.agris.cz</request> 

  <GetRecord> 

   <record>  
    <header> 

      <identifier>oai:oai.agris.cz/2</identifier>  

      <datestamp>2009-09-30T00:00:00Z </datestamp> 
      <setSpec>oai:aol</setSpec>  

    </header> 
    <metadata> 

      <oai_dc:dc  

         xmlns:oai_dc="http://www.openarchives.org/OAI/2.0/oai_dc/"  
         xmlns:dc="http://purl.org/dc/elements/1.1/"  

         xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance"  

         xsi:schemaLocation="http://www.openarchives.org/OAI/2.0/oai_dc/  
         http://www.openarchives.org/OAI/2.0/oai_dc.xsd"> 

        <dc:title>Cash flow as an important solvency determinant of agricultural enterprises in 

          the Slovak Republic</dc:title> 
        <dc:creator>Gurčík, L.</dc:creator> 

        <dc:creator>Miklovičová, J.</dc:creator> 

        <dc:creator>Miklovičová, S.</dc:creator> 
        <dc:subject>Agricultural enterprises</dc:subject> 

        <dc:subject>cash flow analysis</dc:subject> 

        <dc:subject>net cash flow</dc:subject> 
        <dc:subject>balance composition of cash flow</dc:subject> 

        <dc:desription>In this paper deals with the cash flow analysis in agricultural companies in 

           particular regions of the Slovak Republic. At present, from a company’s point of view it 
           is not so important to reach a profit but to have a sufficient cash to keep solvency. On 

           base of column and balance cash flow composition we determine in which areas 

           agricultural companies invested money and what sources they used to finance their 
           activities.</dc:description> 

       <dc:publisher>Faculty of Economics and Management, Czech University of Life Sciences 

          Prague</dc:publisher> 
       <dc:date>2009-09-30</dc:date> 

       <dc:type>Paper in scientific journal</dc:type> 

       <dc:identifier>http://online.agris.cz/files/2009/agris_on 
          line_2009_1_gurcik_miklovicova_miklovicova.pdf</dc:identifier> 

        <dc:source>Agris on-line Papers in Economics and Informatics</dc:source> 

        <dc:language>eng</dc:language> 
        <dc:format>application/pdf</dc:language> 

        <dc:rights>Open Access</dc:language> 

       <dc:coverage>World</dc:language> 
      </oai_dc:dc> 

    </metadata> 

  </record> 
 </GetRecord> 

</OAI-PMH> 
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4   Conclusion 

The own OAI-PMH solution for the electronic scholarly journal Agris on-line 

Papers in Economics and informatics was implemented in the first part of 2011 and it 

is available at http://oai.agris.cz. Creators and administrators of Agris on-line have 

prepared a general solution which can be used by other faculties’ of universities’ 

repositories. OAI-PMH application of the journal is created in PHP (PHP: Hypertext 

Preprocessor) with Nette Framework1. PHP5 is a widely-used open source general-

purpose scripting language that is especially suitable for the web development (M. 

Achour and collective, 2011). The database for metadata library is MySQL version 5, 

which is the world's most popular open source database. 

Metadata, which are archived in the library, are sorted to sets - for the electronic 

scholarly journal oai:aol (Agris on-line Papers in Economics and Informatics) is 

established. All the papers from the journals are available in the metadata library. 

Sets are optionally constructed for grouping items for the purpose of selective 

harvesting. 

The library is managed by the Czech University of Life Sciences Prague as data 

provider to expose metadata to harvesters. The metadata library solution provides 

metadata for all sic OAI-PMH requests. All responses to the metadata library 

requests are well-formed XML documents. Encoding of the XML uses the UTF-8 

representation of Unicode. Dates and times are uniformly encoded using ISO8601 

and are expressed in UTC throughout the protocol, but the electronic scholarly 

journal uses date only in the YYYY-MM-DD format. Described OAI-PMH solution 

is prepared for content, which uses date/time too (YYYY-MM-DDTHH:MM:SSZ). 

In the event of an error or an exception condition, the metadata library indicates 

OAI-PMH errors, distinguished from HTTP Status-Codes by including one or more 

error elements in the response. While one error element is sufficient to indicate the 

presence of an error or an exception condition, the metadata library reports all errors 

or exceptions that arise from the processing of the request. 

Creators and administrators of Agris on-line have prepared very useful and strong 

application which is developed in keeping up with transnational standards OAI-

PMH. The results of the OAI-PMH solution will be available for Research Program 

titled “Economy of the Czech Agriculture Resources and Their Efficient Use within 

the Framework of the Multifunctional Agri-food Systems” of the Czech Ministry of 

Education, Youth and Sports number VZ MSM 6046070906. 
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Abstract. The paper investigates the economic valuations individuals make 

about natural resources in the protected area of the Evros river delta in North-

East Greece. A choice experiment is conducted to quantify in monetary terms 

the value of natural resources, focusing on four key aspects associated with a 

healthy local ecosystem, (a) the withdrawal of saline soils, (b) the decrease in 

the use of nitrates and phosphates, (c) the protection of habitats, and (d) 

transfer of labor to eco-friendly human activities. We apply choice models to 

analyze the preference structure of residents for alternative scenarios of 

ecosystem’s evolution in a ten years horizon. The main focus of the modeling 

approach is inference about welfare valuations and their relationship with the 

characteristics of the participants to the choice experiment and their 

perceptions about the importance of ecosystem services. We derive welfare 

estimates and detect a number of significant linear and non-linear effects that 

may inform environmental protection and regional development policies. 

Keywords: choice modeling, choice experiment, protected areas. 

1. Introduction 

Healthy ecosystems play a vital role in maintaining high levels of human well-

being through the provision of a variety of benefits or services to people (Millennium 

Ecosystem Assessment - MEA 2005). These services include the provision of food, 

freshwater, energy and raw materials; regulation of climate conditions and of water 

quality, control of waste and extreme events such as flooding and diseases; 

recreation, educational, aesthetic and other cultural benefits (MEA 2005).

Ecosystems in protected areas located in the vicinity of residential sites are routinely 

deteriorating due to human activities. Intensive farming near the limits of protected 

areas in river deltas may severely affect ecosystem health. The usually saline 

cultivated soils are not productive, thus inducing intensive use of pesticides and 

fertilizers by local farmers, and waste of freshwater for irrigation. This results to 

contamination, loss of precious natural resources, and a consequent degradation of 

the ecosystem. Saline soils are poor providers of income to farmers and of food for 

animal and plant species. A solution to the problem is the flooding of soils with 

freshwater that under effective management is expected to reduce pollution by agro-

______________________________
Copyright ©by the paper’s authors. Copying permitted only for private and academic purposes.    
In: M. Salampasis, A. Matopoulos (eds.): Proceedings of the International Conference on Information 
and Communication Technologies     

for Sustainable Agri-production and Environment (HAICTA 2011), Skiathos, 8-11 September, 2011. 
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chemicals, increase biodiversity, facilitate livestock farming, and provide sustainable 

income to local inhabitants by eco-friendly economic activities, such as eco-tourism, 

organic farming, etc. 

In this paper we employ stated choice methods (e.g. Louviere et al. 2000) to 

assess the economic value of natural resources associated with ecosystem health in 

the protected area of the Evros River Delta, in North-East Greece. This particular 

study area suffers from inefficiencies in natural resources’ use, associated ecosystem 

degradation and economic losses for the local society that are typical to many other 

sites in the Mediterranean. Such a choice-based valuation can be informative to the 

design of policies that aim to achieve environmental sustainability and improve 

social welfare. In the following section we describe the methodology, then we 

present the choice modeling results, assess the impact of measured variables on 

welfare estimates, and finally conclude with a discussion of the findings. 

 

2. Methodology 

Valuation of the natural resources in the protected area of the Evros Delta is 

conducted using a discrete choice experiment (CE). CE is a well known stated 

preference method (e.g. Louviere et al. 2000) used for the study of individual 

preferences that cannot be revealed through direct observation of actual choice 

behavior in an existing market process. Such experiments have been widely used in 

marketing, transportation research, and more recently in environmental and 

ecological economics. Among others, Louviere et al. (2000), Hensher et al. (2005), 

and Train (2009) provide extensive reviews of the CE methodology. 

2.1 Design and data collection 

The study focuses on four key issues pertaining to the sustainable management 

of Evros Delta natural resources; (a) the withdrawal of saline soils through 

freshwater flooding, (b) the decrease in the use of nitrates and phosphates via more 

efficient regulation, (c) the protection of natural habitats, and (d) transfer of labor to 

eco-friendly human activities. These are represented in the CE as the attributes of a

hypothetic good that reflects the health status of the Evros Delta ecosystem. These 

attributes were determined through review of the relevant literature, extensive 

consultation and interviewing of domain experts, scientists and local people. Their 

measurement levels were decided via thorough pilot testing. Table 1 presents the 

attributes and their levels. The first attribute, SALT, is the covered area of the Evros 

Delta by saline soils, with baseline the current value (“status quo” - SQ). The second 

attribute is the usage level of agro-chemicals, the third is the protection level of the 

flora and fauna habitats, and the fourth is the degree of human labour transfer to 

ecosystem-sustaining activities. Finally there is a cost attribute that is the amount to 

be paid in ten annual instalments as part of the municipal tax by residents for 

improving the state of the ecosystem. 

To reduce the large number (324) of possible choice alternatives for the given 

number of attributes and their measurement levels we used a factorial design that 

allows estimation of two-way attribute-attribute interactions. The number of profiles 

in the design is 32. They are orthogonally split into 4 blocks of 8 profiles. In each 

profile, individuals were asked to choose one among three alternative scenarios for 
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the state of the Evros Delta ecosystem in a 10 years horizon. Two of them are 

“management” scenarios (MSs) that represent an improved future state of the 

ecosystem with respect to the third scenario, that of “unmanaged” situation or “status 

quo” (SQ). 

The survey was carried out in the area of the Evros Delta in North-East Greece,

during April-September 2008. The sampling unit of the survey is households. Data 

are collected with interviews with an adult household member. The total sample size 

is 388.

2.1.1 Sample characteristics – Measured variables 

The key individual specific variables (ISVs) that were measured and used in the 

choice modeling task are classified for descriptive purposes into two broad 

categories: (a) Socio-demographic variables, such as age, gender, marital status, 

education level and occupation of the respondent, household size, presence of kids in 

the household, membership to environmental groups and annual net household 

income, and (b) Perceptions regarding the importance of ecosystem services.

Definitions of the corresponding variables, their measurement scales and descriptive 

sample statistics are shown in Tables 2a and 2b, respectively. 
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Variables measuring respondents’ perceptions about the importance of 

ecosystem services where grouped into three classes (i.e. regulating, provisioning, 
and cultural) following the classification of the Millenium Ecosystem Assessment 

work programme initiated by the U.N. in 2001 (e.g. see MEA, 2005; Boyd and 

Banzhaf, 2007). Then, for each respondent, total class scores were derived by 

summing the values of the corresponding services variables. The relevant definitions 

and statistics are shown in Table 2b.  

Protest bidders pose a well known problem in discrete choice analysis (e.g. 

Meyerhoff, J. and Liebe, L., 2008). Using a set of appropriate questions asking zero 
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bidders to provide reasons for choosing the status quo scenario, we classified 5.4 %

of the respondents as protest bidders. These were excluded from further analyses, 

reducing thus, the effective sample size to N=367.

2.2 Choice modeling methodology 

Modeling of individual choices proceeds with a random utility model (RUM) 

specification; Assume a stochastic indirect utility function for the choice of 

individual i, i=1,…,N (N=367) among three alternatives jÎ{0,1,2} (0 for the SQ

scenario, 1 and 2 for the MSs) at choice instance t=1,…,T (T=4)

( ), , ,ijt ijt ijt i ijtiU V e= +x w β β   (1), 

where (.)ijtV  is the deterministic utility and 
ijte  the random utility component 

associated with choice j. { }( )

1

K
k

ijt ijt k
x

=
=x  is a vector of K choice attributes (here, K=5), 

{ }( )

1

L
l

i i l
w

=
=w  is a vector of L individual characteristics that are invariant across 

choices and choice occasions, { }( )

1

K
k

ii
k

b
=

=β is a vector of individual specific random 

preference parameters, and β  a vector of fixed parameters capturing the effects of 

individual characteristics and of interactions between attributes on choice. Then, 

setting the choice outcome { }0,1,2ity jÎ = , under the common assumption of iid

extreme value type I distributed random utilities, the conditional probability of 

choosing alternative j has the mixed logit model form (e.g. Longford 1993, Train 

2009) 

( ) ( )
( )

3
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exp
Pr , , ,

exp

ijt

ijt it ijt i i

imt

m

V
y j

V

p

=

= = =

å
x w β β

  (2). 

Assuming linearity in the parameters of the deterministic utilities and allowing for 

two-way interactions between attributes and between attributes and individual 

observed characteristics, as well as for higher order polynomials of quantitative 

characteristics, deterministic utility is specified as 

( )
( , )

( )
( ) ( ) ( ) ( ) ( ) ( ) ( ) ( )

0

1 1 1 1 1 1

R k lK K K K L
rkj k kk k k rkl k l

iijt ijt ijt ijt ijt i

k k k k l r
k k

V x x x x wb b b b¢ ¢

¢= = = = = =
¢¹

= + + +å åå åå å  (3), 

where R(k,l) is the maximum order of polynomial interactions of the attribute k with 

individual-specific variable w(l)
.

Under specification (3), the vector of fixed parameters is { }( ) ( ') ( )

0 , ,j kk rklb b b=β ,

where ( )

0

jb  is an alternative specific constant capturing the average effects of omitted 

variables, ( ), ' 1,...,   'k k K k k= ¹  and 1,...,l L= . Random parameters 
( )k

ib  follow 

839



some specific, usually continuous, probability distribution, say ( )( )k

kf b , with mean 

( )kb  and variance 2

ks . For simplicity, random parameters are assumed uncorrelated 

with each other. Simpler model forms employed in the analysis are derived from 

expression (3) through constraints imposed on the parameters. 

Mixed logit model estimation is performed with maximum likelihood (ML) 

methods. Likelihood is maximized with numerical integration over the random

coefficients’ distributions using a variety of available methods, including: (a) discrete 

approximations of the hypothesized parametric continuous distributions ( )( )k

kf b

(e.g. as a finite mixture of normals – Train (2008), mass point methods such as 

Gaussian quadrature for the normal – e.g. Longford (1993), Emmanouilides and 

Davies (2007), etc.), and (b) simulation methods (e.g. Train 2009), that are most 

commonly used in recent years. Here, we adopt the latter approach. 

In contrast to a fixed parameter specification of the random utility model, i.e. 

same across individuals preferences for choice attributes, 
( ) ( )k k

ib bº , the random 

coefficient specification (3) handles heteroscedasticity and serial correlation in 

repeated choices made by individuals, and allows for non-proportional substitution 

patterns across alternatives (e.g. Train, 2009). Notice also that the specified random 

coefficients model allows for two additive sources of possible correlations between 

choices of the same individual; (a) correlations due to observed effects, introduced in 

the model through the interactions between attributes and individual characteristics, 

and (b) correlations due to unobserved preference heterogeneity, accounted for by the 

individual-specific random parameters. Both are assumed time-invariant (i.e. 

constant across choices of the same individual), implying a temporally stable 

structure of individual preferences. 

2.3 Estimation of the monetary value of attributes

Given estimates of parameters in the utility function (3), marginal willingness to 

pay (WTP) for a unit improvement of a non-cost attribute k can be computed as
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å åå

å åå
w (4). 

Equation (4) is derived by decomposing (3) into terms that involve cost (C) and non-

cost attributes (x(k) , k=1,...,K-1), and computing the derivatives involved in (4). 

R(k,l) denotes the maximum order of polynomial interactions of the non-cost 

attribute k with individual-specific variable w(l)
 and R(C,l) the maximum order of 

polynomial interactions of variable w(l) with the cost attribute. Note that the presence 

of interactions between the cost and other attributes renders willingness to pay for 

attribute k dependent on the levels of other attributes, k΄, and cost, C. Interactions of 

attributes with individual characteristics (observed heterogeneity) and the random 

coefficients of the choice attributes (unobserved heterogeneity) both render 

willingness to pay individual-specific. Estimates of the individual random parameters 
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are computed during the simulated likelihood estimation procedure, and then are 

used to derive individual WTP values. Finally, the estimated expected willingness to 

pay for attribute k is  

( ) ( ) ( ) ( ) ( )( ) ( ) ( ) ( ) ( ) ( )( ) ( ) , ,

i

k C k C k Ck k

i i i i i ii i k C iE WTP WTP f f f d d db b b b b b
¥ ¥

Î -¥ -¥

= ò ò ò
w W

w w w  (5),

where W denotes the multidimensional space of observed individual characteristics 

and ( )if w  the corresponding distribution function. Note that random coefficients are 

assumed independent from observed characteristics. ( )( ) ( )( ) , ,
k Ck

i iiWTP b bw  is given 

by (4). Integral (5) is analytically intractable and is evaluated numerically. 

