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Editorial
This volume contains the peer reviewed proceedings of the eight International
Conference on ICTs in Agriculture, Food and Environment (HAICTA 2017) that
took place in Chania, Crete, Greece, September 21-24, 2017. The Conference was
organized by the Hellenic Association for Information and Communication
Technologies in Agriculture, Food and Environment (HAICTA), the Mediterranean
Agronomic Institute of Chania (MAICh) and the University of Macedonia, in
cooperation with a number of associated academic Institutions and the Region of
Crete.
HAICTA is the Greek Branch of European Federation for Information
Technology in Agriculture (EFITA). The series of HAICTA conferences is an
international venue for research and development in ICT in rural development and
constitute a leading bi-annual international professional and scientific forum for ITexperts, agriculturalists, geotechnical and agri-food scientists, environmentalists,
foresters, water engineers, spatial engineers, and decision-makers, to present research
works, systems development, innovations about methods and practices, to discuss
important questions and issues, and to start a productive collaboration. We believe
the breadth and diversity of research that comprises the program of the 8th HAICTA
conference reflects major future directions of the field.
The conference received 124 paper submissions, out of which 60 were accepted
as full papers. The top ten technical areas covered by the accepted papers (as
indicated by the primary keyword assigned by paper authors) were Decision Support
Systems, Environmental Impact Assessment, Information Systems, Precision
Farming, Environmental Design and Policy, Web Applications, Farm and Animal
Health Monitoring/Data Recording Systems, Internet of Things/RFID and
Mobile/Wireless Networks, Spatial Analysis/Landscape Planning/GIS Based
Analysis,
e-business/e-commerce/e-government/e-learning /e-services. Twelve
submissions were accepted as short papers. The program also consisted of 1 tutorial
and a poster session with 26 posters presenting work in progress. Finally, 6 papers
were presented in the Doctoral Consortium.
We are grateful to all those who submitted papers to the conference. But we also
had the honour to collaborate with an excellent group of 146 reviewers who
completed 257 reviews. We would like to thank all these reviewers, members of the
Programme Committee, for ensuring the quality of the proceedings. HAICTA 2017
used a blind review process and each submitted paper was evaluated by two
reviewers, who provided their ratings and valuable comments.
We are also grateful to the invited keynote speakers Dr. Claus Aage Grøn
Sørensen and Dr. Christopher Brewster who agreed to present their ideas and
research in the HAICTA community through their inspired lectures. We would also
like to thank the Organizing Committee Chairs and the Conference Chairs for their
support to our task.
We hope you will find the conference proceedings interesting and that they will
promote the discussion within the scientific community about the problems and
challenges of applying ICTs in Agriculture, Food and Environment.
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Abstract. Pseudorabies, is an acute, frequently fatal disease, that mainly
affects pigs. Although pseudorabies virus (PRV) has been eradicated from
many European countries, it is still endemic in East and Southeast parts of
Europe. Greece belongs to the countries where the disease is enzootic. In this
study, we investigated the presence of PRV in Greek farms. For that reason,
42 pig farms were selected from the entire Greek territory. Blood samples
from different age groups had been collected from each farm and were tested
by ELISA for the presence of antibodies against wild strains of PRV. The
results of our study showed that 28.6% of the selected farms were positive for
the presence of antibodies against wild-type strains of PRV and that factors
such as the non-implementation of biosafety measures and the high-density of
pig farms in an area may affect the probability of a farm to become PRV
positive.
Keywords: pseudorabies, epidemiology, pigs, eradication

1 Introduction
Aujeszky’s Disease or Pseudorabies, is an acute, frequently fatal disease, that
primary affects pigs and incidentally other domestic and wild animals. The term
“pseudorabies” was used as a result of the disease’s clinical resemblance to rabies.
Aladar Aujeszky, was the Hungarian veterinarian who first described and reproduced
the disease in 1902, providing evidence that the etiologic agent was filterable (e.g not
a bacterium but a virus) (Mettenleiter et al., 2012).
PRV is spread all over the world, in parts of Europe, Southeast Asia and America.
In Europe, PRV has been eradicated in Germany, Cyprus, Austria, Sweden, The
Netherlands, Denmark, Czech Republic, Finland, France, Hungary, Luxemburg,
Belgium, Switzerland, Slovakia and UK as a result of the implementation of
eradication programs, but it is still endemic in East and Southeast of Europe (Hahn et
al., 2010). PRV has also been eradicated from Canada, New Zealand and USA
(MacDiarmid, 2000). Although PRV has been eradicated from many countries
throughout the world, the virus is still endemic in the populations of wild boar (Meng
et al., 2009). Therefore, these populations should be considered as potential PRV
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source of infection for domestic pigs. In countries that are free of PRV, vaccination is
prohibited.
Greece belongs to the countries where the disease is still enzootic. According to an
old serological study in 1969 (Papatsas et al., 1995), 20.8% of the collected samples
of domestic pigs from several regions of Greece were positive to antibodies against
PRV. But at that time, there was no serious and organized pig farming in Greece. In
addition, although two recent Greek studies (Touloudi et al., 2015; Marinou et al.,
2015) evidence the presence of PRV in 32% to 35% in wild boars, there is no recent
data regarding the presence of PRV in the population of Greek domestic pigs. Here,
we conducted an epidemiological study in order to investigate the presence of PRV
in the Greek pig farms.

2 Materials and Methods
The study was carried out in Greece from October 2010 to October 2011. Fortytwo (42) farrow-to-finish (FTF) pig herds were selected from the entire Greek
territory at random, based on geographical criteria, in order to obtain representative
data from the population herds. The current study included FTF herds larger than 100
sows, as that kind of farms most likely reflect the commercial pig industry of the
country. The sample represented more than 10% of the FTF farms. The data
regarding the characteristics of the selected herds are presented in table 1.
Table 1. Characteristics of commercial pig herds in Greece (>100 sows) and herd sampling for
the study
Area
Territory

Density

(km2)

Number of farms sampled /Number of

(#

farms in territory

farms/

Herd-size category

1000 km2)
Small

Large

East Macedonia and Thraki

19,000

1.4

4/16

1/10

5/26 (19.2)

Central and West Macedonia

25,000

1.1

4/18

5/11

9/29 (31.0)

Thessalia

14,000

6.9

4/81

3/16

7/97 (7.2)

Epiros and West Sterea Hellas

15,000

6.1

2/66

6/24

8/90 (8.9)

East Sterea Hellas

20,000

1.9

7/21

4/15

12/36 (30.6)

Peloponnesos & Crete

30,000

0.9

1/25

1/12

2/37 (5.4)

TOTAL

123,000

2.4

22/227

20/88

42/315

(9.7%)

(22.7%)

Total

(13.3%)

The owners or the veterinarians of the selected farms, were contacted in order to
obtain information about the farms and the characteristics of the area where these
holdings were located. The obtained information pertained to:
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•

•
•
•
•
•
•
•
•
•
•

herd size, e.g. the number of sows on the premises. Farms with less than or
equal to 300 sows were considered as small, while those with more than 300
sows as large.
pig herd area density e.g. less dense (<20 farms per 1,000 sq km) or more
dense (≥20 farms per 1,000 km2) areas.
direct distance from the closest pig farm, e.g. short (<6 km) or longer (≥6
km) distance.
purchase (or not) of breeding animals (gilts or/and boars) from genetic
companies.
practicing (or not) of at least monthly quarantine in distant building used
exclusively for the newly purchased breeding animals.
practicing (or not) of certain hygienic/ biosecurity measures at farm.
practicing (or not) of all-in, all-out (AIAO) flow in all production stages.
practicing (or not) of vaccination of sows for PRV.
presence (or not) of substantial economic problems in the farm that
frequently interfere with routine management.
presence (or not) of certain systemic clinical manifestations at the time of
sampling.
production stage at which important clinical manifestations were present (or
not) at the time of sampling (neonatal, nursery, grower and finishing stage).

A minimum of 8 blood samples from each out of five different age groups (i.e. 6-,
8-, 10-, 12- and 22-week old pigs) had been collected from each farm (e.g. 40
samples per farm). The blood samples for each age group were collected from pigs of
different pens and, ideally, of different rooms. Sera were individually tested by antiPRV-gB ELISA (IDEXX Laboratories, Westbrook, ME) for the presence of
antibodies against the PRV and by anti-PRV-gΕ ELISA (IDEXX Laboratories,
Westbrook, ME) for the differentiation of antibodies against the wild strains of PRV.
Apparent prevalence of PRV infected farms was estimated as the proportion of
farms rearing at least one pig presenting wild-type PRV antibodies. The association
of the herd and neighborhood characteristics of the farms (predictors) with PRV
status was investigated through the application of univariable logistic regression
models with robust standard errors. The SPSS software (IBM Corp. Released 2011.
IBM SPSS Statistics for Windows, Version 20.0. Armonk, NY: IBM Corp.) was
used. Multiple Correspondence Analysis (MCA) was also used to investigate the
interaction and interrelations among all elements, aiming at the identification of the
dominant and most substantial tendency in their structure.

3 Results – Discussion
The exposure of the farms to wild-type PRV was 28.6% with most of the positive
holdings located in the region of east Macedonia, Thrace and central-west Macedonia
(table 2).
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Table 2. Exposure of Greek farms to wild-type PRV as detected by ELISA
ELISA- gE PRV antibody positive farms /Number of
farms sampled (%)
Herd-size category
Territory
East Macedonia and Thrace
Central and West Macedonia
Thessaly
Epirus and West Sterea Hellas
East Sterea Hellas
Peloponnese & Crete
TOTAL

Small
1/3
2/3
1/3
1/2
1/7
0/1
6/19 (31,6%)

Territory
1/2
2/6
1/4
2/6
0/4
0/1
6/22 (27,3%)

Total
2/5 (40,0%)
4/9 (44,4%)
2/7 (28,6%)
3/8 (37,5%)
1/11 (9,1%)
0/2 (0,0%)
12/42 (28,6%)

In the previous published study of 1969, antibodies were found in 20.8% of the
tested serum samples. It is necessary to point out that that study refers to swine blood
serum samples which were tested before the «industrialization» of pig farming and
before the onset of vaccination programs (the vaccinations for PRV in Greece started
in the mid 80’s), whereas in the present study, the majority of the farms (75%) is
practicing a vaccination scheme against PRV. The latter finding indicates that
vaccination alone is not sufficient to eradicate the disease, unless it is accompanied
by other measures such as the removal of the animals, which are found positive to the
presence of antibodies against PRV. The proportion of positive PRV farms for the
level of each predictor is indicated in table 3. The analysis of the data presented in
table 3 showed that 83.3% of the PRV infected farms were purchasing breeding
animals (gilts or/and boars) from sources outside the farm and 100% of them did not
apply quarantine for the newly purchased breeding animals!
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Table 3. Characteristics of the sampled breeding farms in Greece (42 farms) and descriptive
statistics for predictors tested for association with PRV positive status

(%)

Number
of positive
sites (%)

22
20

52,4
47,6

6 (27,3)
6 (30,0)

50,0

<20

35

83,3

7 (20)

53,8

≥20
<6
≥6
No
Yes
No
Yes

7
28
14
13
29
32
9

16,7
66,7
33,3
31,0
69,0
78,0
22,0

5 (71,4)
11 (39,3)
1 (7,1)
2 (15,4)
10 (34,5)
12 (37,5)
0 (0,0)

No

19

45,2

10 (52,6)

Yes
No
Yes
No
Yes

23
18
23
7
35

54,8
43,9
56,1
16,7
83,3

2 (8,7)
8 (44,4)
4 (17,4)
3 (42,9)
9 (25,7)

No

14

33,3

3 (21,4)

Yes
No
Yes
No
Yes
No
Yes

28
32
10
36
6
16
26

66,7
76,2
23,8
85,7
14,3
38,1
61,9

9 (32,1)
6 (18,8)
6 (60,0)
9 (25.0)
3 (50,0)
2 (12,5)
10 (38,5)

No

27

64,3

7 (25,9)

Yes

15

35,7

5 (33,3)

No

20

47,6

5 (25,0)

Yes

22

52,4

7 (31,8)

Predictors

Category

Size (No sows)

<300
≥300

Density
(farms/1000 km2)
Distance (km)
Gilt purchase
Quarantine
Biosecurity
measures
AIAO
PRV-vaccination
Economic
problems
Mortality
Nervous signs
Respiratory signs
Gastroenteric
signs
Reproductive
signs
Neonatal stage
problems
Nursery stage
problems
Grower stage
problems
Finisher stage
problems

Farms
(number)

No

39

92,9

9 (23,1)

Yes

3

7,1

2 (66,7)

No

13

31,0

2 (15,4)

Yes

29

69,0

10 (34,5)

No

16

38,1

1 (6,3)

Yes

26

61,9

11 (42,3)

No

29

69,0

5 (17,2)

Yes

13

31,0

7 (53,8)

Characteristic
within positive
herds (%)

91,7

83,3
100,0
83,3
66,7
75,0
69,2
50,0
25,0
83,3
41,7
58,3
16,7
83,3
91,7
58,3

Moreover, according to the results of the multivariable logistic regression analysis,
it appears that factors such as “pig herd area density” and “hygienic/ biosecurity
measures” play a key role in the probability of a farm to become PRV positive. More
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specifically, farms which were located in low-density areas and were applying
hygienic/biosecurity measures, had a predicted probability of being positive for PRV
of 1.97%. However, their probability was increased to 26.7% when farms were
located in low-density areas but were not applying hygienic/biosecurity measures or
to 30.8% when farms were located in high-density areas and were applying
hygienic/biosecurity measures. Finally, the probability of being positive for PRV was
increased to 88.9% when farms were located in high-density areas and were not
applying hygienic/biosecurity measures. It is obvious that the higher the density of
pig farms of an area, the more likely is that a farm will become positive for PRV.
Factors such as movement of flying insects, as well as of other wild and domestic
animals should play a role in the spread of PRV in high-density areas.
MCA had shown (table 4) that the presence of wild-type PRV is mostly related
with problems in growing and finishing pigs, as well as is also related to respiratory
and reproductive disease problems and increased mortality. Lack of appropriate
biosecurity measures and economical problems may be substantial factors for such
presence.
Table 4. Multiple correspondence analysis (MCA)
CTR

F1

37

-283

D32

Problems in growing pigs

6

37

-418

A11

Presence of PRV

7

34

-273

C42

Presence of respiratory problems

8

34

-386

D42

Problems in finishing pigs

9

29

-408

C22

Increased mortality

13

28

-283

B81

Abscence of biosecurity measures

14

23

-247

C62

Presence of reproductive problems

17

22

-196

C12

Presence of general health problems

19

22

-209

B52

Presence of economical problems

20

21

-225

A41

Presence of A. pleuropneumoniae

21

In conclusion, this study provides new information regarding the presence of PRV
in Greek pig farms. The use of such information may assist in designing and
implementing measures to control and eradicate the disease from Greece.
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Abstract. The food sector is increasingly facing significant challenges
throughout the supply chain to become more resource efficient. In this context,
three critical areas of focus are the reduction of food waste, energy, and water
consumption. One of the key factors identified as an obstacle to improving
resource efficiency is the lack of suitable capabilities to collect, exchange and
share real-time data among various stakeholders. Having such capabilities
would provide improved awareness and visibility of resource use and help
make better decisions that drive overall productivity of the supply chain. The
principle concept of the ‘Internet of Things' (IoT) has been used in several
applications to improve overall monitoring, planning, and management of
supply chain activities. This paper explores the feasibility of adopting such IoT
concepts to improve the resource efficiency of food supply chains. An IoTbased framework is proposed to support the incorporation of relevant data into
supply chain decision-making models for the reduction of food waste, energy
and water consumption.
Keywords: Internet of Things, Food Supply Chain, Resource Efficiency.

1 Introduction
The complexity of global Food Supply Chains (FSCs) is the result of consumer
demand for fresh, quality and low priced food products (Rahimifard et al., 2017).
Also, changes in consumption patterns and population growth are increasing global
food demand, which is estimated to rise between 50-70% by 2050 (European
Commission, 2011). On top of that, FSCs are more and more exposed to other
challenges such as resource scarcity, food wastages, inconsistent productivity and
from time to time lack of resilience (Parfitt et al., 2010). These problems are forcing
FSCs to be more resource efficient, which means making the best use of resources
and reducing the negative environmental impact on food systems.
Sustainable food production needs to consider all stages of FSCs and should
focus on food losses and food waste management, sustainability standards and
environmentally friendly actions and techniques to reduce resource consumption
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(FAO, 2015). Some researchers deduced that FSCs suffer from resource inefficiency
due to a lack of awareness of resource usage and food losses and wastage which
could be avoided by using novel monitoring technologies (Jedermann et al., 2014).
The benefits of implementing monitoring technologies include financial savings,
adhering to environmental regulations set by governments and fulfilling consumer
demand for sustainable food products through sustainable production (Haight &
Park, 2015).
Access to real-time resource consumption data offers the new prospect of making
the FSCs truly resource efficient. The advent of the IoT paradigm, which has the
capability of collecting real-time data to monitor behavior patterns in resource
consumption, could play a crucial role. Its ability to communicate and interact with
various things almost 24/7 in real-time could be exploited to reduce the food loss and
waste, water and energy consumption (Combaneyre, 2015).
This paper aims to consider the merits and challenges of adopting the latest
advancements in IoT concepts to support and improve the resource efficiency of
FSCs. The first sections of this paper provide an overview of IoT-based resource
efficiency management and benefits of IoT implementation. The following sections
focus on describing the typical IoT architecture needed for resource efficiency and a
framework developed for incorporating the resource consumption data in FSCs
decisions. The framework is expected to facilitate an improvement in supply chain
practices by minimizing water and energy use as well as a reduction in food wastage.
But, due to the significant range and type of activities, actors and stakeholder within
FSCs, the precise scope of research reported in this paper is confined to post farmgate to retailer’s shelf, as depicted in Fig 1 (highlighted in yellow). As an example,
an IoT-based energy monitoring system is designed.

Fig. 1. Research Scope
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2 Resource Efficiency in FSCs
Current supply chain practices within FSCs are unsustainable, particularly the
continuous and uninterrupted demand for vital resources such as ingredients, energy
and water. Hence, researchers and practitioners are attempting to develop sustainable
FSCs with resource efficiency capability in an environmentally friendly manner
without affecting overall supplies chain productivity (Sheffield University, 2015).
Managing resource consumption in FSCs is difficult due to the complexity, which
stems from the range of resources used across numerous processes with each process
having unique resource consumption features. There are significant prospects for
better sustainable production through the improvement of communication between
producers, retailers, and consumers (Henningsson et al., 2004). But the lack of robust
and readily available data is highlighted as one of the main barriers to attaining a
high level of resource efficiency in FSCs (Lee et al., 2013). Another issue is that the
food industry is not fully aware of the resources it uses, e.g. they are aware of total
water intake and water discharge in the form of effluent, but are generally unaware of
water usage at individual process level (Webb, 2016) which is also applicable to
energy consumption (Thollander & Ottosson, 2010).
In order to reduce or eliminate waste and inefficiencies, it is vital to get
meaningful, accurate and on-time data (Shahrokni et al., 2014) with regards to the
energy and water consumption as well as food waste generated by various processes
and equipment. Hence, to make supply chains resource efficient, the first step is to be
resource aware (Matopoulos et al., 2015) and real-time data is essential for
optimizing resource efficiency (Pitarch et al., 2017). The traditional methods of
collecting data using pen and paper are inefficient, tedious and laborious. In this
respect, IoT-based applications for improving resource efficiency with regards to
water and energy consumption and reducing food waste can be very beneficial. For
example, IoT-based smart water meters are of particular importance to water users as
they can provide real-time data on consumption, leakages and quality of water, and in
some cases, could make water efficient decisions by learning from their surrounding
environment (Iotsens, 2017).

3 Overview of Internet of Things (IoT)
The concept of the IoT is garnering a lot of attention these days and is successfully
implemented in the logistics, manufacturing, retailing and healthcare sectors. The IoT
consists of a network of sensors and actuators that can exchange information across
platforms through an integrated framework, and can perform various functions such
as ubiquitous sensing, data analytics, and cloud computing to develop a seamless
operation for enabling state-of-the-art applications (Gubbi et al., 2013). The IoT has
the capability to continuously collect information and send it to cloud-based software
tools to store, visualize and analyze data in real-time and help make better decisions.
The IoT relies on Radio Frequency Identification (RFID) and Wireless Sensor
Networks (WSN) technology to gather real-time data from various hotspots within
the supply chain (Verdouw et al., 2016). There is continuous data collection about
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machine availability, stock levels, traceability of products and also resource
consumption through various sensors and smart meters. RFID tags are extensively
employed in logistics, pharmaceuticals, retailing, and supply chain management for
identifying, tracking and monitoring products and things (Amendola et al., 2014).
WSN technology uses interconnected intelligent sensors to sense and track, and finds
wide applications in the area of environmental conditions, health-care and industrial
monitoring (Akkas, 2016). Table 1 shows IoT technologies implementation in FSCs,
which has been investigated and adopted by companies to improve resource
efficiency.
Table 1. IoT adoption by companies and its benefits
Companies

Resource
Monitoring

Parameters
being
checked for
Operation
efficiency

Benefits
of
IoT
adoption
(resource
efficiency –related)
Optimising truck routes
and bin collection times

Rova

Energy

Siemens

Energy

Production
and
maintenance
effectiveness

Increasing productivity

Martec

Water

2 Sisters

Water

MyFresh

Water

Cleaning
process
Washing raw
material
Washing raw
produce

Maintaining hygiene
standards
Water consumption,
reduction in effluent
Water consumption,
Reduced effluents

LeanPath

Food

Food waste

Reduction in food waste

Winnow
Solutions

Food

Food waste

Reduction in food waste

Practices enabled by IoT
which lead to those benefits
Provides vehicle location,
traffic congestion and bin
volumes
Provides alerts and schedules
about machine maintenance
to avoid future breakdowns.

Avoids over-cleaning and
microbial contamination
Control system to deliver
exact quantity needed
Reduced incoming water
pressure, Installation of
efficient pumps
Reasons for food waste,
changing production process
Reasons for food waste,
recipe change, production
planning

The implementation of the IoT concept for monitoring resource consumption in
FSCs is still at an early stage compared to the other manufacturing sectors (Verdouw
et al., 2016). However, several actors within FSCs from food manufacturers to food
retailers have deployed such systems for monitoring the energy and water
consumption and food waste management at equipment level as described in Table 1
above.
The implementation of the IoT in FSCs has generated some benefits, which have
been identified as follows:
1. It permits comparison of the amount of resources wasted to resources
consumed to achieve a specific production output. If there is no
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correspondence, it alerts stakeholders to search for the waste source and act to
eliminate it.
2. It considers the resources consumed by various FSCs activities (e.g. peeling,
washing, cooling) and then strives to make the underperforming processes
better.
3. It supports resource-aware supply chain planning by incorporating resource
consumption data into IT planning systems. It allows selection of resource
efficient job routing to select production lines with the best configuration,
minimizing idle time, and also considers various parameters (abnormal
deviations from set food quality standards, start time, finish time, labor
availability) (Pang et al., 2012).
4. It can predict maintenance issues before they occur, thus saving time, money
and resources (Satyavolu et al., 2014).
5. It helps in managing and tracking resource inventories (current stocks,
expired stocks, quarantined stocks, and safety stocks) (Satyavolu, et al.,
2014).
6. It can help in improving environmental standards by measuring and reducing
the CO₂ emissions of supply chain activities by suggesting the best optimum
solution (optimized vehicle routing, maintaining freezer temperatures).
7. It helps in the continuous improvement of FSCs activities by decentralization
of decision-making process through the generation of resource oriented key
performance indicators.
8.
Availability of resource consumption patterns 24/7 and in real-time allows
stakeholders to plan and prioritize the efficient use of resources (first use of stock
with less shelf life) (Pang et al., 2012).

4 Developing an IoT Architecture for Resource Efficiency in
FSCs
The implementation of the IoT for resource efficiency is based on an architecture
consisting of four layers: sensing layer, network layer, service layer, and application
layer (Ray, 2016) as shown in Fig 2. The IoT architecture is designed in such a way
that it can meet the needs of FSCs to minimize energy and water consumption and
reduce food waste. A typical IoT architecture for driving resource efficiency in FSCs
could consist of a series of sensors, electronic devices (WSN, RFID readers/tags,
etc.), a storage and linkage system (databases, servers, and distributed computer
networks, etc.); and a number of wired and wireless communication infrastructures
(WiFi, cellular, satellite, power line, Ethernet, etc.) (Gubbi et al., 2013). Due to its
pervasive nature, all sensors and devices generate a vast amount of data, which is
processed to extract meaningful information to support decision-making (Zaslavsky
et al., 2013).
The functionalities of the four layers are as follows:
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•

•

•

•

Sensing layer – It is aimed at gathering data with regards to energy, water
and food waste using various sensing technologies such as load cells, smartmeters, sensors, cameras, and RFID tags (Akyildiz et al., 2002). For
measuring energy and water consumption, respective smart-meters are
needed (Hancke et al., 2012) whereas solid food waste could be measured
using load cells and image processing technology. Liquid food waste could
be measured using the corresponding smart-meter.
Network layer - It is a medium for transferring the data gathered in the
sensing layer and making it available to service layer for further analysis
and storage, using a variety of modern technologies such as Wi-Fi,
Bluetooth, and other electronics devices or hardware (Arduino, Raspberry
Pi, etc.) (Akyildiz et al., 2002).
Service layer - It stores all the data collected in a cloud or on the local server
(Akyildiz et al., 2002). Food manufacturing experts in cooperation can
analyze this information with IoT developers by extracting meaningful
information to develop applications, which would help in decision-making.
Resource key performance indicators (KPI’s), behavioral patterns and other
activities, which influence resource efficiency, can also be formulated in the
form of graphs or charts. This layer can have self-learning capabilities and
make decisions without human input.
Application layer - It provides user-friendly services to stakeholders or users
(Akyildiz et al., 2002) with accurate data to manage long-term projects on
minimizing resource consumption or waste such as the restructuring of a
factory layout, relocation of specific supply chain activities, or launching of
new products.

Fig. 2. IoT Architecture for Resource Efficiency in FSCs
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5 Methodology for IoT-based resource management in FSCs
The literature review has highlighted the urgent need for an IoT based framework to
be adopted in FSCs. A four stage IoT-based framework for resource efficiency in
FSCs is presented in Fig 3. The four stages are as follows:
1.
Establishing impactful resources - In the first stage, it is important to
determine impactful resources. The literature review has highlighted three
key resources to be addressed, which are the generation of food waste, and
consumption of energy and water. The other essential criteria are to assess
and understand the resource impact on the environmental sustainability of
FSCs and the strategies deployed by various actors in FSCs toward
resources.
2.
Supply chain process - In this stage, it will be crucial to understand how
resources flow within different actors of the supply chain. For example, if
we consider resource flow at the factory level, it will be essential to
understanding resource flow within various departments of the company,
which may be further narrowed down to the machine level. These would
help in understanding the consumption behaviors and wastage of resources
at various levels.
3.
IoT Modelling – The third stage will be to build an IoT model. In this stage,
it is essential to identify what kind of hardware, sensors, electronics,
software or technology is needed to collect resource consumption or
wastage data. Also, it is necessary to know from where within the supply
chain network the data can be extracted and how this data will be filtered to
get meaningful information to support the supply chain decisions concerning
resource efficiency.
4.
Generate recommendation or solution – In this stage, the valuable
information generated through the IoT concepts will be used to produce
reports for better planning of resources in FSCs and the improvement of
supply chain activities.
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Fig. 3. IoT Framework for resource efficiency in FSCs

By integrating the four stages of the framework as shown in Fig 3 above, the
resource efficiency of FSCs could be improved by minimizing energy and water
consumption and reducing food waste. The real-time data produced using IoT
concepts with the aid of smart-meters, sensors and cameras will be used to increase
the resource consumption awareness of each FSCs activity and will create a set of
new standards. Taking into consideration the energy and water use and food waste
during planning activities will lead to improvement and optimization of resources,
flexibility in production planning and control, appropriate communication and better
decision making at all actor levels. The three key issues which are the minimization
of water and energy consumption and reduction in food waste could be achieved
through step by step implementation of the IoT framework as shown in Fig 3.
Establishing which information needs to be gathered regarding these resources is
described below.
• Water – For example, water used in food manufacturing can be classified
into two categories, namely production water, and non-production water.
Production water is the water used directly by food production processes,
and non-production water is the water used by facilities or infrastructures,
which support activities such as heating, sanitation, etc. Hence, separate
smart-meters are required to record these two types of water. Production
water is further divided into two categories namely, process water and
system water. Process water is needed to transform the raw material or
ingredients into finished products, while system water is water, which is
used to sustain the production machines, utensils, and environment
(Sachidananda, 2016). Therefore, to get accurate data on water
consumption, two further smart-meters need to be installed.
• Energy – Energy can be characterized into two groups: direct and indirect
energy. The direct energy is the energy used by different processes within
FSCs to make a finished food product available at retailer's shelf (e.g.
cleaning, washing, chopping, packing, chilling, transporting, etc.). Whereas
the indirect energy is the energy utilized by activities to sustain the
environment in which the food production processes are carried out, or food
is stored and transported (e.g. lighting, ventilation, heating). It is essential
for decision-makers to install energy smart-meters, which distinguish both
types of energies (Seow, 2011).
• Food Waste – Food waste can be divided into three categories: avoidable,
unavoidable and possibly avoidable waste. Avoidable waste is the waste,
which at some point was edible before it was disposed of (e.g. bread loaves,
meat, cheese, etc.). Whereas unavoidable waste is that which is not edible
(e.g. bones, banana skins, egg shells, etc.). While possibly avoidable waste
is the waste which may be consumed by some people (e.g. bread crumbs),
or that can be consumed when food is prepared in a certain way (e.g. potato
skins). Measuring food waste is a complicated process since it can be a mix
of avoidable, unavoidable or possibly avoidable waste; to counter these
issues, food waste smart-meters with minimal human input can be employed
to track and measure various types of food wastes accurately (GarciaGarcia, 2017).

15

The data, which is collected by smart meters in real-time, is stored in a cloud or
storage database and analyzed to filter useful information. Data analytics or data
mining can be employed to understand the consumption pattern and behavior of
energy and water as well as the generation of food waste. In the next step, the useful
information generated can be incorporated into FSCs management systems and into
the tools that aid resource efficiencies improvement efforts, such as decision support
system (DSS), Key performance indicators (KPI) and real-time consumption
dashboards. The information obtained from the data analysis layer would help
higher-level decisions with regards to the strategic, operational and control decisions
that can be made in FSCs management systems.
In future, IoT applications and on time data will play a crucial part in creating
production plans, updating production line status, tracking the present state of
resource consumption and wastage during each activity and monitoring the
production activities throughout the FSCs. The IoT can integrate IT planning systems
with real-time data on stock levels, stock movements, machine and labor availability,
etc. so that an effective decision can be made by stakeholders (Satyavolu et al.,
2014).

6 IoT-based Energy Monitoring System for FSCs
An IoT architecture for energy monitoring in FSCs is illustrated in Fig. 4. At the
bottom layer of this architecture are production lines, equipment, machinery and
components installed with smart meters and sensors collecting the energy data across
the FSCs (food manufacturer, warehouse, distribution and retailer). These smart
meters and sensors are continuously transmitting the data on energy consumption and
other parameters (idle periods, max/min peak voltage) through wired or wireless
networks (Piti et al., 2017). The network connectivity of smart meters or sensors
allows greater flexibility in monitoring and analyzing energy usage data. Smart
meters or sensors can be installed throughout the whole production line or just in an
individual machine or components.
At the middle layer, the collected energy data is sent to the local server or cloud
storage via various options (Power Line Carrier, Broadband over Power Lines,
Cellular, Bluetooth, General Packet Radio Service, Internet, Zigbee). Wireless
networks are more preferred for sensors or smart meters due to their non-intrusive
nature and greater flexibility while installing them throughout the FSCs. In this layer,
stored data can be filtered to extract meaningful data using cloud analytics. The data
is also analyzed for whether it is a direct energy or indirect energy. Direct energy is
the energy consumed by various food processes (washing of food, storage of
ingredients in a freezer, food processing machinery) to produce finished food
products. Indirect energy is the energy used by activities, which do not contribute to
food production (heating, office, lighting), but are necessary to sustain the food
production environment. Various user-friendly applications can be created using
Software as a Service (SaaS) to reduce and efficiently manage energy consumption.
In the top layer, the data can be further integrated into the other planning systems
such as Manufacturing Resource Planning (MRP), Enterprise Resource Planning
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(ERP), and Advanced Production and Scheduling (APS) to achieve energy efficiency
in FSCs.

Fig. 4. IoT Architecture for Energy Monitoring in FSCs

7 Conclusions
Implementing the IoT in FSCs would enable the provision of a high level of
information and awareness on resource consumption at all actor levels. This
newfound knowledge may lead to discovering new opportunities to save and reduce
consumption of resources. Also, the IoT concept may address or find better solutions
to monitoring and managing inventory, and tracking and visibility of food products
and labor movement throughout the FSCs. These actions will lead to improved
efficiency of food production activities and consequently reduce energy and water
consumption and food waste. Incorporating the real-time data into supply chain
planning systems such as SAP, APS, MRP, and ERP could help stakeholders with
better decision making on optimizing resource consumptions and reducing wastage.
More research is needed to develop IoT concepts for improving the resource
efficiency of FSCs and embedding them in supply chain planning and control to
enhance decision- making processes.
Acknowledgments. This work was supported by the Engineering and Physical
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Abstract. Toxoplasmosis is one of the most common zoonoses worldwide. It
is a systemic infection caused by the protozoan parasite Toxoplasma gondii.
Felids are the only definitive hosts of T. gondii with mammals, humans,
poultry, and wild birds serving as intermediate hosts. In this study, the
presence of T. gondii in woodcocks was investigated. Eighty-six woodcocks
were collected from the area of Macedonia and Mesolonghi and examined by
PCR for T. gondii. Four samples were tested positive and the prevalence rate
was 4.76%. Therefore, woodcocks carrying T. gondii tissue cysts can
contaminate animals and humans feeding on them. This is the first report of the
detection of T. gondii in woodcocks. Further study is needed to investigate the
isolation and genetic characterization of T. gondii in woodcocks in Greece in
order to elucidate the role of this bird in the transmission of T. gondii and to
safeguard public health.
Keywords: Toxoplasma gondii, protozoan, woodcock, Scopolax rusticola,
game meat, polymerase chain reaction.

1 Introduction
Toxoplasmosis is one of the most common zoonosis worldwide caused by the
protozoan parasite Toxoplasma gondii, which occurs in domestic and wild mammals,
humans, poultry, and wild birds also (Cabezón et al., 2011; Salant et al., 2013). This
protozoan has heteroxenous life cycle with the sexual development occurring only in
the intestine of felines, (definitive hosts) and asexual replication occurring
extraintestinally into the tissues (tissue cysts) in homeothermic vertebrate hosts,
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(intermediate hosts) (Gennari et al., 2013; Halova et al., 2013; Sandström et al.,
2013). Cats or other members of the family Felidae may become infected with T.
gondii via predation on infected birds and rodents when feeding on food scraps
containing meat of livestock or by ingesting sporulated oocysts of the parasite from
the environment (Darwich et al., 2012; Molina-López et al., 2012).
Toxoplasmosis is of veterinary and medical importance, because it may cause
abortion or congenital disease and even death in its intermediate hosts (Darwich et
al., 2012; Huang et al., 2012). Concerning public health, the parasite causes an
asymptomatic infection in most healthy people; however, the infection can be fatal
for a fetus during pregnancy or for immuno-compromised individuals. In humans,
toxoplasmosis is a benign illness associated with mild clinical symptoms. However,
congenitally infected children can exhibit blindness and mental retardation. The
current global estimated incidence of congenital toxoplasmosis is 190,100 cases a
year in humans (Lopes et al., 2011; Huang et al., 2012; Matsuo et al., 2014). In
immuno-compromised individuals T. gondii infection is ranked as the leading cause
of death (Huang et al., 2012; Tian et al., 2012). Humans acquire T. gondii through the
consumption of undercooked meat containing tissue cysts or through the ingestion of
sporulated oocysts in soil and water, or on vegetables (Cabezón et al. 2011; Yu, L et
al., 2013). Still, oocysts have been found both in water and in soil samples around
human dwellings contaminating among others marine mammals and filter feeding
fish and bivalves (Sandström et al., 2013). A European multicenter case–control
study found that between 30% and 63% of T. gondii infections in humans could be
attributed to meat consumption (including cured meat) (Halova et al., 2013).
T. gondii infections are prevalent in many avian species, and can cause mortality
in some of them, including poultry, game and other species in the wild (Cabezón et
al., 2011). There are a lot of wild birds found infected with this parasite worldwide
such as, Tawny owls, Galapagos penguins, Flightless Cormorants, Ostrich ,griffon
vulture, Spanish Imperial eagle common buzzard, Egyptian vulture, cinereous
vulture, black kite ,bearded vulture, common kestrel ,short-toed snake-eagle,
Bonelli’s eagle and many others (Hove et al., 2005; Deem et al., 2010; AlvaradoEsquivel et al., 2011; Cabezón et al., 2011; Gondim et al., 2011; Darwich et al.,
2012; Gennari et al., 2014). The importance of wild birds as intermediate hosts of T.
gondii lies on the predation of them by felines, the consumption of birds by humans
and the dissemination of the parasite to distant places through migration. In addition,
ground-feeding birds are considered sentinels for soil contamination with T. gondii
oocysts (Cabezón et al., 2011; Gennari et al., 2014). Among the ground-feeding
birds, the Eurasian woodcock (Scolopax rusticola) is a migratory bird that is of
importance since it is a highly-prized prey consumed in large numbers. Woodcocks
nest in Russia, Ukraine, Latvia and Finland, and migrate among other countries to
Greece from late October to mid-November, where they spend their winter (Legakis,
2008).
The information on toxoplasmosis in woodcocks among other food wild birds is
very useful for evaluating the risk it poses to public health. Because there is no data
on toxoplasmosis in woodcocks according to literature, the aim of this study was to
determine the prevalence of infection of the birds with T. gondii using polymerase
chain reaction.
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2 Materials and Methods
2.1 Sample collection and DNA extraction
Eighty-six hunted woodcocks were collected from local hunters from the prefecture
of Macedonia (n=40) and the area of Mesolonghi (n=46), Greece. Samples were
collected from October 2014 to February 2015. The heads of the hunted birds were
transported to the Laboratory of Parasitology and kept at -30oC until examination.
For DNA analysis, the brain was aseptically removed and DNA extraction was
performed according to the phenol – ethanol protocol of Psifidi et al. (2010). In brief,
1 ml of lysis reagent SLB [10 mM Tris–HCl (PH=7.5), 1 mM EDTA, 50 mM NaCl,
0.2% SDS] and 1 mg of proteinase K were used to digest brain tissue. The lysate was
extracted twice with 1 ml of phenol:chloroform (1:1). The aqueous phase was
transferred and the DNA was precipitated at -20°C for 3 hours after the addition of
2.5 volumes of ethanol and 0.1 volume of sodium acetate 3 M (pH=5.2). The DNA
was recovered after centrifugation at 12,000 g for 20 min, the supernatant was
discarded and the DNA pellet was washed with 70% ethanol. After a final
centrifugation, the DNA pellet was dried and finally re-suspended in 100 µl elution
buffer (10 mM Tris–HCl, pH=8.0).
2.2 PCR analysis
Two primers based on Reischl et al. (2003), were modified (Table 1) so as to increase
amplification efficiency and sensitivity of detection. The target was a 529 bp
repetitive fragment (AF487550) of T. gondii, identified in the Toxoplasma genome
by Homan et al. (2000) in over 300 copies. PCR assays targeting the 529 bp repeat
are 10–100 fold more sensitive than the B1 marker (Su et al., 2010). Because of this
high sensitivity, the 529 bp fragment is a preferred marker for the detection of T.
gondii in human and animal tissues (Su and Dubey, 2009). The primer sequences
were evaluated in silico using BLAST (https://blast.ncbi.nlm.nih.gov/Blast.cgi). The
melting temperature (Tm) of the primers was calculated using the “OligoAnalyzer
3.1” software (http://eu.idtdna.com/calc/analyzer) developed by IDT (Integrated
DNA Technologies, Coralville, IA).
Table 1. Description of primers used for PCR detection.
Primer

Sequence (5’-3’)

Tox-9upAu
Tox-11doAu

TCTTGGAGGAGAGATATCAGGACTGTAG
AGCGTCGTCTCGTCTAGATCGCA

Tm (oC)
65.7
68.3

The PCR (25 µl) was comprised of 1x F-517 Optimized DyNAzymeTM EXT
Buffer Detergent-free [Composition: 50 mM Tris–HCl, 1.5 mM MgCl2, 15 mM
(NH4)2SO4; Thermo Fischer Scientific, Vantaa, Finland], 0.2 mM of each dNTP, 1.5
mM MgSO4 (New England Biolabs, Ipswich, MA), 3 U of HotStartTaq DNA
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polymerase (Qiagen, Hilden, Germany), 0.2 µM of each primer and 2 µl of DNA
extract. Amplification was carried out in an automatic DNA thermal cycler (PerkinElmer, California). The initial denaturation (15 min at 94oC) was followed by 45
cycles of amplification (denaturation at 95°C for 30 sec, annealing at 60°C for 30
sec, and extension at 72°C for 10 sec), ending with a final extension at 72°C for 3
min. Positive control samples to T. gondii generously provided by Dr J.P. Dubey
(ARS, USDA, Beltsville, USA) were included in all PCR analyses. PCR products
were examined by electrophoresis in a 2% agarose gel stained with ethidium bromide
and visualized under UV light (Fig. 1).

Fig. 1. PCR detection of T. gondii. Lane 1, 100-bp DNA ladder; lane 4, positive sample
(product size=170 bp).

3 Results and Discussion
In this survey, of the 86 examined birds, 4 of them were tested positive by PCR for T.
gondii (prevalence=4.76%). This is the first report of the occurrence of T. gondii
among the woodcock population. Three of the positive samples were collected from
Central Macedonia (7.5%) whereas the one positive sample from South Western
Greece (2.2%). Since no data are available in the literature the present results are
discussed relating to findings from other wild birds with similar habits. The
prevalence rate observed in our study is lower than the one reported by Mancianti et
al. (2013) (2.91%) who have investigated the occurrence of the parasite in wild
waterfowls from Italy. It should be noted that although 9 of the 103 birds sampled
were seropositive, only 3 out of 9 of the positive birds were tested positive by PCR.
Even lower prevalence was found by Huang et al. (2012) who among 178 wild birds
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(pheasants and sparrows), only 4 (2.25%) were tested positive. Alvarado-Esquivel et
al (2011) also reported that in Mexico, 17 (2.6%) of the 653 pigeons were
seropositive, although viable T. gondii was isolated from only 1 of the 7 seropositive
pigeons, interestingly belonging to an atypical genotype. On the contrary, Zhang et
al. (2015) noticed that among 249 waterfowls from China, 7.2% were tested positive,
a rate that is higher than the one observed in the present study. Also, according to
Darwich et al. (2012), among wild birds from Spain, 6% was positive for T. gondii.
Information on the prevalence of contamination of wild birds is useful for
assessing the threat to public health and the oocyst environmental contamination
(Lopes et al., 2011). The results of several investigations show that T. gondii
infection is widespread among wild birds, with large variation among different
species, orders, geographical regions and feeding behaviour (Salant et al., 2009; Tian
et al., 2012; Gennari et al., 2014). The warm and humid climate of Central
Macedonia and Mesolonghi, Greece, favours the survival of T. gondii oocysts and the
transmission of the parasite. The main risk factors associated with wild birds carrying
T. gondii are age and feeding behaviour, with higher rates of contamination reported
in older animals and in species with a meat-based diet (Cabezón et al., 2011; Lopes,
et al., 2011). Specifically, birds dwelling in the forest floor, such as woodcocks, are
more prone to T. gondii contamination (Gennari et al., 2014). Woodcocks are
regarded omnivorous birds, feeding mainly on earthworms, adult insects and their
larvae (e.g. beetles, scissors and centipedes), spiders, slugs, slips, and plant material
such as grains, fruits, cereals (e.g., oats and corn), grasses and leaves (del Hoyo et al.,
1996). Contamination of woodcocks by feeding on insects cannot be ruled out since
it has been reported that T. gondii oocysts can survive up to 10 days in cockroaches,
whereas flies have been identified as vectors of the parasite (Graczyk et al., 2005).
Particularly during migration, woodcocks also feed on small freshwater bivalves,
molluscs and crustaceans (Johnsgard, 1981). Since molluscs may act as vectors for
the transmission of T. gondii to humans (Robertson, 2007), they can possibly
contaminate also the feeding woodcocks.
The role of woodcocks as intermediate hosts is rather interesting since woodcocks
are migratory birds, travelling to Greece from regions of Russia, Latvia and Finland
and passing through Ukraine. It is evident that the carriage of the parasite by
woodcocks and generally migratory birds can disseminate different types of the
parasite to quite distant areas (Gennari et al., 2014). Also, woodcock is a highlyprized catch among hunters, because of its savoury meat and the remarkable ability
to evade catch. Annually, 3-4 million woodcocks are reported to be hunted in
Europe. (Ferrand & Gossmann, 2001). Undercooked or cured wild game meat can be
a potential source of infection for humans and other animals. Consumers of
woodcock meat should be aware of the possibility of T. gondii infection and should
be advised to handle meat properly (Karatepe et al., 2011; Lopes et al., 2011; Halova
et al., 2013; Matsuo et al., 2014). Further study is needed to investigate the isolation
and genetic characterization of T. gondii in woodcocks in Greece in order to
elucidate the role of this bird in the transmission of T. gondii and to safeguard public
health.
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4 Conclusions
This study presents the first report of the occurrence of T. gondii among the
woodcock population. Woodcocks carrying T. gondii tissue cysts can contaminate
animals and humans feeding on them. More precisely the consumption of
undercooked woodcock meat can be a potential source of infection for humans. Still,
further investigation is needed so as to elucidate the role of this migratory bird in the
epizootiology of toxoplasmosis.
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Abstract. Acyanobacterial harmful algal bloom (CyanoHAB) has occurred in
May 2015 in the Delta of Axios River, in Thessaloniki, in the region of Central
Macedonia, in Northern Greece. The bloom expanded to the coastline of
Thermaikos Gulf near the areas of Chalastra and Kimina. Toxic Anabaena sp.
was isolated from the water samples. Microcystin-RR(50ppb) was confirmed
with immunoassay method for microcystins (Adda specific ELISA) and Liquid
Chromatography- Mass Spectrometry (LC-MS).In this area monitoring of
microcystins and its algal blooms are only experimentally applied by a satellite
system. This research investigated the toxin and microcystin cells in the local
coastal water and emphasize to the satellite remote sensing, as a precaution,
to reduce and avoid impacts on animals’ health, Public Health and ecosystems,
after harmful algal blooms.
Keywords: cyanobacteria, microcystins, algalbloom, Thermaikos Gulf,
satellite remote sensing.

1 Introduction
Cyanobacteria are ancient gram negative, prokaryotic, photosynthetic microorganisms, which are distributed globally in fresh, brackish and marine waters and
terrestrial environments Toxic species can be potentially hazardous for animals’ and
public health, especially during the “water bloom phenomenon”, since they produce
secondary metabolites, the cyanotoxins (Whitton and Potts, 2002). The problem of
cyanobacterial harmful algal blooms (CyanoHABs) has risen the last decades
(O’Neil et al., 2012). Climate changes and human activities, such as the intensive use
of fertilizers with nitrates and phosphates salts and the farm animals’, industrial and
urban wastes running off into the coastal waters, have significant role in the
proliferation of harmful cyanobacterial blooms (Paerl and Huisman, 2009).
In Greece CyanoHABs have been reported mostly in lakes (Gelis et al., 2006), but
there in not enough data in marine environments. In late May 2015 during research
sampling for toxic cyanobacteria in Axios River, it was found that there was a bloom
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near the Delta of the river. It was decided to take water samples from the Delta and
the surrounding area to search for the potential presence of cyanobacteria toxic
species. Axios is the largest river in the region of Central Macedonia. Its annual
runoff into Thermaikos Gulf comes up to 279m3s-1, enriching the shallow coastal
zones (Nikolaidis et al., 2006). The Delta of the river and its surrounding land are
important wetland, protected by the Ramsar Convention (Jones et al.,
2012).Thermaikos is a semi-closed gulf located in the northwest of Aegean Sea, with
intensive fishing, mussel farming and recreational activities (Koukaras, 2004). The
expansion of toxic cyanobacterial blooms into the shallow coastal waters in
Thermaikos Gulf, could affect the ecosystem, the fishing and farming activities and
the public health. The scope of this research was to detect the presence of toxic
cyanobacteria after blooming and to propose its monitoring systems, beyond the
typical sampling and microbiological and chemical technics.

2 Materials and Methods
2.1 Field Sampling
In late May 2015 after expansion of a cyanobacterial blooming to the coastline of
Thermaikos Gulf, surface water samples were collected from three sampling places,
one near the Delta of Axios, one near Chalastra and one near Kimina (40o 32΄
39.22΄΄Βand 22o 45΄ 16.74΄΄Ε, 40ο30΄ 12.60΄΄Βand 22ο42΄ 19.40΄΄Ε, 40ο31΄
13.94΄΄Βand 22ο41΄ 43.29΄΄Ε) (Figure 1). During each sampling temperature,
salinity, dissolved oxygen and ph of the surface water were recorded by anYSI 556
handheld multiparameter instrument (YSI Incorporated, Ohio, USA).To investigate
the presence of cyanobacteria500ml of surface water were aseptically sampled, hold
in a sterile 500ml flask and transferred in the laboratory in insulated cold boxes. One
hundred and fifty milliliters (150ml) were filtered through filters with 0.45µm pore
diameter (PALL CORPORATION, Michigan) and 150ml were filtered through
Whatman GF/C filters (Sigma–Aldrich, Germany). The second filter was kept frozen
at -80oC, until toxin detection.
2.2 Isolation and Identification of Cyanobacteria
Filtered water samples through filters with 0.45µm pore diameter, were incubated on
Marine Agar and cyanobacteria growth was obtained according to Kalaitzidou et al.,
2015.Cyanobacteria from colonies showing typical morphology were observed in an
optical microscope (Olympus CH30), after Gram staining. The taxonomy system
according to Anagnostidis and Komárek (1985) was used to classify cells showing
typical morphology. Immobilecells that were long, filamentous with heterocysts were
characterized as presumptive Anabaena sp. Bacterial cultures were further purified
on Marine agar. DNA from bacteria of a single colony per plate was extracted and
further analyzed with polymerase chain reaction, using specific primers for the
ampliﬁcation of the cyanobacterial 16S rRNA fragments (Forward primer CYA359F,
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5΄-GGG GAA TYT TCC GCA ATG GG-3΄ and reverse primer CYA781R, 5΄-GAC
TAC TGG GGT ATC TAA TCC CAT T-3΄ (Nübel et al., 1997)

Chalastra

Kimina

Delta of Axios

Fig. 1. Sampling places in the Delta of Axios River

2.3 Sample Analysis for Microcystins
On examination day the sampled water that was filtered through Whatman GF/C
filters and then stocked at -80oC, was defrost at 2oC, dissected and extracted with
methanol 75% (Merck, Germany). The extraction method was previously described
by Kalaitzidou et al., 2015. The extracts were first examined for microcystins with a
commercial immunoassay method for microcystins (Adda specific) ELISA kit (Enzo
Life Sciences Inc, USA). The detection limit was 0.10ppb microcystin-LR analogues.
Samples with concentration over than 1ppb were considered positive and were
further examined by Liquid Chromatography- Mass Spectrometry (LC-MS)
(ACQUITY UPLC I-Class System, WATERS, USA).

3 Results and Discussion
The results of our research confirmed the presence of the freshwater toxic strain of
Anabaena sp. only in one out of the three sampling places(Delta of Axios River).
(figure 2)In this sampling place the LC-MS was positive for microcystin-RR (figure
3). The toxin concentration in water samples was 50ppb.

Fig. 2. Anabaena sp. cells and PCR detection of 16S rRNA of cyanobacteria.
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Fig. 3. LC/MS settings for microcystin-RR. The retention time was 6.08, precursor ion was
519.8, quantifier ion was 135.1 and the UV absorption spectrum was 239nm.

It is suggested that the harmful algal bloom existing this period in this place was
favored by the climate conditions and the physicochemical parameters. Water
temperature was 16oC, salinity was 15psu and ph was 8.38. Moreover some fish and
crustaceans mortality was observed in the area. The detection of Anabaena sp. in
algal blooms have also been reported in the Baltic Sea, demonstrating that higher
flow rates within estuaries of rivers and coastlines may cause expansion of the
blooms to the marine environments (Engströ-Öst, and Mikkonen, 2011). Discharges
of freshwater into coastal marine environments inducing toxic cyanobacteria bloom
have been described also in Adriatic Sea in Lake Occhito (De Pace et al., 2014). In
the case of Adriatic Sea the expansion of the blooming affected the farming of the
Mediterranean mussel Mytilus galloprovincialis, as microcystins were detected in
these mussels in high concentration.
The impact of harmful cyanobacterial blooms is of great concern, since toxic
species can kill fish, seabirds and marine mammals and enter the human food chain.
Moreover nontoxic species cause economic losses due to the damage of the
ecosystem, the reduction of the fisheries and water resources and the recreational
activities(Anderson, 2009). These impacts led the United States Environmental
Protection Agency (US EPA) to issue guideline for monitoring criteria for inland and
marine waters using satellite remote sensing (Gibsonet al., 2000). Typical monitoring
systems based on sampling water cost (Corrales and Maclean, 1995). Monitoring by
satellite remote sensing can be the solution to transmit on time data and permit
efficient alerts (Kutser et al., 2006).
In Greece satellite monitoring systems are still experimental. In Thermaikos gulf
chlorophyll-a (Chl-a), total suspended matter and sea surface temperature, were
monitored by Medium Resolution Imaging Spectrometer (MERIS) and Moderate
Resolution Imaging Spectroradiometer (MODIS) satellite systems. The results
provided spatial and temporal patterns for the water quality parameters, showing that
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the increased Chl-a concentration, especially during late spring and summer, may
induce high algal concentration (Monachouet al., 2014). In Ionian Sea an
experimental program is implemented in cooperation between Greek and Albanian
governments, with the code name “SAIMON”. The aim of the program is to monitor
by “satellite real time monitoring” the eutrophication risk for the marine waters over
the Greek-Albanian cross border area (http://saimon.getopendata.gr).
In conclusion typical monitoring strategies can detect but not predict cyanobacterial
blooms. Satellite remote sensing is considered as a promising technique for tracking
and detecting cyanobacterial harmful algal blooms. It can be implemented with
traditional monitoring microbiological and chemical methods to reduce costs and
working hours in the laboratories. It provides advantages, such as satisfactory spatial
and temporal patterns, frequency and duration of exceeding nutrient criteria
parameters, area mapping and collecting of useful data to control blooming and
implement mitigation strategies.
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Abstract. Altering humans behavior regarding agricultural production and
leading them towards sustainability, is a vital part in the improvement of the
quality of their life. To achieve the involvement of humans in such a procedure
however, is the first step towards a general societal change. So far it has been
proved that the existing production/consumption model, is not capable to offer
such a boost to society. Therefore, we have to identify the incentives that
humans and specifically farmers, must acquire in order to sensitize them in the
adoption of practices and behaviors that coordinate with the main disciplines of
sustainable agriculture. For this purpose, we must move beyond purely
technologically oriented solutions and activate new organizational and societal
models. These must face the current social challenges and achieve
sustainability and well-being. The current financial and social crisis demands
on one hand innovative solutions and on the other hand to move beyond the
closed Research and Development models to open and collaborative models,
such as Collective Awareness Platforms that can unleash the power of
collective intelligence, so generating social awareness. This paper deals with
an initial introduction to the Collective Awareness Platforms for Sustainable
Agricultural Production.
Keywords: sustainability, collective awareness platforms, collaboration, social
networking, collective knowledge.

1 Introduction
It is truth in our days, there is more and more evidence of crisis in our world, in some
areas like finance, environment and society (Sestini, 2012). The causes of this crisis
are related to the lack of sustainability of the current research and development
model that is being used in the developed and developing societies. In other words,
the natural resources of our planet are being reduced day by day, in a worried level.
Infinite and unsustainable growth, in economy as well as in society, which often has
been used to boost the power and the near-term prosperity of nations, is now at the
root of the multi-dimension crisis of our “society of knowledge”. So the question is,
if there is a way to turn this weakness back into an opportunity?
In the agricultural area, which is being related to the environment, the
environmental crisis comes from the handling of the environment with an
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unsustainable way, the huge natural resources and energy consumption, with the
ideal of the low cost mass production, to satisfy our consumptive habits. The existing
production and consumption model produces lower quality products and leads to
serious problems related to environment (environmental pollution, change of climate,
shrinking biodiversity etc.) which disrupt the ecological balance and puts in danger
the ecosystems survival and as a result the survival of the human itself (Katzi and
Zachariou, 2013). At the same time, the environmental crisis is linked with social and
economic issues, such as poverty, economic and environmental migrants etc. The
reaction to all these issues requires a viable and permanent solution. The Sustainable
Development is the kind of development that tries to restore the balance between the
three pillars Environment – Economy – Society (Azapagic, Emsley and Hamerton,
2003), by taking them into consideration and seeking to maintain or even improve a
long term quality of humans life.
However, the accomplishment of sustainable development, requires a global
revolution in the way people think and act, the demolition of the clichés of personal
development and profit, and moreover a turn into more collective and cooperative
models of action. In addition, it requires the enforcement of respect, of critical
thinking, of participation and interest, as well as of the inculcation of moral values in
every level of their everyday life. Cooperation and concerted action at international,
national and local level, involving both citizens and the state, is therefore needed
(Mitoula, Astara and Kaldis, 2008). In the search of the solution, the role of society
and collectivity lies at the heart of research. In other words, the power of the mass
and the ability of the citizens - farmers to act and lead to a sustainable production, by
actively and responsibly participating in solving these issues, are crucial.
In this paper we focus on the role of Collective Awareness Platforms (CAPs) and
their importance for the Sustainable Agricultural Production. It is an initial
introduction for the use of CAPs as tools for enabling farmers in adopting good
practices for sustainable agricultural production.

2 Collective Awareness Platforms foster sustainable agriculture
Sustainable agriculture, to be achieved, requires an intensive interaction between
scientific knowledge and the knowledge produced by the farmers themselves. The
shift towards sustainable agriculture requires the participation and cooperation of
farmers, the communication between them, exchange of views, positive examples
and practices, in order to finally achieve a massive change of attitude and the
adoption of sustainable cultivation. This therefore, entails much more than simple
change in cultivation techniques and requires an additional change in attitudes and
knowledge that may have been adopted for years. Collective Awareness Platforms
(CAPS) are a modern technological means ideal to achieve this goal, that is, this
interaction.
The Collective Awareness Platforms - CAPS (Digital Single Market, 2017) are all
those applications based on network or mobile communications and which use social
networking to create communities, offer new services, create innovative knowledge,
and harness and promote collective intelligence (Malone and Bernstein, 2012). In
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essence, they are applications that release the enormous potential that stems from the
collaboration, interaction, and high connectivity of users belonging to a networking
community and exchanging knowledge (Bagnoli et al., 2014).
Their benefits are many. Their use is easy, straightforward, available online, are
not subject to spatial/temporal constraints to communicate with community
members, and the subsequent processing and analysis of data collected during their
operation can be done easily and quickly with automated way (CORDIS, 2016).
Teamwork through community-based platforms of collective consciousness can
motivate individual and collective criticism of new practices and methods, as well as
experiments on new cultivation processes. In addition, it can lead to the acceptance
of new rules of conduct and new values in the behavior of farmers in agriculture,
society and the environment.
Generally in CAPS, providing information is not enough to trigger social
innovation. An effective change happens when new ways of perceiving the world and
acting are shared and established into a social group. Beyond changing their own
behavior, users must influence others, and social media boosts this process.
The first step before the peer community interaction, however, through Collective
Awareness Platforms, is to explore their existing attitude towards sustainable
agriculture and to identify the incentives they have to acquire in order to be
sensitized and encouraged to adopt practices and behaviors that are in line with the
basic principles of sustainable agriculture. Against this background, the cultivation
and environmental policies used by farmers, should initially be cost-benefit analyzed
and then according to the results that will come, we must step forward to suggest
specific practices, attitudes and behaviors that will both strengthen the environmental
consciousness of farmers and on the other hand will lead to increasing and
sustainable levels of prosperity.

3 Examples of CAPS enhancing Sustainability
The literature review shows that there are many Collective Awareness Platforms
developed for different areas. For example, there are CAPS for Sustainability and
Social Innovation, for energy efficient smart buildings (Chatzigiannakis, Amaxilatis
and Livathinos, 2015), for financial and environmental awareness (Satsiou et al.,
2016). On the other hand there are only few researches and CAPS developed for
sustainability in agriculture. The CAPSELLA (Collective Awareness PlatformS for
Environmentally-sound Land management based on data technoLogies and
Agrobiodiversity) project is a great example of CAPs implementation in the general
field of agriculture. Among its goals are to raise awareness about existing ICT
solutions and the benefits of their adoption, the understanding and collections of
farmers and networks needs and requirements in order to develop and deliver tailored
made ICT novel solutions, foster understanding and, hopefully, sharing of open data
among farmers, which shall lead to build a sustainable technical prototyping
platform, a meeting environment for innovation that democratizes access to big data,
cloud computing, open data, open software and pilots. (Lazzaro et al., 2016)
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Another good practice of CAPs is SavingFood. SavingFood offers a novel
approach to tackle food waste, by turning this environmental issue into an innovative
solution to fight hunger through the redistribution of surplus food to welfare
organizations that support people in need. Moving forward from existing food
redistribution channels SavingFood seeks to create a social movement for reducing
food waste, by engaging all actors of the food waste cycle to become part of the
solution (Saving Food Project, 2016). The project brings together the food waste
community and the technical and scientific community in a mutually beneficial
context to provide a complete, sustainable and flexible platform where all
participants – food donors, beneficiaries, policy-makers and society at large – can
engage, discuss and deliver within a pro-social environment in which everyone’s
needs are met, information is shared and food is effectively distributed.
In a similar way, our research aims at the creation of a Collective Awareness
Platform tailored at a first level to the profile and needs of certain Greek farmer’s
communities. Through this platform, these networking communities will be able to
exchange their practical knowledge on various cultivation issues, communicate and
interact with each other. This productive interaction will raise their awareness on
many agricultural topics such as sustainable agricultural production, environmentally
acceptable cultivation techniques and practices and will lead to the suggestion of
innovative solutions. The open data and shared knowledge that will be created, will
be open to everyone interested in the domain. In other words, the project will be
based and also facilitate a strong community of active farmers by providing them
with effective tools supporting coordination of efforts, communication and
dissemination, knowledge transfer, collaborative learning, best practices
identification and promotion of outcomes for broad impact in society.

4 Conclusion
Research around CAPS is internationally at an early stage and is an open field for
further study. There are already some remarkable studies in the international
literature that attempt to present the structure and characteristics of CAPS, categorize
them, explore their capabilities and limitations. Efforts have also been made to
compare several CAPS together to draw conclusions about the incentives of users
involved in them, as well as the benefits of using them. Their future is open and their
scope is not limited to specific areas. Instead, their use can be applied to almost any
scientific subject. So, in the field of Sustainable Agriculture, the scientific study on
how it could be used and the analysis of the expected results is an open challenge.
This research will be an important tool in the hands of the farmers involved, giving
them the knowledge and the ability to learn through themselves, new ways of
agricultural production always on the basis of sustainability.

37

References
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.

11.
12.
13.

Sestini, F. (2012) Collective Awareness Platforms: Engines for Sustainability
and Ethics. IEEE Technology and Society Magazine, 3, p.54-62.
Azapagic, A., Emsley, A. and Hamerton, I. (2003) Polymers: the environment
and sustainable development. 1st ed. WestSussex, England: J. Wiley.
Arniani, M., Badii, A., De Liddo, A., Georgi, S., Passani, A., Piccolo, L.S.G.,
and Teli, M. (2014) Collective Awareness Platform for Sustainability and Social
Innovation: An Introduction.
Mitoula, R., Astara, O. and Kaldis, P. (2008) Sustainable Development. Athens:
Rossili.
Digital Single Market (2017) Collective Awareness Platforms for Sustainability
and Social Innovation. [online] Available at: https://ec.europa.eu/digital-singlemarket/en/collective-awareness
Malone, T. and Bernstein, M. (2012) Handbook of collective intelligence. MIT
Press.
Bagnoli, F., Guazzini, A., Pacini, G., Stavrakakis, I., Kokolaki, E. and
Theodorakopoulos, G. (2014) Cognitive structure of Collective Awareness
Platforms. IEEE, p.96-101
Chatzigiannakis, I., Amaxilatis, D. and Livathinos, S. (2015) A Collective
Awareness Platform for Energy Efficient Smart Buildings. Proceedingsofthe
19th Panhellenic Conference on Informatics, p.295-6.
Satsiou, A., Panos, G., Praggidis, I., Vrochidis, S., Papadopoulos, S., Keratidis,
C., Syropoulou, P. and Liu, H. (2016) Collective Online Platforms for Financial
and Environmental Awareness. 1st ed. Cham: Springer International Publishing.
Lazzaro, M., Barberi, P., Calabro, G., Toli, E. and Ioannidis, Y. (2016) The
Horizon 2020 CAPSELLA project: Collective Awareness PlatformS for
Environmentally-sound Land management based on data technoLogies and
Agrobiodiversity.
Saving Food Project. (2016) [online] Available at: https://savingfood.eu
CORDIS (2016) Digital Social Innovation for Sustainable Societies. Focus
Magazine.
Katzi, C. and Zachariou, A. (2013). Education for the environment and
sustainable development. Frederick Research Centre, p.8-9.