Asymptotic confidence intervals for the expected WTP can be derived with Monte 

Carlo simulations using the estimated variance-covariance matrix of model 

coefficients under the assumption of asymptotic multivariate normality (MVN) of 

maximum likelihood estimates. Alternatively, at the expense of computational cost 

(that is considerable for the random coefficient models) non-parametric confidence 

intervals can be derived using resampling methods such as the bootstrap (e.g. Efron 

and Tibshirani, 1998). The delta method (e.g. Greene 2003) is another option, based 

again on asymptotic normality of ML estimators. As expected, it provides similar 

results to the MVN Monte Carlo approach. 

2.4 Effects of individual characteristics on WTP

Given a non-trivial functional form for the WTP, such as (4), we are interested to 

assess the effects of individual characteristics on the WTP for choice attributes. 

Conditional on parameter estimates of the choice model, these effects can be 

estimated using the first order partial derivative of the WTP function for an attribute 

k with respect to the characteristic of interest, while keeping all other characteristics 

constant. A reasonable representative evaluation point for these effects in the 

multivariate space of individual characteristics and random coefficients is the point 

defined by the mean sample values; Denote ( ')lw  the average sample value of 

characteristic ( ') ,  'lw l l¹ , ( )kb  the mean of the kth
 non-cost attribute random 

coefficient 
( )k

ib , and ( )Cb  the mean of the cost random coefficient, 
( )C

ib . Then, 

willingness to pay for attribute k, as a function of w(l), evaluated at the mean of other 

individual characteristics w(l’)
 and of random coefficients, can be written (using (4)) 

as  
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(6),

Of course, in the absence of random coefficients and of interactions between attribute 

and individual specific characteristics, (6) reduces to the most common and simplest 
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form for WTP, i.e. ( ) ( ) ( )k k CWTP b b= - . Denote the maximum polynomial order as 

R(l) = max{ R(k,l), R(C,l) }, and 
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Then, after some algebra, the first derivative of ( )( ) ( )k lWTP w  with respect to w(l)
can 

be written as 
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(7).

Replacing population parameters in (7) with their sample estimates from the choice 

model one can derive estimates for the marginal effects of individual specific 

variables on WTP for attribute k. Note that in the absence of interactions between 

choice attributes (cost and non-cost), parameters ( ')kkb , ( )kCb  and ( ' )k Cb  equal to zero, 

simplifying the above relationships for α0 and b0. Asymptotic confidence intervals for 

the marginal effects can be derived using one of the available methods briefly 

discussed in section 2.3.

3. Choice modeling results 

We model the CE data using a sequence of increasingly complex logit model 

specifications. We start with a fixed parameter specification of an additively 

separable indirect utility function (3) that is assumed to include only main choice 

attribute effects (model termed FPL1). Then we add interactions between choice 

attributes and interactions between individual characteristics and choice attributes, 

allowing for higher order polynomials of quantitative variables (model termed 

FPL2). All possible two-way interactions are considered, and selection of effects to 

include in each specification is based on standard AIC (Akaike Information 

Criterion) minimizing stepwise variable selection procedures. For both fixed 

parameter logit models we estimate its random coefficient (i.e. mixed logit) version 

by allowing the main effects of choice attributes to vary randomly across individuals 

assuming independent normal or log-normal distributions. These parametric 

distributions, despite their drawbacks that are extensively discussed in the literature 

(e.g. see Train, 2009), is the common choice for the modeler. 

3.1. Model estimation

To estimate the FPL and RPL models, we employed the publicly available 

maximum simulated likelihood GAUSS code of Kenneth Train 

(http://elsa.berkeley.edu/~train), modified for use in the R statistical computing 

environment (http://cran.r-project.org/). For RPL model estimation we tried 

sequentially several starting values, intermediate optimization solutions, number of 

points for the simulation of random coefficient distributions, and alternative 
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optimization algorithms to reach a final solution. Note that LIMDEP, a more 

standard software for the estimation of RPL models, failed to estimate the more 

complex RPL2 model. Finally, for each estimated model, marginal WTP for the non-

cost choice attributes are computed using the methodology of the previous section. 

The covariates we used to specify the indirect utility function (3) are defined in 

section 2.1.1. 

The variable selection procedure suggests a final model specification without 

attribute-attribute interactions. Testing all alternative combinations of independent 

normal and log-normal distributions for the random coefficients, and employing the 

minimum AIC as the selection rule, we reached the conclusion that for both models - 

with (RPL1) and without ISVs (RPL2) - the data support log-normally distributed 

main effects for the COST attribute, normally distributed main effects for the EMP 

attribute, and fixed main effects for the BIO, SALT and NIT attributes. That is, 

unobserved preference heterogeneity in the target population is empirically supported 

for both employment and cost, but not for the biodiversity, saline soils and nitrate use 

reduction attributes. The results show that any heterogeneity in preferences for the 

BIO, SALT, and NIT attributes is fully captured by the modeled covariates. 

McFadden’s R2
 ranges from 0.27 for the FPL1 model to 0.43 for the RPL2 

model, indicating good model fit for the choice models employed. Likelihood ratio 

(LR) tests are clearly in favor of the more complex RPL model specifications. 

Overall, the more complex RPL2 model is statistically superior as it achieves 

significantly better values of both the likelihood function and the AIC. Note also that 

the estimated standard errors of the random coefficients are statistically significant, 

justifying the conclusion of random unobserved preferences for the EMP and COST 

attributes. Estimation results for the RPL2 model are shown in Table 3. 

In all four models, the estimated main effects of the attributes are statistically 

significant and have the correct signs; Biodiversity protection (BIO), decrease of 

saline lands coverage (SALT), reduced usage of agro-chemicals (NIT), and 

employment in eco-friendly activities (EMP), are positively related to the probability 

of selecting a choice scenario with ecosystem improvements. Also, in the main 
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effects models (FPL1 and RPL1), after appropriate measurement scale adjustments 

that allow for direct comparisons, the estimated attribute coefficients have the 

ordering 
EMP BIO NIT SALTb b b b> > > . This indicates a higher average preference level 

for the EMP attribute, followed in turn by the BIO, NIT and SALT attributes. 

Consequently, mean WTP for an attribute’s level change follows the same ordering; 

it is highest on average for a level change in the EMP attribute, than for a level 

change in BIO, NIT and SALT attributes. This preference ordering persists in the 

FPL2 and RPL2 specifications. The cost coefficient is consistently negative in all 

estimated models. 

3.1. Welfare estimates

Table 4 presents estimates from each model of the average WTP for the four 

investigated attributes (measured in the original scale shown in Table 1), using 

equation (6), and the corresponding 95% confidence intervals. The latter are derived 

in two ways, (a) under the MVN assumption for the joint distribution of estimated 

parameters, and (b) non-parametrically using empirical bootstrap estimates from 

1000 bootstrap samples1. 

For each model, WTP estimates based on the MVN assumption and non-

parametric bootstrap estimates do not differ significantly. Point estimates range from 

4.80 to 8.42€ per protection level change for the BIO attribute, from 0.79 to 

1.07€/1000 acres for the SALT attribute, from 0.33 to 0.44€ per 1% change for NIT, 

and from 0.36 to 0.56€/employee for the EMP attribute. From the best fitting RPL2 

model, the average marginal WTP for BIO is estimated at about 7€ per level change,

1.07€/1000 acres for SALT, 0.33€ per 1% change for NIT, while for the EMP

attribute at about 0.36€/employee. Figure 1 depicts the distribution of estimated 

individual WTP for each one of the four attributes from the best fitting RPL2 model,

together with projections of their bivariate joint distributions. The correlations 

between them range from 0.25 (for the pair BIO-NIT) to 0.62 (for the pair SALT-

NIT). These positive and statistically significant (p-value < 0.001 for all six pairs)

correlations between valuations for the four attributes are due to the common effects 

of individual characteristics. 

                                                           
1 For the RPL2 model the number of bootstrap samples was reduced to 500 due to the 

computational effort 
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4. Effects of ISVs on welfare estimates 

The marginal effects of ISVs’ on the WTP for the four attributes, while 

controlling for the effects of other variables, are computed using the estimation 

results for the best fitting RPL2 model and the methodology of section 2 (eq. 7). 

Each variable’s effect is evaluated at the mean values of the other covariates. The 

accompanying 95% confidence intervals for the average marginal ISV effects are 

based on the asymptotic MVN assumption for the ML parameter estimates. Table 5 

presents the results.  

Figures 2a-d show (a) the estimated average (i.e. evaluated at the mean values of 

other covariates and random coefficients) effects, of each quantitative ISV, together 

with (b) a smooth local regression fit of each quantitative ISV on the estimated 
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individual-level WTP values from model RPL22. Due to space limitations, we restrict 

the discussion to some selected main results. 

                                                           
2 Results from model FPL2 are qualitatively the same. 
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4.1 Perceptions of ecosystem services importance  

Perceived importance scores for ecosystem services have a variety of linear and 

non-linear effects on individuals’ economic valuations of the four attributes; For 

provisioning services (SCPR), WTP for the BIO attribute increases linearly from 3.4

(score = 0) to 8.4€ (score=6). The average derivative is 0.84€/scale unit. SCPR has 

also statistically significant linear effects on the WTP for the NIT and EMP 

attributes, though of small magnitudes. For cultural services (SCCU), WTP for the 

EMP attribute increases almost linearly from 0.29 (score = 0) to 0.53€ (score=6), 

with an average derivative of 0.01€/scale unit. SCCU does not appear to affect 

significantly WTP for the other three attributes. For regulating services (SCRE), 

WTP for the BIO attribute initially decreases fast from 26.3 (score = 0) to 6.5€

(score=4), and then increases slightly to 8.3€ (score=6). The average derivative is -

4.1€/scale unit. We did not detect significant effects of SCCU to the WTP for the 

other three attributes. 

4.2 Socio-demographic variables 

Income has a non-linear effect on WTP for all four attributes. For biodiversity 

protection improvements, WTP increases in an almost quadratic manner from about 

5.6€ for low income values (2500€/year) to a maximum of 18.7€ per level change for 

the highest income values (32500€/year). The average WTP derivative is 1.8€ per 

5000€ of income. For reductions of saline soils coverage (SALT), expected WTP 

appears to be a piecewise linearly increasing function of income, with a positive and 

statistically significant average derivative value of 0.09€. WTP increases from 0.7 €

for the lowest incomes to 1.3€ for the highest ones. Also, income has a significant 

positive quadratic effect on the WTP for the transfer of labor to eco-friendly 

activities (EMP). The average derivative is 0.11€. 

Age has a non-linear negative effect on the WTP for biodiversity improvements 

(BIO). Average rate of WTP change for BIO with age is -3.1€ per age band 

(approximately 10 years wide). WTP for SALT is linearly increasing with age 

(average derivative 0.12€), while WTP for EMP is linearly decreasing (average 

derivative -0.02€). Age does not appear to affect WTP for NIT, when controlling for 

the effects of other covariates.  
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Household size (HHSIZE) is positively related with the WTP for the SALT 

attribute. The average derivative value is 0.16€/person. HHSIZE has an overall 

negative non-linear relationship with the WTP for the BIO attribute; WTP remains 

almost constant at about 8€ for small to medium sized families (1 to 3 persons) and 

then reduces fast to zero for the largest families in our sample. Education level has a 

statistically significant and sizeable positive non-linear relationship with WTP for 

saline soils reduction (average derivative is 0.25€ per attainment level). It is worth 

noting that female respondents tend to systematically be willing to pay less for all 

four attributes than male respondents. Participants to environmental groups exhibit a 

similar pattern of reduced WTP for all attributes studied, as compared to other 

population members. 

5. Concluding comments 

We conducted a choice experiment to value four key attributes associated with 

ecosystem health in the Evros Delta protected area. Choice models were used to 

obtain monetary estimates for the preferences of residents about ecosystem-

preserving human activities, biotope protection, and interventions that reduce soil 

salinity and concentration of agro-chemicals, and their relationship to agents’ 

characteristics. Methodologically, we derived non-trivial equations for the estimation 

of individual characteristics’ marginal effects on welfare valuations (results of 

section 2.4). These valuations were found to be strongly related to individuals’ 

demographics and perceptions of ecosystem services’ importance. Our empirical 

results may well inform decision makers towards designing and targeting efficient 

economic policies for improving the management of protected areas in river deltas at

the Mediterranean coast. 
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Abstract. Agriculture is the largest user of water on the planet with a 70% of 

all freshwater withdrawals. Today the growing scarcity and competition for 

water among agricultural, industrial, commercial and residential sectors are 

pushing the water managers to allocate water more efficiently. In this scenario 

the use of methodologies and tools for better monitor and schedule the irrigation 

water for the agricultural sector are becoming relevant in the decision making 

process. In this paper two tools for calculating the crop irrigation requirements 

are proposed. The tools determinates, based on the complex relationships of the 

system soil-plant-atmosphere, the quantities and timing of water to be granted to 

meet the crops needs. The tools, developed by the Italian Institute for 

Agricultural Economics, are called Bilancio and MARSALa. Bilancio was 

realized for estimating the irrigation needs at parcel level for the Reclamation 

and Irrigation Consortia located in Southern Italy. MARSALa was developed for 

the estimation of the irrigation water consumption at farm level for the whole 

Italian farm universe by using, as a key source of information, the 2010 Italian 

Agriculture Census. 

 

Keywords irrigation; crop water requirement, water management. 

1  Introduction 

The use of water for food production is the largest market share among all other 

uses and its demand is continuously increasing with population growth. Agriculture 

is the largest consumer of water on the planet with about 70% of all water 

withdrawals and in the EU as whole, 24% of abstracted water is used in agriculture 

and in particular in some regions of southern Europe agriculture water consumption 

rises to more than 80% of the total national abstraction (EEA Report No 2/2009). 

Over the last two decades agricultural water use has increased driven both by the fact 

that farmers have seldom had to pay for the real cost of the water and for the 

Common Agricultural Policy (CAP), having often provided subsides to produce 

water-intensive crops with low-efficiency techniques. As for the majority of the 

Mediterranean countries, irrigation represents for Italy one of the most relevant 

pressures on the environment in terms of use of water due to the occurrence of hot 

and dry season causing increased water demand to maintain the optimal growing 

conditions for some valuable crops species. Future scenarios are expected to be 

worse due to climate change that might intensify problems of water scarcity and 

irrigation requirements in the Mediterranean region (IPCC 2007, Goubanova and Li 

2006, Rodriguez Diaz et al. 2007). Accurately estimating the irrigation demands (as

______________________________
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well as those of the other water uses) is therefore a key requirement for more precise 

water management (Maton et al. 2005) and a large scale overview on European water 

use can contribute to developing suitable policies and management strategies. So far, 

the main policy objectives in relation to water use and water stress at EU level, set 

out in the 6th Environment Action Programme (EAP) (1600/2002/EC) and the Water 

Framework Directive (WFD, 2000/60/EC), aim at ensuring a sustainable use of water 

resources. In the last decade scientific research has carried out several studies of 

devising different methodologies and tools for crop water irrigation estimation, based 

on a better assessment of spatial and temporal variability of water exchanges between 

crop and atmosphere through the process of evapotranspiration (ET). Some methods 

are based on direct measurement such as micro-meteorological, used in tree crops or 

high vegetation (i.e. Eddy-covariance, Surface Renewal or Scintillometry methods). 

However, the complexity of instrumentation and procedures for data analysis led to 

the development of simpler methods to be used in operational contexts related to the 

Water Resources management, such as remote sensing techniques and soil water 

balance models. Due to the strong physical relationship between the spectral response of 

cropped surfaces and the corresponding values of evapotranspiration and crop coefficient 

Kc, during recent years different methodologies have been sought to estimate crop 

evapotranspiration from EO optical data (Richter & Vuolo, 2009). In this context two 

different approaches are usually applied. In the first reference evapotranspiration 

(ET0), corresponding to the ET of a non-stressed grassed surface, is multiplied by an 

empirical crop coefficient (Kc) to estimate the potential crop evapotranspiration 

under standard condition (ETp), i.e. in a disease-free environment with adequate 

fertilization and sufficient soil water availability (irrigation applied). The value of Kc 

is retrieved trough a definition of a linear relationship with simple vegetation indices 

i.e. Normalized Difference Vegetation Index NDVI and soil-adjusted vegetation 

index SAVI (Cuesta et al., 2005; D’Urso & Calera, 2006). The second procedure is 

based on the direct application of the Penman-Monteith equation with canopy 

parameters (such as Leaf Area Index, Albedo, and crop height) estimated from 

satellite imagery (D’Urso, 2001), in analogy to the direct calculation proposed by 

F.A.O (Allen et al., 1998). Soil water balance models covering in detail the processes 

of water transport in the soil-plant-atmosphere, are widely used on the evaluations of 

the irrigation water volumes.  