38

Precision Poultry Farming: Monitor and Collaborate on
Health and Welfare of Laying Hens through Online
Zootechnical Diary
Magdalena Stefanova1
1

Department of Computing Systems, Faculty of Mathematics and Informatics, University of
Sofia “St, Kliment Ohridski”, Bulgaria, e-mail: stefanova.magdalena@gmail.com

Abstract. The structure of the food demand is shifting as the rising global
population can afford more meat, eggs, etc. Livestock farming needs to reach
superior productivity levels in an environmentally sustainable manner. In order
to accelerate the development of the livestock industry, it is important to make
optimal use of farming knowledge and provide farmers with adequate
information technologies. This article describes the realization of a precision
livestock management software that delivers monitoring and collaborative
capabilities to improve laying hens health and welfare at industrial poultry
farms. The online platform specified hereafter as zootechnical diary connects
egg and breeding farms through cloud technologies to provide continuous data
recording, automatic comparisons between actual and expected production
indicators, e-networking and integrated data-flow between the two parties.
Breeding farms benefit from enhanced competitiveness, improved supplierclient relationships, while egg farms enjoy management precision, timely
feedback on animals’ health and economic benefits.
Keywords: Precision Poultry Farming, Precision Livestock Farming,
ZooTechnical Diary, Software-as-a-Service, Production Indicators, Health of
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1 Introduction
According to the Food and Agriculture Organization of the United Nations (FAO)
farmers will need to produce 70% more food by 2050 in order to feed the rising
global population. Customers are looking for high quality and safe food products, at
an affordable price. Moreover, both animal welfare as well as environmentally
friendly animal production systems have turned into decisive factors when a
consumer is filling up his shopping basket (Cumby and Phillips 2001). However,
amidst these demands, livestock production must also be profitable if farming is to be
chosen as a viable economic activity by future generations (Webster 2001). To fulfill
these requirements simultaneously can be an overwhelming task for livestock
producers (Schofield, Wathes et al. 2002). But given a thorough understanding of the
process is developed and up-to-date control techniques are applied, even such
complex processes can be described, managed and controlled (Gates and Banhazi
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2002). To accelerate the development of the livestock industry, it is of vital
importance to boost the spread of information and encourage the adoption of
information technology applications in farming. The transformation of traditional
animal husbandry through modern information technology is a significant and urgent
task. If farmers do not adopt data collection, analysis and precise information,
livestock modernization will not happen (Huang, Guo et al. 2015). The one tool that
can open up real opportunities for animal production is precision livestock farming
(PLF). In contrast to previous approaches, PLF systems aim to offer a real-time
monitoring and management system that focuses on improving the life of the animals
by warning when problems arise so that the farmer may take immediate action.
Continuous, fully automatic monitoring and improvement of animal health and
welfare, product yields and environmental impacts should become possible
(Berckmans 2014). The Australian researcher Thomas Banhazi (Banhazi 2005)
outlines that PLF involves establishing data acquisition systems, analyzing of the
recorded information, triggering management actions and activating either automatic
control systems and/or human intervention. Also it is emphasized that the application
of PLF practices in the Egg Industry can be framed as Precision Poultry Farming (
PPF). PPF, in turn, has the potential to improve production efficiency as well as
welfare and health of animals, and could also reduce the environmental impact of
poultry production. In the same paper it is stated that implementing PLF technologies
on poultry farms can improve profitability of these farms by improving technical
efficiency. The Australian Egg Corporation Limited recognizes that the development
of an integrated data analysis tool for the egg industry is a potentially critical
enhancement and can lift management standards on farms. Research and examples of
PLF tools have already been published for the pig, broiler, dairy industries. However,
little applicable information technology frameworks and example systems have been
presented for the egg industry. Therefore, on the basis of industry value-chain
analysis, interviews with experts, established companies, egg farmers and literature
review, this paper showcases an online platform - ZooTechnical Diary-that leverages
cloud computing technology, statistical analysis, business intelligence principles and
provides for integrated, real-time data and collaboration between breeding farms and
egg farms. The Diary addresses a concrete market problem and leverages concrete
egg industry use case. Namely, the capability to connect online breeding farms and
egg farms, which allows them to realize improved animal health, improved supplierclient relationship and economic benefits.

2 Technical Architecture of the ZooTechnical Diary
2.1 Cloud Tiers of the ZooTechnical Diary
The tool employs the three standard tiers of a cloud-based application -Infrastructure
as a Service, Platform as a Service and Software as a Service. It follows the model of
a software deployed on a public infrastructure as a service.
IaaS Tier. The IaaS level offers servers, networks and other fundamental computing
resources. The main IaaS advantage for farmers, a.k.a end-users is that they don’t
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have to buy and maintain cloud-computing infrastructure, but they can readily use
the corresponding resources anytime, anywhere.
PaaS Tier. PaaS provides a component-based architecture platform for supporting
platform configurability and efficient development environment. Also the platform
level arranges for the storage and maintenance of different service components such
as authorization, alerting, version management. The PaaS level results in reusability,
saves development costs and shortens the development cycle.
SaaS Tier. The SaaS provides the end-user-oriented software and services. Farmers
can access SaaS on common devices (laptops, desktop computers, smart mobile
phones, etc.) through the client interface such as browser or web browser wrapper.
SaaS has two abstract high-level layers - backend and frontend. The former is a useroriented software application, which includes the ZooTechnical Diary business logic.
The latter includes all user interfaces, which allow the farmers to manipulate and
work with the software application.
2.2 Logical Architecture View of the ZooTechnical Diary
The ZooTechnical Diary is realized as a distributed application and its decomposed
into several logical layers. The layers are concerned with the logical division of
components and functionality. Layers help to differentiate between the different
kinds of tasks performed by the components and enable component reusability and
scalability. The main advantage of this approach is that it allows to scale user
presentation and computer-intensive processing independently of the data layer,
which is harder to scale and handled by external IaaS provider.
Figure 1 shows a high level representation of these layers and their relationships with
users, other applications that call services implemented in the ZooTechnical Diary
within the metadata layer, data sources such as relational databases and shared data
sources. The Database Layer is located on the IaaS physical tier, while all the other
layers reside within the SaaS tier and their version deployment is orchestrated
through the PaaS tier.
As shown in Figure 1, the tool consists of the three basic layers widely employed by
web-application professionals - Database Layer, Application Layer, Presentation
Layer- along with two additional ones - Metadata Layer and Mediation Layer.
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Fig. 1. Logical Architecture View of the ZooTechnical Diary

Mediation Layer: This layer handles the transformation of user account details into
specific IDs associated with certain roles and access permissions. It provides a
solution to two key challenges - 1) Farm employees different from the farm manager
should have access to a restricted number of functionalities of the ZooTech Diary
and 2) Users acting on behalf of the breeding farm should access only aggregated
information and have read-only rights for the functionalities used by egg farms. In
addition, breeding farms have additional functional modules available. Thus,
breeding farm credentials are translated into the umbrella-type IDs.
Presentation Layer: This layer contains the user oriented functionality responsible for
managing user interaction with the system, and consists of user interface modules
such as Vaccinations, Reports, Dashboard, etc. that provide a common bridge into
the core business logic encapsulated in the application layer.
MetaData Layer: Since the ZooTechnical Diary collects and stores valuable animal
health data, it’s advantageous to incorporate in its design a way for other external
systems/applications to consume the business functionality and data results of the
ZooTech Diary. This task is achieved through the MetaData Layer. The MetaData
layer effectively provides an alternative view that allows clients to use a different
channel to access the application. External clients and other systems can access the
application and make use of its functionality by communicating with the business
layer through Communication APIs. This allows to position the ZooTechnical Diary
as a connected, integrated, single source of truth for animal health, egg production
indicators and expose the functionality for integration with government veterinary
and administrative systems.
Application Layer: This layer implements the core functionality of the system, and
encapsulates the relevant business logic.
Database Layer: This layer provides access to data hosted within the boundaries of
the system. The data layer exposes generic interfaces that the components in the
business layer can consume. Each tenant a.k.a egg farm has a separate database to
ensure data integrity and security across farms. Moreover, there is a separate shared
data storage containing benchmark production indicators against which the actual
egg farm production results are compared. The values for the benchmark indicators
are specific to the laying breed offered to egg farms by the breeding farm. Another
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factor that influences benchmark values is the production system employed, such as
cage rearing, free range, etc.

3 The Main Functions of the ZooTechnical Diary
The ZooTech Diary is functionally separated into two main aspects: firstly,
functional modules serving egg farms and secondly, read-only access to aggregated
data along with a few additional modules dedicated to serving the breeding farm. The
business value chain and supplier-client relationship between egg farms and breeding
farm motivate such a software design. A single breeding farm is a supplier of parent
eggs to its clients - multiple egg farms. The former provides guidance and knowledge
to farmers for how to raise the chickens so that they become healthy, productive
layers as prescribed by the breed production indicators. The latter, in turn, monitor
the animal performance daily and rely on the breeding farm to provide know-how as
well as scheduled new chicks deliveries. The functionality for eggs farms includes
the following modules:
Dashboard: The dashboard module enables the farmer to have a fast check of the
most important actual production indicators for his flocks. These averaged indicators
are compared with charts or UI control tiles against the prescribed values expected
for the breed at a certain age in weeks. The farmer can receive instant verification for
the livability, egg laying rate, egg weight, animal body weight of a single flock. Also,
he can evaluate the flock performance and detect any health problems by comparing
expected egg grades to the actual egg grades the hens produce. The dashboard serves
an instant snapshot of the business and animal health.
New Entry: The new entry module allows the farmer to input daily the actual
production indicators per flock. In the tool the farmer enters raw value data, which
has been already detected by the farm equipment and machines. Subsequently, the
raw data is manipulated, calculated and associated with expected value in order to
update the dashboard values, discussed above.
Reports: The reports module is presented in the form of line charts, depicting a single
production indicator over an extended period across all flocks. Moreover, the
expected values for the indicator are also shown. It allows the farmer to explore the
animal performance of all his current flocks and detect trends or repeat problems.
Some possible reports concern animal body weight, egg weight, food consumption,
food conversion, egg mass, etc.
Vaccination Schedule: The vaccination schedule module serves as a calendar and
reminder for upcoming vaccinations for each separate flock depending on its age in
weeks. It organizes the vaccination activities and ensures preventive medication is
applied on time and as prescribed by the breeding farm.
New Chicks Delivery: The new chicks delivery module is simply a form for farmers
to schedule their upcoming chicks deliveries. From an IT perspective it is a simple
implementation, but given seasonal variations in egg demand and the necessity to
rely on highly productive flocks around demand peaks, this module has a major
profit impact for the farmers.
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The functionality for breeding farms includes read-only access to the separate egg
farm dashboards and an aggregated read-only view to egg farm reports, vaccination
schedules and new chicks deliveries. In addition, the breeding farm is provided with
ranked reports for top and worst performing egg farms along with modules to update
prescribed vaccination schedules and breeding guides, which, in turn, are updated on
the egg farm interfaces. The breeding farm is also provided with scheduled calendar
for new chick deliveries across all egg farms. Finally, if the breeding farm detects
poor animal management at a given egg farm or reaches insight relying on the shared
egg farm results, it can initiate online communication with the farmer via the tool. As
a result, breeding farm benefit from customer loyalty, egg farms benefit from more
productive laying hens and animals enjoy improved, closely-monitored health.

4 Conclusion
Precision Poultry Farming offers new opportunities to increase the efficiency and
sustainability of egg production, to improve the health and welfare of animals, and to
support farming as a profitable activity, thus facilitating actual adoption by farmers.
Research and examples of Precision Livestock Farming tools have already been
published for the pig, broiler, dairy industries. The concrete contribution of this paper
is that it describes a market-validated example of application of information
technologies in the egg production industry. The ZooTechnical Diary addresses the
use case of supplier-client relationship between breeding and egg farms. Not only
does it provide for continuous data recording and monitoring, but also allows
collaboration and information exchange on animal health. Its software architecture
caters to the need to ensure clear and concise farming data and offers possibility to
connect farms with other systems and administrative, government institutions to ease
knowledge sharing and red tape. Further research can be directed towards enabling
automatic and autonomous transfer of actual production indicator values from
equipment and machines to the online ZooTechnical Diary. Another area to
investigate is how by leveraging the data, residing with the Zootechnical Diary, full
egg production transparency can be offered to the final consumer at the grocery store.
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Abstract. The latest technological advances in e-Government systems, that
were only made available in 2016, have taken advantage of readymade
platforms of e-Authentication, e-Signature and e-Identification, and can offer
considerable benefits in important areas of Life Sciences and their
applications; such as e-Agriculture, e-Forestry, e-Environment, e-Food, etc.
The emphasis, in this paper is placed on the use of Smart Cross Border eGovernment Systems, including all the latest emerging techniques (Big Data,
Cloud Computing and Internet of Things). Such smart systems, offered via
innovative and reliable services to producers, can for example further facilitate
the transport of agricultural products beyond national borders. These benefits
can be accrued by reducing bureaucratic cross border barriers and thus
increasing the speed of transport and reducing the final cost of agricultural
products in reaching distant markets, to the benefit of consumers. The
motivation behind this research is drawn from the long-term plans and efforts
of the European Commission, since 1993, in supporting Single Market of trade
and business on a grand scale. The application of such Cross-Border systems
will enhance the benefits of the European Single Market on demand as their
availability and applicability support further integration at federal state level.
This emulates the situation in the USA where all trade movements are
conducted freely between States, based on the same currency and governed by
the same laws and regulations.
Keywords: E-government, e-Agriculture, Smart Cross-Border e-Gov Systems,
e-Identification, e-Authentication, Smart Applications in Agriculture.

1 Introduction
The evolving role of ICT (Information and Communication Technologies), as well as
the continuous improvement in the security of Internet systems have resulted in the
development and implementation of a number of e-Government standards to support
integrated services in almost all areas of human activity. The core aim of the
evolution of e-Government standards is the improvement of the quality of life, the
commercial activities and the relations between the State and its citizens.
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Globalization of the economy and the creation of state or local associations, such
as the European Union (EU), the USA, ASEAN, TURKPA, etc., in which integration
and free movement of citizens and goods are permitted, require the development of
e-Government Services in cross-border environments (Sideridis, 2017). This kind of
services are primarily developed by the Public Administrations to Citizens (G2C) and
Businesses (G2B) as well as private businesses (B2B) with the ambition of providing
eHealth and Banking Services, Trade and Customs Transactions (E-Custom, eCommerce) and, agricultural products (e-Agriculture) quite recently (Sideridis, 2013;
Sideridis and Protopappas, 2015; Sideridis et al., 2015). In order to limit these timeconsuming formalities of the above mentioned services, the EU has launched IT
projects such as STORK 1.0 and STORK 2.0 to create specific e-Authentication (eAU), e-Identification (e-ID) and e-Signature (e-SIGN) platforms (Tauber et al, 2012).
These platforms have been implemented to serve initially areas of e-Banking, eHealth, e-Commerce, e-Custom, etc. However, it has also been suggested that they
should be used in other areas, such as in migratory agricultural products, where the
import or export activity becomes challenging or even impossible due to rigorous
customs controls and trade formalities (Nielsen S., 2001).
The exploitation of the STORK 2.0 platforms simplifies and automates the
existing e-Health, e-Banking, E-Commerce and e-Crime Services and enables the
development of these Services for (E-Agriculture, e-Environment, e-Forestry, eFood) in cross-border environments. The combination of innovative Big Data, Cloud
Computing and Internet of Things (Zhang et al, 2010) and STORK 2.0 readymade
platforms for E-authentication, E-signature and E-Identification has made it easy to
design intelligent Systems and support advanced e-Government Services (a)
Governments of EU Member States (EU) to citizens (G2C), (b) Governments of EU
Member States to businesses (G2B) and (c) Business to Business (B2B) (Sideridis et
al., 2017). According to relevant legislation and decisions of the European Commission, the proposed schemes simplify and automate the relevant procedures for the
movement and establishment of citizens, products and businesses within the borders
of the European Union.
It is clear that the flexibility and speed which is provided by the proposed Smart
Cross Border e-Government Systems (SCBeG) in export / import activities of
agricultural products between EU trading partners and in the automatic processing of
the relevant banking services (Sideridis et al., 2015). The benefits of developing
SCBeG systems are also evident in further deepening and realization of the EU
objective of creating a Single Digital Market in the EU, which encourages the
governments of the Member States, through the launch of various projects, to adopt
the existing platforms for the development of Government to Government (G2G) and
Administration to Administration (A2A) systems (Pimenidis and Georgiadis, (2014).
The cross-border eGovernment system model and its enhanced structure within
the eAU, eSIGN and eID platforms, which achieve the cross-border utilization of the
proposed ED systems, are described in the second section. The section 3 describes
the applications of SCBeG systems in the fields of Electronic Agriculture. Finally, in
the fourth section it is attempted to draw conclusions from the adoption at the level of
productive use of SCBeG systems in applications of Electronic Agriculture (ITU,
2016).
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2 Smart Cross Border e-Government Systems (SCBeG)
In October of 2015, results were published regarding the achievement of the major
project of the European Commission called STORK 2.0. Meanwhile, efforts have
been made to activate various national scientific teams of the EU Member States to
exploit the technological platforms that were earmarked through this project for eAU,
eSIGN and eID, for exploiting existing eGovernment systems and enabling them to
support national and cross-border Intergovernmental Services to citizens and
businesses (European Commission (c)). The design and implementation of crossborder e-Gov systems is now imperative and primary systems in e-Health, Justice (eJustice), Commerce (e-Commerce), Customs (e-Customs) and Education (eEducation) have already been developed. The proposed SCBeG systems involve
artificial intelligence components and are combined with innovative Big Data, Cloud
Computing and Internet of Things technologies, which can support a variety of
security-sensitive areas such as Life Sciences (e-Agriculture, e- Environment, eForestry, e-Food). Efficiency, speed and cost savings of the proposed SCBeG
systems are ensured by the new platforms for automating time-consuming
bureaucratic procedures, Document Authentication, Electronic Signature and
Electronic Identification, provided by STORK 2.0. (STORK 2.0 (b), (c)).
The development of SCBeG systems and their dynamics depend on numerous
factors; with the most basic being security and privacy. The EU, through various
programs, has reached the adoption of a multilevel security framework (Figure 1), for
safeguarding the security and reliability of services (Kefallinos et al, 2012).

Fig. 1. IDAS node. Source: https://www.eid-stork2.eu
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The multi-layered architecture of eGovernment systems, which is shown below, is
enriched and reinforced by new building blocks provided by the innovative
developments of Big Data, Cloud Computing and the Internet of Things.
A central piece of procedure and architecture of the systems represented above, is
STORK 2.0, which is grounded in recognized registered international standards
(OASIS web SSO, ISO/IEC 27001, OASIS DSS) and it resides to a combination of
subsequent models of identity (Pan-European Proxy Services (PEPS) & Middleware
Model (MW) (Leitold, 2009). Moreover, each one delivers eID verification for
various service providers, combined with techniques of next-generation such as CC.
This prominent architecture is entitled to STORK VIDP, and can be shown below in
Figure 2.

Fig. 2. Extended VIDP architecture supporting eID based cloud authentication

3 Applications in Agriculture
The applications of Smart Cross Boarder e-Government (SCBeG) systems, which are
proposed to be developed on the basis of the architecture and standards which are
mentioned in the previous two sections, attract already a lot of interest to various
organizations, and agricultural cooperatives since they have been promising fast, not
time-consuming and bureaucratic procedures, automated and safe services in
agricultural products in national and cross-border environments (Sideridis et al.,
2015), (Sideridis, 2017). Particularly, the import / export trade of sensitive
agricultural products, will be benefited for the speedy response, efficiency,
authentication and security of the data exchanged in various documents, which
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guarantee the direct supply of goods from their place of production to the country of
the consumer, regardless of the national borders and any long distances.
The services supported by the SCBeG systems, in addition to speeding and, as a
consequence, reducing the cost of migrating goods, enlarge the role of the European
Union's Small and Medium-Sized Agricultural and Manufacturing Operators, as the
European citizen becomes automatically a consumer of agricultural products of any
kind country of production (COP) within the EU (Ntaliani et al, 2010). In this sense,
the welfare of wider populations is upgraded, high standards of production are
standardized and ensured, agricultural demand is increasing and farmed isolated
areas are economically supported.
Furthermore, the agricultural economy in broad effects of SCBeG Systems and
other sectors of Agriculture and the environment are favored by providing them with
all the necessary information and valid data in a timely manner at their local farm
level. For example, the hitherto predictability of weather phenomena refers to broad
spatial and temporal data. The new SCBeG systems are equipped with building
blocks of Big Data (McAfee and Brynjolfsson, 2012), Cloud Computing and the
Internet of Things will "personalize" the information provided, so that farmers can
cope with the phenomenon of appropriate preparation and measures to prevent or
even suppress any disastrous consequences (Bandyopadhyay and Sen, 2011).

Fig. 3. Applications in Smart Agriculture. Source: http://invoke.pt/en/strategy-solutions/
agriculture

Generally, farmers and businesses in the sector will be able to take advantage of
their land and other available resources (water, soil, atmosphere, etc.) in a more
convenient and economical way, having quantitative and qualitative elements (e.g.
transnational agreement on the exploitation of water flows and stocks).
SCBeG systems and their supported services will contribute to the qualitative
upgrade of agricultural products by providing advisory information that will deliver
more economical, more efficient and safer use of agricultural fertilizers and
pesticides. The services offered are ergonomic and understandable, as they have
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excellent interfaces through which the user - farmer optimizes her/his production (see
Figures 3 and 4). Below are mentioned indicative partial applications of SCBeG
systems in Agriculture and the Environment (Sideridis, 2013), (Sideridis, 2017).
• Prediction of accurate harvest time, health monitoring and treatment of diseases.
• Prediction of possible catastrophic weather events for agricultural crops (Sideridis
and Stamelos, 1988).
• Personalized protection and maintenance applications, in proper temperature,
humidity and ventilation conditions, for agricultural warehouses.
• Mobile applications, installed on the tractor, inform the farmer regarding soil quality and accurate local data, using Internet of Things (IoT) technology (Li et al,
2011).
• Applications for determining the level of ripe and harvesting of production.
Nowadays, similar systems are operating and they can not only determine the stage
of maturation but also the intervention, through the IoT systems, to accelerate the
maturing time.
• Applications for maturing time monitoring by measuring sugars and other indicative data for vintage grapes harvesting on farms.
• Applications for monitoring and control of atmospheric pollutants, especially CO2,
produced by factories, industries, cars and agricultural holdings.
• Applications for measurement and control of soil moisture.
• Applications for the detection of hazardous pollutants in drinking water sources,
reservoirs, rivers and irrigation water in agricultural holdings, water-exporting
industries and agricultural holdings.
• Applications for microclimate control and appropriate storage conditions for the
excellent preservation of agricultural products.
• Applications for control of the most suitable conditions in irrigation of cultivated
land.

Fig. 4. The role of the IoT in precision farming. Source: https://www.linkit.nl/ knowledgebase/209/Agriculture_the_Internet_of_Things

• Applications for controlling livestock development and diseases data.
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• Grazing monitoring applications and controlling the driving of farm animals in
appropriate areas and the accurate at any time
• Monitoring and ventilation control of farm animals in closed farms.
• Mobile applications that are installed in small self-propelled robots are monitoring,
managing and controlling the farmer's crops through on-line maps of his rural area
(Lav et al, 2012).
• Applications for weather forecasting, rainfall, drought, windstorms, snowfalls and
movements of microbiological disease organisms.
• Forest and agricultural monitoring and control applications for the detection of any
gases and other hazardous materials that cause fire, with the intention of automa-tic
extinguishing.

4 Conclusions
Cross-border eGovernment systems, enriched with innovative capabilities in the
fields of Big Data, Cloud Computing and Internet of Things, as discussed in the
context of G2C, G2B and B2B in this paper, offer major advances in further
deploying applications to almost all Life Sciences sectors and applications.
Meanwhile, the capabilities of authentication, electronic signatures and electronic
identification offer essential prerequisites for the additional development in specific
application areas such as those of e-Agriculture and Agricultural Economy. The trade
(import and export) of fresh and sensitive agricultural products could hugely benefit
from secure Cross-border transactions, the automation and the speed of carrying out
all the necessary procedures digitally and the ensuing reduction of the costs of
multiple handling of goods. All these enhanced services will significantly contribute
to the stimulation and reinvigoration of small and medium-sized enterprises in the
sector and could support opportunities for their economic survival within the contexts
of globalization and the implementation of the key principle of the European Union
in the creation of a Single Digital Market.
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Abstract. The Agrof-MM Erasmus+ project reinforces the AgroFE project that
ended in 2015. The objective of the Agrof-MM project is to train European
agricultural stakeholders in agroforestry practices. The project will give them
the opportunity to familiarize themselves with agroforestry, and to improve
their knowledge of it, in order to work towards the development of
agroforestry in the Mediterranean and mountain regions of Europe. Thus it
widens the geographical scope and improves the level of training of the AgroFMM project, as well as addressing new stakeholders from 15 partners. The
paper describes the knowledge databank system prototype for Agroforestry
training and education. The knowledge databank is a component of the project
training system. It aims to gather and share a set of documents, resources that
partners can use and which will have been accessed by learners and the public
users. These resources are under different forms: Mono document objects and
Composite materials.
Keywords: Agroforestry, Knowledge Databank, Education, Training.

1 Introduction
In last decades regional growth of arable land has a significant effect in global and
European land use, thereby reducing the percentage of natural forest area. In Europe
are 29% croplands, and in Central and Eastern Europe in Hungary arable land ratio is
near to 50%, which is much higher than the European average. The global
environmental problems justify the necessary of forestation in each country.
However, this causes conflicts of interest between the agricultural and environmental
sectors. Solution of the conflict management may increase the agroforestry land use,
which means ecologically mixed land use. The European Stakeholders has accepted
that agroforestry has special ecological system.
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The aim of the AgroF-MM (Agroforestry Education, Mediterranean and
Mountains areas) project is to play an important role in Agroforestry trainings.
Depending on the European countries, states or professional organizations and
training actors try to reintroduce Agroforestry in the course of training and
qualification in initial training and in adult education.
The aim of the Agrof-MM project is to involve farmers, future farmers, advisors
and stakeholders in Agroforestry. This agricultural system has experienced a strong
abandonment in the 20th century, to count today only a few million ha in Europe
(Nair, 2005). Following the work of scientific research, development structures and
the experiments of some professionals in recent years agroforestry has met a true
national and European recognition.
Depending on the countries, states or professional organizations and training
actors reintroduce Agroforestry in the course of training and qualification (Jamnadass
et al., 2014) in initial education (Vocational Education Training) and in adult training
(Jongmans, 1996). Based on the results of scientific research, development structures
and those of the ”farmer-researchers”, experimental courses were conducted in
different countries, including France, in the United Kingdom or in Italy, on a small
scale, as resources, trainers and available skills are scarce. It is on these four
components: the results of scientific research, professional practice formalized
training based on business situations (Gunn, 2010), innovative teaching resources,
the transfer from past AgroFE project (the AgroF-MM project is based on the
AgroFE). In the partnership countries, the need for conversion and development is
between 25,000 and 30,000 farms (Price, 1995) in the next 5 to7 years (Gregorio et
al., 2015), which means training 25,000 to 30,000 farming managers (L4 to L6 level
by country) as well as the same number of workers and ”small farmers”, on L2-L3L4 level by country.
1.1 Organized trainings in the project
The core of the EQF (European Qualification Framework) concerns eight reference
levels describing what a learner knows, understands and is able to do (learning
outcomes). Levels of national qualifications will be placed at one of the central
reference levels, ranging from basic (Level 1-L1) to advanced (Level 8-L8). This will
enable a much easier comparison between national qualifications.
But in order to achieve, to support these conversions, these profound changes in
modes of practical production, we need counsellors-advisors, trainers, specialists and
unfortunately the level of human resources is low. The partners have identified
training needs in the short term (Ghirardini, 2011): These needs are on the one hand
farmers and future farmers, adults and pupils (Kuhn, 1996) - students, on the other
hand, middle managers and teachers-counsellors-specialists (Mbow et al., 2014).
These requirements therefore relate to two levels of qualification L2-L3-L4 L5+/L6
and 3 types of learners (target groups) (Várallyai and Herdon, 2013):
• students (in VET - Vocational Education Training) and adults, small farmers,
future farmers and workers in farming on the one hand, mainly L2-L3 level,
sometimes L4 level,
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the farmers and future farmers (in larger farms) and middle management, mainly
L3-L4-L5 level, sometimes L5 level,
• the advisors-teachers-specialists, mainly level L5+L6,
In the short term, the project will address these 4 needs / three publics through an
AgroF-MM training system established by the partners, partly based on the AgroFE
Leonardo project, the development of the EU AgForward RTD (AGroFORestry that
Will Advance Rural Development, Research and Technological Development) 7th
research, the EURAF (European Agroforestry Federation) EU research association
and its working groups, and the outcomes from the French RMT and Casdar
(Fertilisation and Environnement- Frnch acronym) programme. The project would
be built on innovative teaching and training practices (Gamboa et al., 2010), France,
United Kingdom, Italy, Greece, for instance on professional situations providing
(training and certification at the workplace), access to recognized qualifications
(NQF - National Qualification Framework, EQF - European Qualification
Framework, ECVET - European credit system for vocational education and training,
ECTS - European Credit Transfer and Accumulation System), a process based on
”russian dolls” (Bustos et al., 2007; Herdon and Lengyel, 2013; Herdon and Rózsa,
2012), the certified and accredited inferior level giving access to the superior one.
•

1.2 Knowledge Databank overview
Supporting the agroforestry development (training on different levels (Mbow et al.,
2014; University of Missouri, 2015), extension activities, farming) in Europe one
important aim of the AgroFE (http://agrofe.eu) and the Agrof-MM
(http://agrofmm.eu) European projects is to build a knowledge databank to help the
players with agroforestry knowledge. A knowledge base or knowledge bank is a
special kind of database (Glick, 2013) for knowledge management. A knowledge
base is an information repository that provides a means for information to be
collected, organized, shared, searched and utilized. It can be either machine-readable
or intended for human use. Behind a Knowledge DataBank (KDB), there is, at least,
a back-end which is based on a special DBMS. Due to the high level of enrichment, a
KDB is more than a documentary base or a document management system.
The knowledge management (KM) is used to describe the creation of knowledge
repositories, improvement of knowledge access and sharing as well as
communication through collaboration, enhancing the knowledge environment and
managing knowledge as an asset for project partners and public. The central element
of the KM is the KDB. For building and using the KDB knowledge engineering is
needed. Organizing and storing the knowledge (represented in different content and
forms: documents, videos, photos, etc.) it is need to classify them by using
knowledge representation technologies. In the project the Dublin-Core (Weibel,
2005; Lubas et al., 2013), LOM (Learning Object metadata), Technical metadata and
the Agroforestry thesaurus are used (Castro-García and López-Morteo, 2013;
Manouselis et al., 2010).
The very important part of the development to define the AgroF-thesauri in very
detail because the word in this vocabulary links to different object (document,
lecture, presentation, videos, etc.) in the KDB. This thesauri system has been
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developed by a working group in the project using ontology. Unfortunately the
AGROVOC Multilingual agricultural thesaurus and other system don’t contain terms
for agroforestry in details (Rajbhandari and Keizer, 2012).

2 Objectives and development methods
The main objectives are to make a synthesis of needs and expectations. The work
based on the present existing training actions and to set up a common framework.
Within this framework the target is to build an innovative training system
(contextualized, modularized trainings, use of ICT (Information and Communication
Technologies), professionals participation), to create a technical collaborative
support for the implementation of the project with communication tools (information
of partners and promotion) and providing access to the resources and training
services during and after the project (knowledge databank, interactive services). To
achieve these objectives the following main activities had to be carried out (Dosskey
et al., 2008):
• Exploitation of the tools and services;
• Building a collaborative working environment;
• Planning the architecture for development, teaching and training;
• Implementing the e-learning environment (Lengyel and Herdon, 2009);
• Designing the multimedia tools to make the system accessible for learners and
trainers.
• Based on different methods we have built a collaborative working environment
for the project partners and players who will join to this knowledge database and
information service. We used the following methods (do the following
activities):
• Using the experiences from former project and practice;
• Studying new technologies and methods;
• Developing Agroforestry courses;
• Evaluating them;
• Selection.

3 Results

3.1 Knowledge Databank System architecture (KDB)
A knowledge base or knowledge bank is a special kind of database for knowledge
management. A knowledge base is an information repository (Beddie and HallidayWynes, 2010) that provides a mean for information to be collected, organized,
shared, searched and utilized. It can be either machine-readable or intended for

57

human use. Behind a Knowledge DataBank (KDB), there is, at least, a back-end
which is a DBMS.
The developed system architecture can be seen on the Fig. 1.

Fig. 1. Knowledge Base System architecture

In the context of the AgroF-MM project, the used Information and
Communication Technologies (ICTs) include four components: the collaborative
tools, the Knowledge DataBank, the tools for training and archiving and a portal that
integrates the tools.
The KDB, is to enable the sharing, access and consultation in the use of certain
resources for training. These resources are under different forms:
• Mono document object, like a photo, a text, a diagram.
• Composite materials, for example an html web page with images, “pdf” files
with pictures and diagrams, a video clip, with images and sounds, etc.
Under the project, these documents are identified, selected, proposed by partners
and included into the KDB for the evaluation of their potential use in training, by one
or more partners. A fact sheet originally written by the proposer, the institution, who
proposed it to project partners, often accompanies, completes this document.
At the end of the evaluation phase, the KDB can be extended to other contributors,
for other uses, such as exchange supports between different actors of Agroforestry.
3.2 Objectives of the KDB
There are more objectives of the KDB, which are the followings:
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•

•
•
•
•
•

•

•

•

•

Storing elements of knowledge, sources of technical and professional
information in relation with the domain, elements, components that could be
usefully used in education and training;
Making professional experiences accessible to learners, students, adults in
training, experiences under the form of documents, videos, evidences, keynotes;
Allowing the diffusion of knowledge under the form of apprenticeship modules,
together or linked to education and training platform;
Being one of the support tools for the curricula and trainings established,
developed by the project, proposed to students, to adults, target;
Allowing to professors, trainers, instructors to develop innovative curricula,
educations pathways, new types of pedagogical activities;
Being, in the project, one of the support tools of the collaborative and interactive
working, especially as a mean to help the production of new education and
training and professional targeted knowledge;
Bringing and bridging the other related KDBs (Agronomy, Agro ecology,
Environment, Water, Organic) and Agroforestry sources wherever they are
located on Earth;
In mid-term, enlarging the domains of agroforestry which are covered by the
KDB, for instance knowledge from Mediterranean, African, Asian, experiences,
professional practices;
In mid-term, making this knowledge accessible to other people as learners, to
other learning organizations, institutions like universities, training centres, in
respect with intellectual property;
In long-term, for the “public part” of the KDB, making this knowledge
accessible to large public, in respect with intellectual property.