In this paper two examples of tool developed in Italy for crop water irrigation 

assessment are presented. The first one, called Bilancio, was conceived as a tool to be 

provided to Land Reclamation and Irrigation Consortia to assess the temporal and 

spatial variability of irrigation requirements at district scale by filling in the 

hydrological balance in the soil-plant-atmosphere. The second, called MARSALa, is a 

multi-model tool developed to compute an estimation of the irrigation water 

consumption of the whole Italian farm universe by using as key source of 

information the Sixth General Agricultural Census 2010. Since both Models are 

based on the soil water balance computation, in the next chapter will given a brief 

description on the state of the art in this sector. 
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2  Materials and methods 

The water balance of a volume of soil affected by plants’ roots is usually derived 

from the law of continuity whereas changes in the amount of water present in the 

volume are dependent on water flows at the boundary of the domain. 

It usually refers to the following equations: 

 !  !cse TEDUIPW ""#""$%  (1) 

which allows to calculate the change in the volume of water stored in soil in a 

fixed time interval, as the difference between the amount of water entering the 

system and that going out at the same time interval. The increase of water in the 

system is related to the effective rainfall (Pe), the irrigation water volume (I), which 

seeps through the soil surface and the contribution due to the rising water from 

underground water (U), the negative terms of the budget instead are represented by 

percolation to the underground movement (D), evaporation (Es) from the soil surface 

and transpiration (Tc) from the crop, which usually added up to define real 

evapotranspiration (ET) of the cultivated area (ET = Es + Tc). There are many 

models in literature that can be used to the water management (FAO, 1994.b) and 

which can be classified into two types: models that use a static schematization of the 

system (Smith, 1992), models based on numerical solution of the equations of motion 

of the water in the soil-plant-atmosphere (Belmans et al., 1983; Santini, 1992). In 

models of the first type, called static, the soil is generally seen as a reservoir, whose 

capacity depends on the depth of the root system and parameters related to 

characteristics of the soil profile and water volumes are set to filling up the reservoir-

soil field capacity. The static models, for their simplicity, are widely used in 

irrigation practices, but to obtain quantitative estimates require empirical correction 

parameters to be determined from time in time with reference to specific local 

conditions. The second  type of model, called dynamic, describe the continuous 

system in which water, under its energetic state, moves into the soil, in part goes to 

the roots, through the tissues and the vascular system of plants, reaches the leaves, 

evaporates and diffuses through the stomata into the atmosphere. These models refer 

to global parameters that take on the radical drawing and widespread throughout the 

area explored by the roots and water flow extracted from the roots, which varies 

continuously from point to point, is related not only to the characteristics of plants 

but also the local values of water content in the soil and transpiration demand. 

2.1 Bilancio: a GIS-based tool for crop water irrigation estimation at parcel 

level 

Bilancio has been developed within the Multiregional Objective 1 Programmes, 

founded by the EU, “Technical Assistance to Southern Italy Land Reclamation and 

Irrigation Consortia” in collaboration with the University of Naples Federico II. The 

structure of the model is schematically represented by three components: (I) the core 

of the system is represented by the agrohydrological model Soil Water Atmosphere 

Plant (SWAP), (Dam et al., 1997), developed at the Wageningen Agricultural 

University (Netherlands). The source code of the model is free available, and has 

been adapted to the soil and agrohydrological condition of the Southern Italy 

irrigated areas; (II) the Geographic Information System (GIS), which allows to 
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provide georeferenced information to run the SWAP calculation and to display 

information output, trough the graphical interface; (III) the database containing the 

parameters of the soil, crop and climate. In this model, the irrigation district is 

divided into elementary parcel, homogeneous in terms of climate, crop and soil 

(minimum set of required data to the user, throughout access the archives of internal 

software procedure for the generation of input parameters of the model), and defined 

as tertiary unit (located at the end of the distribution network, Fig. 1) where the water 

balance is calculated.  

Each parcel contains an unique ID with the link to the soil, crop, and 

meteorological database. 

Crop database - It contains the parameter related with the crop growth (Kc, Leaf Area 

Index, root depth and tolerance to water stress).  

Soil database - The minimum data set required regards the physical and chemical 

properties of each horizons (texture, density bulk and organic matter) and hydrologic 

properties (hydraulic conductivity and water retention capacity). If the latter aren’t 

available they can be estimated using a procedure implemented in the model which 

use the HYPRES pedotransfer functions (Wosten, 1998), these were developed from 

a database of thousands of soils on a European scale, including the flood plain soils 

typical of southern Italy. 

Agro-meteorological database - The data required are: reference evapotranspiration 

(ET0) and rainfall (P), they can be provided directly from local Agro-meteorological 

Services or computed inside the model by the Hargreaves-Samani formula, if only 

temperature data are available, or by the Penman-Monteith equation if the database 

contains all the required parameters. 
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Figura 1 - Schematic representation of the water transport system in a irrigation 

network. 

 

Figure 2 - General schema of geospatial operations to build the tertiary unit. 

Tertiary units have been built through geospatial operation, as shown in Fig. 2. 

The temporal variation of soil water content ),( tz& [cm3(water) cm-3(soil)], in a 

given time interval t, of each tertiary unit, at given depth (z) is described by means of 

the following differential equation (Hillel, 1998: Feddes et al., 1988, Santini, 1992) , 

which are the basic relationship of the SWAP model: 
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Where   is the soil water content, K(h) (cm day-1) is the unsaturated hydraulic 

conductivity, h is the soil water pressure head (cm), z the vertical coordinate (positive 

upward) and S is the water uptake by roots per unit of soil per time [cm3(water) cm-

3(soil) day-1]. 
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Root water uptake S, according to the model proposed by Feddes et al. (1998), can 

be described as function of h: 

   

r

p

z

T
hhSS )()( 4$$     (3) 

with zr (cm) being the thickness of the root zone, Tp (mm) the potential transpiration, 

and 4(h) a semi empirical function of pressure head h. As shown in Fig. 3 the shape 

of the function 4(h) depends on four critical value of h, related to the crop type and 

to the potential transpiration rates. 

 

 

Figure 3. – Root water uptake function 4 h): h3 has two different value respectively for high 

(h3h) and low (h3l) potential transpiration rate. 

The parameters h1 and h2 depend mainly on the soil type, while the values of h3 

and h4 are the tolerance to water stress of crops of interest. For values of soil water 

pressure head greater than h3h or h3l there aren’t limitation in the root water uptake, 

since water availability is optimal, and the plant can then transpire according to the 

demands of the atmosphere. The two values are variable as a function of potential 

evapotranspiration, the first refers to the potential evapotranspiration flow of 5 mm / 

day, while the second is valid when the daily potential evapotranspiration takes 

values around 1 mm. When the water pressure head in the area of soil explored by 

the roots exceeds these values and stands in an intermediate zone between h3x and h4, 

the root uptake is reduced linearly beginning zero for values greater than or equal to 

h4. In this range of water pressure head crop is under water stress, which is 

manifested by a decrease in transpiration flows and a consequent reduction in yields. 

For values of water potential which goes beyond h4 roots are not able to extract water 

from the soil, conditions related to the concept of the "wilting point". 

From the simulation of the daily water balance in each parcel the vertical profiles 

of water content & (z) and soil water pressure head h (z) are estimated,  and parcels 

where irrigation is needed are identified, and the corresponding volume as a function 

of soil water deficit is calculated. Furthermore is possible, using the GIS tools, to  

map the water evaporation from the soil, the crop transpiration, and actual spatial 

distribution of water demand for irrigation in the whole district.  

The simulation can then be extended to assess the demand for water during the 

irrigation season or during periods of particular interest.  
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Bilancio has been developed in the form of COM libraries for Windows 32-bit as 

an extension of the GIS application Terranova SHARC. The database management 

engine used is jet-MS (DAO3.6) version 2.0 that ensure the compatibility with older 

versions of Windows. The tool has been delivered as standalone application to a 

group of Irrigation and land reclamation consortia located in Southern Italy who 

participated to performance evaluation of the system for a whole irrigation season.  

 

2.2 MARSALa: a multi-model tool based on agricultural census data for irrigation 

water consumption estimation at farm level. 

MARSALa is made up of three integrated models (Fig. 4): Crop Irrigation 

Requirements Model (Model A), Irrigation Efficiency Model (Model B) and 

Irrigation Strategy Model (Model C). The Models use readily available information 

(agricultural census data, administrative statistics, spatial data, etc.) as well as 

information collectable through regular surveys and expert expertise.  

 

 

Figure 4 - Framework of the methodology: typology of required data and models 

relationships. 

Model A simulates the amount of water required by each crop of the farm and the 

relative irrigation dates by computing a daily root zone water balance: 

 
)(Re1 iiiiiii DROETIRZWDRZWD """##$ #  

(4) 

where RZWDi and RZWDi-1 (mm) are the root zone soil water deficit on days i and i-
1, respectively, and Rei (mm), Ii, ETi, ROi and Di (all in mm) are the effective 

rainfall, irrigation, crop evapotranspiration, irrigation runoff and drainage, 

respectively, on day i. 
Generally the root zone is full of water (RZWD=0) when the water content is at 

field capacity, and it is empty when the water content is at the wilting point. Runoff 

of rain water is not directly considered but through the concept of effective rainfall, 

while runoff of irrigation water is set as negligible. Drainage of rain water is 

computed as the excess of the root zone soil water content over field capacity, on the 
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given day of the water balance. Drainage of irrigation water depends on the applied 

water depth in relation to the required depth and the irrigation uniformity, this part is 

treated by Model B.  The root zone water holding capacity (RZWHC) is the depth of 

water (within the root zone) between field capacity and wilting point.  

Effective rainfall as well as reference evapotranspiration (ETo, mm), estimated by 

Penman-Monteith equation, are derived from the agro-meteorological database.  

Crop evapotranspiration (ET, mm) is computed using FAO methodology, based 

on the concepts of crop coefficient and reference evapotranspiration (Doorembos and 

Pruitt, 1977). The crop coefficients are derived using the dual approach (Wright, 

1982) in the form popularized by FAO (Allen et al., 1998). The approach separates 

crop transpiration from soil surface evaporation as follows: 

oescb ET)KKK(ET "$
 

(5) 

where Kcb is the basal crop coefficient, Ke is the soil evaporation coefficient and Ks 

quantifies the reduction in crop transpiration due to soil water deficit.  

The variation of Kcb is typically represented based on the values of Kcb at the 

initial, middle and final stages of the crop growth cycle and the duration of the initial, 

rapid growth, mid season, and late season phases. Ke is obtained by calculating the 

amount of energy available at the soil surface as follows: 

 !cbmaxcre KKKK #$
 

(6) 

where Kr is a dimensionless evaporation reduction coefficient dependent on 

topsoil water depletion (Allen et al., 1998) and Kc max is the maximum value of Kc 

following rainfall or irrigation. The stress coefficient, Ks, is computed based on the 

relative root zone water deficit as: 
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RZWDRZWHC
K

i
s

#
#

$
1     if RZWDi < (1-p)RZWHC 

   (7) 

1$sK     if RZWDi   (1-p)RZWHC    (8) 

where p is the fraction of the RZWHC below which transpiration is reduced. 

Irrigation is triggered in the model when the soil water deficit in the root zone 

reaches the management allowed depletion, which is then computed by Model B and 

C.  

Model B takes into account the irrigation application efficiency and the irrigation 

drainage losses that are related to the irrigation system and the management factors. 

The irrigation system is characterized by its application uniformity, while the 

management factors are considered by a management deficit coefficient. If the deficit 

coefficient is high, a large fraction of the field will not receive the water required to 

maintain full evapotranspiration; contrary, if it is low and the application uniformity 

is low as well, then a significant part of the applied irrigation will be lost as drainage, 

i.e., the application efficiency will be low. By assuming the frequency distribution of 

the applied depth relative to the required depth across the field as a uniform statistical 

distribution, for a given required depth may be identified three areas that represents: 

the water available for crop consumption, the water lost by percolation and the part 

of the root zone receiving any irrigation water.  

Therefore, three irrigation performance indicators may be defined: Irrigation 

Application Efficiency (Ea), Percolation Coefficient (CP) and Deficit Coefficient 

(CD), (Wu, 1988). 
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where a and b are determined by the application uniformity and X is the ratio 

between required and applied depth. The parameters a and b can be derived by using 

the distribution uniformity DU (Warrick, 1983), defined as one minus the ratio 

between the average applied depth in the quarter of the field receiving less water and 

the average applied depth in the whole field. DU, which is characteristic for each 

irrigation system, has been tabulated by analysing experimental researches carried 

out in Spain and Italy and by expert judgment (eg. Irrigation system like Furrow or 

Basin have on average a DU of 70% while Drip/Micro-irrigation have a DU of 90%). 

Ea can be computed by the first equation after deriving X by using the management 

deficit coefficient (CD) provided by Model C. The irrigation drainage losses can be 

expressed as Ii5Ea where Ii is the irrigation computed knowing the required water 

depth estimated by Model A. 

Model C concerns the strategy adopted by the farmer in relation to the degree of 

stress to which the crop will be subjected and it depends on crop type as well as other 

factors such as water availability, distribution system, economic dependence on 

irrigated crops, farmer’s educational level, irrigation equipment, size of the farm, etc. 

Model C consist of a set of rules organized into a decision tree for defining a value of 

the management deficit coefficient (CD) to be used in Model B. The rules are defined 

through the analysis of the farm data collected during the calibration campaign and 

from experts advise. The decision tree allows to assign a value for CD per each crop 

based on a set of information related to farmer irrigation strategy. CD can be greater, 

less or equal to p (the fraction of the total available soil water a crop can extract from 

the root zone, under no water stress conditions). 

Since the tool is expected to be applied for irrigation farm water consumption 

estimation for the all possible Italian farms data identification, quality assessment 

and collection have been the main issue of the methodology development process. In 

fact, the data collection process for the whole country revealed a context where data 

are scattered among several institutions (national, regional and local) and with 

different standards in terms of data quality, data collection, data storage, scale and 

resolution.  

Given the context, data were collected with priority to the standardization at 

national level and the available resolution, in addition both geographical and 

statistical data were reported to the municipal level: the minimum computational 

unit. Only the data acquired by the Census have higher resolution being clearly 

gathered at farm level. Hereafter all the database, the relative information contained 

and the collection procedure are described. 

Agro-meteorological database - The national scenario is characterised by a strong 

anisotropy of the quality and standard of the available dataset, thus we settled for a 

less accurate agro-meteorological database that ensure a complete standardisation 

and full coverage at national level. The chosen database, widely exploited by several 

research projects, contains a complete series of daily values of precipitation and 
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evapotranspiration (ET0, calculated with the Penman-Monteith formula) estimated 

for 544 grid nodes covering the whole Italian territory. The daily values have been 

estimated by kriging techniques over a grid geometry with a regular structure where 

each node is the centroid of a “meteo cell” with a side length of 30 km. The values 

are attributed to each municipality by means of a GIS spatial join function.  

Soil database - Soil data availability in Italy shows the same pattern of the agro-

meteorological data in terms of dispersion among local (regional) and national 

authorities. In order to realize an homogeneous database, to be used at national level 

for the model simulation, we have set off a huge soil data collection activity to make 

an inventory of all the available soil maps and data produced by the various Italian 

regions. The database contains, for all prevalent soil of each municipality, the 

parameters required by Model A: field capacity, wilting point and soil depth that are 

evaluated by a weighted average along the soil profile till a maximum depth of 120 

cm. 

Crop database - The database of crop characteristics is fundamental for crop 

irrigation calculation and it has been built by collecting information all the irrigated 

crops cultivated in Italy. The main parameters requested for each irrigated crop are: 

planting and harvesting date, duration of the growing phases, crop coefficients (Kcb) 

for the initial, development, mature and final stage, crop height, root depth and 

depletion fraction. Data have been collected from experimental projects, literature 

review and FAO-56 book. Since climate in Italy is very different for geographical 

reasons, data are acquired for three macro-areas: North, Central and South Italy. 

Census database 2010 - Agricultural Census data provides the key source to be 

used to feed the three models, official data will be released in 2012 by the Italian 

National Institute of Statistics. The data required by the models are: crops acreages 

and relative irrigation system, crops location (at municipality level), farmer 

educational level, farm technological level and irrigation water supply (e.g. self-

supply by wells/ponds/canals, supply by a public management authority on-

demand/rotation). 

Models A, B and C were tested preliminarily for a single crop through a Ms Excel 

spreadsheet and then integrated and implemented through a software application 

along with a set of routines necessary to extract all the required input data coming 

from the census questionnaire as well as all the other databases. Software 

implementation was realized through a client-server architecture where the client is a 

Ms Windows application written in C# language and devoted to the import, pre-

process and storage the data into a database structure. The server is responsible for 

the databases management by an open-source RDBMS (MySQL version 5.1). The 

connection and communication between the client and server applications is ensured 

by a MySQL connector. The client application is made up of two modules: 

6 Module 1- the component acting as data disaggregator by generating the 

complete irrigated farm land use by using the data coming from a database 

containg the census questionnaire data; 

6 Module 2 – the component dealing with the irrigation water consumption 

estimation. 
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3 Conclusion 

We described two tools developed in Italy to estimate the crop irrigation 

requirement by using the so-called soil water balance models. 

 

Bilancio can be considered an useful tool to support the operational activity of the 

Reclamation and Irrigation Consortia especially in Southern Italy where water must 

be allocated carefully among farmers due to the frequent water shortage phenomena. 

In addition the comparison between the water allocated to farmers and the irrigation 

estimated can be a useful indicator on irrigation efficiency. 

MARSALa can perform estimation at farm level by using the Sixth Italian 

Agricultural Census data that will be released in 2012 and it will provide a detailed 

picture of the irrigation consumption of the whole Italian farm universe. The figures 

that will be produced will be useful to water managers and to support the decision 

making process in the coming years.  

Both tools can provide simulation of the irrigation needs with a level of accuracy 

that depends on the quality and spatial resolution of the input data (crop, soil, and 

agro-meteorological data). Further improvements for both tools can be achieved by a 

better calibration and validation process by considering a wider set of soil, crop and 

climate characteristics as well as different economical and structural farm features. 

 

It is difficult to establish the “cost-benefit” effectiveness of such techniques within 

the contex of actual irrigation systems. The implementation of this tools as a real-

time irrigation system could be considered feasible in areas with high value crops and 

a high price of irrigation water. Presently, however, irrigation water is not yet fully 

considered as an economic good subject to the rules of economic market, even in 

areas with serious water scarcity. Nevertheless, in the future we may expect a turn 

round of this tendency which will increase the attractiveness of tools in the 

management of water resources in irrigated areas (D’Urso, 2001). 
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Abstract. A close relation exist between Forest products industries and water 

cycle. Water as a natural resource is assumed to be a necessary and vital 

element in pulp and paper manufacturing and power generation in the related 

power plants. The objective of the current study is to determine the main 

factors affecting the water consumption in recycled paper manufacturing 

companies using analytical hierarchy process (AHP). Several questionnaires 

and related tables were forwarded to selected recycled paper manufacturing 

companies to evaluate the water reduction criteria in different sectors including 

manufacturing process, final product, raw material, human resources, costs and 

expenditures, environmental regulations and technical modifications.  The 

results were analyzed by Expert Choice 2000 software. The results indicated 

that 'final product" criterion was ranked first following by manufacturing 

process, human resources, costs and expenditures, environmental regulations 

and technical modifications, respectively. Also among alternatives, final 

product, cooling water network, and water storage tanks were categorized in 

the first three priorities. The specified priorities would assist the managers and 

production experts to achieve the optimized water consumption with minimum 

possible cost. 

Keywords: Analytical Hierarchy Process, Water Consumption Reduction, Pulp and 

Paper Industry, Paper Recycling Technology.

1   Introduction 

Paper is a network of fibers and chemicals affecting its properties and quality. 

Large amount of water and energy in form of steam and electricity other than the raw
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materials are essential for paper manufacturing. Therefore, the most important 

environmental concerns in pulp and paper industry are the contaminants emission to 

water and air as well as energy consumption. Moreover, the wastes and residuals 

resulted by production are increasingly affecting the environmental concerns (1). 

There is a close relation between the forest products industry and water cycle as 

shown in figure 1. Water is a vital and essential source in pulp, paper and paperboard 

manufacturing. A major part of water required in the factories is supplied by surface 

water resources such as rivers and lakes and the remaining is fed by water wells with 

the depth ranging from very shallow to more than 1000 meters. 

In Iran, the water consumption standards in industry has not been determined 

correctly and no extensive study has been dedicated to clarification of water 

consumption condition and the water saving potentials in the capital industries (2). 

Fig. 1. Forest Products Industry and Water Cycle (NCASI, 2009) 

Similarly, Iranian pulp and paper industry lacks a definite standard for water 

consumption. Besides, the situation is more severe which is due to the increasing 

grow in the number of small manufacturing plants of recycled paper products 

supplying the packaging industry including test liners and corrugating medium as 

well as a non-existence of supervision in water consumption. On the other hand, in a 

recent study (3), the water consumption in pulp and paper industry in Iran has been 

reported to be above 20 m3/ton (m3 water/ton paper) which is significantly higher 

than the global standards as summarized in table 1. 

Table 1. Water Consumption Standards in Paper and Paperboard Plants (4)
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Water reduction in papermaking companies have attracted many studies and 

research projects (5- 8). By now, different process integration methods including 

linear models, non-liner models, pinch analysis, genetic algorithms, cleaner 

production strategies, benchmarking, water re-use and recovery methods and waste 

water and effluent treatment methods have largely contributed to water reduction in 

industrial plants. Each of the mentioned methods has definite advantages and 

drawbacks but generally, implementation of modification or alternation procedures 

for water reduction in process requires a substantial financial costs and expenditures 

which is the main obstacle in practical application of the methods (9-11). The 

situation in small and medium-size plants with weak management, low technical 

capacity, limited access to technical data and unstable financial situation is more 

unsatisfactory. Therefore, priorities determination and proper strategic decision 

making is of great importance.  

One of the qualified tools in the similar situations is Analytical Hierarchy Process 

(AHP) which has been used in ranking and categorization of many sciences including 

marketing, architecture, energy resources scheduling as well as social and 

economical analysis. AHP is the most popular method in Multiple Criteria Decision 

Making (MCDM) methods which was first introduced by Thomas L. Saaty (12). 

When the AHP logic hierarchical structure is formulated, one should first yield the 

judgment matrices based on pair-wise comparison of all elements in each hierarchy 

with respect to the higher hierarchy according to certain criteria of comparison within 

certain scales. The basic idea of AHP is that the factors in a complex system are 

grouped on different logic levels, forming a chain, or hierarchy, whereby the lower-

level elements can be compared in pair-wise matrices with respect to the higher level, 

and so on, so that finally the composite priorities of all levels are achieved (13-15). 

As described in the foregoing paragraphs, the water consumption in Iran is far 

above the global standards and therefore requires a careful attention. On the other 

hand, the solutions suggested by some of the available techniques and methods 

involve high financial expending which is not fully justifiable for industry. The 

objective of this paper is to apply the Analytic Hierarchy Process (AHP) as a 

decision making tool for selecting the most prior decision for water reduction in Pulp 

and Paper manufacturing companies in Iran enabling them to obtain remarkable 

saving by the most prior approaches. 

2   Methodology 

2-1 Questionnaire and preliminary data collection  
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Based on the similarity in product and manufacturing process, 20 companies 

producing packaging paper and paperboard (Test Liner and Corrugating Medium) 

were selected. The reason for selection of this particular type of manufacturing plants 

was the increasing number and the lack of technical supervision on their operation. In 

the first stage of this research, a preliminary questionnaire was designed asking 

several questions about the manufacturing process, water supply resources of the 

company, water consumption estimates as well as the main locations of this 

consumption and major production costs. This data were used in the company 

selection and design of the hierarchy tree by which 9 companies representative for 

their capacity, water supply source and major water consumers were selected. Table 

2 summarizes the list of selected companies and their response to some of the 

questions. 

Table 2. The selected Companies for Studying Water Reduction Strategies 

2-2 Analytical Hierarchy Process 

Utilization of Analytical Hierarchy Process involves four major levels as 

followings: 
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a) Modeling and the Hierarchy Tree Development 

In this step, the objective and problem of decision making is derived from the 

decisions ' elements which are related to each other. The elements of decision include 

decision making criteria and alternatives. The hierarchy process requires the 

breakdown of a complex decision problem in a logical manner into many small but 

related sub-problems in the form of level of a hierarchy. The top level indicates the 

main objective of the decision making process. The second level comprises the main 

criteria which can be broken into subcriteria in the following levels. The last level 

presents the decision alternatives. Based on the data collected from the companies, 

The Training Resource Package published by United Nations Environment Program 

(16), Technical Guidelines published by European Community (17) and the pre-

assumption of the following white water cycle in the paper machines as figure 2 

shows, the hierarchical tree developed.  

Figure 2. Typical White Water Cycle in Pulp and Paper Companies

The hierarchy tree for determining the water reduction consumption potentials was 

structured into tree levels as figure 3 shows. The effective factors were divided into 

manufacturing process, product, raw material, human resources, costs, environmental 

regulations and technological aspects. Subsequently, the criteria were extended to 

sub-categories (figure 3) from which the comparison tables are derived.  
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Figure 3. The hierarchy tree of the criteria and sub-criteria effective in water consumption 

rates.

b) Developing the questionnaire and pair-wise comparisons

The next step in AHP is data collection. This was done through a systematic series 

of pair-wised comparisons among the specific criteria and sub-criteria. AHP provides 

unique features for criteria weight and subjective evaluations by pair wise 

comparison and the 1-9 ratio scale in Table 3. The pair-wised comparison matrices 

were completed with the aid of 10 experts from industry and academia. The AHP 

then converts these comparisons to criteria weights using a matrix algebra-based 

algorithm while also checking for consistency in the results. 

Table 3. Saaty’s 1-9 scales for pair wise comparison in AHP 

Importance 

intensity

Definition 

1 Equal importance 

3 Moderate importance of one over another 

5 Strong importance of one over another 

7 Very strong importance of one over another 

9 Extreme importance of one over another 

2,4,6,8 Intermediate values 
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C)  Determining the normalized weights 

With the completion of the pair-wised comparisons, mathematical computations 

were conducted. The first step in the evaluation is to normalize each matrix by 

adding the values of each bxy. So a matrix (B) can be normalized: 
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After determining the local weights, the global weights of each criteria and sub-

criteria are calculated. To avoid misdirection analysis affected by interviewees’ 

incompatible judgments, AHP establishes a consistency indicator as the standard 

judgment if the values are incompatible. The questionnaires involved in incompatible 

judgments were normally discussed with their answerers. Only the matrices that 

passed the consistency test were included in the final analysis. 

d) Aggregating the weights and Expert Choice Software  

To prioritize the decision alternatives, the weights of each element were multiplied 

by the weight of prior element to reach to the final weight. The implementation of 

this method for each stage would lead to final weight. The Expert Choice Software 

(http://www.expertchoice.com/) was applied for weight calculations. Expert Choice 

is a multi-attribute decision support software tool based on the analytic hierarchy 

process (AHP) methodology. Expert Choice poses a series of pair-wise comparisons 

of each of the alternatives identified in relation to each of the criteria and objectives. 

Expert Choice's five Sensitivity Graphs enables taking some of the uncertainty out of 

the decision making by quickly and easily testing the results using "what if" 

scenarios. A full range of reports - either printed in hard copy or pasted into other 

Windows applications - can be customized to individual needs for presenting results 

or documenting the decision making process through this software. Reports may 

include the entire decision hierarchy in sideways or tree view, specific segments of 

the hierarchy, details of the synthesis process, or sensitivity analysis. 
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3 Results and Discussion 

As indicated in table 2, except Kahrizak the other companies are categorized in 

small-scale and medium-scale papermaking plants (lower than 5000 and between 

5000 to 15000 tons annual production, respectively). Highlighted in table 2, despite 

the considerable water consumption by papermaking plants, only two companies of 

Namiran and Omid Kaghaz mentioned the cost of water consumption as their major 

production costs while the other 7 companies did not refer to the costs due to water 

utilization from water wells and the industrial complex and pretty likely the water 

consumption reduction is not considered as their challenge.  On the other hand, 

although 6 out of 9 companies in this study stated the existence of water treatment 

plant in their factory, it should be noted that other than exceptions the only available 

technology for water treatment in this sort of companies is Dissolved Air Flotation 

System (DAF) which is responsible for fiber recovery and presents less effects on 

reducing the pollution of the wastewater to the required environmental standards. 

3-1 Water Consumption Reduction Criteria Results 

As shown in figure 4, the "Product" category is the most prominent water 

reduction criteria with a normalized global weight of 0.250 followed by 

manufacturing process, raw material, human resources, costs, environmental 

regulations and technological aspects, respectively. In the Product category, the 

"Type" of the product gained more global weight than the "Quality" of the product.   

Figure 4. The prioritization of the main criteria in water consumption reduction 

As table 2 indicates, the companies in this research manufacture three products of 

Topliner, Corrugating Medium and Testliner ordered from lower quality to higher 

quality. To produce the higher quality products, more complex manufacturing 

process and unit operations and application of new chemicals are indispensible and 

essential. The increase in the number of wastepaper processing stages and chemical 

preparation requires more water consumption implying the result signified by figure 

4. Also, the raw material in all of these companies is mixed wastepaper. Despite, the 

higher quality of Old Corrugated Container (OCC) due to source sorting practices for 

this material compared to other types of wastepaper, OCC contains several process 

contaminants including Pressure Sensitive Adhesives (PSAs), low molecule weight 

extractable polymeric materials like styrene butadiene rubber (SBR), Copolymers, 

Polyvinyl Acetate (PVAc), Polyvinyl Alcohol (PVOH) and etc. (18-19) which 

pollute the process water and limit its re-use. As a rule of thumb, the amount of 

contaminants in raw material directly affects the fresh water utilization in recycled 

paper companies. The technical knowledge of human resources and training would 
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indirectly influence the reduction of water consumption in the factories. The 

knowledge of fiber line potential to decrease water consumption and identification of 

major water consumers in the process and optimization of manufacturing process 

through training of personnel and operators can significantly affect the water 

consumption.  

The environmental regulations and technological aspects were ranked in the 

lowest weighting levels. This result is expected because no water consumption 

standard has been defined yet for papermaking companies in Iran. On the other hand, 

since no wastewater and effluent discharge legislation or permit has been issued for 

recycled paper companies, the environmental regulations do not seem to be an 

effective factor in water consumption reduction in Iranian papermaking companies. 

As figure 5 shows, in the manufacturing process criteria, the process design sub-

criteria is regarded as more prominent than paper machine and in process design sub-

criteria, the tanks and vessels of water storage are weighted more. 

Figure 5. Prioritization of manufacturing process criteria 

Figure 6 indicates that the sub-criterion of Type has more priority than Quality 

sub-criterion in Raw Material criteria. And in the Quality sub-criterion, the 

"Cleanliness" was superior to "Free from Other Impurities". 

Figure 6. Prioritization of Raw Material criteria 

The judgment of the experts about Human Resources criteria implies the priority 

of Technical Knowledge than Training as figure 7 shows. 

Figure 7. Prioritization of Human Resources criteria 

Figure 8 indicates that the Taxes sub-criterion is more prominent than Other 

Expenditures sub-criterion in Costs criteria. 

Figure 8. Prioritization of Costs criteria 

Figure 9 indicates that the Standard Water Consumption Determination sub-

criterion is more prominent than Water Recovery Requirement sub-criterion in 

Environmental Regulations criteria. 
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Figure 9. Prioritization of Environmental Regulations criteria 

Figure 10 indicates that the Modern Technologies in Water Treatment sub-

criterion is more prominent than Water Cycle Modifications sub-criterion in 

Technological Aspects criteria. 

Figure 10. Prioritization of Technological Aspects criteria 

Decision alternatives in the prioritization of 30 criteria effective on Water 

Consumption Reduction Potentials have been summarized in figure 11. 

According to figure 11 and as indicated before, the Type of Product directly 

affects the water consumption. Considering this priority, the selection of final 

product and setting the process variables in a way to optimize the production of the 

selected product would significantly influence the water consumption. The other 

major alternatives affecting the water consumption included cooling and sealing 

water network in the factories.  

Other research projects have confirmed the importance of water cycle network in 

the manufacturing plants (20-21) in which the recovery of the water used in cooling 

and sealing of pumps, vacuum pumps and other equipment has been emphasized. 

Also, they have reported that in the case of water loops separation and use of white 

water from each section in the previous section, the suspended and organic solid 

content would reduce 2 to 4 times. 