3.3 Needs in education and training - requirement of KDB
We need a place to store and structure the information and sources gathered by the
project. This place can be divided into 2 parts:
• Private part
• Public part, which means not restricted to partners but, for instance, open to
trainers and learners.
• The project needs to build the curricula and trainings, especially the technical /
professional components, which stored in a repository for the information:
• A repository to store the “objects”, the documents, the resources, the
components of the modules the project is producing and will produce;
• A place to, possibly, store some “objects”, documents, which are involved in
working tasks, in conjunction with the collaborative working system;
• A set of tools to identify the KDB components (indexation) and tools to make
this information easily accessible, search engines for instance;
• We can review some aspects of technical needs:
• Amount of data to be stored, we have to define technical constraints;
• Number of users, number of access, in short term and in midterm;
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Related parameters like quantity of information by user, duration of connection,
bandwidth.
The issue of private data (linked to restricted access for instance) must be
specifically treated in the second step of the project in conjunction with the access by
learners, students in relation with LMS (Learning Management System).
•

3.4 Selection criteria of CMS software to the KDB development
In computing, a database is gathering highly structured data, a well-defined
organization, based on different types of structures: relational, hierarchical. This is
absolutely not the case in a databank in which we store structured tables of numbers
as well as illustrated text or video or emails, external knowledge or those from the
project in their various forms. But it should be noted that the knowledge databank in
the prototype of the AgroF-MM project is based on a software, RUBEDO developed
in PHP and it is built on different components:
• a database management software (DBMS), type 'NoSQL', MongoDB;
• the user interface uses the ElasticSearch search engine.
Why we chose MongoDB as a database server. From one side the Rubedo system
is an open source software tool framework to develop websites and it contains this
type of database. From the other side MongoDB is an open-source document
database and leading NoSQL database. The benefits of using a document database
like MongoDB means that we can work with JSON-style documents across our entire
development process.
In this type of database is possible search based on text or in case of pictures
videos and other objects based on taxonomy (description text to the given object).
3.5 Development and implementation of the KDB system based on the
RUBEDO CMS
The Rubedo platform brings the advanced functions of content management together
with the power of e-commerce, all being based on Big Data (Webtales, 2017).
The Rubedo system can be accessed on three different platforms (Linux-RedHat
or Debian and Windows):
We use a yum based distribution, which name is: CentOS. The first step is
installing the MongoDB, then the Elasticsearch and Apache webserver and PHP
server side script language and finally the Rubedo system.
If the installation was correct you can add different kind of users with different
rights to the system.
If the given username and password were correct can be seen the Backoffice part,
where the appropriate pages for the users can be designed. These pages can be seen
by users on the FrontOffice part in different kind of browser programs (Fig. 2).
There can be seen more possibilities to choose. The visitors, learners, trainers, the
access is by means of the address newkdb.agrofmm.eu without further specification.
This version is open to the public. The opening welcome page is displayed in
English, with a brief introduction, (picture below – Fig. 2.). The choice of language
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of the interface is done by clicking on the language button, pull-down menu, select
language and redisplay the page in the selected language. The general menu
Welcome, Overview, Trainings, Resources, Content types, Search tool and Wiki and
a knowledgebase DVD from the former AgroFe project results is present on every
page. The logo AgroF-MM repeats on every page with a click (on the logo) from any
page. Site map levels and a breadcrumb used to be located and to move without
necessarily go back to the Home page.
3.6 KDB menu and content introduction
The KDB has documents and links with training. Users access Digital Assets
Manager contents.
a) The choice “Trainings”' provides access to “Trainings needs” and “Trainings
objectives” of the KDB.
b) The choice Resource opens a submenu in a dedicated page. The route tree in the
resources of the KDB continues with the choice: - Gallery: the selection of
choice provides access pictures, where number of thumbnails are in the bank. By
clicking on a thumbnail, the image in full size is obtained. Video: click on the
video option causes the access to video stored in the DAM (Digital Asset
Manager) or the recorded videos and identified on public servers, such as
YouTube, etc. Some videos can be viewed online, others have to be downloaded.
Document: offers a sub-menu distinguishing between general information and
agroforestry techniques. A click on the document product logo to download the
document and its display in the user's browser if a necessary application was
installed.
c) The content types menu is a description about the usable types of content in the
Rubedo system.
d) Selection Search provides access to the integrated search engine has the
knowledge bank. In this application, the search can be performed on the entire
contents of the bank by entering a keyword may be presented in an object or an
associated content. Here can be used the object associated taxonomy for better
performance searching.
e) AgroF-MM wiki is work in progress, in line with the taxonomy “agroforestry”
of the bank.
f) A knowledgebase DVD from the former AgroFe project results in html format.

4 Taxonomy and Thesaurus
One of the most important part of the development to define the AgroF-MMthesaurus (Fig. 2) in very detail because the word in this vocabulary links to different
object (document, photos, presentations, videos, etc.) in the KDB. This thesaurus
system has been developed by a working group in the project using ontology.
Unfortunately the AGROVOC Multilingual agricultural thesaurus and other system
do not contain terms for agroforestry in details.
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For designers and developers, the design and developments associated with the
management and use of the KDB covers more extensions. The ”professional domain”
extension composed of Vocabulary, Thesaurus, Taxonomy of agroforestry. The
”training” extension is dealt the question of the enrichment of documents. In relation
with KDB access, different modes and levels of enrichment have been developed and
implemented.

Fig. 2. Used thesaurus in different levels

Fig. 3. Taxonomy handling window in Rubedo system
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The first step to identify the internal objects of KDB. In the second step we can
enter keywords (metadata) to the objects (photos, graphics, videos) to help searching
process. We use 4 taxonomies (Domain, Dublin Core, Learning Object Metadata,
Technical definition of metadata). Finally we can associate these keywords to the
appropriate objects in the KDB (Fig. 3).
The aim of the AgroFE project is to play an important role in Agro-forestry
trainings. Depending on the European countries, states or professional organizations
and training actors try to reintroduce Agro forestry in the course of training and
qualification in initial training and in adult education.

5 Conclusion
The Rubedo platform brings the advanced functions of content management, all
being based on Big Data. We use a yum based distribution, which name is:
CentOS 7. The first step to install the MongoDB, then the Elasticsearch and Apache
webserver and PHP server side script language and finally the Rubedo system. The
visitors, learners, trainers, the access is by means of the address newkdb.agrofmm.eu
without further specification. This version is open to the public. The choice of
language of the interface is done by clicking on the language button, pull-down
menu, select language and redisplay the page in the selected language.
During the development work of the KDB, an evaluation of the interface and the
organization of the access will be organized with the participation of master students,
Hungarian and French consultation conducted by students in Master AgroSup Dijon.
A first phase resulted in proposals for interface and aspects. The thesaurus and
taxonomy are very important part of KDB, it can be the base on the search strategy.
The KDB has documents links with training. Users access Digital Assets Manager
contents.
The knowledge database (knowledge data bank) is very new innovative solution
for harvesting, storing and delivering contents in agroforestry. It was used in
different training programs with good feedback. The knowledge database will serve
the Agrof-MM partners in the next years.
Acknowledgments. This publication was supported by the EU Erasmus+
Programme Key Action 2: Strategic Partnership. “ Agroforestry – Training –
Medirranean and Mountain” Ref. Number: 2015-1-FR01-KA202-015181 project.
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Abstract. Climate-Smart Agriculture is an approach for guiding actions
required to help stakeholders around the world, identify and develop strategies
in order to make agriculture more productive and sustainable. Cloud
computing, as a trend of future information technology applied in various
fields, may play a significant role in agricultural informatization by bringing
some new prospects to information management and service. Evolving cloud
computing technology in agriculture is an extensive opportunity to carry out
industry agricultural applications aiming in the development of services in
rural areas. Agriculture, and especially climate-smart agriculture, is a field
which is benefited with the applications of cloud computing with regard to
resources sharing, cost saving and efficient agro systems construction. The
purpose of this survey is to examine the technological background of cloud
computing, as well as to review its applications in agricultural informatization,
focusing particularly on the trends and challenges regarding the field of
climate-smart agriculture.
Keywords: Climate-Smart Agriculture, Cloud Computing, ICT, Information
Management.

1 Introduction
The sector of agriculture is going to face enormous challenges as, according to Food
and Agriculture Organization of the United Nations (FAO), the total agricultural
production should be increased by 60% in order to meet all nutritional needs of the
constantly growing world population. This goal has to be achieved despite the
impacts of climate change in global agricultural production and the fact that many of
the resources required are already stretched (70% of the world's fresh water supplies
is consumed for agricultural purposes). Moreover, taking into consideration the land
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use change emissions, it is estimated that the agricultural sector, generates about onequarter of global greenhouse gas emissions (FAO, 2013).
Climate-Smart Agriculture (CSA) is an approach for guiding actions required to
help stakeholders, from local to national and international levels, identify and
develop strategies in order to make agriculture more productive and sustainable. CSA
provides the means to relate actions both on-farm as well as beyond the farm, by
incorporating elements concerning policies, institutions, investments and
technologies as following (FAO, 2013):
- Farm, cultivation and livestock management for handling resources efficiently
as well as increasing production and resilience.
- Ecosystem and landscape management in conserving ecosystem services that
are essential in order to increase resource efficiency and resilience at the same
time.
- Services for farmers and land managers so as to enable them to implement
changes which are necessary for the efficient management of climate
risks/impacts and mitigation actions.
- Changes which enhance the benefits of CSA in the wider food system,
including value chain interventions as well as demand-side measures.
One way of addressing these issues and increase the quantity together with the
quality of agricultural production is by using cutting edge technologies in order to
establish more “intelligent” and interconnected farms through agricultural
informatization.
As far as agricultural development is concerned, the implementation of
Information Communication Technology (ICT) is a major asset for the sustainable
growth in agriculture. In past few years, the research focused on agricultural
infrastructure development and information service. In order this situation to be
changed and promote a rapid development of agricultural informatization, it is
essential to apply technologies which provide reliable, cheaper and user friendly ICT
tools in agriculture.
Cloud computing, as a trend of future information technology applied in various
fields, may play a significant role in agricultural informatization by bringing some
new prospects to information management and service. Evolving cloud computing
technology in agriculture is an extensive opportunity to carry out industry
agricultural applications aiming in the development of services in rural areas.
Meanwhile, the innovative technology of the Internet of Things (IoT) is highly
related to cloud computing as IoT acquires compelling computing tools through
cloud computing and cloud computing encounters the optimum channel of practice
based on IoT. Thus, the integration of these technologies, using Radio Frequency
Identification (RFID) and Wireless Sensor Networks (WSN), for data acquisition and
monitoring corresponding to cultivations, as well as cloud computing applications for
transferring, storing and processing these data using the Internet, is predicted to bring
revolutionary changes to agriculture, through the automation of agricultural
production.
The study of cloud computing in agriculture is of important theoretical and
practical significance. The purpose of this survey is to examine the technological
background of cloud computing, as well as to review its applications in agricultural
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informatization, focusing particularly on the trends and challenges regarding the field
of climate-smart agriculture.

2 Overview of Cloud Computing Technology
Cloud Computing, often referred to simply as “the cloud”, has been characterized
as “the fifth utility service”, along with water, electricity, gas, and telephone, for it
provides readily available on demand computing services, similarly to any other
utility service which is available in modern society (Buyya et al., 2009).
Although the popularity of the term “Cloud Computing” was launched in 2006
when Amazon.com introduced the first widely accessible cloud computing service
under the name of “Elastic Compute Cloud- EC2”, it could be argued that as a
concept it has emerged since the 1960’s (Kleinrock, 2005; Armbrust et al., 2009;
Wheeler and Waggener, 2009).
As it appears from literature there are various perspectives concerning the
definition of “Cloud Computing” (Staten, 2008; Vouk, 2008; Armbrust et al., 2009;
Buyya et al., 2009; Plummer et al., 2009; Vaquero et al., 2009; Mell and Grance,
2010) among which, the most recognized and generally accepted is the one stated by
Mell and Grance on behalf of the U.S. National Institute of Standards and
Technology (NIST). In particular, according to NIST, Cloud Computing is defined as
“a model for enabling ubiquitous, convenient, on-demand network access to a shared
pool of configurable computing resources (e.g., networks, servers, storage,
applications, and services) that can be rapidly provisioned and released with minimal
management effort or service provider interaction”.

Fig. 1. Anatomy of Cloud Computing according to NIST (Craig-Wood, 2010).
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Moreover, NIST suggests that the anatomy of Cloud Computing consists of five
essential characteristics, three service layers, and four deployment models as shown
in Fig. 1 (Mell and Grance, 2010).
Preferably, a cloud should involve all of the five essential characteristics, while as
far it concerns the four deployment models, public cloud is the one that “cloud
computing” has been initially referred to and is most commonly used. The other
deployment models constitute variations of the public cloud, sharing similar
characteristics and service layers (Rountree and Castrillo, 2014). The three service
layers refer to the services offered by the cloud providers and are described
depending on user requirements as following:
a) Infrastructure as a Service (IaaS): Due to recent developments in network
management and virtualization, cloud infrastructure provides processing, storage,
traffic monitoring and re-directing, as well as other forms of lower level hardware
and network resources in a virtual way via the Internet network. These resources are
offered upon the demand of the end user and are charged per use, differentiating from
traditional hosting services in which physical servers or parts of them, are offered
and charged on a periodical basis (Leavitt, 2009; Rountree and Castrillo, 2014).
Moreover, end users have control over operating systems, deployed applications,
storage, and in some cases limited control over selected network components (e.g.
host firewalls), without the need of managing or controlling the underlying cloud
infrastructure (Mell and Grance, 2009). Some researchers suggest to further divide
IaaS into Hardware as a Service - HaaS and Data as a Service - DaaS (Wang et al.,
2008), but it is more common for IaaS to be regarded as a whole concept.
b) Platform as a Service (PaaS): This service layer is more advanced than the IaaS
one, for it acts as an integrated design, development, testing, and deployment
platform and provides the end user with programming and execution environments
such as operating systems, programming languages, databases, and web servers. End
users are given the ability to develop their own applications directly onto the cloud
infrastructure, after creating them by using programming languages and APIs
supported by the provider. In addition, end users have total control over their
deployed applications without being responsible for the management or control of the
underlying cloud infrastructure such as network, servers, operating systems or
storage (Mell and Grance, 2009). This kind of approach reduces most of the system
administrative responsibilities (e.g. setting up and switching among development,
testing and production environment) that are traditionally assigned to the developers,
enabling them to concentrate on more productive issues. (Lawton, 2008). Finally
PaaS carries some other appealing features including embedded instruments for
measuring the deployed applications usage for charging purposes as well as
established online communities for cooperation, interaction and problem solving
purposes (Rountree and Castrillo, 2014).
c) Software as a Service (SaaS): Through this service end users are provided, upon
their demand, with complete turnkey solutions of software applications or even more
of sophisticated systems, such as CRM or ERP, directly via the Internet network
(Leavitt, 2009). These kind of solutions are hosted as services in the cloud and are
delivered via browsers, correspondingly to user subscriptions. SaaS is also
characterized by a multi-tenant architecture according which, all users share a single
code base maintained by the provider. Authorization and authentication security
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policies are employed in order to guarantee the partition of user data. Due to this
sharing mechanism the cost of the services provided is far more appealing compared
to the traditional off-the-shelf and bespoke ones (Wang et al., 2008). Such an
approach eliminates the workload of installing, running, as well as maintaining
applications on local computers and reduces the cost of software purchases due to ondemand pricing policies.
Summing up, cloud computing is designed to integrate a perfect system, which is
able of distributing high computing power to the end users by combining computer,
storage and network technologies (including grid, distributed, parallel and utility
computing) with regard to load balance and reutilization (Ding and Yan, 2012).

3 Cloud Computing Technology in Climate - Smart Agriculture
Cloud computing is a cutting edge technology which has great impact in
climate-smart agriculture as it provides efficient management of resources and higher
production by facilitating the storage, management, access and dissemination of
information. Furthermore, a primary reason for adopting cloud computing in
agriculture is to support farmers in making decisions and drawing strategies related
to cultivations.
3.1 Features of Cloud Computing in Agriculture
Α brief overview of the features provided in agriculture through cloud computing
technology is presented as following:
- Data acquisition and remote storage: Several of the available data acquisition
tools, such as Radio Frequency Identification (RFID) sensors and Wireless
Sensor Networks (WSN) can be effectively integrated with cloud computing
applications for temperature humidity, luminosity, soil moisture monitoring,
etc. (Hori et al., 2010). Moreover cloud computing provides high storage
capacity suitable for the backup of such large scale of data and information
relevant to cultivations, offering in addition a suitable infrastructure for
decision support as well as mutual information and experience sharing among
the worldwide agricultural community (Feng, 2010).
- Low-cost access to ICT resources: Cloud computing provides access to
extensive ICT resources which are offered upon the demand of the user and
are charged per use. In this way farmers can access the required resources ondemand from the cloud, instead of investing in owning expensive ICT
hardware infrastructure (Prasad et al. 2013).
- Online agriculture experts consultation: In the situations when farmers are not
able to solve any occasional problems they may face at the different stages of
agricultural production, cloud computing offers a sufficient alternative, as
online expert advice could be found in the repository of the cloud databases.
Therefore, farmers could face any problem instantly, as they receive
immediate and accurate respond (Wenshun, 2011).
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Land records automation: Due to the accessibility of large scale storage
infrastructure, land records are being digitized world-widely. Cloud
computing storage facility offers a feature of entering and storing a land
record along with any descriptions which are relative to that particular region,
such as production history, soil analysis result, etc. Various public or private
operators are responsible of the data accuracy after the proper verification of
facts and figures (Hori et al., 2010).
Weather Forecasting: Cloud computing may provide farmers with weather
forecast and analytics for specific time periods so that they can take decisions
related to cultivations (TongKe, 2013).

3.2 Applications of Cloud Computing Technology in Agriculture
In literature there can be found various applications of cloud computing technology
designed to meet the needs of agricultural sector. Some of these applications are
briefly overviewed as following:

Fig. 2. MAD-framework Architecture.
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a) Agriculture cloud based on MAD-Cloud architecture: It offers specialized
services to farmers regarding crops cultivation, fertilizers usage, pest control, etc. In
addition, researchers in the field of agriculture can access the cultivation history of
multiple regions and add their suggestions regarding innovative agricultural
techniques. Last but not least, existing cloud infrastructures like networks, servers
etc. can be used and various services are supported regarding the interaction with the
cloud by using IoT features such as sensors, mobile devices, GPS etc. MAD-cloud
framework as shown in Fig. 2 is based on a layered architecture consisting of three
layers (Chandraul and Singh, 2013):
- MAD-Data Acquisition Layer (MDAL)
- MAD-Data Processing Layer (MDPL)
- MAD-Data Storage Service Layer (MDSSL)
b) Cloud Agro System: It is a cloud computing based system designed to monitor
the overall information related to agricultural activities. Up to date IT tools provide
online language translation mechanisms in order to overcome language and tradition
limitations in worldwide agricultural community. As a result, any type of information
stored on the cloud is presented to the user’s language of choice, supporting any
decisions related to crops production. Furthermore, through sophisticated features,
such as online questionnaires, researchers can exploit the experience of farmers
worldwide in the development of new agricultural tools and techniques (Patel and
Patel, 2013).
c) Agricultural mobile cloud-based platform: It is a concept model of Mobile
Cloud Computing (MCC) technology which assists farmers to achieve relatively
better cultivation and marketing by using simple handheld devices such as laptops,
tablets and smartphones which support 2.5G, 3G or 4G technologies. In this
application a mobile server is established including Application Service Providers
(ASP) which offer to farmers on-demand software services via a network
architecture. The developer is connected to the ASP and users are connected to the
mobile infrastructure providing application features and services which are designed
to be user friendly (Prasad, 2013).

Fig. 3. Mobile Cloud Computing a) System Model and b) Proposed Services
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d) WSAN linked to agricultural cloud computing system: This approach integrates
Wireless Sensor Actor Networks (WSANs) with cloud computing services to assist
farmers optimize the usage of available resources in agricultural production.
Environmental data from the fields are acquired by the sensors and process with the
help of a decision support unit for actuating the process. Sensor nodes which acquire
environmental data and a group of actor nodes which operate according to the
decision taken by the decision support system are interconnected with wireless
medium. The layered architecture shown in Fig. 4 consists of three groups: sensing
group, cloud service group and actuator group (Mahesh et al., 2014).

Fig. 4. Agricultural WSAN Cloud

e) PDCA cycle based agricultural cloud services: According to this perspective the
process of agriculture production is regarded as a PDCA (Plan-Do-Check-Act) cycle
as shown in Fig 5. Based on this process, primary sensing and knowledge
management techniques are principally used to provide cloud services. Production
data related to weather and soil, crop images, farming observations and cultivated
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plots of land are routinely collected. In addition analysis engines, such as data
miners, are employed for analyzing the stored data and provide advice as well as
suggestions concerning the agricultural production (Hori et al., 2010).

Fig. 5. PDCA Cycle and Cloud Services in Agriculture

3.3 Benefits and Challenges of Cloud Computing in Agriculture
Agriculture, and especially climate-smart agriculture, is a field which is highly
benefited with the applications of cloud computing with regard to resources sharing,
cost saving and efficient agro systems construction. Moreover, the integration of
agricultural processes with cloud computing has given a significant impetus to
production, marketing and sales of agricultural goods. In particular, cloud computing
technology in agriculture presents the following advantages (Prasad et al., 2010; Gao
et al., 2011):
- Data management is performed by the service provider guarantying better and
efficiently organized information resources.
- Stakeholders can access information at any time or location from the e-data
bank databases.
- Communication and interaction among users worldwide is expeditive, effortless
and of sufficient security.
- Maintenance infrastructure requirements are drastically reduced as service
providers are responsible for all technical issues.
- Security is enhanced as all data and resources are stored in the cloud and
maintained centrally by the service providers.
- Farmers and researchers are motivated to get more involved into the field of
climate-smart agriculture as all communication attempts are result oriented.
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- The problem of rural-urban migration can be reduced as cloud computing
services are provided remotely at any time. This will aspect might also aid in
unemployment control.
- Due to the mass involvement of different stakeholders, the implementation of
cloud computing technology in agriculture might boost sustainable growth and
economic development.
Despite the overall growth of the agricultural sector due to the employment of
cloud computing, certain concerns are beholden as well.
One of the main concerns is related to security and privacy, as sensitive data are
delivered to a third party and might be compromised by eventual hacking attacks due
to deficient maintenance and supervision of the security systems. This problem might
be solved through the careful selection of reputed and reliable cloud service
providers (Ashktorab and Taghizadeh, 2012).
Another constraint of major importance is linked to the requirements of cloud
computing services in constant and high-speed network connectivity. In order for
farmers to take advantage of cloud computing technology benefits it is essential to
ensure better and low-cost network coverage in distant rural areas (Dalvi and
Kumbhar 2014).
A final constraint regarding the use of cloud computing in the field of agriculture
is the extent of computer illiteracy in rural areas as most farmers are not able to
understand the functions of software and internet or complete tasks and solve
problems on a computer without assistance. Hence, training centers should be
established in order to offer guidance regarding computer skills and cloud computing
services usage (Dalvi and Kumbhar 2014).

4 Conclusions
Cloud computing finds application in almost every field of production and
services. Agriculture is one of the fields which could be highly benefitted from the
features offered by this innovative technology. Cloud computing provides modern
agriculture equipment, weather observation and forecasting, agriculture planting and
breeding technology, as well as production organization and management methods.
Furthermore, it interconnects the farmers, being able to exchange knowledge and
experience through communication and information sharing. Modernization of
agriculture by communicating rapidly the knowledge about new techniques improves
the utilization of natural resources, reduces climate dependency, assists in
environment and ecosystem protection and promotes sustainable development.
Therefore, the future growth of agriculture is depended on the adaptation of new
technologies with a focus on farmer needs such as cloud computing. The use of
appropriate technologies aids the agricultural community in terms of accessibility
and affordability. Cloud computing in climate-smart agriculture provides a
convenient environment for services and innovations in a flexible regulatory
environment.
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Abstract. The Information and Communication Technologies (ICTs) have
become the global platform for exchange, the space where an economic force
of global dimensions operates, which has radically modified social and
economic behavior. The new "e-commerce" frontier is represented by logistics
adaptations for sale at Km zero of fresh products and same-day delivery.
Amazon fresh (delivering in an hour in some urban areas of the USA) is the
most prominent example, but there are other examples in several European
countries. The objective of this study is to provide a first contribution to the
knowledge of the recent phenomenon of the presence of e-marketplaces in the
Italian agri-food economy and the analysis of the new e-commerce models for
the fresh fruit and vegetables in Italy. The research is divided into two
complementary phases aimed to highlight the propensity to buy fruit and
vegetable online and the variables that influence the act of purchase.
Keywords: e-retailer; e-logistic, vertical platform; e-commerce models; O2O
commerce.

1 Introduction
The 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 (Sturiale,
Scuderi, 2011).
The digital economy is growing at a rate 7 times faster than the real economy.
Much of this growth was fueled by the Broadband Internet. Today, high-speed
broadband networks are having an equally important impact than electricity and
transport a century ago. They are also paving the way for innovative services such as
online healthcare (eHealth), smart cities and data-based production
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The 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 webconsumers, 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; 2011; 2013; 2015; Fritz et al., 2004; Bucca
et al., 2006; Brush, McIntosh, 2010; Neilson et al., 2010; Lehmann et al., 2012;
Rapisarda et al., 2015; Scuderi et al., 2015).
The advent of new technologies has also led to major changes in consumer buying
processes and market relationships. In fact, the interest in shopping places is shifting
from large shopping malls to zero-kilometer shopping until online shopping.
The ICTs provide the consumer with more information, compares products and
prices across sites, and verifies greater convenience, meeting the need to know the
global scenario. However, there are several critical issues in the new online shopping
models. Primarily, the inability to examine the purchased product (an action that still
today remains primary in consumers through the five senses). Virtual purchasing also
limits the time of conviviality and socialization, characteristic of offline purchases.
These limits are felt most important in the case of fresh agricultural products, for
which e-commerce in Italy still lags behind other commodity sectors and other
countries, although efood has recently made some interesting developments. In fact,
there is interest in both international marketplaces (Amazon fresh) as well as retailers
who have developed new online sales channels for fresh products, creating O2O
(online to offline) models, virtual platforms, marketplaces, etc., And improving
logistics services, to facilitate delivery to zero Km and in the same day (or within an
hour in some cases).
These new dynamics in the agri-food sector in general and in fresh products, in
particular, still appear to be underestimated in literature. This paper aims to give a
first contribution to the construction of a framework, albeit synthetic, of the evolution
of the new e-commerce models for fresh agricultural and agrifood products and the
role of international and domestic marketplaces in the Italian efood market. In
addition, a specific survey on Italian web consumers of fresh agricultural products,
structured in two complementary phases, will allow to highlight the willingness to
buy online these products and the variables that affect this choice.

2

The e-commerce phenomenon in the world: consistency and
new frontiers

Increasing connectivity has led to a fundamental change in the business world: digital
has enabled it to expand both online and offline and is already influencing various
industries. The current consumer seeks and buys goods and services differently from
previous generations
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In the world, 1 billion and 300 million people buy online (with a total of 2.8
billion people connected to the Internet) with a penetration over total retail sales of
7% (8% in Europe, 5% in Italy) (Fig. 1).

Fig.1.The numbers of e-commerce in the world (2016)

The online sale of products and services accounted in 2016 for 7,0% of the total of
the retail market on a global level: a total near 2.7 billions dollars. By 2019, this
value will be more than doubled to reach 3.578 billion dollars, while continuing to
represent only a fraction (13,0%) of total retail purchases. In B2C market United
States and China remain the most important markets and the major players in the
market are global giants such as Amazon, and for the Chinese market, Alibaba.
The value of e-commerce in Europe is estimated to be 600 billion dollars in 2016
with the UK, Germany and France, which account for around two thirds of total
sales. In seventh place after Russia, Spain and the Netherlands ranks Italy. European
online sales by 8,0% on retail sales exceeding, albeit slightly, the US 7,0%, but in
southern Europe will hardly reach 2,0%.
The ICTs have deeply changed consumers’ attitude towards purchasing. In fact,
consumers now look for into the web to compare offers and services towards the socalled info-commerce. 65% of web surfers show a multichannel-purchase attitude,
where social media play a more and more important role.
There has been an evolution of sites and services in the Web, such as wiki sites
and social networks, where interaction and sharing of content by users are
fundamental. The web has become a “web ecosystem” in which users create value by
sharing and creating experiences in the Web (through e-mail, blogs, networking,
forums, communities, chat, etc.) (Sturiale, Scuderi, 2015). The Internet has become
the global platform for exchange, the space where an economic force of global
dimensions operates, which has radically modified social and economic behaviour
and models of online sales (Brush et al., 2010; Fritz et al., 2004; Kumar et al., 2012;
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Sturiale, Scuderi, 2013, 2016; Sturiale et al., 2017; Whang, Zhang, 2012).
Shoppers are certainly changing, but some aspects of shopping remain the same.
People enjoy it as a social activity and this is particularly true for the younger age
group. The social nature of shopping has changed and is linked to the phenomenon of
online socialization (Verdouw et al., 2013; Ecommerce Europe, 2016).
As Amazon and other e-commerce players increasingly cut into the market share
of traditional retailers, now seems like the perfect time to give O2O model and
pickup services a second look.
The grocery landscape is changing quickly. Amazon has opened physical
supermarkets, Walmart is heavily investing in e-commerce, and many regional
players now offer either curbside pick-up or delivery.
Internet has significantly changed the commercial playing field for B2C sales.
Many retailers and product brands already sell their products through (international)
online marketplaces1, present in different typologies (Groothuist, Gabriner, 2016).
International examples of these marketplaces are Amazon, Zalando, Alibaba's TMall
and Mercado Libre.
With regard to the fresh agri-food sector, there has been increasing interest in the
most important marketplaces in recent years to widen the supply range with fresh
products with very short delivery times. First of all, Amazon was the Amazon Fresh,
but others are being added as well as creating special platforms for the marketing of
fresh agri-food products.
The growing connectivity is transforming the business experience and the firms
have also introduced new and engaging ways of marketing that have changed
consumer behavior and broken business models that have long been consolidated.
Marketplaces are claiming to be the dominant players in e-commerce. It is
foreseeable that in Italy we will also witness a sustained growth of these actors over
the next few years. The marketplaces that are placed on the Italian market are mainly
Amazon (used by 63% of the dealers in the marketplace) and Ebay (57%)
(Casaleggio Associati, 2016).

3 E-commerce in Italy towards a physical and virtual integration
even for fresh agrifood products
The value of Italian e-commerce has the average annual growth rate of 14% between
2010 and 2016, but in the same period the value has more than doubled (from €
8,012 million in 2010 to € 19,282 million in 2016). The digital economy thus grows
at considerably faster rhythms than the real one (Net Observatory, 2016).
There are differences between different product sectors. Tourism and consumer
electronics have been pre-designed in Italian e-commerce, respectively, on services

1
According Wikipedia "An online marketplace (or online e-commerce marketplace) is a
type of e-commerce site where product or service information is provided by multiple third
parties, whereas transactions are processed by the marketplace operator. Online marketplaces
are the primary type of multichannel e-commerce and can be described as a "simple and
convenient portal" to streamline the production process".
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and products. But today there are many product categories that make up the online
shopping basket and the composition (by 2016) is as follows:
- tourism 44%; computer and electronics 14%; clothing 9%; 7% insurance;
publishing 4%; furnishings and home living 3%; Food and Grocery 3%; another
16%.
The contribution of emerging sectors (Food & Grocery, furniture and home living,
beauty, toys) is increasingly important, with over € 1.5 billion in value and growing
at rates ranging between +30 and 50%, sectors intended to record the highest growth
rates in the future.
Although Food & Grocery represents one of the main items of Italian spending, its
online distribution has been limited so far: the share of online purchases on total
retail purchases is 0.35%.
The most important limit to the development of fresh meat is the lack of
opportunity to see and choose the product before buying (49% of the sample)
followed by inadequate quality and freshness (32%) and lack of confidence in mode
of transport (25%) (Monitor Ortofrutta, 2016).
These data, on the one hand, point to the still limited use of e-commerce in the
Italian agri-food sector, on the other, are well-deserved, as broad growth areas are
foreseen, on the basis of what is already happening in other European countries, such
as France, the UK, Germany, and the USA (a fast-growing phenomenon) and Japan.
Italy is trying to bridge the gap in the agri-food sector and especially in fresh
products.
Very active are the platforms set up by the large distribution chains (Esselunga,
Carrefour, Unes, Naturasì, etc.), specific online supermarkets offering the same
assortment of retail outlets, with the advantage of using the fidelity card and deciding
the delivery time (a commission is provided).
The "subscription models" are being launched, subscription sales models based on
repeated purchases and low risk perceived, according to a logic that transforms
customers into subscribers. In Italy, Cortilia is the example of a marketplace based on
the subscription model in the food sector (Goodeggs in the USA). However, even
single producers and distributors (Agrispesa, Zolle, Almaverde Bio and others) are
making use of this new e-commerce model.
The new frontier of e-commerce for agri-food products and especially for fresh
produce is represented by the integration between physical and virtual, with
marketplace examples that in recent years are developing new forms of integration
and multichannel, where stores physics are integrated into the digital ecosystem.
In fact, the physical presence of the physical store produces value over the ability
to touch the product manually, withdraw the order online, live the online experience.
Logistics has become more efficient in the services offered, with shorter delivery
times.
The traditional physical sales space and the one dedicated to customer care (which
represent most of the current cases) are expected to shrink to the advantage of
physical space dedicated to delivering products purchased online (according to the
"pick & collect" model) and the "experimental" physical space, aimed at creating a
relationship with the client (such as "experiential room"). In the near future, they will
also be able to take on other physical space functions, including the creation of online
showroom products / services, "temporary experimental" spaces (Spiller, 2016).
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The new "e-commerce" frontier is represented by logistics adaptations for sale at
Km zero of fresh products and same-day delivery. Amazon Prime Now, which
provides for the delivery in an hour in some urban areas of the United States, is the
most prominent example, but there are other examples of the marketplace in several
European countries. Amazon launched, also in France and in Spain, the "grocery"
version of its service.
In Italy there are 16 thousand companies that make e-commerce in 2016 and will
reach 50,000 in 2025. For the food, the e-commerce slowly begins to close the gap
with other European countries. This is thanks to the growth of local players, but
especially the arrival of international players that have entered the market through
acquisitions. Just Eat for example, London-based company, has acquired Click and
Eat in Milan, DeliveRex in Rome, Italy and HelloFood, PizzaBo (Casaleggio
Associati, 2016)2.
Also in the agrifood industry, in 2015 was the year of the launch of Amazon Prime
Now for the delivery of shopping in Milan and in 34 municipalities of the hinterland.
Launched in Italy in November 2015, it allows the purchase of more than 20,000
grocery products and other types, including fresh produce, and in February 2016 also
more than 30 types of fresh fruit and vegetables. The purchase is only possible via
the mobile app, with home delivery from 8 am to midnight every day of the week,
within an hour of purchase in certain areas and in the preferred time slot by the
customer in other areas. (Sturiale et al., 2017).
Coop Italia responds to Amazon with the launch of the "Easy Coop" service for
online shopping and home delivery of food products; You can order on the dedicated
website "www.easycoop.com" 10,000 food, of which about 3,000 fresh fruit and
vegetables, meat, fish, salami, dairy products, bread, pastry. Delivery takes place at
home the day after the order date, indicating the preferred time.
So, we are developing e-commerce models in Italy where virtual and physical
space is integrated, even for fresh agricultural products. In particular, it is about the
O2O (online to offline) 3 channel, alongside the well-known "click and morter"
model.
The agri-food enterprises will have to consider the mobile channel as a potentiator
and amplifier at other points of contact throughout all stages of the buying process.
All of this requires a transformation of business models into a logic of multichannel
transformation, mobile marketing and service.