The significance of storage tanks and vessels and leaks control in water cycle 

network have been emphasized elsewhere (17, 22) in which storage capacity of 

process water tanks and broke pulp should be adjusted in a way to contain the 

maximum water discharge in the accidental shut downs preventing the overflows and 

leaks.
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Figure 11. Decision alternatives in the prioritization of 30 criteria effective on Water 

Consumption Reduction Potentials 

Despite that wire nozzles, press machine nozzles and steam loss in the dryers were 

placed in the lower levels of decision alternatives in the present research, others (23-

24) have stated the remarkable loss of water in the mentioned sections and some 

practical approaches have been outlined. 

Acknowledgment The authors would like to thank the assistance and 

collaboration of the companies taking part in information and data providing in form 

of the questionnaire and comparison tables. It is hoped that the results of this research 

can lead to a significant improvement in the manufacturing productivity. 

Conclusion 

Recycled paper production companies in Iran consume water far beyond the 

global standards and therefore require a careful attention. On the other hand, the 

solutions suggested by some of the available techniques and methods involve high 

financial expending which is not fully justifiable for the industry. The present project 

applied the Analytic Hierarchy Process (AHP) as a decision making tool for selecting 

the most prior decision for water reduction in Pulp and Paper manufacturing 

companies in Iran to enable them to obtain remarkable saving by the most prior 

approaches. The results indicated that 'final product" criterion was ranked first 

following by manufacturing process, human resources, costs and expenditures, 
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environmental regulations and technical modifications, respectively. Also among 

alternatives, final product, cooling water network, and water storage tanks were 

categorized in the first three priorities. Regarding the results in the present paper, it is 

stated that reaching to optimized water consumption in the factories requires 

significant modifications as well as cooperation and partnership of the manufacturing 

personnel and management of the company. Considering the high costs and 

expenditures related to some alternations and modifications in the manufacturing 

process, the specified priorities in this paper can considerably help the decision 

makers in the companies to have more intended and prioritized decisions in water 

consumption reduction with minimum possible costs. 
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ORTHOLOGICAL MANAGEMENT OF 

HYDROLOGICAL RUNOFF BASINS OF THE 

PREFECTURE OF DRAMA (CURRENT SITUATION 

– PROTECTIVE ACTIONS – PERSPECTIVES) 
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 !"#$%&#'(This paper presents the torrential environment of the torrents 

of the area of the prefecture of Drama. Firstly, the torrents of the area 

and their morphometrical and hydrological characteristics are 

imprinted. At the same time, the torrential environment (potential) is 

specified with the analysis of the basic torrential factors (climate, relief, 

geological base, vegetation). After that takes place the calculation of 

the maximum expected water discharge and sedimentary flow with the 

use of empiric and analytical types. The constructive and operational 

characteristics of the most important hydrological constructions of the 

area are synoptically described. According to these data, the present 

situation is defined, the water potential of the area is evaluated and 

some further solutions are proposed for the best possible utilization of 

the water environment. These data were gathered and digitized in a 

geographical database.  

'
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Water is a valuable and renewable natural resource, the misuse of which may 

lead to deterioration of its quality and reduction of its reserves. From the total 

amount of water of the planet, a very small part is drinkable (potable) water, which 

can be consumed by the man in his activities. From this quantity a 83 - 87 % is 

consumed by agriculture through irrigation and a 10 – 12 % for water supply. 

In addition to the fulfillment of the human needs, an evaluation of the possible 

disasters that can occur by water fluids which derive from mistaken interferences in 

the torrents’ beds is also necessary. From the above we see the importance of proper 

management of the water and the general aquatic environment, which consists not 

only in the proper use of water, but in full knowledge of water resources in the 

region. 

The knowledge of the water resources of the area requires the identification of 

the basic torrential factors (climate, relief, geological base and vegetation) for every
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torrent of the three hydrological runoff basins of the prefecture of Drama and the 

calculation of maximum expected water and sediment discharge of each torrent. This 

data is used in order to determine the effectiveness of the existing constructions and 

also propose possible new ones.  

'

50( $*%(-6(7*"*%$&8(

'
The prefecture of Drama is located on the eastern edge of Macedonia. It belongs 

to the region of Eastern Macedonia - Thrace, occupies an area of 3.468 Km2 and a 

population of 103,975 residents (census 2001). It is bordered by the Nestos River and 

the western Rhodope Mountains to the east, the mountains of Lekani in the 

southeast, the swamps of Philippi in the south, the Aggitis River and mountain 

Menikio in southwest, the Vrondou mountains to the west and the Greek-Bulgarian 

border in the north. The highest elevation occurs at Mount Falakro (2232 m). It 

extends from latitude 23ο 54’ to 25ο 04’and longitude of 40ο 57’ to 41ο 34’. The 

prefecture of Drama is divided administratively into 5 municipalities (used to be 8 

municipalities and 1 community). 

From hydrological point of view, the prefecture of Drama is divided into three 

major hydrological runoff basins: Drama (hydr. bas. 1), Kato Nevrokopi (hydr. bas. 

2) and Nestos (hydr. bas. 3) (Fig. 1). The capital of Drama is almost in the center of 

the respective basin at south of Mount Falakro, just 160 km from Thessaloniki. It is 

built on the ruins of the ancient town of Dyrama or Ydrama from which it is clear 

that its current name originated (Dyrama - Ydrama - Drama), referring, probably, to 

the rich aquatic potential of the area, which characterizes the city of Drama even 

today.The largest basin of Drama (1) consists of agricultural land which is crossed 

by a large number of irrigation canals. Other major settlements in the region (cities, 

towns) are Prosotsani, Kalambaki, Doxato etc. 
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The closed basin of Kato Nevrokopi (2) is surrounded by mountains which limit 

it (Mount Falakro, Vrondou Mountains, Granitis, etc.). The largest settlement is Kato 

Nevrokopi and other major settlements are Volakas (located near the ski resort of 

Mount Falakro), Lefkogeia (with the namesake dam) etc. The whole basin is a 

plateau (minimum altitude of 540 m) with well developed agriculture. 

The hydrological runoff basin of Nestos (3) contains the Greek part of the 

catchment of the Nestos River. The area is dominated by forests and woodlands. 

Major settlements are Paranesti, Temenos, Sidironero, Papades, Potamoi etc. 
 

(
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(

In order to complete this study, were used topographic maps of the GSA 

(Geographical Service of Army) of a scale 1: 50,000, geological maps of IGME 

(Institute of Geological and Mining Researches) and the vegetation map of Drama of 

a scale 1: 200,000 of the Ministry of Agriculture (NSSG – National Statistics Service 

of Greece). Then, the maps were scanned and stored in electronic form. In this 

format they were edited with programs like AutoCAD and ArcGIS, leading to the 

creation of maps and other data. 

The maps contain various levels of information, structured in a personal 

database (Personal Geodatabase), classified as files of the .mxd format, in such a 

way that will give every time the desired result. 

The meteorological and hydrological data used were taken either by the Drama’s 

Office of Land Reclamation or the Laboratory of Mountainous Water Management. 

The necessary calculations were made in order to determine the maximum expected 

water and sediment discharge (Qmax) by using the above data, and the 

morphometric and hydrographic features which derived from the digital processing 

of maps, and identified the torrential types of river basins. 

Finally, the hydrological projects and interventions in the three (3) hydrological 

runoff basins of Drama were recorded. 

Given the torrential environment (potential) of each basin are proposed the 

necessary projects for their rational management. 

'
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From the processing of topographical maps and identification of morphological 

and hydrographical characteristics, came out the following for the three basins of 

Drama. 

In the hydrological basin of Drama (hydr. bas. 1) appear seven (7) torrents with 

the larger, in terms of area of basin, being the Aggitis. The first three (3) streams 

emanating from the Mount Falakro have a very high maximum altitude (2.232 m) 

and maximum torrential altitudes. The average slopes of riverbed and basin vary 

with the highest values appearing in the torrent Monastiraki (10.12% - 35.64%) and 

the smaller in torrents Doxato (3.94% average bed slope) and Kyrion (19.76% 

average basin slope ). The drainage network densities are ranging from 1.51 to 2,75 
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Km/Km2, while the average altitudes do not exceed 860m (Aggitis 855,3m) with the 

exception of Monastiraki (1013,4m). It is obvious that this is an area with torrents 

that have an intense relief but not respectively great average bed and basin slopes. 

The Kato Nevrokopi hydrological basin (hydr. bas. 2) contains three (3) torrents 

with the larger being the Kato Nevrokopi (Mylorema). The maximum altitude 

reaches 2.100m and the minimum 540m. For this reason, and despite the fact that 

they are torrents with high torrential and average altitudes, this area does not have 

very high bed and basin slopes. (Kato Brontous: 36.58% and 6.46%). In addition, the'

density of the drainage network is greater than those of the previous basin, 

approaching in two of the three torrents the 3,0 Km/Km2. 

Finally, the hydrological basin of Nestos River (hydr. bas. 3) contains 53 

torrents with the larger, in terms of area of basin, being the Diavolorema. These are 

torrents of lowland, semi–mountainous and mountainous areas. The average basin 

and bed slopes range, respectively, with maximum basin slope in torrential stream 

Mandra Panteli (57.18%) and the maximum bed slope in torrential stream bed 

Mavrorema II (27.16%). The drainage network densities for most torrents take 

values greater than 3,0 Km/Km
2
 and reaching up to 5,3 Km/Km

2
. 

'
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The torrential environment of the streams of the three hydrological basins is 

determined by four physical torrential factors (Kotoulas 2001) i.e. climate, 

topography, geological base and vegetation. 
'

G<4>%#*'(The meteorological data were obtained from 24 stations that operate or 

have operated in the prefecture of Drama. The nine (9) of them are in the 

hydrological basin of Drama (1), seven (7) in the hydrological basin of Kato 

Nevrokopi (2), eight (8) in the hydrological basin of Nestos River (3) and one (1) is 

in the prefecture of Xanthi, but very close to the limits of the basin 1. The highest 

average annual rainfall in the basin 1 occurred at station Panorama (1044,7 mm) and 

the lowest at station Kalambaki (572,63 mm), in basin 2, the highest value was at the 

station Granitis (978,82 mm) and the lowest at station Lefkogia (696,17 mm), while 

in basin 3, the highest value appeared at station Volakas (881,51 mm) and the lowest 

at station Mesochori (670,66 mm). 

It is interesting to note, however, that from all the stations of the prefecture of 

Drama, the 15 have average annual values of rainfall greater than 700mm. This 

means that the prefecture of Drama receives significant rainfall. 

The average annual rainfall in the entire prefecture of Drama, which is 

739,05mm, is estimated by using the method of Thiessen. The values for the 

individual basins are as follows: Drama 713,91mm, Kato Nevrokopi 766,53mm and 

Nestos 751,26mm. 

'
H*:*#%#4-2(C(I%2.(J"*"'(In the hydrological basin of Drama (1), the 36.7% of the 

area is covered by forests and shrubs. The largest part is covered by deciduous 

broad-leaved trees (except those listed separately) (14.6%), broadleaf evergreen 

shrubs (10%), pure and mixed beech forests (5.3%), and pure and mixed oak forests 

(4.6 %). The hydrological basin of Kato Nevrokopi (2) is occupied by forests and 
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shrubs at 75.5%. In this area, the largest part is occupied by pure and mixed oak 

forests (25.2%), pure and mixed beech forests (10%), evergreen broad-leaved (8.1%) 

and deciduous broadleaf (7.9%). Finally, the hydrological basin of Nestos River (3) 

is mainly covered by forests and shrubs (95.2%) including pure and mixed oak 

forests (51.4%), pure and mixed beech forests (15.2%), pure and mixed forests of 

forest pine (9.6%), evergreen broad-leaved (7.9%). Special mention should be made 

for the rare in Greek area spruce forest (Picea Abies) which in pure form occupies 

0.6% while mixed with forest pine occupies 3.7%. 

Regarding land use, in basin 1 there are many agricultural lands (43.45%) and 

forests (25.95%), while important is the extent of grassland (17.21%). Basin 2 is 

dominated by forests (64.79%), but there are many agricultural lands (21.8%). 

Finally, basin 3 is completely dominated by forests (86.94%), as shown in Table 1: 

'
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The whole of the prefecture of Drama is dominated by forests (60.1%), followed 

by agricultural land (21.9%), shrubs (9.6%) and pastures (7.1%). Thus, basin 1 is 

dominated by agricultural lands (43.45%), forests (25.95%) and pastures (17.21%). 

In basin 2 a large area is occupied by forests (64.79%), agricultural land (21.86%) 

and shrubs (10.75%). Finally, in basin 3, there was almost complete dominance of 

forests (86.94%) and shrubs (8.30%), with small areas of agricultural lands (3.80%). 

'

Y*-<-:4&%<(V3BB-$#'(The different types of rocks are grouped into six (6) torrential 

petrologic formations, according to their vulnerability against the action of 

precipitation, regardless of the type of group to which they belong (sedimentary, 

igneous, metamorphic etc.). These formations are (Kotoulas 2001, Stefanidis 1990): 

S'I4>*"#-2*( K)L( '(*DT' sub-formation with phenomena of increased intensity 

(limestone, dolomite, hornstone) - *UT' sub-formation with phenomena of 

reduced intensity (marble, crystalline limestone) 

S'9<+"&8(6-$>%#4-2(K9L'

S'V&84"#(6-$>%#4-2(KYL'

S'M*-:*2*( K"*.4>*2#%$+L( 6-$>%#4-2( KVL( '(6DT' sub-formation from neogenic, 

lacustrine and terrestrial deposits with torrential phenomena of increased 

intensity (sands, clays, marls, conglomerate, breccia, etc.) - 6UT' $<9S7&">2%#&-'

7"&>'-,&5,-#I0'>&E2$$,'$,.#>,-%$'V#%!'%&"",-%#2E',77,I%$'&7'",.<I,.'#-%,-$#%:)'
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5
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5
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5
( O(

8#>,$%&-,'W\Y' S/RQ/T( APQUP( /5SQT?( 5SQST( 3/M0KQ' /K0OL'

 ":$%2E#I'S'#5-,&<$'W]Y' Q0K3' O0LM' /SRQ/?( ?PQPR( U/[Q/?( ARQ?[(

^,&5,-,'W6Y' /NQ0PN' /K0RO' N/0KP' /Q0/3' NQ0NN' L0KL'

DEE<G#2E'WDY' ATAQST( ?PQ/P( P/0//' /30NP' L0OP' O0K/'

6I!#$%'WZY' P/0LK' M0LP' KP0NK' Q0QL' P5PQUT( ?5Q[[(

'

6@,I#7#I2EE:0' #-' %!,' 92$#-' &7' ?"2>2' W/Y' .&>#-2%,$' %!,' E#>,$%&-,' 7&">2%#&-'
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%!,' ^,$%&$' 92$#-' WKY' %!,' I":$%2E#I' _' #5-,&<$' 7&">2%#&-' WMR)K[Y' @",.&>#-2%,$0'

7&EE&V,.' 9:' %!,' $I!#$%' WK3[Y0' %!,' E#>,$%&-,' W/K[Y' 2-.' %!,' $,.#>,-%2":' 7&">2%#&-'

WL)K[Y)'`,E2%#G,E:0'7&"'2EE'&7'?"2>2'V,'",2E#X,'%!2%'#%'",I,#G,$'$#5-#7#I2-%'"2#-72EE0'%!,'

@",G2#E#-5' @,%"&E&5#I' 7&">2%#&-$' 2",' I":$%2E#I' _' #5-,&<$' 2-.' E#>,$%&-,0' 2-.0'

",52".#-5' %!,' E2-.'<$,$0' #$'.&>#-2%,.'9:'2' E2"5,' 2",2'&7' 7&",$%'2-.'2'@",%%:' $>2EE,"'

@,"I,-%25,' &7' 25"#I<E%<"2E' E2-.$)' ;&",&G,"0' 2' "#I!' !:."&5"2@!#I' -,%V&"+' 7E&V$'

%!"&<5!' %!,' @",7,I%<",' &7'?"2>20' V!#I!0' #-' 2..#%#&-' %&' "2#-72EE0' #$' $<@@E#,.' 9:' %!,'

>2-:'$@"#-5$'&7'%!,'2",2)'?,@,-.#-5'&-'%!,'@,"I,-%25,'%!2%',2I!'%&"",-%#2E'@,%"&E&5#I'

7&">2%#&-'&II<@#,$'&-'%!,'92$#-$'&7'%!,'%&"",-%$'2-.'%!,'%&"",-%#2E'$@2I,'#-'V!#I!'%!,'
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/0[P( ;2+":@E25#' /3R)3N' 3O)RR' ?05T( ?"&$&",>2' LN)MR' R)QL'
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?0/[( 4,%"&",>2%&$' /3N)NQ' ML)OO' ?0A5( ^,$%&a&"#&<' 3N)MM' P)RP'
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V,2E%!)';2-:'%!#-5$0'!&V,G,"0'I2-'9,'.&-,'#-'%!#$'.#",I%#&-)'H!,'I2G,'2%'%!,'$@"#-5'
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$!&"%25,'&7'V2%,"'7&"'#""#52%#&-)'
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Abstract. Approximately 15 percent of Sweden’s land area is covered by peat 
( 30 cm deep). In drained peatlands, decomposition of the peat produces 
greenhouse gases such as CO2 and N2O. Electric conductivity, measured with 
the instrument EM38, can be used to assess spatial variation in soil properties. 
To easier decide the quantity of the CO2-emissions from a peatland the 
possible relation between electric conductivity and CO2-emissions, water 
content, peat depth and soil temperature is investigated. The test site is located 
at Bälinge mossar, approximately 20 kilometers north of Uppsala. On the peat 
field 40 test points are marked where the measurements take place. The results 
of the investigation show that the only correlation that exists is the one 
between electric conductivity and water content.  

Keywords: EM38, spatial variation, peat, CO2 emission. 

1   Introduction 

 
In their natural state peatlands are accumulating organic matter, which means that 
they bind large quantities of carbon, about 5 and 50 g C / m 2 / year. The drainage 
and cultivation of peat soils increase the aeration of the soil, which in turn results in 
faster brake down of the organic material than if the land is left untouched. The 
degradation of the organic material release greenhouse gases such as CO2, N2O and 
CH 4 (Kasimir-Klemedtsson et al., 1997). CO2 emissions dominate at high oxygen 
levels, while CH4 is mainly released under anaerobic conditions. The organic soils 
(8% of all cultivated land in Sweden) are the dominant greenhouse gas emitters from 
arable land in Sweden. Greenhouse gas losses from these soils contribute as much as 
10% (Eriksson, 1991) of the total anthropogenic emissions (in which fossil fuels 
accounts for most) and greatly affect the agricultural sector's contribution of 
greenhouse gases.  Greenhouse gas measurements from cultivated land are often 
done on few points per field, or by integrating over a larger area with eddy
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covariance methods (Campbell et al., 2004), which gives a large uncertainty in the 
estimation of gas emissions. A lysimeter study conducted 2002-2005 showed large 
variations in CO2 emissions between different places, peat type and drainage depth 
(Berglund et al., 2010), while field trials during the same period showed a very large 
spatial variation within the same field. This may be due to the fact that organic soils 
have very large spatial variations in physical and chemical properties, often larger 
than on mineral soils. One way to obtain information about this variation is by 
measuring the electrical conductivity of soil with an EM38 (Geonics Ltd., 
Mississauga, Ontario, Canada), which is sensitive to differences in the amount of 
organic matter and water holding capacity (Delin and Berglund, 2005). Another way 
to estimate the moisture content variation is to measure the natural gamma radiation 
from 40K, which is released from rock / mineral soil and blocked by water. Peat soils 
often contains large amounts of water thus providing no or very low reaction at the 
gamma-ray spectrometer measurements (Ek et al. , 1992). From these variations we 
identified sub-regions with similar conditions. Within these more homogeneous 
zones CO 2 emissions are measured and a number of soil properties such as moisture 
content, bulk density, soil temperature, loss on ignition and pH. In this pilot study, 
the aim is to find better methods for measuring greenhouse gas emissions from 
cultivated organic soils. 

 
CO2 emissions from cultivated peat soils exhibit a large spatial variation, which gives 
uncertain estimates of greenhouse gas emissions. 
Hypotheses: 

 CO2 emission varies with soil properties 
 The spatial variability of soil properties in a cultivated peat soil can be 

identified by measuring the electrical conductivity or gamma radiation 
 By correlating the CO2 emission with different soil characteristics, a better 

estimate of gas emissions from cultivated peat soils can be made. 
 

2   Materials and methods 

The field site was a fen peat soil with a peat depth of about 1 meter. Soil from the 
field has previously been used in greenhouse gas measurements in lysimeters in 
EUROPEAT, a European project which ran between 2002 and 2006 (Berglund et al., 
2010). EM38 is an instrument that measures soil electrical conductivity (Söderström, 
2004). The instrument is drawn after a 4-wheeler while the position is measured with 
DGPS (position accuracy <2 m) and data from the EM38 and GPS recorded 
continuously. EM38 creates an electromagnetic field that gives rise to a secondary 
magnetic field that is recorded and the relationship between the magnetic field and 
the EM38 value is a function of conductivity. Depending on whether the instrument 
is angled horizontally or vertically, the conductivity is mainly measured on the soil 
surface, 0-50 cm in the latter case or 0-100 cm with a maximum response of about 40 
cm depth (Sudduth et al., 2001) in the former case. In this experiment, we measured 
the conductivity with both methods. The conductivity is influenced by organic matter 
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content and soil moisture, so variation in the conductivity shows the variations in 
these properties, which in turn could affect the CO2 emission. CO2 emission was 
measured by circulating the atmosphere from a 28 cm high dark chamber placed on 
the ground, through a carbon dioxide analyzer (Vaisala GMP343) for 3 minutes to 
measure the CO2 concentration increase (Fig. 1). The water content was measured 
both gravimetrically (0-10 and 30-40 cm) with defined volume samples and also with 
a Profile Probe (Delta-T Devices Ltd.), which measures the dielectric constant at 
depths 10, 20, 30 and 40 cm. 
 

 

Fig. 1. Chamber and Vaisala GMP 343 for CO2 measurements 

During measurements in the spring of 2009 we also used a "mole" (The Soil 
Company - www.soilcompany.com ), which measures gamma radiation 
from 40K, 238U, 232Th, and 137Cs (Söderstrom et al., 2008). 

3   Results 

The measurements were carried out October 21, 2008 and 14 May 2009 in order to 
compare the variation at different seasons and moisture contents. 

Autumn 2008 

Conductivity measurements with the EM38 give approximately a value every 2.5 
meters in the direction of travel and the distance between the rows was about five 
meters. In the field a total of 3448 points was measured. Fig. 2 shows all data points 
from the EM38 run. The reason to run a few zig-zag turns is to be able to ensure that 
the EM38 value is stable during the entire run. 
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Fig. 2. All data points at EM38 driving at Örke 21 October 2008. 

To obtain values for the entire field the values were interpolated with kriging (Oliver 
et al., 1989). Fig. 3 compares the top soil values (0-50 cm) with the deeper (0-100 
cm) layers. The values for the deeper measurement show the same pattern as the top 
soil, but with higher absolute values. 
In the autumn survey the soil dielectric properties were also measured (a form of 
moisture measurement) with a Profile Probe from Delta-T.  
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Fig. 3. Interpolated values from the top layer (shallow, 0-50 cm deep) and the deep layer 
(deep, 0-100 cm depth). EM38 measurements at Örke 21/10/2008. 

We made two transects across the fields and in Fig. 4 the Profile Probe value (mv) 
and EM38 value from the deeper run is shown. Although both EM38 value and 
Profile Probe value is a measure of water content, the relationship was not entirely 
clear, with relatively low R2 values. The deeper EM38 measurements (0-100 cm) 
gave the best agreement with Profile Probe measurements (Fig. 5). 
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Fig. 4. EM38 measurement 0-100cm (filled contours) and Profile Probe measurement at 30 cm 
depth (Blue circles).  

Profile Probe (mv) 
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Fig. 5. Surface (0-50 cm) and deep (0-100 cm) EM38 measurements compared to the Profile 
Probe value at depths 10, 20, 30 and 40 cm. 
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Spring 2009 

In the spring (14/05/2009) we conducted a more detailed study in which an EM38 
survey was supplemented with gamma-ray measurements with a mole (Fig. 6). The 
correlation table (Table 1) shows that the EM38 values show a similar variation both 
between depth and between autumn and spring but there is no correlation between 
the different gamma ray measurements. At the same time as the EM38 measurements 
was done we also carried out a field survey of 40 points in which CO2 emissions, 
water content (gravimetrically), moisture (ProfileProbe), C, N, pH, peat depth (19 
points) was measured.  

 
 

 

  

Fig. 6. Gamma radiation maps from 40K, 137Cs, 232Th and 238U. 
 

We only found a correlation between C and N and between water levels. Fig. 7 
shows the CO2 emission from the 40 sampling points. There is considerable variation 
in gas emission between the points, from 521 mg CO2 m

-2 h-1 to 6638 mg CO2 m
-2 h-

1. We found no correlation between gas emission and any of the other parameters we 
measured. The field was divided into eight conductivity zones (EM38) to obtain a 
better correlation between conductivity and water content measured with the Profile 
Probe. When excluding two outliers the relationship between EM38-value and 

137Cs 40K 

232Th 238U 
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Profile Probe-value of 20 cm depth was much better (R2 = 0.89), but there was still 
no relationship between the EM38-value and the CO2 emission or peat depth.  
Table 1. Correlation between the deep EM38 measurement 2008 (08EM38 100), the 
Toplayer 2008 (08EM3850), Toplayer 2009 (09EM3850) and gamma radiation from 
potassium (K40), thorium (Th232), uranium (U238) and cesium (Cs137) 

 
Layer 08EM38  

100 
08EM38  
50 

09EM38  
50 

K40 Th232 U238 Cs137 

08EM38 100 1 0.95 0.87 0.04 -0.01 0.10 0.10 
08EM38 50  1 0.91 -0.05 -0.05 0.12 0.05 
09EM38 50   1 -0.05 -0.08 0.21 -0.09 
K40    1 0.26 -0.16 0.41 
Th232     1 -0.37 0.09 
U238      1 -0.28 
Cs137       1 
 

Fig. 7. Map of the field at Örke showing EM38 values as background colors and CO2 emission 
from the 40 points as circles. 
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4   Conclusions 

The maps from the EM38 runs show that there is a consistent variation of the 
conductivity between depths and between seasons. There is some correlation between 
EM38 values and water content measured with Profile Probe, but otherwise there was 
no correlation between the different parameters (EM38, CO 2 emissions, pH, peat 
depth, !-rays, C, N, and bulk density). It must therefore be one factor that we have 
not measured that affect the variation shown by the EM38 map. As in previous 
studies, we can see that the CO2 emissions show a large spatial variation, but we 
could in this pilot not find a correlation with the parameters we measured.  
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Abstract. Recently, the internet has become a major means in electronic 

commerce (e-commerce), as it offers various advantages and benefits. E-

commerce is not only the internet and websites. It is about a new business 

concept that incorporates all previous business management and economic 

concepts. This modern information technology tool is based on databases. A 

Database Management System (DBMS) is the collection of data, which 

contains information about the entire enterprise in various levels and allows 

data to be effectively stored, retrieved and manipulated. DBMSs have more 

recently emerged as a fairly standard part of any company back office. Sales 

and marketing would be impossible without good database systems. In this 

paper, a such type of application, ECDBWood, is developed using Microsoft 

Access and it is implemented in a small medium size enterprise (SME) in 

wood sector in Greece. The findings of this study reveal the utility of 

ECDBWood and how it simplifies the processes in all the sectors of the 

company. 

Keywords: ECDBWood, database, e-commerce, SME, wood. 

 

1 Introduction 
 

The internet is an exceptionally dynamic environment which continually evolves. 

(Andreopoulou et al., 2009). Traditional manufacturing and service environments 

have been transformed into more physically distributed enterprise environments, 

which include supply chains, electronic commerce (e-commerce) and virtual 

enterprises (Gunasekaran & Ngai, 2007). Thus, the internet has become a major
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resource in modern business and many businesses are creating a web presence (Calitz 

& Scheepers, 2002). E-commerce represents a “highly pervasive innovation that is 

leading to significant changes in the traditional ways of doing business” (Prananto et 

al., 2003). During the last two years there is a rapid increase of e-Commerce 

Applications in Small and Medium Size Enterprises (SMEs) worldwide but also in 

Greece (Kanellopoulos & Moore, 2011). E-commerce adoption seems to be a very 

prospective alternative to the way they do business. These portals can extend their 

reach to potential customers worldwide (Chan & Chung, 2002) through the use of the 

internet as a marketing tool. Enterprises and individuals have lately become familiar 

to do business transactions the way and time they prefer, thus, long-established 

enterprises in all areas of interest are continually searching to enable the provision 

through internet for their products and services (Krueger & Swatman, 2004). 

E-commerce initially consists of the distribution, purchase, sale, marketing and 

servicing of products or services over electronic systems such as the internet and 

other computer networks. The Information Technology (IT) suppliers see it as an 

electronic business application that is aimed at commercial transactions 

(Andreopoulou et al., 2009) and provide a large number of integrated solutions, in 

this market segment (Kanellopoulos & Moore, 2011). E-commerce is not solely the 

Internet, websites or dot com companies. It is about a new business concept that 

incorporates all previous business management and economic concepts. As such, e-

commerce impact on many areas of business and disciplines of business management 

studies. More specifically (St. Xavier’s College, 2010):

- Marketing. Issues of on-line advertising, marketing strategies and consumer 

behavior and cultures such as e-marketing. E-marketing is the practice of utilizing 

all the versatility the Internet offers (Ciarlone, 2007). It is a subset of e-business 

that utilizes electronic medium to perform marketing activities and achieve 

desired marketing objectives for a company. It is set on a strategic level in 

addition to traditional marketing and business strategy (Petrovic, 2010). As the 

specialists of CISCO company have demonstrated, e-marketing is a generic term 

utilized for a wide range of activities-advertising, customer communications, 

branding, fidelity programs, etc. - using the internet. More than the simple 

development of a website, e-marketing focuses on online communications, direct 

dialogue with consumers who thus participate to the creation of new products, 

finding efficient methods to win customers’ fidelity and ease their business-

making process. E-marketing is the sum of activities a company makes with the 

purpose of finding, attracting, winning and retaining customers (Otlacan, 2005). 

- Computer Sciences. Development of different network and computing 

technologies and languages to support e-commerce (ex. Linking front and back 

office legacy systems with the ‘web-based’ technology).

- Finance and Accounting. On-line banking; issues of transaction costs; accounting 

and auditing implications. 

- Economics. The impact of e-commerce on local and global economies; 

understanding the concepts of a digital and knowledge-based economy and how 

this fits into economic theory. 

- Productions and Operations Management. The impact of on-line processing has 

led to reduced cycle times. It makes seconds to deliver digitized products and 

services electronically; similarly the time for processing orders can be reduced by 
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more than 90% from days to minutes. Production systems are integrated with 

finance marketing and other functional systems as well as with business partners 

and customers. 

- Production and Operations Management (Manufacturing). Moving from mass 

production to demand-driven, mass customization customer pull rather than the 

manufacturer push of the past. Web-based Enterprise Resource Planning (ERP) 

can also be used to forward orders directly to designers and production floor 

within seconds, thus cutting production cycle times by up to 50%, especially 

when manufacturing plants, engineers and designers are located in different 

regions. 

- Management Information Systems (MIS). Analysis, design and implementation of 

e-business systems within an organization; issues of integration of front-end and 

back-end systems. The main purpose of MIS is to provide the right information to 

the right people at the right time (Management Hub, 2011). MIS are one of a 

number of different types of information systems that can serve the needs of 

different levels in an organization. For example, information systems might be 

developed to support upper management in planning the company's strategic 

direction or to help manufacturing in controlling a plant's operations. Some of the 

other types of information systems include: transaction processing systems, 

which simply record the routine transactions needed to conduct business, like 

payroll, shipping, or sales orders; and office automation systems, which are 

intended to increase the productivity of office workers and include such systems 

as word processing, electronic mail, and digital filing. Ideally, the various types 

of information systems in an organization are interconnected to allow for 

information sharing (Encyclopedia of Business, 2011). Decentralization is one of 

the biggest advantages; it allows monitoring of operations at low levels and frees 

up resources for departmental managers to devote time to strategic activities. 

Coordination of specialized projects and activities is much better and decision 

makers in the organization are aware of issues and problems in all departments. 

Another advantage of MIS is that it minimizes information overload, which can 

be quite common with conventional businesses in the modern era (Dutta, 2011). 

- Human Resource Management. Issues of on-line recruiting, home working and 

‘intrapreneurs’ working on a project by project basis replacing permanent 

employees. 

- Business Law and Ethics. Issues such as copyright laws, privacy of customer 

information, legality of electronic contracts, etc. 

The benefits of e-commerce can be seen to affect three major stakeholders (St.

Xavier’s College, 2010): organizations, consumers and society. The benefits of e-

commerce to the organizations deal with the international marketplace, the 

operational cost savings, the mass customization, the digitization of 

products/processes and the absence of 24-hour-time constraints. It also enables 

reduced inventories and lowers telecommunications cost. The benefits of e-

commerce to the consumers refer to their ability to shop or conduct other transactions 

24 hours a day, to the fact that there are more choices, to the ability for price 

comparisons and to the improved delivery processes. Finally, e-commerce enables 

more flexible working practices, connects people and facilitates delivery of public 

services.