2 Even for wholesale fruit and vegetable markets, the web offers interesting online sales
potential. Cesena's Fruit Market has been moving for a couple of years and has reached an
agreement with the Tippest platform for sale on the web; also that of Florence operates online
through MAXFRUIT.
3
Online-to-offline (O2O) commerce is a business strategy that draws potential customers
from online channels to physical stores. Online-to-offline commerce, or O2O, identifies
customers in the online space, such as through emails and Internet advertising, and then uses a
variety of tools and approaches to entice the customer to leave the online space. This type of
strategy incorporates techniques used in online marketing with those used in brick-and-mortar
marketing. Some companies that have both an online presence and an offline presence
(physical stores) treat the two different channels as complements rather than competitors. The
goal of online-to-offline commerce is to create product and service awareness online, allowing
potential customers to research different offerings and then visit the local brick-and-mortar
store to make a purchase (www.investopedia.com).
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4 Methodology
As already confirmed in the previous chapter, studies of e-commerce have been
influenced by the interaction between consumers on the buying process, especially if
the latter has to buy a new product. Therefore, it is interesting to highlight in this
survey the salient differences between traditional and on-line purchases, as the
difference in the impact, is not well-distinguished in the literature, but also to clarify
the emission process of messages from the consumer to other consumers in the two
contexts, both traditional then virtual. We have interviewed 1,000 consumers in
2017, through the "ModulesGoogle.com" platform.
The first phase of the research aims to evaluate, through a consumer preference
scale4, what are the strengths and weaknesses of the online purchase of fruit and
vegetables and the role of a physical point at the service of logistics of an online store
to orient the consumer of fruit and vegetables to the e-commerce.
The analysis is continued in order to assess the consumer's intention to report to
third parties their intention to purchase a product based on suggestions from other
consumers (such as the phenomenon of e- wom. e word of mouth; Brown et al.,
2007; Scuderi, Sturiale, 2014). In particular, the study, called "demand side" was
analyzed to focus attention on the figure of the consumer as a recipient of a message
and as a decision maker in the buying process. The survey, therefore, aims to identify
the structure of buying intent as a result of influences in the two environments,
offline and online. The main purpose of the second phase is therefore to precisely
determine the influence of inputs from two different environments and the
assumption from which the research moves is the belief that the individual
experiences different purchasing intentions in relation to different source of
information (offline or online).
The parameter estimation process was done by a process of minimizing the
distances between the data produced by the model and the observed data. The
available estimation functions are different, we used the linear model "LM" to study
the relationship between a dependent variable (y) and a set of independent variables
(x1, x2, ... xn) To understand the impact these variables have on the object of study,
adopting the following equation:
buy_probi= β0 + β1 BUY_off+ β2 BUY _on+ β3POSTi + β4WHYi+ β5GENDER+β6AGEi+ β7EDU + εt

5 Results
The research has analysed and understands, for the consumers interviewed, the
evolving trends in the purchase of online agri-food products and the decisive factors
influencing the buying process.
The results of the first part show that the elements that could lead to the online
channel (fig. 2) are still the price today, which is a discriminating element in the
choice of purchase. However, the discriminating element is the ease of purchase
defined as "satisfaction" as a sum of services related to the comfort of payment,
4

In particular, the scale of Likert (1 no influent, 2 little influential, 3 influent, 4 very
influential, 5 determinant) will be used.

85

purchase and delivery of the product. Less influence is attributed to quality and
origin as the first factor is assumed to be in compliance with the standards, and
secondly, it is a discriminating factor in the choice factors from the beginning.

Satisfaction

Origin

Quality

Price

0

0,5

1

1,5

2

2,5

3

3,5

4

4,5

Fig. 2. The drive factors consumers to online shopping.

We have asked which shopping channel they prefer for the same quality, price,
origin and packaging of fruit, it turns out that 84% of consumers interviewed always
prefer the traditional channel, in relation to the normal shopping habits they see
buying of fruit and vegetables included in the act of daily food expenditure made in
traditional channels (supermarket, local shop, local market). However, the percentage
of 16% represents a significant rate, which shows that current behavioral barriers are
being cut down, confirms that there are growing spaces for very interesting fruit and
vegetables.
Finally, it was asked the consumer whether to have a physical point of sale in the
area, the online store, to orient the purchase and what are the reasons. The results
(fig. 3) show that the physical selling point and withdrawal of the e-commerce
channel is a major strength for the consumer as it represents a transition from off-line
to online, a material element of purchase act, the possibility of withdrawing the
product, as well as contact point both to verify the quality and to have the products of
farmer market (direct sale - zero km).
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Intermediate transition from the off-line
channel to the online channel

Evolution of direct sales
Purchase material act
Possibility to withdraw the product
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0
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2
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Fig 3. The presence of a traditional shop alongside the online site can guide consumer
choices.

The series of regression models inherent in the part of the experiment called
"demand side" focuses on some models (Tab. 1), which relate views from the
traditional offline environment and from the online context of the potential impact
they have on the intention to buy the consumer who receives such information. Table
1 shows the coefficients of the different variables chosen to observe a possible
influence of the same on the dependent variable, ie the willingness to purchase a
product, which in our experiment was 1 kg of oranges, measured in percentage terms.
Table 1. Estimated structural parameters of opinions deriving from the traditional (of_med,
of_pos) and virtual (on_med, on_pos) and how they affect consumers on their intention to buy
(buy_prob).

(Intercept)
med_off
pos_off
med_on
pos_on
no.rev
post

Estimate
Std. Error t value
Pr (>|t|)
18.352
9.125
2.087
0,039258
3.987
4.687
1.025
0,325874
14.259
3.257
2.253
0,016587
5.312
4.851
1.214
0,278957
11.257
3.458
3.508
0,000258
6.981
3.625
1.258
0,235784
6.235
1.259
3.398
0,000768

The opinions from other consumers regarding a product have a different impact on
the consumer's intention to buy depending on whether they come from the online and
offline environment. The impact on the intent to buy from information from online
and offline environments varies according to the value of such opinions (positive,
negative, neutral) is significant only if both opinions (on-and off-line) about a
product I'm positive. In the case of negative opinions, the off-line channel prevails,
even in the presence of positive online opinions. The results show that the impact on
purchase intent is mainly from the off-line channel, but on-line comments have a
meaning as a source of information but not decisive in the final purchase choices.
Based on the results collected and recent trends of international players (Amazon,
Alibaba, etc.), it is reasonable to assume that in the coming years there will be a
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growing online demand for fresh fruits and vegetables, especially at Km Zero.
According to some research, the success factors are:
• Shopper convenience: online shopping saves time, reduces the need to
make a trip to the store and carry heavy loads.
• Growth in “click and collect”: this will increase consumer participation in
the online sales channel.
• Omnichannel growth: the complete integration of stores, e-commerce,
mobile apps and social media, which will deepen consumer experiences.
• Increased internet usage: and increased usage of mobile and tablet devices
for online shopping.
• Changes in purchase behaviour: consumers making bulk purchases online
and using offline stores to ‘top-up’ on a daily basis.
• Demand for organic products through online channels. (Sturiale et al.,2017).

6 Conclusion
The ICTs have changed the way consumers shop and the way consumers wish to
receive their purchases. Nearly all growth in retail comes from e-commerce. The ecommerce sector is booming. However the full potential of the European ecommerce market has not yet been reached. Today, 57% of European Internet users
shop online, but only 16% of SMEs sell online – and less than half of those sell
online across borders (7.5%) (E-commerce Europe, 2016).
Online and mobile have changed the face of retail forever and e-commerce is
stage front and center when it comes to driving increased revenues. However, this
digital channel is ever stronger when coupled with the physical store.
Consumers may start to shop for an item online, browsing different brands,
finding the right style, the right price but they may well finish their purchase in-store
deciding they want to touch and feel it just to be sure or because they want
immediate gratification. And vice versa, they might spot something in-store and then
go online to complete the transaction. Retailers need to couple bricks and mortar with
digital to have a chance of satisfying shoppers. The experience needs to be seamless
and connected. Consumers need to be able to see where their purchases are and when
they can get their hands on it. Inventory availability in-store and online is crucial.
By opening up your supply chain and including stores to fulfil your online orders,
you will find yourself able to respond effectively to those consumers who prefer click
‘n collector indeed could offer same day delivery to their homes. Stores create an
opportunity to enhance the customer experience and delight shoppers into coming
back time and time again (E-commerce Europe, 2016).
Food is a key sector for e-commerce, and fruit and vegetables have the potential to
grow. According to various surveys, in this report (Netcomm, 2016), food is
expected to become the most important part of e-commerce over the last ten years
worldwide. " Italy has become an interesting laboratory of alternative food
experience, with the spread of phenomena such as delivery of orderly online food.
There is, however, a delay with regard to e-grocery, although almost all large
retailers are developing e-commerce projects, "which see a synergy between off-line
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and online. The research shows that the consumer of fruit and vegetables still bases
its acquisitions on the values of the traditional market, but observes with interest
what is happening in the online market. Based on the evolution of ICT consumption
models and technology platforms that will be in the coming years, what will be the
role of fruit in the online channel will be defined.
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Abstract. This paper proposes a framework for the monitoring of olive oil
production chain (OLEA management system). The deployment of the system
initiates at the olive tree fields, where NFC technology is used as part of
OLEA system capability for both pesticides and fertilizers control, fungicides
use and olive oil traceability. Additionally, OLEA system uses sensors for the
procurement of quantitative and qualitative olive oil characteristics at the
extraction industrial process. Such characteristics are pertained to the depth of
olive cluster geographical location as initial system’s kick off and up to the
identifiable tree point when the OLEA system will fully deploy. The paper
presents also OLEA technical characteristics as well as the structure of its
integrated database and middle-ware communication protocol, which will
positively affect Greek olive oil industry product marketing and exports.
Furthermore, an ongoing case study of the OLEA system used for olive oil
quality monitoring and traceability purposes is presented.
Keywords: Olea europaea, olive oil management system, olive oil monitoring
and traceability system, NFC technology, web applications, IoT applications
and protocols, data mining algorithms.

1 Introduction
Olive oil is a natural fruit juice with excellent nutritional characteristics. It is a
typical source food of the Mediterranean diet which has been associated with a low
incidence of cardiovascular diseases, neurological disorders, breast and colon
cancers, as well as with antioxidant properties. Moreover, 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).
Greece is the world's third largest olive oil producer after Spain and Italy,
according to industry sources. More than 80 percent of the Greek annual production
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of olive oil is extra virgin oil, while 90% of the Greek olive oil is exported to the EU
(Bettini and Sloop, 2014; Mylonas, 2015). 80% of Greece’s olive oil production is
located at the areas of Crete, Peloponnese and West Greece. Most olive mills in
Greece are small sized and less technologically advanced than those in Spain thus
leading to higher milling costs. Similar milling conditions occur in Italy, however,
despite the small productivity potential, production is closely integrated with the
olive farming stage (ICT monitoring processes), as well as the distribution stage (ICT
marketing processes). Such controlled monitoring processes allowed Italy to
overcome problems of the disseminated structure of olive oil partnerships and to
brand exceptional olive oil products that meet exportation requirements.
In Greece, both the fragmented and technologically outdated coalitions’
mechanisms regarding standardization and product quality control increases further
the risks from improperly to not at all disposability of premium quality olive oil
(Mylonas, 2015). According to the 2015 World's reports for the 10 best olive oil
brands (WBOOR, 2015), Greek Messenia’s branded “Lia” oil is placed at the 9th
position bellow two Italian, Spanish and US brands. While US produces only 2% of
olive oil worldwide (84% is Europe), managed to pertain the biggest number of
unique olive oil brands in the global market (after Spain), due to its production
monitoring and marketing infrastructure.
Olive oil organic cultivation is the form of agriculture that relies on techniques
such as crop rotation, green manure, olive compost and biological pest control to
maintain soil productivity and control pests on an olive oil field. Organic cultivation
excludes or strictly limits the use of artificial fertilizers, pesticides (which include
herbicides, insecticides and fungicides), plant growth regulators such as hormones,
livestock antibiotics, food additives, and genetically modified organisms (Camarsa et
al., 2010; Ehaliotis et al., 2011). In the latest years there are only a small number of
farmers in Greece that are modifying their cultivation types to organic production
following LIFE EU directives, and the whole cultivation policy remains unchanged
due to the lack of both contemporary cultivation methods and educational-training as
well as the strict state frameworks and cultivation monitoring methodologies.
In Greece, olive pressing companies, coalitions and partnerships are more than
400 in total. The pressing systems still preferably used are the traditional grindstone
removing processes. A few more contemporary olive mills located in the areas of
Peloponnese use the two phase decanter centrifugation method for the olive
extraction. Other methods such as the three phase decanter, sinolea method or cold
extraction methods are not at all used (Niaounakis and Halvadakis, 2006).
Contemporary decanter systems reduce oil leakage from the traditionally milling
process up to 15-20%. Since two phase mode virgin oils had high oxidative stability
and better organoleptic characteristics (no correlation between their stability and
phenolic concentration as appeared in the 3 phase process), ends up that the two
phase machines are the ideal extraction equipment for producing olive oil of more
quantity and comparative quality to that of the old fashioned grindstone milling
process (Niaounakis and Halvadakis, 2006).
Despite the immersive problems of monitoring and marketing olive oil products in
Greece, the future of Greek olive oil economy seems promising due to the globally
increased demands for the product. These demands are expected to grow by a 4050% more than the 2015 Greek exports until 2020 (210,000 tons – 2015)
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(International Olive council World, 2012; European Commission Agricultural
Market Briefs, 2012). The increasing export activity of olive oil products offers great
economic profits to a large number of people who are involved in the respective
supply chain. Even if reports from Greek authorities are non optimistic in respect to
the increase of Greek oil production, due to gradual reduction of EU CAP subsidies
and scattered small scale production, the use of ICT production monitoring and
traceability technologies shall increase product exportation which is already of high
quality standards (European Commission Agricultural Market Briefs, 2012).
Focusing on Greece, the main olive varieties cultivated for drupes and oil are the
following: (Niaounakis and Halvadakis, 2006; European Commission Agricultural
Market Briefs, 2012) (a) Koroneiki: It represents 60% of Greece’s production, its
seed weight is 0.3-1gr and height 12-15mm. (b) Athinolia: an olive variety that
produces low acidity oil, has 2.2-2.9gr seed weight and height of 7.5-25mm. (c)
Tsounati (Mastolia, Mouratolia) (15% of Greece’s production): variety giving high
oil quantity with seed weight of 1.2gr and height of 10-16mm. (d) KalamonChalkidikis (ChondroElia): (1-2% of Greece’s production) used mainly as table or
paste oils. (e) Manaki (Lianolia, Koutsourelia): (10% of Greece’s production), high
altitude variety of medium oil characteristics (acidity and oil quantity).
This paper presents a new olive oil monitoring and management framework called
OLEA. The OLEA framework is consisted of the following hierarchical steps: 1.
olive trees traceability and cultivation monitoring, 2. olive oil extraction sensory
monitoring and 3 olive oil management.
The proposed OLEA framework and framework test-bed system implementation
serves a two-fold monitoring purpose: a) It will maintain regional olive tree
cultivation process information. Such information can be proven valuable and be
used in several statistical analyses and cultivation findings for the years to come. b) It
shall preserve regional olive oil characteristics. Such information is useful for the
quality assurance of promoted products as well as branding of new products.
The remainder of this paper organization is as follows: Section 2 provides related
work of existing olive oil quality monitoring systems. Section 3, outlines the
proposed OLEA methodology and OLEA system high level architecture, while
section 4 focuses on an OLEA algorithm case study. Finally, section 5 concludes this
paper.

2 Olive Oil Monitoring Systems
In recent years, olive oil monitoring has been performed with the use of offline
sample analysis. However, offline sampling needs costly instruments, such as
accurate electrical balances, microscopes, automatic particle counters, and human
processes of long measure time, which precludes early diagnosis of oil system
failures and prevention.
Focusing on commodity work automation, Gao et al. (2004) proposed a multiple
sensor system. Multiple integrated sensors could characterize the oil situation better
than a single sensor. With multiple sensors systems, reliability reflects the capability
of the sensor that could identify the oil system accurately. Oil characteristics can be
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measured online by single-function sensors. The oil measurement system is made up
of three parts: Multiple sensors for temperature, pressure, moisture and viscosity;
Signal acquisition channels with signal amplification, a diverter switch for analog
signals and an A/D converter; and finally the analysis and processing unit made up of
computer (industrial computer).
Towards that direction, Taouil et al. (2008) proposed a video supervision system
used for quality monitoring in olive oil conditioning line. Oil monitoring system can
be used for achieving high production rates that cannot be done by human workers
easily.
Taking into account product quality control as a major factor of quality assurance,
Mailer and Beckingham propose a sensory (organoleptic) system for testing. Sensory
quality is the most important test to ensure the oil is acceptable for consumption
(Mailer and Beckingham, 2006). The organic parts of olive oil tested are: Aroma,
flavour, pungency and bitterness.
According to the IOC standards, extra virgin olive oil, for example, should not
have any sensory defects and should have some fruitiness. That means that the
definition of the sensory quality control shall include far more attributes than the
ones proposed by Mailer and Beckingham. Moreover, in order to achieve significant
quality standards, it is both required to develop the capability to preserve sensory
quality consistently as well as to have a reasonably good knowledge of regional olive
oil varieties attributes. Primarily, this would be an augmented knowledge and ability
to detect product defects and faults. At a more advanced level it could provide the
ability to identify oil for specific markets and the capability to blend oils to meet
customer specifications.
Kiama et al. (2004) proposed a low-cost RFID - based palm monitoring system.
Passive RFID tags are used in the plantation field to uniquely identify each palm oil
tree and their Fresh Fruit Bunches (FFB) production is collected and monitored by
scanning the passive RFID tags using high frequency RFID scanners. This
technology aims to convert the harvest data into digital information which can be
processed and analyzed by PMS system and presented as informative outputs such as
dynamic charts. This system has only one level of access, top management users
(GIS Managers and Administrative Managers), as it mainly deals with crucial and
sensitive information. The overall system is made up of three main components
namely RFID system, Central PMS and the GIS system.

3 Proposed Methodology and Architecture of the OLEA System
Authors propose an olive oil monitoring and quality assurance methodology called
OLEA framework, supported by a test-bed system called OLEA system. OLEA
system methodology includes the OLEA clustering algorithm and the steps that the
OLEA system implements, while OLEA system architecture is presented in Fig.1
Below are the OLEA system technical implementation details according to
framework steps.
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Fig. 1. OLEA High level system architecture

The authors of this article propose the utilization of the OLEA framework for the
process of olive oil quality evaluation, traceability and branding. The proposed
framework includes the following methodology steps:
1. Traceability step: OLEA product traceability regions are divided into two
distinctive layers:
Layer 1: The olive field spatial geographical location GIS system maintained by
either a local prefecture or the nationwide OPEKEPE (Greece EU CAP funding
organization)(OPEKEPE, 2017). Each field location is divided into smaller polygon
areas (see Fig. 1) that pertain similar microclimate characteristics (Theodosiou et al.,
2012).
Layer 2: Olive tree traceability, presented in Fig. 1 as rounded areas of tree
clusters. Such traceability is achieved with the use of passive NFC tags placed on
every tree each farmer claims for OPEKEPE funding. Apart from ID traces these tags
are also capable of recording yearly fertilization, pesticide activities (date of
appliance, type of medicine used, agriculturist approval for biological or non
biological cultivation) following an NDEF message formulation similar to the one
presented by Kontogiannis et al for the purpose of NDEF NFC tagging for the sheep
industry (Kontogiannis et al, 2016). From 2015 and on, the use of pesticides requires
agriculturist prescription and farmer certification, thus the recording of olive trees
can be performed in a more organised way (Minister of Agriculture, 2015).
2. Olive oil sensory monitoring step: The OLEA system includes sensory-based
equipment (shown at Fig. 1) installed at the oil presses, for the measurement process
of the olive oil quantity and the quality clustering based on metrics. Due to its special
purpose and function, this could be nationally patented as well.
3. Olive oil Management step:
Logging and reporting: The OLEA database shall record olive oil production
quantity and quality attributes connected to cultivation characteristics of tree cluster
areas. The database shall also provide information for tree clusters regarding
quantities produced, their quality, and market prices. Such information attained
nation-wide could be proven very helpful for the development of the oil industry and
therefore stimulation of the national economy.
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Olive oil clustering algorithm: The proposed OLEA clustering algorithm of olive
fields is based on the following attributes:
1. Olive oil field location characteristics based on the OLEA Traceability step.
That is, location characteristics acquired by: Protected Designation of Origin
(PDO), the Protected Geographical Indication (PGI) or Protected Origin
Production names or Protected origin names of Highest Quality – OPAP.
2. Olive oil micro-climate area characteristics, agriculturist yearly reports of
cultivation type as recorded by the NFC tags.
3. Olive oil quantity and quality characteristics of olive oil recorded extraction
by the sensory system
The OLEA clustering algorithm is outlined in Figure 1. The per-variety OLEA
clustering process offers the capability to brand new products based on quality
reports and cultivation conditions as well as pertain accurate quantity availability for
marketing purposes, no matter how scattered the production and cultivation areas are.
The methodology is performed as follows:
First, a set of metric qualitative measures of the extracted olive oil characteristics
is evaluated per tree field. This filtering and evaluation process can be performed
separately from the clustering process and the evaluated metrics data are stored back
at the OLEA database.
The second step of the OLEA algorithm includes a per olive tree field sector
identification based on OPEKEPEs’ spatial data and registration validity of the sector
stored at the OPEKEPEs’ database of recorded olive tree fields.
After successful validation, the microclimate separation process initiates where
each field area is bounded to a specific microclimate area polygon accordingly (Fig.
1, areas A, B) (Zinas et al., 2013). Upon first layer cultivation area separation, a field
clustering process is undertaken for each area. That is, clusters of trees of a tree area
with maximum space of 10000 sq. m. Such areas are uniquely identified with the use
of an NFC tag, that keeps track of data regarding cultivation process, pesticides
used, and adjustment dates. Olive tree field NFC recorded metrics are the following:
C1] NFC maintained metrics with the use of OLEA mobile phone
application: Metrics associated with the tree farming process, cultivation and
harvesting such as:
1. Fertilization indexes and metrics (Kgr of biological or chemical fertilization/Ha
- quantity (gr) of borium, nitrogen, phosphorus, potassium and iron per tree per year,
etc.), 2.Soil fertilization periods and soil minerals composition from the last recorded
chemical analysis (B and other minerals like Ν, P, K and iron), 3. Pesticide
periodicity and chemical composition metrics and indexes (chemical sprayed (%ww,
%wv)/Kg over 1000 sq. m multiplied by the number of cultivation years (1
cultivation year equals to 6 months) operations), 4. Olive trees age and average
distance, 5. Certified biological cultivation or not.
For each cultivation tree-cluster location and microclimate, measures are kept at the
OLEA database and set/updated by the farmer’s mobile application or OLEA web
GUI. More specifically the microclimate measurements and predictions are
automatically updated with the use of agents at the Wunderground service
(Wunderground API, 2014).
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Fig. 2. OLEA clustering and branding algorithm

C2] Location and microclimate measures maintained by the farmer and OLEA
application service agents:
1. Field altitude, 2. Field distance in Km from the sea, 3. Field solar monthlyaverage irradiance (W/sq. m), monthly sunlight average day recordings, fluxluminosity measurements etc, 4. Field soil moisture measurements, 5. Field monthly
average rainfall measurements, 6. Yearly critical meteorological conditions recorded
for occurring over the field (criticality and occurrence) such as hail or drought or
frost. Daily microclimate area predictions.
For recording the extracted olive oil quantity and chemical consistency (quality
attributes) per tree cluster, the proposed OLEA framework includes a multi-sensory
equipment placed similarly to the ones proposed by Scarafia (Scarafia, 2011), in the
olive fruit decanter equipment (see Fig. 1). This multi sensory equipment includes
sensors such as: 1. Gravity liquid level sensors for monitoring produced oil
quantities, 2. Refractivity UV sensors for K232, K270 measurements of UV
absorbance, 3. Colour sensors for monitoring colour constancy, and 4. Peroxide,
acidity sensors (see Fig. 1). These measurements are then uploaded in real-time to
the OLEA application service. The capture attributes from this automatic sensory
process are the following:
C3] Olive oil attributes identified by sensors measured during the milling
process and uploaded to the OLEA application service:
1. Olive size (Number of olives per Kg – 230 up to 320 olives/Kg in Europe, this
is set as large to brilliant size), 2.Peroxide value (meq O2/Kg), 3. %v/v Oleic acid
and free fatty acid, 4.Omega-3/6 polysaturated acids-rancidity index, 5. UV
absorbance (K232, K270, DeltaK), 6. Harvesting age (days/hours of harvesting
passed), 7. Colour characteristics., 8. Organoleptic classification based on the
median of any defect (Md) and median of fruity attributes (Mf) (tests based on
human sensory perception).
Oxide rancidity protection, additives and refinement process metrics are not taken
into account by authors, since refinement, if it occurs, is a process that follows the oil
chemical characterization. Oil refinement is done by using chemicals that are harmful
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to humans. This means that the oil is treated with acid, or purified with an alkali, or
bleached. It can also be neutralized, filtered or deodorized. This paper focuses only
on virgin oils characterization with no intermediate refinement or additive process.
After NFC tree cluster tagging and metrics evaluation of each clustering area the
clustering of areas into groups is performed based on previously mentioned metrics
(see: C1, C2, C3). Metrics are interval continuous values and/or ordinal discrete
values that can be treated as continuous. The clustering process that follows is
performed on metrics that are preferably normalized over similar value scales.
Such clustering process is achieved using the of K-means algorithm. The process
is initialized with n=3 clusters and is repeated by incrementing n, until metric
requirements are satisfied by at least one of the generated clusters. Then, that cluster
which satisfies metric requirements and has the highest total score, according to
requirements is selected. That is, for all clusters, a total score value is calculated in
order for clusters to get ranked according to market requirements. This total score
value is the sum of all normalized qualitative metric values multiplied by a
probability index called clustering or metric importance coefficient.
The selection process that follows selects the cluster of highest rank based on total
score and continues top down selection, until quantity requirements are met or a
cluster is reached where at least one metric value is bellow the requested value for
that metric.
For example, let’s assume an OLEA clustering process based on three qualitative
metrics (m1, m2, m3) and a market requirement for metric mean values of U1, U2 and
U3. Then, based on market or export requirements, each metric value U1, U2, U3 is
assigned with a statically set probability of importance pi, !!!! !" = 1 , where l=3 is
the number of metrics used (in our case three metrics). Then a market required score
value based on probability of market importance is calculated according to Equation
1:
!
TS! = !!!! p! U! ,
(1)
!!! p! = 1
where l=3 is the number of metrics used. Similarly, for each k-means cluster a
total score metric value is calculated and compared to TSM value as shown in
Equation 2, where k is the cluster number, which the total score value corresponds to.
TS! = !!!! p! ' M!
(2)
K-means algorithm is used for the creation of product clusters where on each cluster
the mean metric values of M1, M2, M3 and cluster total score are calculated, based on
Equations 3 and 4, and then compared to the market required total score value:
TSk = !! ′!! = (
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where nk is the total cluster elements from the K-Means process, i are the number
of tree fields in each cluster (i=1..nk), and µi the qualitative metric value for each tree
field id that belongs to a cluster. In depth, Mk is the mean metric value per cluster.
Probability !! ′
is expressed as the normalized Mk value and it expresses the
cluster’s metric value impact on the other clusters. If no probabilities are used for
metric values, the Total score for cluster k is calculated based on Equation 4.
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(4)

The K-means clustering process initially starts with k=n=3 (where n is the number
of metric set as requirements). This leads to the creation of three clusters with mean
cluster values M1, M2 and M3 accordingly per cluster (Equation 3) and a total score
value per cluster (Equation 2).
If there is at least one cluster with TSk<TSM, then the cluster with the maximum
olive oil quantity value that fulfils metric requirements is selected as appropriate
(That is, the cluster with the max(TSk), where TSk<TSM. If there is no cluster that
fulfils the requirement, then the clustering K-means process is performed repeatedly
increasing each time the number of clusters by one, until the market requirements for
at least one cluster mean values is met (if metric vector values (m1,m2,m3) are less
than (U1,U2,U3) vector values).
Based on total score, a clusters’ ranking process is maintained and from that
ranking process the high order clusters in rank, are denoted as of high exportation
and branding value clusters (selection process) and are selected from top to bottom
until quantity requirements are met.

4 OLEA clustering algorithm proof of concept
The case study experimentation in this work includes the Manaki Greek olive variety
cultivation in the area of West Greece (fields at Preveza and Lefkada). In this study,
a total area of 120 square meters of Manaki oil tree cultivation is divided into 1000
square meters production fields. Each field is identified by a unique NFC tag id that
includes field's geographical location, fertilization methods used, altitude, etc. An
average fields tree distance is about 6.5-7m away thus 25-30 olive trees are included
in each field. The average NFC tagged sector fields production is about 1000-1200
Kgr/0.1 Ha.
All fields are situated at the two nearby microclimate areas of Preveza and
Lefkada and the altitude variation between all is from 50 up to 250 meters. Two
metrics were used in this study in order to verify the proposed methodology: The
%v/v of Oleic Acidity and the total net weight of olive production per NFC tagged
field block set to the size of 1000 sq. m. All such blocks were marked by NFC tags
and square edge-bounded by GPS coordinates.
Table 1. k-means clusters, average quantity per cluster field in it and %v/v average acidity of
per k-means cluster. Cluster 2 meets market acidity requirements and quantity requested.
Cluster ID
and symbol:
C1(○)
C2(∆)
C3(+)
C4(x)
C5(◊)
C6(∇)

Average cluster tree field
oil quantity (lt)
2033
1000
1216
769
661
861

Average cluster oil
acidity %v/v
0.56
0.49
0.61
0.59
0.55
0.56
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Total Cluster oil
quantity (lt)
10166
11000
24322
12304
32389
16359

Fig. 3. Clusters returned from the OLEA algorithm. Cluster C2 is marked with the Δ symbol
and is the OLEA algorithm selected cluster.

Based on the market olive oil need requests to the farmers’ co-partnership, the
EVOO (Extra Virgin Olive Oil) maximum acidity regulations and market
requirements regarding olive oil acidity were set into maximum of 0.5% v/v and the
market requested olive oil quantity is 7000 lt. For that purpose using our proposed
OLEA methodology a k-means process was performed for the selection of the fields
that produced olive oil less that the acidity threshold set. Table 1 shows the clusters
where the requirement of acidity is met (cluster C2).