903



But, there are limitations even to e-commerce. The limitations to the organizations 

deal with: lack of sufficient system security, reliability, standards and communication 

protocols, rapidly evolving and changing technology, under pressure to innovate and 

develop business models, facing increased competition, problems with compatibility 

of older and newer technology. The limitations of e-commerce to the consumers refer 

to: 

- Required computing equipment 

- Required technical knowledge 

- Cost of access to the internet 

- Cost of computing equipment 

- Lack of security and privacy of personal data 

- Electronic processes as replacement to physical contact 

- Lack of trust 

A typical corporation-sized e-commerce system is composed of many front-end 

servers and a back-end database server. The front-end servers include 

web/application servers, image servers, and dynamic cache servers. They interact 

with users through web interface and execute business logic. The back-end database 

server stores business information and processes queries (Fujian et al., 2004). 

DBMS is the collection of data, which contains information about the enterprise in 

various levels (Andreopoulou et al., 2011). DBMS allows data to be effectively 

stored, retrieved and manipulated. The DBMS environment was designed in a 

specific way in order to follow some basic principles. These principles are: 

availability, reliability, scalability, manageability, security and flexible solutions. The 

total approach of data entry in a database has many advantages, such as 

independence structure from other applications, reduction in duplicate record 

creation and data accuracy because of automatic data update (Mc Fadden et al., 

1999). Databases offer access and handling to a vast amount of data, collection of 

relevant data, independent data processing, common view of the database, increase in 

productivity and reduction in delay time (Elmasri & Navathe, 2004). They also help 

the user to a more effective data handling, thanks to an interface environment that is 

designed for database adjustment to the user’s needs and requirements through 

browsing the appropriate buttons until showing the desired results (Pratt & Adamski, 

1991; Post & Kagan, 2001; Elmasri & Navathe, 2004). The essential feature of 

database technology is that it provides an internal representation (model) of the 

external world of interest (Jeffery, 2008). DBMSs also offer multi-processor support, 

support for parallel queries and clustering. The data stored in a DBMS package can 

be accessed by multiple users and by multiple application programs like SQL Server, 

Oracle and Ms-Access.

DBMSs have more recently emerged as a fairly standard part of any company 

back office. Sales and marketing would be impossible without good database systems 

(Lloyd, 2007). 

This paper discusses the use of this modern information technology tool, e-

commerce application which is based on a database named as ECDBWood, and will 

be described how it simplifies the processes in all the sectors of a wood SME in 

Greece. 
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2 Methodology 
 

ECDBWood was entirely developed with Microsoft Access 2007. 

Data collection was made straight from the entrepreneur’s books, the clientele and 

the employee’s archives. The 11 tables that were created are the following:

- Customers. It includes all the personal data of each customer such as name, date 

of birth, address and phone. This table sets the customer ID. 

- Statements. It involves details about the transactions such as the ID of the 

customer that made the order, the product ID, the order month, the number of 

the days of manufacture, the price of the product, the receipt type, the payment 

method (with visa card or deposit money in the bank), the bank account which 

may be used and the payment rates. 

- Materials. In this table, can be found information about the materials that have 

been used, the type of wood and the country of its origin. This table defines the 

material ID. 

- Payment-Delivery. This table indicates not only which orders have been paid 

but also which orders have been delivered. 

- Products. Here, the product ID is set. The type of furniture and its material ID 

are also mentioned. 

- E-mail Addresses. This table shows the customer ID and whether he has an 

email address or not. If he has, it is written. 

- Providers. Which the provider of each material is, is displayed. 

- Staff. This table contains personal details of all the employees, such as their 

names, their addresses, their phones. There are also information about the 

expertise of each one, his months of experience and his monthly salary, too.   

- Photos. This table includes photos of almost all the handmade furniture which 

are accomplished by the customer ID that has made the order. 

- Bank accounts. It indicates the bank accounts of the company and in which 

bank they belong. The bank account ID is also shown. 

- Excise data. It shows to which tax office belongs each customer and his own 

excise number. 

At our convenience, some items have been encoding. Each customer, each 

employee, each product and as well as each material, has its own serial number that 

is displayed as ID. Then, the relationships among the tables were defined. 

Establishing relationships within the relationship view in Microsoft Access is a 

necessary step for a well-rounded and finalized project in order to protect our data 

from orphaned records (Badurina, 2011). Tables are linked so that all information is 

consistent across the entire database. So, we can create queries to display information 

from several tables at once.  

After the creation of the relationships, several queries were made, which meet the 

manager’s needs and help strategic planning and decision support within company. A 

query is a useful tool while accessing data from an already built database, often 

called by means of a form (Andreopoulou and Kokkinakis, 2009). These queries 

have a great number of uses, such as searching for and obtaining data from one or 

more of the existing tables, performing certain actions inside the database or making 

certain calculations, depending on the user’s needs. The user can also create a 
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temporary table where he can operate changes in data, but he cannot perform this 

action for more than one record at a time (Wilson, 2007). The experienced user can 

also have access to the main database window which can also serve as a data 

management interface; hence they can design even more complicated queries, reports 

or forms, to serve potential needs and to support decision making process 
(Andreopoulou and Kokkinakis, 2009). Printable reports from queries were further 

developed, aiming to support managerial tasks.

 

3 Results 
 

Having added all the data in ECDBWood database collected from the SME, the 

11 database tables are full.  

Figure 1 displays indicatively the final table “Materials”.

 
 

Figure 1. Final Table “Materials” 

Figure 2 indicates which tables are linked and which particular fields of them. 

The primary key of each table can be seen, too. For instance, a customer may have 

many orders. The customer's private information is held in a table separate from the 

order information. A relational database setup with referential integrity prohibits the 

deletion of a customer record without first deleting the associated orders. This creates 

data integrity by eliminating orphaned records. 
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Figure 2. Relationships among 11 tables 

Figure 3 introduces the final table with results of the query “How long does it 

take for furniture to manufacture?”

Figure 3. Query “How long does it take for a piece of furniture to manufacture?”

Further queries have been created that cover the needs of the enterprise. The 

Table 1 presents all the e-commerce (queries) tools used in the ECDBWood and the 

functions they accomplish. 
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Table 1. E-commerce tools 

E-commerce tool Function accomplished

1 Employees’ salaries Awareness of the company financial duties to its 

staff

2 Customers that have 

requested Greek wood

Decision for continuation or not of the 

collaboration with Greek providers after demand 

specification of Greek wood

3 Earnings 2010 Knowledge of the statement of the financial 

position

4 Orders that have been placed 

during summer months

Achievement of better staff management during 

summer months

5 Professionals that have not 

requested invoice

Knowledge of the immediate professionals’ cash 

payments

6 Customers that do not live in 

Thessaloniki

Evaluation of the need 

for co-operation with a 

common carrier

7 Customers that have an email 

address 

Easier and more effective type of communication

8 Orders that have been 

delivered

Better delivery scheduling

9 Statements that have been 

paid

Knowledge of the statement of financial position

10 Artificial materials that have 

been used

Acquaintance with the types of artificial materials 

that have been consumed

11 Materials that have been used Acquaintance with the material types that have 

been consumed

12 Days of manufacture of the 

furniture

Providing the right information to the customers 

how many days of manufacture of the furniture

13 Payment method that is used 

more often

Knowledge of customers’ preferences and 

familiarity with internet. As a consequence, he 

will be informed about the absence or not of the 

need for the update of his website and its services

14 Most commonly used bank 

account

Request of bank augmentation services

15 Customers that have chosen 

to pay on rates

Knowledge of the statement of financial position

Taking into account the queries in ECDMWood about the orders, which have 

been delivered, and the statements, which have been paid, the entrepreneur can 

become acquainted with the accomplished statements. In this way, knowing the 

abeyances of the company, he will create a better strategic plan. 

Additionally, having created queries about the 2010 earnings, the statements that 

have been paid, the customers that have chosen to pay on rates and a table that 

contains detailed information about the staff (including monthly salary of each 

employee), the entrepreneur can evaluate accurately the financial situation of its 

entire company. Furthermore, decisions about better staff management respecting the 

summer vacations can be facilitated knowing the number of orders during the 

summer months through a query. Also, the entrepreneur is capable to be familiar with 

the consumption of each staple and as a result with the need of feedback, through the 
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suitable tables and queries. So, he will never again either order big quantity of the 

staple that is not used so often or order smaller quantity of this one that is used more. 

As well, the entrepreneur can be informed immediately about its customers’ 

personal information such as its address, the email address, and the furniture type that 

has ordered. In case there is an email address, the entrepreneur could inform the 

client about either special offers or simple advertisement emails. Using email 

newsletters, stronger relationships will be built with the existing customers. 

ECDMWood also gives the entrepreneur the capacity of enhancing the 

competitiveness of its firm. This decision support system helps the company to 

deliver its products at the right time, to the right place and with the right price. So, it 

is more feasible for the enterprise to survive in the competitive marketplace (Ho et 

al., 2007). Knowing the preferred payment method, the entrepreneur is acquainted of 

the need or not for the update of his website and its services. Last but not least, if a bank 

account is more often used, the bank account owner can ask optimized bank services 

which will benefit himself. 

Finally, it is worthwhile to note that we have added buttons, in the Access main 

window, that run the queries and the fact that a printable report is connected. 

4 Conclusion 

ECDBWood can be an effective tool while designing similar DB tools for a SME 

that aims to initially or further involve itself in the e-commerce activities in the wood 

sector. Therefore, it is pointed out that the SMEs in wood sector in Greece have to 

adjust to the new ‘information era’ and aim to become more effective and efficient 

while accomplishing e-commerce activities. 

There is a deep understanding of the need of ECDBWood application from SMEs. 

So, the companies will experience a lower operation cost while at the same time 

increasing its profit. This solution will allow businesses to eliminate unnecessary 

paperwork. All paperwork and data can be transformed into an electronic format. 

Thus, it will eliminate valuable shelf space and data can be searched and accessed in 

matter of seconds. E-commerce will also automate the sales process. Customers can 

"point & click" on the products they wish to purchase, fill out the customer 

information, and the product will be shipped and received in a matter of few days. 

The administration department does not have to fill out any paperwork because the 

customer had done it already. Thus, the efficiency will be greatly improved. With an 

e-commerce solution, the business will be open 24 hours a day, 7 days a week. 

People from anywhere in the world with an Internet access will be able to visit the 

site at any time. They will not be restricted to the "normal" business operating hours. 

A "brick + mortar" business is normally limited to serving the customers in its local 

geographical location.  

With an e-commerce solution, that business will not be limited a geographical 

restriction, rather it opens itself to the global on-line market. Essentially, the 

business' market exposure will be greatly increased (Cooper, 2005). Given the 

current economy trends, new technology tools can be vital for the viability of a SME. 
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Abstract. Recently, a large number of innovative ICT systems and network 

tools facilitate the use of e-business frameworks. Modern organizations 

through innovative ICT models can confront competition, uncertainty and 

complexity. Supply chain faces organizations as a chain of interrelated entities, 

and provides a complete aspect of their prospects. A survey has been contacted 

to test the impact of the factor “transaction climate” on agri-food firms in 

Greece. A total of 20 variables was initially proposed to determine the factor 

“transaction climate” related to the four organizations that companies deal 

with, customers, suppliers, carriers and 3rd Party logistics provider companies, 

while for each one of the four were investigated separately 5 features: 

Commitment, Reliability, Firm’s Satisfaction, Satisfactory Information 

Exchange and Long-lasting Relationships. Finally, through factor analysis, 

were expressed all 10 of the original 20 variables that describe the “transaction 

climate” in an agri-food firm, as linear combinations of the fewer and derived 

2 component constructs/factors, leading firms in agri-food sector in Greece to 

adopt innovative IT and web-based technologies aiming to enhance e-business, 

supply chain management, organizational productivity, flexibility and 

competitiveness. Each factor is described with 5 questions of the questionnaire 

that load highly in each factor. The 2-factor model has to be further confirmed 

in a second sample. 

Keywords: factor analysis, innovative ICT, ICT adoption, supply chain, agri-

food sector.
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1 Introduction 
 

Information and Communication Technologies (ICTs) have been highly 

recognized lately in all aspects of human endeavors, primarily as a result of the 

improvements in the effectiveness and efficiency in business (Andreopoulou et al, 

2008).  

Innovative ICT components influence organizational structure, firm strategy, 

information exchange, operational procedures, buyer and supplier relationships and 

bargaining power (Zioupou et al., 2010).  

E-business applications are changing relationships in the business world, linking 

businesses, consumers, building new models and communities. Companies and 

individuals have become more familiar to do business as and when they like, 

therefore conventional companies in every area of interest are increasingly searching 

for internet-enabling their products and services (Krueger & Swatman, 2004). 

Traditional manufacturing and service environments have been transformed into 

more physically distributed enterprise environments, which include supply chains, e-

commerce and virtual enterprises (Gunasekaran & Ngai, 2007). 

Enterprises are now required to come up against multiple and significant 

challenges, arising from market globalization, increasing competitiveness among 

businesses and a constantly changing business environment. The concept of supply 

chain is an area of growing interest, both for the scientific community and for 

businesses worldwide. This growing interest accounts for the existence of a multitude 

of definitions and approaches, by many authors and from different points of view. 

Supply chain is defined as “Product life cycle processes comprising physical,
information, financial, and knowledge flows whose purpose is to satisfy end-user 

requirements with physical products and services from multiple, linked suppliers” in 

“Handbook of Supply Chain Management” (Ayers, 2006) According to APICS 

Dictionary (Blackstone, 2008), supply chain is the global network used to deliver 

products and services from raw materials to end customers through an engineered 

flow of information, physical distribution, and cash. 

In addition, the definition of supply chain management includes design, planning, 

execution, control, and monitoring of supply chain activities with the objective of 

creating net value, building a competitive infrastructure, leveraging worldwide 

logistics, synchronizing supply with demand, and measuring performance globally. 

According to Robinson and Malhotra (2005), management of the supply chain 

poses challenges such as the building of trust and cooperation between the chain’s 

parts, the ability to recognize optimum practices to help align and accomplish its 

processes, and successfully implement information technologies that will lead to 

efficiency and quality throughout the supply chain. 

In recent decades, the acknowledgment of supply chain as a key area for business 

success has been a great change and challenge for the businesses’ operation. In many 

cases, firms’ ability to compete was linked to their ability to interact with others. 

Over the years, many authors have found an increased necessity for cooperation, 
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recognizing the establishment of lasting partnerships with suppliers, at different 

levels of the supply chain, as a mean of creating a more efficient and responsive 

supply chain. The partnership includes organizations and companies working 

together on a level beyond simple commercial relations. In terms of supply chain 

collaboration means, members of the chain involved in coordination activities exceed 

the limits of own business (Bowersox, 1990). 

Nowadays, organizations have realized that real improvement cannot come from 

individual business practices anymore, but from cooperative action between 

organizations. Thereby, organizations can expand their boundaries as individual 

firms. Changes in the organizational characteristics of firms involve changes at a 

functional level. The relationship among businesses has been transformed from 

simple transactional relationships, to cooperation characterized by smooth 

communication and extensive sharing of information.  

The employ of network technology within e-business results into the elimination 

of the required cost and time for the transactions, yet the gap between the production 

site and the final users of the products can be bridged using the Internet. Moreover, 

Pan, Gunasekaran & McGaughey in their recent paper explore the impact of 

company size on an important financial consideration affecting the decision to adopt 

e-business in international trade, and they assert that firm size will influence the 

choice of payment method in global e-commerce (Pan et al., 2006). Moreover, the 

role of managers has changed from managing physical assets and people to managing 

knowledge assets in digital enterprise environments and it has become critical to look 

into the management function and the role of managers in the so-called 'digital 

enterprise' environment (Gunasekaran & Ngai, 2007). 

The agri-food sector is an key-sector, which includes organizations from both the 

food industry (processing plants, manufacturers, wholesalers, retailers, catering 

companies, etc.) and the agricultural sector (farmers, producer groups, cooperatives,

suppliers of agricultural raw materials, etc.). 

Vorst (2001) distinguishes two main types of supply chain in the agri-food sector: 

1) Supply chain for fresh agricultural products, such as fresh fruit, vegetables and 

flowers 

2) Supply chain for processed foods, such as deserts, canned goods and more. 

However, the distinction cannot be absolute, since in many cases, a supply chain 

may be a subtotal of another one, and partners may differ from a supply chain to 

another.  

Certain particular characteristics of agri-food sector however, prevent the 

extensive employ of ICT. The resistance in the change, the attachment in tradition, 

the lack of familiarity with the technology, the different nature of the rural products 

and transactions are some of the issues that differentiate and prevent the integration 

of the new practices of electronic business in the rural sector (Andreopoulou et al., 

2008). 

 

1.1 Theoretical model 

The theoretical model proposed by Patterson et al. (2003), quotes seven factors 

important for the adoption of innovative ICT by organizations. 
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The 1
st

factor is “organization’s size”, for many researchers have concluded that 

firms’ size influences their decision to adopt Innovative ICT. However, different 

opinions have been expressed as far as the direction of this relationship is concerned. 

Theoretically, larger organizations have the financial and technology resources to 

invest in new technologies and absorb the associated risks (Grover & Goslar, 1993). 

However, there is evidence that smaller firms are more flexible, and consequently 

more likely to adopt new information technologies (Patterson et al., 2003). 

Table 1. Variables used to measure “transaction climate”

Variable Question

V1 Commitment between customers and firm

V2 Reliable customers

V3 Firm’s satisfaction with customers

V4 Satisfactory information exchange with customers

V5 Long-lasting relationships with customers

V6 Commitment between suppliers and firm

V7 Reliable suppliers

V8 Firm’s satisfaction with suppliers

V9 Satisfactory information exchange with suppliers

V10 Long-lasting relationships with suppliers

V11 Commitment between carriers and firm

V12 Reliable carriers

V13 Firm’s satisfaction with carriers

V14 Satisfactory information exchange with carriers

V15 Long-lasting relationships with carriers

V16 Commitment between 3
rd

party logistics providers and firm

V17 Reliable 3
rd

party logistics providers

V18 Firm’s satisfaction with 3
rd

party logistics providers

V19 Satisfactory information exchange with 3
rd

party logistics providers

V20 Long-lasting relationships with 3
rd

party logistics providers

The 2
nd

factor is “organizational structure” that occupies the majority of 

researchers, regarding the adoption of innovative ICT. The approach of Bowersox 

and Daugherty (1995) reasons that organizations which have adopted a more 

transparent, flatter and more decentralized structure are expected to adopt more 

innovative technologies in order to improve both internal and external 

communication and coordination. 

Past performance is the 3
rd

 factor that seems to have an impact on organizations 

decision to adopt or not innovative ICT. Companies that have been successful in their 

past performance are expected to be more reluctant to change their strategies by 

adopting new and possibly risky new technologies (Clemons et al., 1996). Therefore, 

less successful companies are more likely to adopt innovative ICT in order to 

improve their performance.  

The 4
th

factor mentioned is the “integration of supply chain management strategy 

into the overall strategy of the organization”. According to Bowersox and Daugherty 
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(1995), the successful implementation of ICT depends on its consistency with the 

overall corporate strategy, and this consistency can lead to the overall firm’s success. 

An inter-organizational factor that can lead an organization to adopt supply chain 

technology is “enacted power by supply chain partners” (Premkumar et al., 1997) or 

by the industry. For example, a supply chain partner can either encourage or coerce 

the company to adopt some particular technology. This kind of pressure is usually 

exerted in order to improve information flow and communication between 

organizations. However, such a pressure can sometimes lead to extensive 

organization risk or business loss. Furthermore, Reekers and Smithson (1994) claim 

that the initiating firm obtains more benefits than the follower (Table 1).  

Past research reveals another important factor, as many researchers focus on the 

“transaction climate” between partners, which represents the relationships and social 

elements between organizations (Patterson et al., 2003). Thus, a favorable 

“transaction climate” combined with enduring and trusting relationships between 

organizations (customers, suppliers, carriers and 3PL provider companies), is 

assumed to be a factor encouraging companies adopt innovative information 

technologies (Konsynski & McFarlan, 1990) (Table 1). 

The last factor researched in the present study is “environmental uncertainty”. 

Previous research has shown that environmental uncertainty is positively related to a 

greater need for innovation (Ettlie, 1983), and the consequent adoption of new 

information technologies. According to Ahmad and Schroeder (2001), an uncertain 

environment requires more frequent exchange of information between business 

partners so that activities can be prioritized as changes occur and delivery 

expectations met, and demands faster and more accurate decisions.  

In a recent research (Zioupou et al., 2010) it was identified that the critical 

factors, relating to the adoption of ICT, are company’s size and the integration of the 

supply chain strategy pursued by the company into the overall corporate strategy. As 

far as the first factor is concerned, larger companies seem more likely to adopt new 

information technologies in their supply chain management. Regarding the second 

factor, the consistency of the supply chain management strategy with the overall 

corporate strategy appears to be a prerequisite for the successful implementation of 

new information technologies. 

This paper through factor analysis, tested a 20-variable model regarding the 

“transaction climate” leading firms in the agri-food sector in Greece to adopt 

innovative IT and web-based technologies aiming to enhance e-business, supply 

chain management, organizational productivity, flexibility and competitiveness. 

Finally, a model will be confirmed having an acceptable fit, including correlated 

factors. 

2 Methodology 
 

The survey was conducted by sending questionnaires to businesses, via e-mail. 

Furthermore, a structured questionnaire, including questions representing both the 

independent and the dependent variables, was used to collect the necessary data in 

order to investigate the relationships among the variables. Businesses included in the 

survey’s sample were agri-food sector, located in Greece that manages their supply 

chain activities using innovative ICT. These firms were identified by the companies, 
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which provide those information technologies. A prerequisite for participation in this 

research was the adoption of any information technology for the management of 

supply chain activities.  The innovative ICT proposed by the existing literature and 

included in the present study are listed below: 

1) Supply Chain Management (SCM) 

2) Customer Relationship Management (CRM) 

3) Enterprise Resource Planning (ERP) 

4) Warehouse Management Systems (WMS) 

5) Manufacturing Execution Systems (MES) 

6) Transportation Management Systems (TMS) 

7) Bar Coding Technology 

8) Radio Frequency (RF) Identification systems 

9) Geo-coded Tracking Systems 

10)Electronic Commerce Technologies 

Therefore, the questionnaire included questions referring to the size of the 

organization, past performance of the company, the organizational structure, the 

external environment, the relations between partners of the supply chain, and finally 

questions about the adoption of new information technologies by the companies.  

The majority of questions were formulated using a 5-point Likert scale, where the 

respondents were requested to indicate the degree of implementation of information 

technologies or agreement with the given statements. There were also some open-

ended questions, where the respondents were free to formulate their own answers. 

The research is based on the theoretical model proposed by Patterson et al. 

(2003), and attempts to empirically apply this model in the case of Greek agri-food 

sector.  

Past research reveals another important factor, as many researchers focus on the 

“transaction climate” between partners, which represents the relationships and social 

elements between organizations (Patterson et al., 2003).  

To investigate the 5
th

factor in Patterson’s model «transaction climate» affecting 

companies in deciding whether to adopt new ICTs in their supply chain management, 

a total of 20 factors were proposed to determine the variable. These 20 factors were 

related to the four organizations that companies deal with. These are customers, 

suppliers, carriers and 3PL provider companies. For each one of the four 

organizations, were investigated separately, the following factors:  

- Commitment,  

- Reliability 

- Firm’s satisfaction

- Satisfactory information exchange  

- Long-lasting relationships  

They resulted in 20 variables, named “x”, x=1,..,20, presented in Table 1. 

Sample companies had to define whether they were satisfied by the proposed 

factors, describing relations with their partners. To do so, a graded Likert scale was 

used, where 1 represents 'not at all ', 2 'very little', 3 'somewhat', 4 'a significant 

amount' and 5 represents 'to a great extent'.  

Further, through factor analysis, it was tested the 20-factor model regarding the 

“transaction climate” leading firms in the agri-food sector in Greece to adopt 
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innovative IT and web-based technologies, aiming to reduce the number of factors 

describing the variable «transaction climate».

Factor analysis is a technique, which seeks a simpler structure for a complex set 

of multivariate  20 variables. The emphasis of factor analysis is to explain the co-

correlation (or covariance) of the original 20 variables. The intent of factor analysis 

is to express all p of the original 20 variables as linear combinations of the fewer, 

derived F factors.  

Initially, the correlation matrix was estimated using PASW Statistics, aiming to 

check inter-correlations between variables and exclude variables that represent 

questions from the test. If questions measure the same underlying dimension then it 

is expected to correlate with each other. Variables that do not correlate with any other 

variables should be considered excluded before running the analysis. The opposite 

problem is when variables correlate too highly. It is important to check for variables 

that are highly correlated (multicollinearity) or perfectly correlated (singularity).

A KMO and Bartlett's Test was measured. Then, the Kaiser rule was used to 

decide the number of extracted factors in parallel with a Scree plot. The first i factors 

are chosen where with eigenvalues (l) greater than the average eigenvalue (for factors 

analysed by the R matrix, the average l is 1) in parallel with using a Scree test for the 

scree plot of eigenvalues of R such that if the graph drops sharply to a shallower-

slope line, we choose i as the number of eigenvalues before the shallow-slope line;  

Communality, or achieved communality, (h) was also estimated that is that part 

of the variance which is accounted for by that factor. It is the common variance of the 

common factors. Rotation was estimated using Varimax method.  

3 Results 
 

The companies representing agri-food sector are in their majority public limited 

companies (SA), while some of them state their activities and are Industrial and 

Commercial Limited Companies. The majority of firms are located in the Prefecture 

of Attica (12 companies), while five of them are located in the Prefecture of 

Thessaloniki, and the last 5 are located in other prefectures of Greece (Figure 1). 

Figure 1. Geographical location of sample firms 

The following table summarizes the characteristics of the companies that 

participated in the sample. 

54%

23%

23%

Attica

Thessaloniki

Other prefectures
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Table 2. Summary of the companies’ characteristics 

Legal Form

Number 

of 

Firms

Average 

Turnover

(in €)

Minimum 

Turnover 

(in €)

Maximum 

Turnover

(in €)

Average 

Number of 

Employees

SA 14 146,750,842 2,557,874 714,100,000 504

Industrial and 

Commercial SA
8 119,636,803 10,975,338 630,232,000 622

The number of the companies’ employees was the main criterion for measuring 

the firms’ size, which is hypothesized to be one of the most important factors 

affecting the adoption of innovative information technologies. The classification of 

companies regarding the number of employees is presented in Figure 2. It should also 

be mentioned that businesses’ turnover varies widely, as can be seen in the Table 2. 

Figure 2. Classification of companies based on their number of employees 

The geographical scope of the sample companies is not limited only to the 

prefecture of their location. Twelve of the companies operate globally, seven of them 

at a national level, while only three companies are limited to a regional level, which 

includes the prefecture of company’s location and its neighboring prefectures. The 

wide geographic spread of businesses action also states the existence of fierce 

competition.  

1.1 Results of factor analysis 

Initially in factor analysis, inter-correlations between variables are checked. At 

this early stage, we look to eliminate any variables do not correlate to any other 

variables or that correlate very highly with other variables (R<0.9). Also, 

multicollinearity can be detected by looking at the determinant of the R-matrix. 

Using the correlation matrix, the pattern of relationships was checked.  

In variables V2, V3, V5, V6, V10, V15, V17, V18, V19, V20, which represent 

questions in the questionnaire (Table 1), the majority of significance values in the 

correlation matrix, are greater than 0.05, hence a problem can arise due to singularity 

of data.  

Moreover, the initial determinant, while running the analysis with all 20 variables 

is 7.13x10
-14  

which is less than the necessary value 0.00001. There is need to 

eliminate questions from the questionnaire, that are attributed to variables. By 

18%

27%

14%

2

32%

1-100

101-250

251-500

501-1000

>1001
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successive eliminations of the above variables, the determinant is found to be 3.96x 

10
-5

, which is acceptable. 

However, the questions from the questionnaire attributed to the following 

variables: V2, V3, V5, V6, V10, V15, V17, V18, V19, V20 are excluded from the 

questionnaire before running the analysis 

Further, the KMO Kaiser-Meyer-Olkin test that measures sample adequacy is 

0,791 being between 0 and 1. A value close to 1 indicates that patterns of correlations 

are relatively compact so factor analysis should yield distinct and reliable factors. 

Kaiser recommends that values between 0.7 and 0.8 are good while values close to 1 

are superb. Bartlett’s test of sphericity is a measure that tests the null hypothesis that 

the correlation matrix is an identity matrix. For these data, Bartlett’s test is highly 

significant (p<0,001) and therefore factor analysis is appropriate. 

In Table 3, the total variance explained by factors is presented, thus we can 

decide on the final factor to be extracted, based on eigenvalues greater than 1, as 

recommended by Kaiser’s rule.

Table 3. Total Variance Explained 

Comp

onent

Initial Eigenvalues Extraction Sums of 

Squared Loadings

Rotation Sums of Squared 

Loadings

Total % of 

Variance

Cumulative 

%

Total % of 

Variance

Cumulative 

%

Total % of 

Variance

Cumulative 

%

1 6,503 65,026 65,026 6,503 65,026 65,026 3,902 39,018 39,018

2 1,080 10,797 75,824 1,080 10,797 75,824 3,681 36,806 75,824

3 ,764 7,645 83,468

4 ,545 5,446 88,915

5 ,374 3,744 92,659

6 ,235 2,347 95,005

7 ,194 1,944 96,950

8 ,150 1,495 98,445

9 ,105 1,049 99,494

10 ,051 ,506 100,000

Extraction Method: Principal Component Analysis. 

Table 3 lists the eigenvalues associated with each linear component (factor) 

before extraction, after extraction and after rotation. Factors with eigenvalues greater 

than 1 are extracted, which results in 2 factors. Rotation optimizes the factor structure 

and the relative importance of the 2 factors is equalized. Finally, eigenvalues after 

rotation associated with each factor represent the variance explained by that 

particular linear component, having excluded other factors also presented in 

percentage of variance explained. Factor 1 explains 65,026% of total variance 

explained and the 2 factors explain together 75,824%. 

Communalities in the extraction column reflect the common variance in the data 

structure. The amount of variance in each variable that can be explained by the 
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retained factors is represented by the communalities after extraction. According to 

Kaiser criterion the average of the communalities should be more than 0.7 after 

extraction when there are less than 30 variables in the analysis and we have a small 

sample. 

However, a Scree plot is used to assess the final number of factors (Figure 3). 

 
Figure 3. Scree plot 

It is evident in Figure 3 that the curve begins to tail after 2 factors. 

Table 5 presents the rotated component matrix, where rotation method was 

Varimax with Kaiser normalization. It is a matrix of the factor loadings for each 

variable onto each factor. The variables are listed in the order of size of their factor 

loadings. 
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Table 5. Rotated Component Matrix 

Component

1 2

V16 ,858

V12 ,804 ,378

V7 ,801 ,384

V13 ,765 ,473

V1 ,544 ,494

V8 ,872

V4 ,316 ,809

V9 ,461 ,782

V11 ,608 ,684

V14 ,557 ,655

In Table 6 are presented the questions of the questionnaire that load highly in 

factors 1 and 2. These two constructs are sub-components of “climate change” in the 

firm. 

Table 6. Questions loaded in the 2 extracted factors 

Factor 1.

Is there a strong commitment between firm and the customers?

Is there a strong commitment between the firm and 3
rd

Party Logistics suppliers?.

Is the firm satisfied with the level of cooperation with carriers?

Are the carriers reliable?

Are the suppliers reliable?

Factor 2. 

The exchange data system between the firm and suppliers is satisfactory?? 

The exchange data system between the firm and carriers is satisfactory?? 

The exchange data system between the firm and customers is satisfactory?? 

Is the firm satisfied with the level of cooperation with suppliers?

Is there a strong commitment between firm and carriers?

Also, component scores coefficient matrix is presented in Table 7. 
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Table 7. Component Score Coefficient Matrix 

Component

1 2

V1 ,095 ,064

V4 -,146 ,328

V7 ,272 -,096

V8 -,309 ,464

V9 -,060 ,256

V11 ,055 ,145

V12 ,276 -,100

V13 ,218 -,032

V14 ,039 ,149

V16 ,439 -,315

4 Conclusion 

Using factor analysis we have expressed all 10 of the original 20 variables that 

describes the “transaction climate” in an agri-food firm, as linear combinations of the 

fewer, derived 2 factors. The 2-factor model has to be further confirmed in a second 

sample.

Decisions regarding the adoption of new information technologies in supply 

chain management in the Greek food and drink industry are not affected by most of 

the factors investigated by many researchers in the past. Nevertheless, the following 

can be summarized. 

Businesses sense the risk of development and its speed. In their effort to move 

forward to the latest technologies, they make choices and decide to adopt those 

technologies that would make the company more profitable, or, will help, at least, in 

this uncertain period, to maintain the existing profit.  
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