5 Conclusions
This paper presents a new framework called OLEA, for the process of olive oil
attributes acquisition, traceability and management. OLEA methodology uses an
NFC based olive tree clustering scheme that maintains cultivation and environmental
attributes information stored in its database. This information is reinforced with
qualitative olive product characteristics derived by the olive fruit milling process.
The attributes recorded by OLEA are landscape similarity attributes; meteorological
characteristics; agricultural field operations used and finally milled product quantity
and product quality evaluation metrics.
Authors outline the system architecture based on the OLEA methodology. This
system includes NFC tags for tree clusters identification and sensors for the process
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of product metric values measurement. OLEA system also includes an integrated
application and database service where all measured NFC and sensor data are
collected and then application level queries towards the database can be performed
using web interface or mobile phone application interface.
Authors propose a new clustering algorithm, used for the process of maintaining
uniform olive product characteristics as well as branding new products. This
algorithms uses as input a customer’s product requirements in terms of threshold
values of the OLEA olive oil recorded attributes and delivers back to them a
selection of the most appropriate clusters areas to harvest. To support their
methodology, a case study scenario is presented, where the proposed clustering and
selection algorithm is applied. From the case study results, it is clearly shown how
the OLEA clustering algorithm can achieve the standardization of olive oil products
quality as well as branding of new products based on market needs. Furthermore, the
utilization of the proposed OLEA framework shall provide adequate olive oil
attribute records with regional environmental and cultivation methodology as well as
product branding and traceability.
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Abstract. Diffusion of innovations has gained a lot of attention and concerns
different scientific fields. Many studies, which examine the determining factors
of technological innovations in the agricultural and agrifood sector, have been
conducted assuming the widely-used Technology Accepted Model (TAM), for
a random sample of farmers or firms in agricultural sector. In the present study,
a holistic examination of the determining factors that affect the propensity of
firms to innovate or imitate, is conducted. The diffusion of ICT tools of firms
which are engaged in the NACE 02/03 as well as in the NACE 10/11
classifications for 49 heterogeneous national markets is examined, using the
Bass model. The innovation parameter is positively associated with rural
income, female employment, export activity and education of farmers, while
the imitation parameter is increased in societies with large uncertainty
avoidance.
Keywords: Diffusion of ICT, Agrifood
Innovation/Imitation, Beta - Regression.

sector,

Bass

model,

1 Introduction
The adoption of technological innovation by firms in the agricultural and food sector
is not something new and inevitably has gained a lot of importance, due to the fact
that technological updates contribute in the increase of production, employment and
eventually income (Feder et al., 1985).
Other scholars argue that an increase in growth productivity of the agricultural
sector may cause a de – agriculturalization and therefore a decline of the employment
in agriculture (Üngör, 2013). Many related studies have investigated the adoption of
ICT tools in the agrifood sector in specific countries using questionnaires (e.g
Domenech et al., 2014; Batterink et al., 2006; Mondal and Basu, 2009). The majority
of the papers published examine the effect of Rogers' (1995) dimensions, regarding
compatibility, relative advantage, perceived usefulness, perceived risk and others
dimensions on the adoption of innovation in the agricultural sector.
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The present study contributes to the relevant literature by identifying factors,
which affect the propensity of innovation and imitation at an aggregate level using a
sample of heterogeneous countries. These factors can be further divided into three
main categories: socioeconomic, environmental and cultural. In the socioeconomic
variables the income of farmers (Rogers, 1995; Domenech et al., 2014), exporting
activity (Domenech et al., 2014), female employment (Chandrasekaran and Tellis,
2008; Stremersch and Tellis, 2004) and the participation of countries in international
organization (Tellis et al., 2003) tend to have a positive effect on the probability of
innovation adoption. On the contrary, regarding the environmental variables,
probability of adoption is higher in countries where there are low temperatures
compared to countries with high temperatures, while in countries where subjects are
risk avenging, innovations are less likely to be adopted (Chandrasekaran and Tellis,
2008; Tellis et al., 2003).
The rest of the paper is organized as follows: Section 2 presents the methodology
which includes the description of data and description of the basic diffusion model as
well as the model employed to assess the effect of factors on the propensity to
innovate and imitate. Section 3 presents the results of the estimated model and
conclusions are drawn in Section 4.

2 Methodology

2.1 Data
The data were collected from various online databases: data about the time at which
firms engaged in agrifood sector have adopted a website (their main activities lies in
classification NACE 2, 3, 10 and 11) were collected from the Orbis database (Bureau
van Dijk), while data series for the explanatory variables were collected from the
Euromonitor and World Bank online database. For the correct identification of the
time at which firms in agrifood sector adopted and launched their website, more than
30,000 companies’ websites were collected and analyzed using the Web Archive
(https://web.archive.org). The time at which websites were launched, spans from 1996 to
2016 and concern 49 countries (Figure 1).
Overall, 1,407 observations were used to examine the speed of website adoption,
as well as its determinants. Analytically, the rural wealth (WEALTH) is measured in
million US$, at constant 2016 prices and fixed 2016 exchange rates and refers to
disposable income of household in rural areas per rural population, which is which is
the gross income less social security contributions.
Rural education (EDUC) is measured as the number of graduates in Agriculture
ISCED 97 classification 6. This classification includes agriculture, crop and livestock
production, agronomy, animal husbandry, horticulture and gardening, forestry and
forest product techniques, natural parks, wildlife, fisheries, fishery science and
technology, veterinary medicine and veterinary assisting.
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Exporting activity (EXPORT) is measured as the ratio of exports (fob) to the
imports (cif) of animal & animal products. These include exports and imports of live
animals meat and edible meat offal, fish, crustaceans, mollusks and aquatic
invertebrates, dairy products, eggs, honey, and other edible animal products and other
products of animal origin and correspond to HS classification 01-05. Exports and
imports are measured in million US$ current prices.
Female employment (FEM_EMPL) in agricultural sector includes the percent of
female population employed in the agricultural sector and consists of activities in
agriculture, hunting, forestry and fishing.
Participation in International Organizations (EU) is a dummy variable receiving
value of 1 if a country is EU member and 0 otherwise.
In addition, the climate (CLIMA) in each country is measured using average daily
air temperature in Celsius. Moreover, risk is measured by Hofstede’s (2001)
dimension uncertainty avoidance.
Uncertainty Avoidance (UAI) is defined as the degree to which members of a
society fear anything new and innovative.
Finally, long Term Orientation (LTO) from Hofstede’s (2001) dimensions is used
so as to examine how culture of countries affect speed of ICT diffusion in agrifood
sector. Long Term Orientation is defined as the degree to which members of a
society are focused on the future. They are willing to delay short-term material or
social success or even short-term emotional gratification in order to prepare for the
future.
In Table 1, the correlation coefficients between explanatory variables are
presented as well as their descriptive statistics. All correlation coefficients are low
and the variance inflation index (VIF) does not exceed 2.5, which is a threshold
signaling multicollinearity (Greene, 2008).

2.2 Statistical Methodology
In order to examine the diffusion of ICT in agrifood sector, the Bass (1969) model is
used. Let xi (t ) be the cumulative number of firms in country i, which has adopted a
website at time t then the Bass model, in discrete time notation, can be formulated as
follows:

dxi (t )
= [ p + q ⋅ x(t − 1)] ⋅ [m − x(t − 1)] .
dt

(1)

In Equation 1, p denotes the propensity to innovate, q the propensity to imitate
and m the maximum potential of a market (Bass, 1969). Bass model is widely used
due to the fact that it can adjust to monotonically increasing data without
incorporating any explanatory variable (Bass et al., 1994) and it can be estimated
using maximum likelihood method (Schmittlein and Mahajan, 1982), non – linear
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least squares (Srinivasan and Mason, 1984) and ordinary least squares (Bass, 1969).
In the present study, the method of estimation which is chosen is the non – linear
least squares, due to the fact that the parameters p , q and m and their standard errors
can be estimated directly, while estimating Bass model using maximum likelihood
method underestimates the standard errors of p , q and m (Schmittlein and Mahajan,
1982). Bass coefficients, namely p and q for each country and NACE classification
category, receive values in the range (0, 1). Therefore, the appropriate model to
assess the effect of independent variables on the estimated coefficient of innovation
( pˆ i ) and on the estimated coefficient of imitation for each country ( qˆi ) is the beta
regression (Ferrari and Cribari-Neto, 2004). This model is based on a different
parameter specification of the beta density in terms of the variate mean and precision
parameter (Cribari-Neto and Zeileis, 2009). Let pˆ i : pˆ1,..., pˆ n and qˆi : qˆ1,..., qˆn be
random variables such that pˆ i , qˆi ~ B(µi , ϕ ) , where φ is the precision parameter, then
the beta regression model is defined as:

g ( µi ) = xiT β .

(2)

Where β is the vector of coefficients to be estimated xi the matrix of independent
variables’ values and g (⋅) is the link function. Several link functions are tested, in
order to choose the best fit. These link functions are the following:
Logit
, Probit g ( µ ) = Φ −1 ( µ ) where
is the standard

g (µ ) = log [µ / (1 − µ )]

Φ(⋅)

normal distribution function and Log – Log g (µ ) = − log [− log(µ )] . Coefficients of
model in Equation 2 ( β ), for each specification chosen, are estimated using
maximum – likelihood method. The log – likelihood function of beta regression is
defined as follows:

⎡
⎤
Γ(ϕ
L(µi ,ϕ ) = log ⎢
⎥ + (µiϕ − 1)log yi + [(1 − µi )ϕ − 1]log(1 − yi ) .
Γ
(
µ
ϕ
)
⋅
Γ
((1
−
µ
)
ϕ
)
i
i ⎦
⎣
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(3)

Fig. 1. The countries of the sample

Table 1. Correlations and descriptive statistics for all explanatory variables

[1]

[2]

[3]

[4]

[5]

[6]

[7]

EXPORT [1]

1

EDUC [2]

-0.13

1

CLIMA [3]

0.09

0

1

WEALTH [4]

0.1

-0.21

-0.26

1

FEM_EMPL [5]

-0.06

0.08

0.22

-0.54

1

LTO [6]

-0.34

0.22

-0.28

-0.11

-0.03

1

UAI [7]

-0.18

0.05

0.08

-0.48

0.3

0.31

1

EU [8]

-0.25

-0.26

-0.26

0.02

-0.22

0.21

0.12

VIF

1.33

1.55

1.37

1.74

1.47

1.37

1.58

Min

0.02

4

-0.01

0.21

0.002

0.13

0.23

Q1

0.54

1017

0.07

2.74

0.017

0.36

0.49

Q2

1.09

3628

0.1

10.86

0.035

0.52

0.68

Q3

2.39

8944

0.14

17.31

0.083

0.68

0.86

Max

51.6

205900

0.27

36.44

0.72

1

1

Mean

2.93

11030

0.11

10.91

0.084

0.53

0.67

Std Dev

6.13

25334

0.06

8.31

0.13

0.21

0.23
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3 Results
The diffusion of ICT in firms, whose main activities are included in NACE
classification 02 and 03, subjects to considerable variations across countries. In
specific, in the USA the diffusion of ICT tools for firms in NACE 02 and 03
classifications is faster and more intense compared to other countries, while in
Norway and UK the diffusion pattern is identical (Figure 2). In Figure 3, the
diffusion curves of ICT adoption for firms engaged in NACE 10 and 11 classification
activities are presented. The diffusion process in Germany and Italy co – moves and
is considerably faster compared to other countries of the sample. On the contrary,
Netherlands seems to lead among Greece, Brazil and Argentina, however diffusion of
ICT tools in businesses engaged in NACE 10 and 11 sectors lacks speed and is
characterized by low market penetration.
Several link function specifications have been tested in order to identify the link
function of the beta regression model which adjusts data properly. In Table 2, the
AIC values for each link function are reported.
Log – Log link is the most appropriate link function for beta regression models
assuming as dependent variable the estimated coefficients of innovation (p), for the
data concerning the NACE 02 – 03 classification firms. For the beta regression
model where the dependent variable is the estimated coefficient of imitation (q),
Logit specification fits better to data. Nevertheless, for the dataset of firms which are
engaged in the NACE 10 and 11 classifications, Logit link function adjusts better to
the explanatory variables than the other specification, namely Log – Log and Probit.
The results of beta regression model for the effect of independent variables on the
estimated Bass coefficients p and q for the firms which are engaged in the NACE 02
– 03 and NACE 10 – 11 classifications, are presented in Table 3.
Table 2: AIC values for beta regression models
NACE 02 – 03
Link function
Logit
Probit
Log – Log

p̂
-1111.07
-1112.62
-1113.89

q̂

NACE 10 – 11

p̂

-471.64
-471.21
-470.81

-2561.64
-2561.25
-2560.87

q̂
-1303.09
-1302.89
-1302.50

Exporting activity is related with coefficient of innovation positively (b = 0.0036,
p < 0.01) and negatively with coefficient of imitation (b = -0.013, p < 0.01), for the
firms which are engaged in the NACE 02 – 03 classification. The number of
educated farmers is positively associated with innovative trends in the firms whose
main activities lie in the NACE 02 – 03 classifications (b = 0.074, p < 0.01) and
negatively associated with imitation (b = -0.182, p < 0.01). Innovations tend to
prosper in countries where temperature is high (b = 0.234, p < 0.1), while firms in
countries where climate is colder tend to imitate (b = -1.91, p < 0.01).
Rural income and female employment in agriculture do not seem to have a
statistically significant impact on the coefficient of innovation and imitation for the
firms in the NACE 02 – 03 classifications. ICT innovations are hindered in countries
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high in uncertainty avoidance (b = -0.138, p < 0.01) while it seems that it encourages
imitating of innovations (b = 0.148, p < 0.01).
Firms which are located in EU countries are more probable to innovate (b = 0.169,
p < 0.01) than imitate (b = -0.422, p < 0.01). Both the beta regression models, which
for coefficient of innovation (p) and imitation (q) for firms which are engaged in the
NACE 02 – 03 classifications perform very good fit to the data, as the Pseudo R2
index exceed the threshold of 20% as suggested by (McFadden, 1976) (52.1% and
29.15% respectively). In addition, both models are statistically significant (LR =
157.82, p < 0.01 and LR = 69.88, p < 0.01).
Adoption of ICT tools, in the case of firms in NACE 10 – 11 classifications, is
facilitated with exporting activity (b = 0.062, p < 0.1). Education is positively
associated with innovating (b = 0.104, p < 0.01) and negatively associated with
imitating (b = -0.074, p < 0.01). Innovation of ICT tools in agrifood sector is
increasing in wealth countries (b = 0.073, p < 0.05) as well as in countries where
women have an active role in agricultural employment (b = 1.462, p < 0.01).
The fact that EU countries tend to innovate more than imitate is verified for ICT
tools which are adopted by firms which are engaged in the NACE 10 – 11
classifications. Cultural dimensions do not affect statistically significant both
innovation and imitation parameters.
Beta regression models, which evaluate the effect of factors on the coefficient of
innovation and imitation, do not exhibit good fit to the dataset, as the corresponding
Pseudo R2 indices do not exceed the threshold of 20%.

Table 3. Estimation results of beta regression
NACE 10–11
Coefficient of
Innovation (p)

NACE 02 - 03

Coefficient of
Imitation (q)

Coefficient of
Innovation (p)

Coefficient of Imitation
(q)

B

Z

B

Z

B

Z

B

Z

Exporting Activity

0.0036***

3.59

-0.01***

-3.28

0.01*

1.77

-0.002n.s.

-0.93

Log(Rural Education)

0.07***

10.25

-0.18***

-6.11

0.10***

6.09

-0.07***

-4.87

Climate

0.23*

1.88

-1.91***

-3.76

0.25n.s.

0.63

1.27***

3.5

Log(Rural Wealth)

-0.02n.s.

-1.19

0.03n.s.

0.48

0.07**

2.75

-0.08***

-3.17

Female Employment
Long
Term
Orientation
Uncertainty
Avoidance

-0.22n.s.

-1.47

0.53n.s.

0.81

1.46***

6.97

-1.16***

-5.22

-0.65***

-9.99

0.63

0.21*

1.89

-0.15n.s.

-1.56

-0.14***

-3.9

0.17n.s
0.15
***

4.04

-0.10n.s.

-0.98

0.38***

4.01

EU

0.17***

9.23

-0.42***

-5.89

0.16***

3.33

-0.21***

-4.96

Log – Likelihood

566.9

245.8

1291

661.5

Pseudo R – squared

52.1%

29.15%

11.32%

16.3%

82.04***

96.87***

Likelihood Ratio(X2)
157.82***
69.88***
Note: *p< 0.1, **p< 0.05, ***p< 0.01, n.s. not significant
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Fig. 3. Coefficient of a) innovation against number of educated farmers with respect to rural
population and rural income for NACE 02 – 03 classifications, b) imitation against number of
educated farmers with respect to rural population and rural income for NACE 02 – 03
classifications, c) innovation against number of educated farmers with respect to rural
population and rural income for NACE 10 – 11 classifications, d) imitation against number of
educated farmers with respect to rural population and rural income for NACE 10 – 11
classifications.

4 Discussion
Diffusion of ICT in agrifood sector is proved to be in a multilevel way associated
with economic and educational national characteristics (Smale et al., 1994). Rogers'
(1995) characteristics of innovators and imitators seem to hold in the present study.
In specific, firms in agrifood sector tend to innovate when they operate in wealthy
countries and farmers are educated (Ervin and Ervin, 1982; Tey et al., 2017). The
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propensity of innovation is enhanced in countries with increased female employment
in the rural sector. Likewise marketing research theory, female tend to facilitate the
adoption of new technologies in order to save time (Dekimpe et al., 2000; Ganesh
and Kumar, 1996; Putsis et al., 1997).
The extraversion of economies tends to facilitate the propensity of firms in the
agrifood sector to innovate. Firms which are engaged in the agricultural sector need
to innovate so as to increase their productivity and supply markets with new
products, incorporating low prices and high quality at the same time so as to meet
consumers’ challenges.
However, diffusion and consequently adoption of ICT tools does not depend only
on economic conditions but also on cultural characteristics. Avenging risk and in
general anything which is new and innovate is a typical characteristic of societies
which tend to imitate rather than innovate (Rogers, 1995). Rural firms which operate
in countries, whose societies are low in uncertainty avoidance, are more probable to
take initiatives and innovate than imitate (Van den Bulte, 2000; Dwyer et al., 2005).
On the other hand, long-term orientation is a determining factor of innovation for
firms, which are engaged in the NACE 02 – 03 sectors. This finding shows that
farmers are willing to quit on their expectations in the present for the sake of better
future earnings on their adoption in ICT tools.
Least but not last, firms in agrifood sector which belong to European countries
tend to innovate more compared with other countries of the sample. The participation
of countries in the European Union, facilitate the diffusion of innovations within their
broad borders. Furthermore, various organizations aid firms in the agrifood and
agricultural sector to incorporate new technologies or improve the underlying ones,
with respect to the specific challenges and needs of consumers in one integrated
market.
Acknowledgements. This research was fully supported by CAPSELLA H2020 EU
Project (Grant Agreement Number 688813).
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Abstract. The article presents the general concept, key assumptions and a
description of the SOFTROL advisory system. The system has been
implemented online, and it is available to all potential users. It supports virtual
design of agri-energy complexes and optimization calculations for maximize
farms’ ability to harness their energy potential and meet their energy needs
based on renewable energy sources.
Keywords: advisory system, agri-energy complexes, database

1 Introduction
Every agricultural undertaking is a consumer and a producer of energy. Energy
resources that have not been used up by a farm can be utilized productively. The
energy generated by a farm can be harnessed to cover the farm’s needs, and surplus
energy can be used to generate additional income and improve the farm’s economic
performance. This strategy underlies the operations of agri-energy complexes. An
agri-energy complex can be defined as an organization that utilizes all available
resources to meet its energy demand or to generate surplus energy.
Regardless of its size, production profile and organizational model, every farm has
specific energy needs and energy potential that can be utilized productively.
Therefore, even the smallest farm fits the definition of an agri-energy complex.
This study describes an advisory system for decision-making support in an agrienergy complex with a specific production profile. The system has been designed and
built as part of key project No. POIG.01.01.02-00-016/08 entitled “Model agrienergy complexes for distributed cogeneration units based on local dispersed
sources of energy”. The system can be implemented in the existing, currently
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developed and planned agricultural undertakings. In this study, the described system
is referred to as a potentially designed agri-energy complex (PDAC).

2 An agri-energy complex as a producer and consumer of energy
The energy potential of an agricultural undertaking has to be estimated to guarantee
the effectiveness of every polyoptimization system. The required infrastructure, type
and volume of wastes and by-products, surplus production and agricultural acreage
that can be dedicated to energy crops have to be described in detail.
A diagram of an agri-energy complex as a producer and consumer of energy is
presented in Figure 1.

Fig. 1. PDAC as a consumer and producer of energy (Pietkiewicz et al. 2014).

An agri-energy complex consumes three types of energy:
• electrical energy (lighting, household equipment, production equipment,
machines and electrical devices),
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• heat (indoor heating, water heating, meal preparation, drying agricultural
produce),
• mechanical energy (powering windmill pumps, conveyors, etc.).
In addition to conventional sources of energy (fossil fuels), an agri-energy
complex can also rely on renewable sources of energy to cover its energy needs:
• solar energy (liquid and hot air solar collectors, photovoltaic modules, passive
solar heating systems),
• wind energy (wind turbines for generating electricity and powering
compressors and pumps),
• hydraulic energy (low-power hydroelectric turbines),
• biomass (direct combustion and pyrolysis of plant wastes, straw, wood,
sawdust, energy crop residues; ethanol fermentation: cereal grain, wood, plant
wastes; methane fermentation: farm manure, plant wastes),
• liquid fuels (for powering combustion engines in transport vehicles and
machines, cogeneration units and fuel cells), fossil fuels.
The use of diverse energy sources and different methods for generating,
converting and storing energy supports the development of modular solutions that
rely on various combinations of the available technologies (Fig. 2).

Fig. 2. Modular solution for converting, storing and conditioning energy from renewable
sources (Nalepa et al. 2014)
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3 Computer software advisory system for planning the operations
of an agri-energy complex
Advisory systems consist of computer software that supports decision-making in
various areas of activity. Dendral was the first artificial intelligence project, which
led to the development of a computer software expert system in 1965. Dendral was
originally designed for chemists, but many expert systems for medical diagnosis
were derived from Dendral in successive decades. Medicine is the ideal field for an
advisory system, which relies on rules of inference based on information about
specific diseases that is gathered in databases. The system analyzes data input into
the program by a user who requires expert advice (advisory system). Advisory
systems are shells that are filled with knowledge by a user based on a set of rules.
There are limitless possibilities for developing advisory systems based on unique
data in a given area of interest.

Fig. 3. Diagram of client-server architecture (Pietkiewicz et al. 2014)

Key assumptions in the process of developing the SOFTROL advisory system
The discussed advisory system was developed based on the following key
assumptions:
• the designed system will have client-server architecture, and it will be
accessed via a web browser (Fig. 3);
• the user is not expected to possess expert knowledge about crop production,
materials or energy equipment,
• the system will be available to several groups of users with different levels
of access. This hierarchy will be established to distinguish between users
who have expert knowledge and users who require expert knowledge
(results output by the system),
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•

inference rules have to guarantee that the system is flexible and suitable for
a wide range of applications. The authors’ role should be limited to
designing the system framework.

Main system functionalities
The SOFTROL system will have the following main functionalities based on the key
assumptions of the research project and the modular database concept:
• the system will collect data and provide users with information relating to
optimal technologies for the production of crops, animals, energy sources
and energy,
• the system will provide registered users with information relating to energy
generation devices and optimal technologies for the generation of heat and
electricity,
• the system will collect information about devices for the generation of heat
and energy from renewable sources and will use the resulting data in the
polyoptimization process,
• the system will assist users in selecting energy conversion devices based on
multiple criteria.
System users and their role in the system
Several groups of users were defined in line with the expert system concept and the
key assumptions for developing an advisory system for agri-energy complexes. A
hierarchy of users with different access levels was created to distinguish between
users who are providers of exert knowledge and users who request information from
the SOFTROL system. The following groups of users were defined:
• farmers, independent producers, associations of producers and local
governments who analyze and design agri-energy complexes, heat and
electricity producers who use or plan to use the technologies described in
the system,
• advisory organizations operating in the field of agriculture, power
generation, regional and national energy development,
• equipment manufacturers and distributors,
• producers and distributors of energy resources and fuels,
• scientific organizations that require access to the database for research
purposes.
Information collected in a relational database
The normalize the database, the process of collecting information will be governed
by the following rules:
• the system will collect personal information about users in the database,
including user identity, geographical location and administrative region.
Users who input information into the system on behalf of other users will be
placed in specific functional groups,
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•

•

•

information relating to a user’s energy requirements will describe all
elements of the infrastructure and devices that cater to the user’s household
needs (farms), operational needs (institutions), demand for energy that is
sold (contracted) and generated from the existing resources,
energy demand associated with the production and conversion of energy
resources will be indicated in the description of the proposed technology,
and it will not account for the user’s energy needs,
a user’s energy potential is defined as natural resources and limitations. In
crop production, a user’s potential is determined by agricultural acreage; in
animal production – by the number of buildings and facilities for animal
rearing (based on the number of animals per unit area) which are owned or
have been contracted for energy generation purposes. In the above
approach, a user’s energy potential is evaluated based on the existing output
as well as potential outputs in the future. A user’s energy potential is
determined based on the area of farmland in different soil quality classes
and the area of production facilities.

In the process of developing the database, the information that can be directly
input into the system and the data associated with other types of information in the
user’s possession was identified in the modeled agri-energy complex. An analysis of
the modeled agri-energy complex revealed that most elements of the model are
indirectly linked with the norms, standards and average values applicable to
agricultural production. An individual farmer is not expected to be familiar with all
parameters relating to his farm or the production process. As regards large agrienergy complexes and prospective farmers who are in the process of planning the
production of energy crops and/or energy generation, the values of most modeled
elements will be the expected system outputs.
The information stored in the database should be available and comprehensible for
an average user. Some of that information constitutes single-use data embedded in
the PDAC. Data entries can also relate to specific attributes describing various users
(potential crop production), which requires the creation of several subsets of
multiple-use data.
Modules of the SOFTROL advisory system
The database of the SOFTROL advisory system consists of several modules that are
closely linked with the user interface. The entities in the database have been defined.
The network connecting three database modules and their links with different entities
in the database are presented in Figure 4. The presented diagram was used in the
database normalization process.
In the user interface, the species and materials and carriers entities are separate
structures that are not allocated to any module. The devices entity overlaps the data
acquisition module on energy conversion devices. In view of the required quantity
and quality of data relating to energy generation devices and equipment used in the
production of energy resources, the database system has to be provided with
extensive mechanisms that control data access and the quality of input data. The
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information about producers, equipment efficiency and fuel is an integral part of the
module marked in green, but it is not an interface between the remaining database
modules.

Fig. 4. Diagram of connections between database modules in the SOFTROL advisory system
(Pietkiewicz et al. 2014).

4 Development of the SOFTROL advisory system
The database and the user interface were designed based on the described concept.
Information was stored in a MySQL database, and the user interface was written in
PHP, a popular object-oriented language for developing web applications. PHP is
used mainly for server-side scripting (Hilton et al. 1999)
Data acquisition model on the technology of converting and storing energy
resources
The designed system contains a data acquisition model on the technology of
converting and storing energy resources. We will use this module to describe various
stages in the process of designing and implementing the advisory system.
In a software system, technology is defined as a chain of operations, which
represent successive stages in the process of achieving a specific goal, such as the
production of fuel or an energy resource. In a farm, different technologies are used to
produce crops and animals, but similar stages can be identified in every production
technology. The designed system should contain a universal technology for designing
any process in an agri-energy complex. The universal technology should also support
the design of other technologies that are not directly linked with crop or animal
production, such as biogas production technology for biogas plants in sewage
treatment facilities. The universal technology was developed in a series of steps:
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•
•
•
•

significant similarities between the modeled crop and animal production
technologies were identified,
significant differences between the modeled crop and animal production
technologies were identified
parameters for minimizing differences between the modeled crop and
animal production technologies were determined,
data sets and parameters were expanded to account for the needs of other
technologies.

Table 1. A comparison of the main stages in typical crop, animal and universal production
technologies (Pietkiewicz et al. 2014)

Crop production

Animal
production

Selection of species
and variety
Land cultivation

Selection of species
and breed
Preparation of
animal facilities
Selection of
breeding stock,
preparation for
mating, mating /
purchase of animals
Nutrition

Production or
purchase of seeds,
pre-sowing
fertilization, sowing
and planting
Cultivation:
fertilization
Cultivation: crop
protection
Harvest

Disease prevention
and treatment
Slaughter or sale

Universal
production
technology
Selection of species
Preparation of
production area
Beginning of
breeding

Nutrition
Pest and disease
control
Harvest

Similarities between crop and animal production systems were identified to
standardize their description in the advisory system. The simplest technological
model is composed of a series of successive stages, where selected stages are
obligatory and other stages are optional. Different stages in crop and animal
production technologies were compared. The results of the comparison are presented
in Table 1. Similar stages were identified in all of the compared technologies.
Despite significant differences in treatments, the conditions under which they are
applied and the time of their application, every stage of the production process
involves a specific number of operations. A given set of materials, devices and
workers necessary for the described operations can be allocated to every stage of the
production process. This approach has been adopted to evaluate the energy
consumption, cost and duration of every operation. In each technology, the end
product can serve as a resource in another technology or as an energy carrier for the
generation of electricity, heat or mechanical energy. End products can also be sold.
The correlations between data sets relating to technologies for the generation of
energy or the production of energy resources are presented in a diagram in Figure 5.
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A specific technology is used to produce one or more products, including energy
resources. The entire technological process is a chain of many technological
operations. Specific materials, resources and devices can be allocated to each
operation. Complex technologies that can be developed based on the processes listed
in the database are also indicated in the diagram.

Fig. 5. Correlations between data sets describing individual components of technologies for
the generation of energy and production of energy resources (Pietkiewicz et al. 2011)

Several correlated tables were developed to design the database of production
technologies. The structure and correlations between the tables are presented in
Figure 6.
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Fig. 6. Structure of the database relating to the data acquisition module on the energy potential
and the energy needs of the PDAC (Pietkiewicz et al. 2014)

A similar approach was used to develop the remaining database modules. The
design and implementation of database modules in the advisory system was
described in a previous study (“SOFTROL – Energy directly from nature”,
Pietkiewicz et al. 2014).
Simulation module
The main element of the advisory system is a simulation module which supports the
development of other technological systems based on the adopted parameters of
energy potential, energy demand, energy consumption during fuel production, and
energy conversion to electricity and heat. Due to copyright and trade secrets
regarding the system as a product for implementation, detailed algorithms have not
been described.
The user interface enables a user to design an agri-energy complex based on
information relating to a farm’s geographical location, natural resources (acreage,
soil class), the existing or planned buildings. Based on the information collected in
database modules, the system develops a subset of technologies that can be applied in
the designed complex. Selected technologies, including those that meet boundary
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conditions, can be eliminated by the SOFTROL system based on PDAC preferences
(Pietkiewicz et al. 2012).
Selecting a simulation module is a collection of PPKA energy efficiency variants.
By default, the system is presented in the order of the most cost-effective. The user
has the possibility to change the criteria, such as the criterion of covering the PPKA
energy demand.
The described system is an advisory system. The user decides on the optimization
criterion alone, and in no way should it coincide with the criteria established in the
system.

Fig. 7. Subset of technologies that meet boundary conditions in the defined PDAC
(Pietkiewicz et al. 2014)

A list of technologies that meet boundary conditions in the defined PDAC and
can be eliminated from further analyses is presented in Figure 7. Logical fields in
Yes/No format for eliminating selected technologies are shown on the left. When the
list of technologies defined in the PDAC is closed, the user can begin to design
variant solutions for harnessing the energy potential of the PDAC. This operation
lasts from several seconds to several dozen minutes, depending on the number of
variables in the energy potential of the PDAC and the size of data sets containing
technologies that meet boundary conditions and can be used in further analyses.
The calculated results are presented by the system (Fig. 7). The user can access
detailed information about the variant solution for harnessing the energy potential of
the PDAC by clicking on the Variant details link.

5 Conclusions
The SOFTROL system has been designed for a wide range of applications. The
system contains dedicated algorithms, and it is a complete product that is ready for
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commercial implementation. According to the authors, the system can be used for the
following purposes:
• to provide access to information about energy equipment available on the
market,
• to update the database of devices based on the data supplied by the
manufacturers of energy equipment,
• to select the optimal energy generation system based the system’s ability to
rapidly process the variables input by the user,
• to support decision making in the production of energy crops,
• to collect and analyze information about the use of renewable energy
sources in various regions of the country,
• to popularize information about renewable energy sources,
• to lower the costs of systems that harness the energy potential of farms,
• to maximize farms’ ability to harness their energy potential and meet their
energy needs based on renewable energy sources.
The discussed advisory system has been implemented for educational purposes at the
Faculty of Technical Sciences of the University of Warmia and Mazury in Olsztyn,
Poland. The system has been designed and built as part of key project No.
POIG.01.01.02-00-016/08 entitled “Model agro-energy complexes as an example of
distributed cogeneration based on local renewable energy sources”, and it is ready
for commercial implementation.
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Abstract. A significant problem that the systematic cattle farming is facing
and the science of Livestock Precision Farming is trying to solve, is the
identification of lameness in cattle. The aim of this research is to present a
novel integrated computational analysis for lameness prediction based on
machine learning methods. The new algorithm was tested on data sets of
healthy and unhealthy cattle. The new computational analysis uses four
features: «steps per day» (dimensionless), «overall walking per day» (m),
«lying per day» (min) and «eating per day» (min). The aim of these four
features was to help the algorithm to separate the samples, in the best possible
way. The result which was obtained was encouraging since the algorithm can
identify equally well the positive samples (healthy cattle) and the negative
samples (cattle suffering from lameness).
Keywords: Lameness, Cattle, Random Forest, ANN, LIBSVM.

1 Introduction
Every year, computer science shows great progress in hardware as well as in
software level but mainly in the field of machine learning. Thanks to this rapid
development of computer systems and machine learning algorithms, sectors from
other scientific domains have evolved. In recent years, significant studies have been
developed on Precision Livestock based on machine learning method solving reallife problems in an automated manner.
Machine learning has been applied mainly to issues relating to the science of
Precision Agriculture. For example, the machine learning applied for the exact
calculation of soil temperature (Nahvi, 2016). Another application of the machine
learning deals with the calculation of the soil drying (Coopersmith, 2014) or for the
correct prediction of the dew point on a daily basis (Mohammadi, 2015). Machine
learning is applied even for the accurate prediction in the production of wheat
(Pantazi, 2016) and for the correct prediction of the evapotranspiration (Patil, et al.
2016).
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In the field of Precision Livestock Farming, machine learning is rarely applied and
mainly concerns the automated individual monitoring of the livestock. Some studies
where machine learning was applied in Precision Livestock Farming relate to the
behavior recognition in cattle. Specifically, in research (Dutta, 2015) machine
learning is applied to data which is collected from 3-axis accelerometers and
magnetometers to distinguish when the cattle search for food, graze, rest and walk.
Other studies which machine learning is applied relate to the right identification of
cattle with biometric characteristics. For example in the study (Gaber, 2016) with the
help of machine learning methods, they try to identify the characteristics of the head
of a bovine by using biometrics features. Also machine learning is applied to
biological studies on Precision Livestock Farming. For example, in the research
(Meher, 2016) their purpose is the correct identification of coding regions from noncoding regions for the cattle, with the help of two features, the structure of the codons
and the mutations of the methylation. However, one of the most important issues that
concern the Precision Livestock Farming is the creation of automated systems which
relate to the welfare and health of animals.
Lameness is one of the most important issues with regard to the health of farm
animals. Problems created in production derived from lameness are catastrophic for
the farmer. A decrease in profit was noted (Bruijnis, et al. 2010), due to the decrease
in milk and meat production and cost increase, due to the healthcare of the cattle. The
diseases which are associated with the lameness, costs 66 € per cattle with 32% of
that given for the healthcare (Bruijnis, et al. 2010). It is important to detect the
lameness in time and with reliability (Booth, 2004, Holzhauer, 2004 and Tasch &
Rajkondawar, 2004), in order to reduce the cost but also to ensure the health of the
animal. It has been observed that animals which suffer from lameness presents
various symptoms, such as difficulty in walking (Walker, 2008), they lie down more
compared to healthy animals (Walker, 2008, Ito, 2010 and Chapinal, 2009), stand
less (Walker, 2008) and graze less (Miguel-Pacheco, 2014). Until now many studies
have been concerned on correct prediction of lameness in cattle. Nevertheless, the
existing methods are unclear and unreliable (Schlageter-Tello, 2014) and mostly
those which try to approach lameness with computational analysis.
The methods which try to predict the lameness in cattle vary from study to study.
Some studies approach the lameness with optical technologies. For example, (Song,
2008) tried to observe the lameness with the usage of high resolution pictures and
videos or in research (Viazzi, 2014) they try to identify the lameness with the usage
of 2 dimensional and 3 dimensional cameras. Another way of dealing the lameness is
by using sensors, as it reported in (Pastell, 2008), in which with the usage of force
sensors authors tried to record and distinguish the cattle with lameness.
The purpose of this study is the creation of an integrated computational analysis
based on machine learning methods with the aim of distinguishing correctly the
healthy cattle from cattle which suffer from lameness.
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2 Methods
In this section a new integrated computational analysis is presented, based on
machine learning methods. Initially, the algorithm consists of two computational
models, the (LP1, Table 1) and (LP2, Table 2). Next, the algorithm uses the model
which returns the highest results. For the training and the prediction, the two models
was tested in three machine learning methods, namely, Artificial Neural Networks,
Random Forest, and Library for Support Vector Machine (LIBSVM) to determine
which will be the final model, which will return the highest results. For the SVM
machine learning method we used an innovative parallel programming model, the
GPU-LIBSVM (Athanasopoulos, et al. 2011).
It’s the first time in which the GPU-LIBSVM model is used for the computational
analysis of lameness in cattle. The GPU-LIBSVM model is applied for the training
and the prediction of the two computational models (LP1) and (LP2). This innovative
SVM machine-learning model enables more computational models with a lot of
features to be created and to be tested 30 times faster.
The models (LP1) and (LP2) are different in the number of features they use to
distinguish the samples. The purpose was to ascertain how affected the two
computational models from their features and what features help the computational
models to distinguish with bigger accuracy the healthy cattle from cattle which suffer
from lameness.
Table 1. Computational Model LP1.
Computational Model LP1
Feature 1
Steps per day
Feature 2
Walking per day (m)
Feature 3
Lying per day (min)
Table 2. Computational Model LP2.
Computational Model LP2
Feature 1
Steps per day
Feature 2
Walking per day (m)
Feature 3
Lying per day (min)
Feature 4
Eating per day (min)
Table 3. Example from a positive and negative sample for a set with four features.
State of cattle
Healthy
With problem in
hooves

Steps per day
(dimensionless)
2900

Walking
per day (m)
3700

Lying per
day (min)
660

Eating per
day (min)
178

600

2350

830

168

For the training and the prediction of the two models, two sets are used: one set
for training and one set for prediction. The two sets are small in samples because
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based on an assumption according to the method (Frondelius, 2015). This has as a
result the test set to return unusually high values. Main purpose in future is to create a
large dataset based on the above-mentioned four features and to observe how
effective these are on a large scale. The training and prediction sets are presented in
Table 4 and Table 5.
Table 4. Training set 1.1.
Training set 1.1
Positive 6 healthy cattle
Negative 6 with lameness cattle
Table 5. Prediction set 1.2.
Prediction set 1.2
Positive 2 healthy cattle
Negative 2 with lameness cattle

The training set 1.1 and the prediction set 1.2 are used for the training and the
prediction of the computational models LP1 and LP2. The features from the two
models was converted with scale method and then provided for the training and
prediction processes at the three machine learning methods. For the Library for
Support Vector Machine method the best option returned from SVM type: One-Class
and Kernel type: Linear.

3 Results
The final results of the two computational models LP1 and LP2, are presented for
the sets of training and prediction, in order to observe what computational model and
which machine learning method could predict with highest accuracy the lameness in
cattle.
The two computational models were created in the programming languages Perl,
Python and R.
3.1 LP1 Computational Model
The first table presents the threshold used for the three machine learning methods of
each computational model and also the results which were returned for the specific
threshold such as: True Positive, False Positive, True Negative, False Negative,
Sensitivity, Specificity, Precision, Recall, Accuracy and AUC (Area Under Curve).
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Table 6. Threshold of machine learning methods for the computational model LP1 and the
training set 1.1.
LP1 computational model & training set 1.1
M.L
Threshold
TP
FP
TN
Method
ANN
0.5
5
1
5
RF
0.5
6
0
6
LIBSVM
0.4
5
2
4

FN

Sensitivity

Specificity

Precision

Recall

Accuracy

AUC

1
0
1

0.83
1.00
0.83

0.83
1.00
0.66

0.83
1.00
0.71

0.83
1.00
0.83

0.83
1.00
0.75

0.83
1.00
0.75

The pie chart presents the average prediction score produced for each set from the
three machine learning methods.

Fig. 1. The average prediction score which is returned from the machine learning methods for
the computational model LP1 and the training set 1.1.
Table 7. Threshold of machine learning methods for the computational model LP1 and the
prediction set 1.2.
LP1 computational model & prediction set 1.2
M.L
Threshold
TP
FP
TN
Method
ANN
0.5
2
0
2
RF
0.5
2
0
2
LIBSVM
0.4
2
0
2

FN

Sensitivity

Specificity

Precision

Recall

Accuracy

AUC

0
0
0

1.00
1.00
1.00

1.00
1.00
1.00

1.00
1.00
1.00

1.00
1.00
1.00

1.00
1.00
1.00

1.00
1.00
1.00

Fig. 2. The average prediction score which is returned from the machine learning methods for
the computational model LP1 and the prediction set 1.2.
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Fig. 3. Sensitivity 1-Specificity plot of the machine learning methods for the computational
model LP1 and for the training set 1.1 & prediction set 1.2.

Fig. 4. Box plots with the 3 features from training set 1.1 and prediction set 1.2.
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From Figure 3 and Table 6, it is observed that the machine learning method
Random Forest can distinguish the training set (1.1, Table 4) with the highest score,
with Accuracy=100%. The prediction set (1.2, Table 5) can be distinguished equally
well from all the three machine-learning methods (Figure 3 and Table 7). Another
positive aspect is that the Random Forest machine learning method can identify with
significant difference the positive samples from negative samples for both sets. That
result is obtained from the average prediction score of positive samples and from the
average prediction score of negative samples (Figure 1 and Figure 2). In (Figure 4),
the differences between the healthy and infested cattle are presented in steps, walking
and in lying. Also from Figure 4, it is revealed that from the three features «steps per
day» (dimensionless), «overall walking per day» (m), «lying per day» (min), the
most significant feature is the «lying per day» (min), because it has the bigger
difference in concentration between healthy and infested cattle and therefore, it
supports the computational model LP1 to distinguish with bigger accuracy the
samples.
3.2 LP2 Computational Model
In this section, the results for the second computational model (LP2, Table 2) and the
training set (1.1, Table 4) & the prediction set (1.2, Table 5) are presented.
Table 8. Threshold of the machine learning methods for the computational model LP2 and the
training set 1.1.
LP2 computational model & training set 1.1
M.L
Threshold
TP
FP
TN
Method
ANN
0.5
6
0
6
RF
0.5
6
0
6
LIBSVM
0.5
6
0
6

FN

Sensitivity

Specificity

Precision

Recall

Accuracy

AUC

0
0
0

1.00
1.00
1.00

1.00
1.00
1.00

1.00
1.00
1.00

1.00
1.00
1.00

1.00
1.00
1.00

1.00
1.00
1.00

Fig. 5. The average prediction score which is returned from the machine learning methods for
the computational model LP2 and the training set 1.1.
Table 9. Threshold of the machine learning methods for the computational model LP2 and the
prediction set 1.2.
LP2 computational model & prediction set 1.2
M.L
Threshold
TP
FP
TN
Method
ANN
0.5
2
0
2
RF
0.5
2
0
2
LIBSVM
0.5
2
0
2

FN

Sensitivity

Specificity

Precision

Recall

Accuracy

AUC

0
0
0

1.00
1.00
1.00

1.00
1.00
1.00

1.00
1.00
1.00

1.00
1.00
1.00

1.00
1.00
1.00

1.00
1.00
1.00
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Fig. 6. The average prediction score which is returned from the machine learning methods for
the computational model LP2 and the prediction set 1.2.

Fig. 7. Sensitivity 1-Specificity diagram of the machine learning methods for the
computational model LP2 and for the training set 1.1 & prediction set 1.2.
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Fig. 8. Box plots with the 4 features from training set 1.1 and prediction set 1.2.

The results listed at Table 8 and Table 9 and depicted at Figure 7 are considered as
optimistic. The reason is that the three machine learning methods can distinguish
equally well the training set (1.1, Table 4) and the prediction set (1.2, Table 5), for
the computational model (LP2, Table 2). The most significant conclusion which is
obtained from these results and from Figure 8 is that the fourth feature, «eating per
day» (min), is a crucial feature and helps all three machine learning methods to
distinguish more accurately the positive from the negative samples. The second most
crucial feature is «lying per day» (min). A second positive result that was observed is
increase in the variation of prediction scores between positive and negative samples
from the three machine learning methods (Figure 5 and Figure 6) for both sets,
mainly in ANN and LIBSVM methods, the reason is the fourth feature.
The conclusions obtained from the observation of the tables and figures for the
two computational models (LP1, Table 1) and (LP2, Table 2) are, that the three
machine learning methods, Artificial Neural Networks, Random Forest, and Library
for Support Vector Machines, can distinguish with remarkable results the positive
from negative samples. As a result, the features which are used from the two
computational models are crucial, mainly the «eating per day» (min) and the «lying
per day» (min) and these features enhance the algorithm such as to distinguish with
bigger accuracy the positive from the negative samples.
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The machine learning method which returned the highest results for the two
computational models was the Random Forest.
From the two computational models which were compared, the best results were
returned from the (LP2, Table 2) model. The reason is that the fourth feature «eating
per day» (min) is used by the model to distinguish the positive from negative
samples. The fourth feature helps significantly the three machine learning methods to
identify the healthy from non-healthy samples, as was obtained from the great
variation for the prediction scores between the positive and negative samples.

4 Conclusion
The result of this study, was the development of a new integrated, powerful and
reliable computational analysis, which is used for the identification of the lameness
in cattle based on machine learning. Two computational models, Lameness Potential
1 and Lameness Potential 2, were created. The computational model which excelled
was the (LP2) which uses four powerful features, «steps per day» (dimensionless),
«overall walking per day» (m), «lying per day» (min) and «eating per day» (min), to
distinguish the positive from negative samples. The aim of these four features was to
support the algorithm to distinguish the samples in the best way possible. The final
result which was obtained is considered as optimistic, because the algorithm can
distinguish equally well the positive (healthy) and negative (infested) samples, as
indicated from the great variation of the prediction scores between the positive and
negative samples. As a result, the algorithm is able to identify with high accuracy the
healthy cattle from cattle with lameness.
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Abstract. Food and sustainability are now an inseparable binomial for the
development of our society, or rather an inevitable strategic priority in the
pursuit of a socio-economic and environmental well-being, both individually
and collectively, to be projected in time and space. In this context, support for
entrepreneurial projects aimed at achieving this goal represents a crucial
leverage not only for the enterprise but for the entire society. In the light of
these considerations, this paper aims to clarify the important role that the
Internet can play through crowd-funding platforms that not only allow the
sustainability-oriented agri-food enterprise to "finance its vocation", but above
all to potentiate in the society the culture of sustainability in the food field.
Keywords: crowdfunding; food sustainability; sustainable finance; financing
instrument; well-being sustainability.

1 Introduction
Starting point of this paper is the recognition of sustainability as an inevitable
perspective for the development of the agri-food system. The development strategies
of this last are in fact correlated to every form and size of sustainability and are
evaluated with respect to the construction and maintenance of well-being in time and
space. This orientation, today a compulsory goal for the food system, is the result of
internal and external variables to the system itself and, at institutional level, it is due
to the indications of Agenda 2030, to the programming guidelines of the European
Union and to the actions of different states aimed at implementing economic, social
and environmental sustainability in each territory. At the sectoral level, instead, it is
due to the propensity of businesses to pursue their mission to meet a need for wellbeing in the broadest sense, to an increasingly informed, skilled and aware consumer
of food choices importance.
In this context, agri-food businesses become part of a larger socio-economic and
environmental project that goes beyond the core business of the company itself.
Specifically, they are an active part of this project for well-being sustainability and
use various tools in full respect of this role. In financial terms, in particular, the
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crowdfunding is widely used and it is made possible by platforms on the Internet,
which, on the one hand, allow the company to find an economic response to its
design interest, on the other, they trigger a process Informative directed to the growth
of the culture of sustainability.
Taken in consideration the results of the project funded by the University of Naples
“Parthenope” (Italy) on the theme “Sustainability Practices in Food system and
Financial Instruments” (Scientific Director: Prof. Rosa Misso), this paper provides,
first of all, an overview on the sustainability goals in the food sector and then it
focuses on the role that crowdfunding platforms can play as a multiplicator of the
vocation of the food system to the individual and collective well-being sustainability.

2 Food sustainability
The pursuit of well-being sustainability is now a universal aim, or rather, the goal
towards which all businesses operating in the agri-food sector should aim in order to
give new value to their core business. This theme, more precisely, represents a topic
of great interest for each productive sector as well as for any level of society.
Analyzed no longer exclusively in its environmental dimension, sustainability is
increasingly understood as an extension in the future, or as a strengthening, of the
economic, social and cultural (in addition to environmental) patrimony currently held
by an individual, community or territory (Misso et al. 2013). After all the action plan
signed in September 2015 by the Governments of the 193 UN member countries,
“Agenda 2030 for Sustainable Development”, is a clear signal that no one is
excluded, nor should it be left behind on the road to bring the world on a sustainable
path. The signatory countries have pledged to achieve by 2030 the Development
Goals (which act on the results of the Millennium Development Goals that preceded
them) representing common goals on a set of important issues for development: the
fight against poverty, the elimination of hunger and fighting climate change, to name
just a few. In agriculture, of course, the goal of greater environmental sustainability
led to the definition of the concept of integrated control of harmful organisms in the
principles of integrated production, the concepts and practices of which were the
subject of general and specific documents for individual crops. On this basis,
numerous private and public guidelines have been proposed on the integrated
production in order to meet the growing demand for healthy products by producers
and consumers, products that require processing processes with minimal
environmental impact.
While at an international level, Agenda 2030 is marking the transition to a new
sustainable society, at European level, undoubtedly, the principles of sustainable
development are an integral part of the Common Agricultural Policy (CAP). From
the Treaty of Rome to date, this policy has evolved in line with the needs that
emerged on the european horizon from time to time in order to be always current and
meeting the expectations of its members' agriculture. Today, the CAP, in more
apparent way than in the past, has to overcome the existing conflicts between the
market, society and the environment and to synthesise in its action the needs arising

141

from these three spheres in order to ensure the sustainability of its agriculture, both at
global than at European level (Table n. 1).
Table 1. The CAP between Market, Society and Environment (Misso, 2010).

Internal
dimension

International
dimension

Market
1. Simplify access to
credit and favor a
widespread
diffusion
2. Growth of the
sector
3. Increase the
contractual power
of farmers
4. Quality standards

1. Sustainable
competitiveness
on markets
2. Volatility of
prices
3. Quick action
tools for any
crisis
4. Food security of
emerging
countries
5. Food Standards

Society
1. Increase
farmers'
income
2. Fight the
aging of the
rural
population
3. Repopulate
the
countrysides
4. Occupation
5. Investments in
human capital
1. Attract young
people
towards rural
areas and
activities
2. Support the
role of farmers
as providers of
public goods
3. Guaranteeing
Healthy
Products

Environment
1. Management of
landscaping and
natural resources
(biodiversity)
2. Attenuating
vulnerability to
climate change
and greenhouse
gas emissions

1. Preserving the
identities of
European
territories
2. Promote ecofriendly practices
and green energy
production
3. Environmental
Standards
4. Adapt the CAP to
the global fight
against climate
change

So, if at institutional level, international and European programming has outlined
new pathways for sustainable development, at the sectoral level, an increasingly
informed consumer stimulates businesses to pursue their mission to meet a need for
well-being in the broadest sense.
Consumers are, in fact, increasingly sensitive to issues related to the improvement
of information on agri-food products, but also to the production processes used. New
consumer trends are heavily influenced by changes in social work organization and
demographic changes (marco-economic variables). Such dynamics of consumption
greatly affect the behavior of the operators and the economic system and, on the
other hand, this then affects the consumption of food, in a logic of circular evolution
of the phenomenon.
In this context, the ability of food system to develop over the long term depends
on the ability to set strategies that ensure the sustainability of production factors. The
presence of an intact environment, social capital and more generally, the existence of
all those factors that guarantee economic, social, environmental, territorial and
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generational sustainability, are, in fact, necessary elements for the survival of the
sector. Therefore, an enterprise strategy oriented to ensure the sustainability of
factors and production processes focuses on a responsible and equitable management
of the workforce, the preservation and enhancement of environment and the
introduction of sustainable innovations capable of balancing sustainability and
competitiveness goals.

3 Crowdfunding
Financial support for companies that pursue ethically and responsibly goals that
we could call "off-market" is very important for the company's sustainability. A
bottom-up microfinance practice that mobilizes people and resources to support
sustainability-oriented businesses is crowdfunding. It is a relatively new and evolving
method of using the Internet to raise capital to support a wide range of ideas and
ventures. An enterprise raising funds through crowdfunding typically seeks small
individual contributions from a large number of people. Individuals interested in the
crowdfunding campaign – members of the “crowd” – may share information about
the project, cause, idea or business with each other and use the information to decide
whether to fund the campaign based on the collective “wisdom of the crowd”.
The recent rise in crowdfunding activity is due to different reasons: firstly,
matching funders with creators is now more efficient and effective due to lower
search costs online. Second, risk exposure is reduced because funding in small
increments is economically feasible online. Finally, low communication costs
facilitate better information gathering and progress monitoring for distant funders
and also better enable funders to participate in the development of the idea.
Indeed, there are several crowdfunding models that differ for the reward that is
recognized in favour of the supporters. A type of crowdfunding is based on donation,
so, it does not offer any reward to its funders. But there are also crowdfunding
scheme that could recognize economic rewards to the funders or various other kinds
of not economic reward as participation to the results of the project or simply
symbolic acknowledgements (Stemler, Abbey, 2013; Giudici et al. 2017; OECD,
2015).
More in particular, Agrawal A. et al., (2014) make a difference between equity
and non-equity crowdfunding. The most critical differences between equity and non
equity crowdfunding will arise due to the amplification of information asymmetries.
Whereas the asymmetry problem currently concerns the feasibility of the creator’s
ability to deliver the product, in the equity setting the asymmetry problem includes
the above as well as the creator’s ability to generate equity value by building a
company rather than just delivering a product (Agrawal A. et al., 2014).
Hemer (2011) identifies five types of crowdfunding according to the type of
reward offered: crowd donations, crowd sponsoring, crowd pre-selling, crowd
lending, crowd equity and ranked by process complexity:
Crowd donations: Although a donation is – in essence – an altruistic act without any
obligation for the recipient to give the donor anything in return, one feature of
crowdfunding is for donors to be given some "reward" for their support.
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Crowd sponsoring: In the case of sponsoring, the project initiator and the sponsor
agree on a defined reward which the initiator is obligated to give. Often these
rewards take the form of services like PR or marketing for the sponsor.
Crowd pre-selling: Very often the donation takes the form of pre-selling or preordering: The donation is meant to help produce something (a book, a film, a music
album, a theatre performance, software, some new technical product, an agricultural
product, a service concept etc.) and the promised return is the delivery of an early
version of the product or service. In such a case, crowdfunding is basically an
advance order of a product and represents a purchasing act which is subject to
turnover tax.
Crowd lending: Here the rewards are normally the interest and the payback after the
lending period. One alternative to this is long-term lending based on the revenue
sharing principle. Here, the creditor gives a risk-bearing loan. He does not get
interest but receives, at the defined end of the lending period, an amount including an
agreed share of the earnings of the venture, which could be a multiple of the original
loan but could – in the case of bad performance – also be nothing.
Crowd equity: This variant of micro-investments is – in administrative terms – the
most complicated alternative in the spectrum of crowdfunding instruments.
Crowdfunders invest equity; the rewards are either shares of the venture, dividends
and/or voting rights.
The different forms of crowdfunding referred to above show differences in user
groups, risks, complexity and purpose, which warrant a distinction among these
various forms, and, importantly, a distinction between financial and non-financial
return models. Crowdfunding with financial returns is slightly less well-known and is
considered to carry higher risks for contributors who take the position of investors.
The main issues EU legislation addresses with regards to all types of crowdfunding
include anti-money laundering, advertising, consumer protection and – where
relevant – intellectual property protection. Financial returns campaigns and platforms
may be subject to further rules at both EU and national level, again depending on the
specific business model used (European Commission 2014).
3.1 Crowdfunding and food sustainability
Most crowdfunding platforms allow you to invest in projects related to different
sectors: art, comics, crafts, dance, design, fashion, film & video, music, food, etc.
This is the case of the most renowned international platforms, Kickstarter and
Indiegogo, which include a generic Food category. Many other platforms do not
distinguish projects by sector, but they include food projects with big platforms as
Angel List, Crunch Base or CrowdCube.
Surely, crowdfunding can be a good tool to connect the producers and consumers
of food. But above all it can promote the achievement of the company's sustainability
goals through the launch of projects geared towards this.
Application of crowdfunding in agrifood sector can provide a huge help in
foundation of small businesses and stabilizing cash-flow of small farmers. Because it
reduces pressure on financing and sales, the producer can make their products in the
way he want without anxiety. Also, unlike other agrifood transaction, relationship
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between producers and consumers grow up during the funding process. This leads to
interest and active participation of consumer which can result additional purchases
and popularity. Through the proceeding of crowdfunding, project creator can get not
only funds but also various helpful effects for the success of the project. The project
creator can check point for improvement through this. Also, participants sometimes
form a supporting community and play a role as a co-producer. In case of pre-sale
type of crowdfunding, it can help the pricing of products or services. For the success
of crowdfunding, active participation of friends and fans in early funding, promotion
through social media, and communication effort of a creator such as information
provision are important.
Crowdfunding in agrifood field appears in many different shapes. There are many
different cases of projects such as funding for making a community farm, foundation
of small business, pre-sale for something (cooking equipment, farm products,
processed farm products, garden equipment and so on), farm operation cost, facility
cost, farming education management cost, suppoting events(market, party), and
publishing a cookbook. We can classified crowdfunding projects on agrifood into 3
types, presale, event, and funds for operation cost. Presale type is funding projects
before the production stage of food. Event type is a funding for the events related to
agrifood, such as opening a market, launching a festival or making educational event.
Two cases succeeded in funding by providing enjoyable opportunities which people
can’t normally experience. Funds for operation cost are supporting essential
operation expenses such as cost for setting up company, equipment, research and
development. Mainly these projects have social benefit, or can help to produce
healthy food. All of them reached the funding goal by emphasizing the sincerity and
expected effect (Yoo Y. et al, 2014).
In some ways, crowdfunding almost always benefits the public, and in this case, it
is constructed rollover bars provided to poverty-stricken farmers through the local
agricultural education program. The public is able to view campaigns and donate a
small amount of money to be used toward the project.
Oftentimes, projects with clear goals, specific needs, and a defined end date are
more successful at raising money than projects without clear objectives. Most often,
family members and friends of project creators who are involved in the project are
the most likely to donate. Crowdfunding is less about raising large amounts of money
from a few investors, and rather, more about raising small donations from a large
group of people, “the crowd”. One reason crowdfunding is so successful is due to the
“feel good” or philanthropy attached to donating (Morgan L. et al., 2016; Servato et
al., 2013). Belleflamme et al. (2013) states that crowdfunding produces the same
amount of funds as if you were to seek funds from a bank, but what compels the
public to donate to a crowdfunded project is the perceived benefit to what is being
created.

4 The role of Internet
The financial support for entrepreneurial projects aimed to achieving the
sustainability goal represents a crucial leverage not only for the enterprise but for the
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entire society. In this context, Internet can play an important role through crowdfunding web-based platforms that not only allow the sustainability-oriented agri-food
enterprise to "finance its vocation", but above all to potentiate in the society the
culture of sustainability in the food field.
From the point of view of its concrete application, crowdfunding transcends
simple financial support to business projects trough credit and is a powerful business
accelerator capable of enhancing sustainable projects by halting the weaker ones.
This is because crowdfunding platforms - from the past - use a new paradigm to
select the worthy financing projects, which consists of an estimate "market test" that
can provide valuable indications and projections of business success. Crowdfunding
platforms initially show the idea-project and its goal to reach: afterwards, they give
users the ability to decide whether and how to finance the projects, and also identify
the economic commitment they intend to sign up. Projects that reach the finish line
will be realized and lenders will get the agreed interest. Projects that otherwise will
not reach the minimum amount of funding will not be realized, and the sums
eventually paid will be fully refunded to the lender, without any loss. This process
allows an extremely effective selection of "profitable" projects, starting with the
design phase of the business, thanks to the impact that the project produces on
consumer-investors (Servato F. et al, 2013).
Crowdfunding platforms also have an incentive to attract projects that can
generate a disproportionate share of media attention because they both expand the
existing community of funders (further increasing network effects) and allow the
platform to expand into new categories (Agrawal A. et al, 2014).
In this regard, crowdfunding platforms entirely dedicated to the food industry such
as Crowdfooding, Barnaiser and WoopFood has been surveyed. The first is a
crowdfunding platform dedicated to the world of food and beverage, created by an
Italian entrepreneur. Most startups that responded to Crowdfooding's call are
European, but many entry requests come from India and the United States. The Food
Section is divided into ten categories: Food & Tech, Food & Beverages, Grocery,
Food Delivery, E-marketplace, Specialty Food, Organic Food, Wine & Spirits,
Coffee & Tea, AgTech. Unlike such platform, Barnaiser and Woop Food are
dedicated to sustainable agriculture and are aimed at promoting small, organic,
sustainable farms and projects related to proper and healthy nutrition. In fact, there is
a specific section dedicated to sustainability. In particular, on the Barnaiser platform,
created in the United States in 2014, the categories of projects that are sponsored are
very different from one another, with a single denominator: the one of quality food
production. In "farm", from the urban farming you go to young peasants, from bio
farms to exchange markets; in "community" we find initiatives related to food-related
justice, community gardens, cooperative kitchens and more; Food includes projects
related to accommodation facilities (restaurants, bars and clubs), handicrafts and
distribution; the section "education" deals with workshops and didactic farms; food
media focus on books, TV shows, cellular applications, and creative projects
dedicated to sustainable food.
WoopFood, instead, is the first reward microfinance platform for small businesses
in the Italian agricultural industry. Companies that aim to expand their business or to
new agri-food products can launch a bottom-up funding campaign, collecting sums
of between 5 and 2 thousand euros. The prize varies according to the generosity of
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the donors, according to the scheme already experienced by colossi like Indiegogo
and Kickstarter. The selection filter for the projects is twofold: the eco-sustainable
impact of the activity or a certain rate of innovation, in the form of technologies
applied to the production.
The push from Internet can lead both to supporting small business as well as to
providing a more showcase for niche productions, fixed on zero KM or local
distribution. Like all reward-based crowdfunding systems, the company generates its
revenue with the collected fees at the end of the campaign. The sum is borne by the
project proposer, with a share that may vary depending on the amount reached
(Magnani A., 2016).
An example of crowdfunding web-based platform in Italy (www.woopfood.it).
The benefits of this crowdfunding web-based platform are:
− The creation of a new demand;
− The reduction in investment risk for producers;
− The establishment of direct relations with consumers;
− The sponsorship of a product;
− The valorization and protection of the traditional ecosystem made in Italy;
− The promotion and dissemination of the concept of environmental
sustainability;
− The strengthening of food security and quality assurance.
Very interesting, it is the new project titled "Hemp of Campania Region: the
revolution starts in the fields". The hemp of Campania Region agricultural
cooperative company was founded in 2015 by three young farmers, Valentina
Capone, Simona Falco, Giuseppe Mugione, united by the desire to launch an
initiative to relaunch the territory through the re-introduction of a noble and ancient
plant such as canapa in Campania, a region that until the middle of the last century
contributed to making Italy the second nation in the world for produced hemp and
first for fiber quality. Around 1914, the province of Caserta produced 157,000
quintals of hemp, while in the area of Naples the quintals were 89,000, making
Campania the second Italian region for textile hemp production. The best fiber was
supplied by the "Carmagnola" variety and unit yields per hectare were higher than in
any other country, and the fact that the Italian variety was recognized as the best for
textile fiber quality. Hemp had always been used to dress and produce any type of
cord, cloth, paper (until the beginning of the 20th century, almost all of the paper was
produced with hemp), its seeds gave excellent fuel oil and in the pharmaceutical field
its applications were wide.
In conclusion, in food system, a variety of fairly large-scale ICT-enabled projects
demonstrate economic viability and provide significant social and economic value.
Such projects are directly linked to income-generating activities (for example
providing better selling opportunities for agro-products), making their value easily
visible for end-users (Bargain O. et al, 2016; Carvalho A. et al, 2012). At the same
time these project, collect individuals around a topic that allow them to improve their
knowledge on a product or on an activity in terms of sustainability.
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Abstract. Controlled release fertilizers (CRFs) insure controlled release of
nutrients due to their coating. The aim of this study was to investigate the
effect of nutrient solution parameters as well as time on the evolution of NO3,
NH4, PO4 and K concentrations. For this reason, 0.5 g of Multicote fertilizers
14-14-14 and 15-7-15 dissolved in 100 mL and 300 mL of deionized water
respectively. The solutions remained at 24oC and their pH was adjusted once
during their preparation at 5.5, 6.0 and 6.5 or adjusted every three days for a 24
days period. A linear empirical mathematical model was developed for the
prediction of the above mentioned nutrients concentrations (CX) in relation to
the remaining (Vs) and the removed (dVs) volume of the nutrient solution, its
pH and time (t) from its preparation. The model output compares favorably
with data for the prediction of the concentration of these nutrients.
Keywords: soilless culture, hydroponics, multicote, fertigation, CRF

1 Introduction
Controlled release fertilizers (CRF) were introduced in the global market in recent
years, in an attempt on behalf of the fertilizer industries to find ways to cover
different needs either of crops, or of the producers themselves (Shaviv & Mikkelsen,
1993). The CRFs, according to their specifications, promise controlled release of
nutrients, well synchronized in time with the needs of the crops (Trenkel, 2010). The
time for the gradual release of nutrients from these fertilizers may range from 20
days to 18 months (Shoji & Gandeza, 1992). For this reason the use of CRFs in many
crops like maize, wheat, rice etc. reduced significantly the production cost and the
environment pollution. Recently the use of CRFs to high value crops (in particular
ornamental, vegetables and orchards) led to the conduction of experiments in order to
determine the release rate of nutrients in soil and aqueous solutions (Kinoshita,
2012).
In experiments concerning the use of CRFs in free water solutions and water
saturated substrates, it is referred that the type of medium affect the nutrients release
rate (Du et al, 2006). Besides that, the release of each nutrient element depends on
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several parameters such as fertilizers polymer coating, diffusivity, the concentrations
of nutrient elements and the water content of the medium as well as its temperature
(Du et al, 2004). Based on the above parameters, mathematical models have already
been developed to describe the nutrient release rate of CRFs in soil. In addition, some
research works revealed that the type of the fertilizers coating membrane play a key
role for nitrate release in aqueous solutions, followed by other parameters like
temperature (Du et al, 2008).
This paper examined the effect of some major characteristics of the solution such
as pH, volume and temperature, the type of CRFs and the time from solution
preparation on the alterations of nutrients concentrations. The results were used to
develop an empirical mathematical model for the prediction of the evaluation of NO3,
NH4, PO4 and K concentration in aqueous solutions.

2 Materials & Methods

2.1 Treatments
For the purposes of the experiment, two types of Multicote fertilizers 14-14-14 and
15-7-15 (100% coated) were used for the preparation of two groups of aqueous
solutions (six solutions in each group). Each solution in the first group had 100 ml
volume and was prepared with the use of 0.5g of 14-14-14 fertilizer, while in the
second group each solution had 300 ml volume and was prepared with the use of the
same weight of 15-7-15 fertilizer. In two of the solutions from each group, the pH
was initially (t0) adjusted to 5.5, 6.0 and 6.5. In half of the above mentioned solutions
the pH was adjusted once during their preparation (no buffered solutions), while in
the other half solutions the pH was adjusted every three days (buffered solutions), in
the initial value (namely 5.5, 6.0 and 6.5), with the addition of NaOH or HCl. During
the experiment period the solutions were kept at a fixed temperature (24°C). The
concentrations of NO3, NH4, PO4 and K, the volume of the solutions remained after
sampling and the pH were measured every three days for a 24 days period. The
above measurements performed using LAMOTTE Smart 2 colorimeter, volumetric
cylinder and HI991300 Portable pH/EC/TDS meter.

2.2 Statistical Analysis
Data were statistically analyzed by analysis of variance (ANOVA) using Statgraphics
Centurion XVI. Duncan’s multiple range test was used at a significance level of 0.05.
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3 Results and Discussion

3.1 Evolution of pH in buffered and no buffered solutions
The pH evolution in no buffered solutions, where the pH was adjusted once at t0 at
5.5, 6.0 and 6.5, is shown in Figure 1. However in these solutions the initial pH value
and the type of CRF used for the preparation of the solution seems to affect
significantly the evolution of pH during the experiment period.
In the above mentioned solutions with 300 ml volume prepared with the use of 157-15 fertilizer, pH varied slightly from the initial pH. As shown in Figure 1, when pH
was initially adjusted to 5.5 or 6.0 it stabilized after fifteen days from the solution
preparation close to 5.7, while in solution where the pH was adjusted initially to 6.5,
it remained almost stable to the initial pH. In contrast, the pH in solutions with 100
ml volume prepared with the use of 14-14-14 fertilizer, increased significantly during
a period of three days after its preparation. After this period the pH in all solutions
stabilized at a value which was also relative to the initial pH of solutions. In solutions
where pH was initially adjusted to 5.5 it stabilized at 6.0, while in solution where the
pH was adjusted initially to 6.0 or 6.5 it stabilized at 6.5. The highest pH stability
over most of the experiment period of solutions prepared with the use of 15-7-15
fertilizer compared to those prepared with the use of 14-14-14 fertilizer, may be due
both to the type of the fertilizer and the volume of the solution.
In consequence pH adjustment was more efficient in solutions with volume 300
ml prepared with the use of 15-7-15 fertilizers than in those with volume 100 ml
prepared with the use of 14-14-14 fertilizers, when it was attempted every three days,
as presented in Table 1.

Fig 1. Evolution of pH in no buffering solutions prepared with 14-14-14 (▬) and 15-7-15 (- -)
fertilizer, where the initial pH was adjusted to 5.5 (■), 6.0 (●) and 6.5 (▲).
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Table 1. Average value of pH during the experiment period in buffered solutions prepared
with the use of 14-14-14 and 15-7-15 fertilizer where the pH was adjusted every three days at
the values 5.5, 6.0 and 6.5.

Fertilize
Type

Volume of the
Solution (ml)

14-14-14
15-7-15

100
300

Target pH
5.5
5.9±0.31
5.53±0.08

6.0
6.4±0.32
5.92±0.12

6.5
6.7±0.23
6.49±0.18

In specific, both pH stability and the efficient pH adjustment observed in solutions
prepared with the use of 15-7-15 is due probably to the lower content in P2O5 this
type of fertilizer has, compared to 14-14-14 fertilizer. It is a notable property of
phosphate fertilizers to develop an alkaline pH in aqueous solutions when they are in
presence. In addition the ability to predict the pH evolution of aqueous solution
prepared with the use of CRFs, is of particular importance when it concerns nutrient
solutions for soilless cultures.
3.2 Evolution of nutrient elements concentration in buffered solutions
The results of the measurements concerning the alteration of NO3, NH4, PO4 and K
concentration in solutions where the pH was adjusted every three days to the initial
value, reviled a similar evolution of the concentration of these elements, regardless to
the type of CRF used for solutions preparation. However, the concentrations that
reached each one of the nutrients were significantly affected by the pH of the
solution and probably by their volume (Figure 2). As seen in the above mentioned
figure, both concentrations of NO3 and K increased significantly during a period of
nine days from t0 where 14-14-14 fertilizer was used for nutrient solution preparation
(Figure 2 A1 and B1) and three days from t0 where 15-7-15 fertilizer was used for the
same purpose (Figure 2 A2 and B2). The concentration of the above mentioned
nutrients decreased during the next six days and it reached the minimum value twelve
to fifteen days from t0, where 14-14-14 fertilizer was used for nutrient solution
preparation (Figure 2 A1 and B1), and six to nine days after t0, where 15-7-15
fertilizer was used for the same purpose (Figure 2 A2 and B2). A similar alteration
pattern was observed for both nutrient elements during the next period until the end
of the experiment.
The concentration of NH4 in solutions prepared with different CRF type, altered
following almost the same pattern (Figure 2 C1 and C2). The pH and probably the
volume of the solution seems that also in this case affected the rate and the
concentration increment as well as the higher concentration level that NH4 reached in
these solutions.
However similar higher concentration levels of NO3, NH4 and K were observed in
the solutions prepared with the different CRFs, probably because of their similar
composition concerning N and K. The decrease of NO3, NH4 and K concentration
shown in Figure 2 may be attributed to the KNO3 and NH4NO3 complexes, formatted
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in the solution, when the concentration of NO3, NH4 and K was increased. In that
solutions precipitations were visible.
In contrast PO4 concentration was continuously increased after solutions
preparation except from the solution with volume 100ml prepared with the use 1414-14 having pH 5.5 where a decrease of PO4 was observed fifteen days after t0
(Figure 2 D1 and D2). This may be occurred to KH2PO4 and NH4H2PO4 complexes
formed in the solution due to the high concentration of K and NH4. In that solutions
precipitations were visible. In addition the above complexes formation may be
favored because of the higher content in PO4 that 14-14-14 fertilizer has.
According to the above, since pH affect significantly the release, and therefore the
concentration of nutrients in the solutions, may become an alternative to the
temperature in order to control efficiently the nutrients elements concentration in
nutrient solutions used in soilless culture.
3.3 Model development
The above mentioned results reveal that the pH, the volume of the solution, the time
from their preparation and the type of the CRF fertilizer play a significant role on the
evolution of NO3, NH4, PO4 and K concentration. Specifically the pH of the aqueous
solution and undoubtedly their volume seems to affect both the nutrients release rate
and the level of their concentration, regardless to CRF type used for their preparation.
The time is another parameter that also undoubtedly affect the release rate of the
nutrients since in CRFs fertilizers coating membrane plays exactly this role, to
control the nutrients release in a course of time (Wang et al., 2011).
Taking into account all the above mentioned parameters, an empirical
mathematical equation to estimate the NO3, NH4, PO4 and K concentration in
aqueous solutions prepared with 14-14-14 and 15-7-15 CRF fertilizers was
developed. The form of the equation if the following:

CX = a + b * Vs + c * dVs + d * pH + e * t

(1)

Where: CX = the concentration of NO3, NH4, PO4, K at time t
Vs = the sum of the volume removed by sampling
dVs = the volume of the solution removed in each sampling
pH = the pH at time t
t = the time (in days) from the preparation of the solution
To calibrate the model described with equation (1), measurements performed in
100 and 300ml solutions prepared with the use of 14-14-14 and 15-7-15 CRF, were
used. Statgraphics Centurion XVI software was used in order to estimate the a, b, c, d
and e parameters used in equation (1) and presented in Table 2 and 3.
Figure 3 shows the 1:1 linear correlation between measured and estimated from
the equation (1) values of the concentration of NO3, NH4, PO4 and K in aqueous
solutions prepared with the use of 14-14-14 and 15-7-15 CRF. The correlation of the
following values is linear, since the equation describing the relation between the
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measured and calculated values has the form of y = a * x + b, in which a and b do not
differ statistically from the values 1 and 0 respectively (Gauch et al, 2003).

4 Conclusions
In this work similarities concerning the evolution of NO3, NH4, PO4 and K
concentration were reviled among aqueous solutions with different volumes, which
were prepared by using CRFs with different composition. In all these solutions
parameters such as pH, the volume of the solution, the type of CRF fertilizer used for
their preparation, as well as the time from their preparation affected significantly the
rate of nutrients release and the evolution of nutrients concentration.
Based on the above mentioned parameters an empirical mathematical model was
developed and calibrated in order to predict the concentration of NO3, NH4, PO4 and
K in aqueous solutions prepared with the use of CRFs. The model output compares
favorably with data for the prediction of the concentration of these nutrients.
Although most of the researchers refer that temperature is the most important
factor that influence the diffusion and therefore CRFs nutrients release, the above
measurements revealed that pH might affect significantly the release, precipitation
and the final concentration of nutrients in aqueous solutions.
However additional research is necessary to identify other parameters that may
affect the release of nutrients from the CRFs in aqueous solutions. This information
could be used to improve the mathematical model efficiency. With the perspective of
using CRFs to prepare nutrient solutions, the above mentioned model can be used to
determine the optimal solution management.
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Fig 2. Alteration of NO3, NH4, PO4 and K concentration, in solutions prepared with the use of
14-14-14 (▬) and 15-7-15 (- -) fertilizer, where the pH was adjusted in the initial value 5.5
(■), 6.0 (●) and 6.5 (▲).
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Table 2. The values of a, b, c, d and e parameters used in equation (1) for the estimation of
NO3, NH4, PO4 and K, when 14-14-14 fertilizer was used for the preparation of the solution.

Nutrients
Concentration

Parameters

CX

a

b

c

d

e

R2

CNH4

-3852,33

15016,7

-1071,11

-405,556

-473,889

0,78

CPO4

-1301,58

3016,67

- 945,278

61,1111

-77,2222

0,99

CNO3

-6347,5

63500

-3191,67

-3333,33

-2233,33

0,99

CK

25692,5

-40300

-525

-1000

1260

0,91

Table 3. The values of a, b, c, d and e parameters used in equation (1) for the estimation of
NO3, NH4, PO4 and K, when 15-7-15 fertilizer was used for the preparation of the solution.

Nutrients
Concentration

Parameters

CX

a

b

c

d

CNH4

15863,4

3307,4

-1800,14

-2997,53

-106,619

0,86

CPO4

-1553,17

-170,333

-573,763

350,805

13,5193

0,99

CNO3

-49865

-8680,61

1338,12

9695,82

349,24

0,95

CK

-32142,2

1629,09

1654,68

5543,73

13,8593

0,82
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e

R2

Fig. 3. The 1:1 linear correlation between measured and estimated from the equation (1)
values, of the concentration of NO3 (A), K (B), NH4 (C) and PO4 (D) in aqueous solutions
prepared with the use of 14-14-14 (x) and 15-7-15 (y) CRFs.
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Abstract. We present LEOpatra, a mobile application for smart fertilization.
The focus of LEOpatra is the variable rate application of fertilizers in a field
based on information obtained from satellite images and other geospatial data.
LEOpatra is able to identify restricted zones where no or only a decreased
amount of fertilizers is allowed. LEOpatra has been developed in FP7 project
LEO and uses linked data as the basic technology for integrating the various
relevant data sources. LEOpatra has been evaluated by German farmers in trials
that took place in Bavaria.

1 Introduction
In this paper, we describe LEOpatra (Linked Earth Observation precision agriculture
tractor application), a mobile smart fertilization application that was developed in the
context of the EU FP7 project LEO1. The focus of LEOpatra is the variable rate application of fertilizers in a field based on information coming from satellite images and
other geospatial data. LEOpatra is able to identify restricted zones where no or only a
decreased amount of fertilizers is allowed. LEOpatra offers field management support
for farmers in a low-cost way, utilizing an easy-to-use smart farming solution, which
can run on any mobile device (tablet or smartphone) with Android OS.
The main technology for integrating the various geospatial data sources in LEOpatra is linked data. Linked data is a new data paradigm which studies how one can
make RDF data available on the Web, and interconnect it with other data with the aim
of increasing its value [HB11]. In the last few years, linked geospatial data has received attention as researchers and practitioners have started tapping the wealth of
geospatial information available on the Web [KKK+12]. As a result, the linked open
data (LOD) cloud has been rapidly populated with geospatial data some (e.g., Open1

http://linkedgeodata.org/
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StreetMap data, administrative boundaries of various countries, land use/land cover
data etc.).
Another data paradigm exploited by LEOpatra is open Earth Observation (EO) data. Petabytes of open EO data has recently become freely available due to the Copernicus program of the European Union and the Landsat program of the US. LEOpatra
employs and extends EO data processing methods that were developed within the
ESA project talkingfields2. The processed satellite data forms the basis of the prescription maps produced by LEOpatra and get correlated with datasets that contain
other useful information, such as restricted zones in order to provide variable rate
application of fertilizers.
Open EO data that are currently made available by the Copernicus and Landsat
programs are not following the linked data paradigm. Therefore, from the perspective
of a user, the EO data and other kinds of geospatial data necessary to satisfy his or her
information need can only be found in different data silos, where each silo may contain only part of the needed data. Opening up these silos by publishing their contents
as RDF and interlinking them with semantic connections will allow the development
of data analytics applications with great environmental and financial value.
The European project TELEIOS3 was the first project internationally that has
introduced the linked data paradigm to the EO domain, and developed prototype
applications that are based on transforming EO products into RDF, and combining
them with linked geospatial data. Examples of such applications include wildfire
monitoring and burnt scar mapping, semantic catalogues for EO archives, and rapid
mapping. The wildfire monitoring application is the basis of the FIREHUB service at
the National Observatory of Athens4 which has been used operationally by government agencies in Greece since the summer of 2012. FIREHUB was awarded the Best
Service award in the Copernicus Master's competition of 2014.
TELEIOS concentrated on developing data models, query languages, scalable
query evaluation techniques, and efficient data management systems that can be used
to prototype applications of linked EO data. However, developing a methodology and
related software tools that support the whole lifecycle of linked open EO data (e.g.,
publishing, interlinking etc.) has not been tackled by TELEIOS. The main objective
of the subsequent European project “Linked Open Earth Observation Data for Precision Farming” (LEO) was to go beyond TELEIOS by designing and implementing
software supporting the whole life cycle of linked open EO data and its combination
with linked geospatial data, and by developing a smart farming application that heavily utilizes such data. This application is LEOpatra which we present on this paper.
The rest of the paper is organized as follows. Section 2 describes the main components of LEOPatra and Section 3 presents its functionalities. Section 4 describes related work in the area of precision farming. Finally, Section 5 concludes the paper.

2

https://artes-apps.esa.int/projects/talkingfields
http://www.earthobservatory.eu/
4
http://195.251.203.238/seviri/
3
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2 EO Data processing and LOD for Precision Farming
LEOpatra is implemented as a software solution which integrates satellite data with
linked geospatial data and mobile technologies in order to provide assistance to farmers during the fertilization of their fields. LEOpatra is offered as a low-cost tool for
small and medium farmers in order to boost rural development.
Figure 1 shows an overview of the architecture of the smart fertilization application
implemented by LEOpatra.

Fig. 1. The EO-based processing chain for smart fertilization

Starting with the REST (Representational State Transfer) modules shown in the
figure, satellite data is downloaded automatically as soon as it is available for some
pre-defined search criteria (covering the area of interest). Then, all downloaded
satellite scenes are automatically processed by the talkingfields module for further
use.
Processing includes the following tasks: atmospheric correction of the data,
classification of different land uses and calculation of Leaf Area Index (LAI) for
vegetation areas as an indicator of relative biomass variation within a certain area.
The storing, querying and post processing of all EO-based data have been
implemented in the well-known DBMS MonetDB.5
After a request for a specific area (e.g. given field boundaries) by a user of
LEOpatra, the available latest data of LAI within the specific field is retrieved. The
results are converted to RDF by using the tool GeoTriples and get interlinked with
other open data sources using the tool Silk. The results are available to the users via a
dedicated server operated by FarmFacts. In the following sections we describe in
more details the components of the processing chain that that realizes LEOpatra.

5

https://www.monetdb.org/Home
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The REST module
The REST module guarantees an up to date satellite data basis, via an automated way
of downloading and processing satellite scenes. The first step in this process is to
combine two ways of automated satellite data download. The first way is
BlackBridge, a private geospatial data provider, which is offering an interface to
search and download RapidEye satellite data automatically. Additionally, a tool for
automated command line download of Landsat data has been adapted to address the
needs of the application. This tool6 has been adapted with the ability to set temporal
and spatial restrictions, allowing users to retrieve and automatically download, for
example, if new satellite scenes are available in a given interval for a specific area.
The downloaded scenes can optionally (i.e., if selected so in the parameter file) be
processed automatically by the talkingfields Module. Landsat data haven been used
instead of Sentinel data since the Sentinel satellites had not been launched when the
application was developed. The current version of the module uses Sentinel 2 data
from the Copernicus Open Access Hub.
Talkingfields Module & Vista Image Analysis (VIA) chain
After satellite data is made available by the REST module, the talkingfields module
with its processing chain named starts performing the following steps automatically:
• All satellite scenes (Level 1b) are pre-processed including an advanced atmospheric and geometrical correction delivering bottom-of-atmosphere
spectral reflectance values (Level 2b). To get bottom-of-atmosphere measurements needed for comparability of different scenes, the atmospheric
transfer model MODTRAN (MODerate resolution atmospheric TRANsmission) is used. The results of MODTRAN are used to correct the image to bottom-of-atmosphere values.
• To identify relevant land use classes, an unsupervised land use classification
is performed using the unique spectral characteristics of each surface. The
seven land uses are classified resulting in a so-called Level 3-product. This
step is vitally important to control the quality of produced information (e.g.
no delivery of false information from areas with cloud shadows).
• By using the radiative transfer model SLC (Soil-Leaf-Canopy) with an inverse modelling technique, precise information about plant physiological parameters for all relevant land uses is then derived. SLC is simulating typical
spectral response curves for given physiological plant parameters (e.g. water
content, nitrogen content, Leaf Area etc.). Adapting the simulated to satellite-observed spectral response curves is resulting in the needed information
about the land use class “vegetation”. For LEOpatra, LAI (Leaf Area Index)
values produced by SLC, for the relevant crop areas are extracted.

6

The tool for downloading Landsat data is developed by Olivier Hagolle and it is available on
the USGS-server under the GNU general public license.
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MonetDB
The column store database MonetDB is used to store and query the LAI-values for
LEOpatra. Using a database management system like MonetDB offers advantages in
performance of querying the needed products as follows:
• Having the most recent LAI values for each satellite image at hand, the next
step is the request by the farmer for one (or several) specific fields (more details of the information exchange will be described in the next chapter).
• Receiving the request on the Vista side by the FarmFacts server results in the
reading of the field boundaries from MonetDB and extraction of the relevant
LAI values.
• In a next step, the relative LAI values (compared to the mean value of the
field as deviation in percent) are calculated for each field. This serves as biomass indicator and basis for the prescription map.
MonetDB has an multidimensional array management module, i.e., it offers functionalities that allow developers to handle satellite images and EO products as arrays, and
query them using the query language SciQL [ZKM13]. SciQL is an extension of the
query language SQL. SciQL queries are typically used to encode image processing
steps such as the ones presented above, instead of using complicated, customized
code in a programming language.
Tools for linked geospatial data
In order to combine EO data with other geospatial sources, all data need to follow a
common format. For this purpose, we use the RDF data model, which is a machine
readable format for describing resources that are available on the Web as linked data.
These resources can be queried in a uniform way using the query language SPARQL.
Since the framework of RDF and SPARQL does not provide geospatial support, extensions of it were proposed recently. One of these extensions is the framework of
stRDF and stSPARQL, an extension of RDF and SPARQL with spatial and temporal
support proposed by our group [KKK12, BSK13]. Another extension of the query
language SPARQL with geospatial support is the OGC standard GeoSPARQL. In the
following, we briefly describe the tools that we use for the conversion and processing
of EO and geospatial data as linked data, and then we describe how this is achieved.
GeoTriples. GeoTriples is a tool for transforming vector data and their metadata into
RDF, and to support natively many popular geospatial data formats (e.g., shapefiles,
spatially enabled DBMS, KML, GeoJSON, etc.). GeoTriples produces an RDF dump
of the data in accordance with a certain ontology, and a set of relevant mappings. The
mapping generator employs and extends the mapping languages R2RML and RML to
create mappings that dictate the method of conversion of the raw data into RDF. y.
GeoTriples is a free and open source tool7.

7 https://github.com/LinkedEOData/GeoTriples
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Strabon
Strabon [KKK12, BSK13] is a spatiotemporal RDF store. It enables users to store
geospatially-enhanced RDF files and query them using the query languages
stSPARQL and GeoSPARQL. Strabon is freely available as open source software
(http://strabon.di.uoa.gr). According to recent benchmarks [GKK13, BSK13], Strabon
is the most efficient and rich in functionalities spatiotemporal RDF store.
Silk
We developed a spatiotemporal extension of the interlinking tool Silk [SK16] that
addresses the problem of discovering other kinds of geospatial or temporal semantic
links. For example, in linked EO datasets, it is often useful to discover links involving
topological relationships e.g., A geo:sfContains F where A is the area covered by a
remotely sensed multispectral image I, F is a geographical feature of interest (field,
lake, city etc.) and geo:sfContains is a topological relationship from the topology
vocabulary extension of GeoSPARQL. The existence of this link might indicate that I
is an appropriate image for studying certain properties of F. Our work extends the link
discovery tool Silk to be able to discover precise geospatial and temporal links among
geospatial RDF data [SK16 and it is now integrated into the default branch of Silk8
which is available as open source.
The above tools are used in the processing chain of LEOpatra as follows. First, an
ontology is constructed for all the data sources that we want to integrate. An ontology
is a conceptual way of encoding the schema of the data. Based on the ontology, the
data is transformed into RDF using the tool GeoTriples. Then, all datasets = are stored
in the spatiotemporal RDF store Strabon9.
Table 1. GeoSPARQL query to present all the fields of a
farm and their fertilization measures
SELECT ?RasterCell ?wkt ?hasCV ?hasFertV
WHERE {
?Field rdf:type tf:Field .
?RasterCell rdf:type tf:RasterCell .
?RasterCell tf:belongsToField ?Field .
?RasterCell geos:hasGeometry ?geom .
?geom geos:asWKT ?wkt .
?Field tf:belongsToFarm tf:002 .
OPTIONAL { ?RasterCell tf:hasCV ?hasCV.} .
OPTIONAL { ?RasterCell tf:hasFertV ?hasFertValue.
}}

8
9

http://silkframework.org/
https://goo.gl/BCGN8P
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Table 2. GeoSPARQL query to present all the fields
of a farm with their fertilization measures
SELECT ?wktField ?labelField ?nameField
?waterBody ?nameOSM
WHERE {
?waterBody geos:close ?Field .
?Field rdf:type tf:FieldB .
?Field geos:hasGeometry ?geom .
?geom geos:asWKT ?wktField .
?Field rdfs:label ?labelField .
?Field tf:hasName ?nameField .
?waterBody rdf:type osm:OSMFeature .
OPTIONAL{
?waterBody osm:hasOSMId ?OSMId. } .
OPTIONAL { ?waterBody osm:hasName
?nameOSM } }

Next we perform interlinking using the tool Silk as shown in the queries of Table 1
and Table 2 respectively.
Water Bodies Module
The smart fertilization application takes into account information about the field, but
also about the field’s surroundings, the geospatial context of the field. With the help
of LOD-tools developed within the LEO project (e.g., Strabon and Silk), information
from different sources is integrated and is made available to LEOpatra. For example,
for the identification of restricted zones, water bodies play a significant role. The
extension of water bodies can be highly dynamic for various reasons, e.g., extensive
rain, snowmelt or human water management activities. For this reason, it would be
desirable to offer always the most recent and valid data for supporting the management activities of the farmer. We achieve this by correlating water areas derived by
satellite data and the water bodies layer of OpenStreetMap (OSM).
High-resolution satellite images offer a way to map water bodies on up to date data
basis. Through the Core Datasets of the GMES Space Component Data Access
(GSCDA) system of ESA, a first attempt to use available datasets for deviation of
water bodies was made in LEO. These datasets are not up to date but can be used to
estimate the necessary spatial and spectral resolution for the purpose of water body
deviation with the needed accuracy.
As can be seen in Figure 2, in general, bigger water bodies can be derived pretty well
by using the SPOT scene with a Maximum Likelihood Classification. Taking a closer
look reveals areas where the classification has accuracy problems (marked with bright
green). Especially narrow riverbeds bordered by trees and bushes show gaps in the
classification of the course of the river. Other accuracy problems can be found in
shallow water areas. Nevertheless, SPOT Data can be used to classify water bodies in
most parts in good accuracy and can be used as additional information source, especially for temporally varying water levels.
Although sometimes OSM data may be inaccurate due to the nature of crowd sourcing, a major advantage of this data source is that it is free and publicly available, also
in RDF format provided by the project LinkedGeoData10.
Table 1 is comparing the OSM data in the area of a demo user with the deviation of
water bodies from the SPOT5 scenes described in above. A summary of the advantages and disadvantages of the two analysed datasets is also presented.

10

http://linkedgeodata.org/
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Table 1. Comparison of EO data and OSM data for the identification of water bodies.

Water bodies from EO-data (SPOT5)

Water bodies from OSM-data

Figure 2. Maximum Likelihood Classification of water bodies using a pan-sharpened
SPOT5 scene

Figure 3. Comparison with OSM Waterbodies layer

Advantage
• Identification of water bodies is
actual and up to date: it can be
used to identify the current extent of temporarily variable water bodies.
• Usage of EO data: available information all over the world. It
can be derived where other data
sources are not available.
Disadvantage
• Identification of the extension of
water bodies fail in accuracy.
• Cost of high resolution EO data
makes it not practicable to use
this data source for the desired
low-cost mobile application.

•
•
•

•

More accurate in certain areas,
mainly rivers and shallow water.
Free and open availability of information.
Already provided in RDFformat.

Some areas are falsely classified
as water bodies: the OSM data
can only be seen as indication
for management decision. The
information has to be checked in
the “real world”.

As a conclusion for LEOpatra, the preferred solution is combining of the advantages
of both datasets. To achieve this, we perform the following steps:
1. The water body information derived by EO data is converted into RDF using the
tool GeoTriples.
2. The resulting RDF file is stored in the spatiotemporal RDF store Strabon, together with the RDF version of the OSM dataset that contains information about water bodies.
3. Then, we pose queries combining the two datasets.
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4.

In order to materialize the links between these two datasets, i.e., the information
that encodes the topological relations that hold between the entities, we use the
tool Silk.

3 The Mobile Application LEOpatra
LEOpatra was developed as a low-cost accessible tool, which supports the variable
rate application of fertilizers in a field. The application can run on any mobile device
with Android OS and it integrates linked open data sources in its functionality. These
features make LEOpatra attractive and helpful for every farmer or consultant with
focus on the site-specific fertilization.
To understand how LEOpatra works, it is necessary to know the current situation of
the methods to apply fertilizers and plant protection products. The techniques with
agricultural machinery are mainly dependent on the following parameters:
• Machine Parameters: The set of tractor and mounted implements plays a big
role in the process. The tractor supplies the power to the power take-off (PTO)
shaft to activate the distribution mechanism and the dosing system in the implement. The implement has a fixed working width to cover a specific surface during the application.
• Product Parameters: Each product has a specific set of properties like density,
fluidity and granulometry. These properties depend on the nature of the product,
but they remain constant if the product will not be changed during the application. The farmer can only set a range for the applied quantity according to the
technical recommendations, but she does not have a way to control the target
quantity on the field without sophisticated equipment.
Since interfaces between mobile devices (smartphones and tablets with iOS and Android operating system) and agricultural machinery for a direct control of the machinery do not exist until now, LEOpatra is only able to act supportively by providing
appropriate decision support information to the farmer.
To make this possible, the mobile device has to obtain the necessary information
about the non-adjustable parameters and can then visualize the adjustable ones. The
driving speed is predetermined to be used as adjustable control variable, since the
majority of the devices include a GPS (Global Positioning System) receiver on which
the current speed can be determined. A power shift gear and a continuously variable
transmission (CVT) offer tractors the possibility to adjust the speed without changing
the PTO speed, so changing the driving speed will not influence the PTO speed. For
these reasons, the technical conditions exist to regulate the applied fertilizer quantity
exactly based on the driving speed while the other factors remain constant.
Next to this functionality, LEOpatra has fulfilled additional requirements so that it can
be used optimally:
1. Usability/Design:
o Users do not work daily with the application, so the application must be easy
to use and intuitive.
o Due to the strong acceleration forces in a tractor moving over rough terrain,
the controls must be sufficiently large.
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The readability of the display by sunlight is difficult, which is why the contrasts within the application for the delimitation of the functional areas must
be as large as possible.
o Sources for linked open data are available online. Therefore, the exchange of
data via mobile internet must be possible.
2. Versatility/Flexibility:
o Offline mode must be ensured because in rural areas mobile internet is not
fast enough to be able to use web-based applications.
o For software applications, latency times should not exceed 4-5 seconds. As
mobile internet in rural areas cannot ensure the necessary transfer speed, we
have to work with techniques that allow working without constant internet
access.
The supporting function for smart fertilization is based on information for driving
speed to achieve the desired result. All other factors influencing the quantities must be
kept constant. The following information must be available to make a valid calculation concerning the optimum speed range: (i) target quantity, (ii) currently applied
quantity (Calibration test), (iii) nutrient content and (iv) working width. The target
quantity comes from a prescription map, which defines the application quantity in
defined areas modeled as raster cells. As an additional service, a farmer can enter the
pure nutrient content for the product she wants to apply, so that the correct product
quantity can be calculated. The current quantity to apply will be calculated by a calibration test. For this, the fertilizer distributed from the machine in a minute at a defined PTO is collected and weighed.
To start the fertilization, the user taps on the field marked with a tractor. This mark
means that the field has an assigned task. The next screen performs a zoom in the
selected field and the user can click the “Play” button in the menu bar of LEOpatra,
when this appears to start the process. Finally, the speed predictor appears and the
support function runs during the fertilization, as shown in Fig. 4.
o

4 Related work
The ESA project TalkingFields11 was a demonstration project that developed four
different smart farming services based on EO data and integrated into the Farm Management Software of the farmers. The services developed within TalkingFields focus
on site-characteristics for soil probing and basal dressing as well as on the monitoring
of current biomass and yield. The TalkingFields services are operational since 2014
and provided commercially by VISTA and FarmFacts.
Stimulus (N-Smart) was
another project funded by ESA to further the use of cloud computing technologies
within different Earth Observation fields. The ICT solution of Stimulus is based on a
multi-mission EO web portal developed within APPS4GMES12.

11 www.talkingfields.de
12 www.apps4gmes.com
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Fig. 4. Example of the Speed Predictor (Smart Fertilization Functionality)

4 Conclusions
In this paper we presented a smart fertilization application named LEOpatra. The aim
of LEOpatra is to enable the variable range application of fertilizers in a field using a
low-cost mobile device. LEOpatra is based on state of the art technologies for processing satellite data to detect information relevant for fertilization, and linked data as
the core data integration technology.
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Abstract. One of the most important policy reforms for the European Union
(EU) agriculture was the implementation of the Agenda 2000, which
establishes a new framework for subsidies management, decoupled from both
crop and animal production for the vast majority of products. One of the main
goals of this new policy framework is the improvement of its environmental
impact. Additionally, there is a need for the implementation of new efficiency
assessment and prognostication tools for the evaluation of EU farming,
because the influence of market forces has been increased substantially.
Regarding prognostication of crop and animal output, as well as Green House
Gas (GHG) emissions, the application of Artificial Neural Networks (ANNs)
is being proposed, succeeding satisfactory quality characteristics for the
models being proposed for operational and environmental predictions in EU
agriculture.
Keywords: Artificial Neural Networks, Agriculture, Efficiency, Common
Agricultural Policy, Environment, Energy

1 Introduction
It is a continuous goal of the European Union (EU) Common Agricultural Policy
(CAP) to improve both operational and environmental efficiency of agricultural
holdings, aiming by this way to increase the competitiveness of EU primary sectors
as a whole in a globalized production and trading framework. The quantification of
this approach is being expressed by the 20-20-20 strategy which focuses on
increasing the energy efficiency by 20%, reducing the CO2 emissions by 20% and
produce 20% of overall energy consumed by renewable energy resources (European
Commission, 2011). One of the most important policy reforms for the EU agriculture
was the implementation of the Agenda 2000, with the establishment of a totally new
framework for subsidies management, decoupled from both crop and animal
production. Since the year 2005 the new subsidy scheme has come into force,
providing by this way the ability to the EU to fully comply with the last World Trade
Organization (WTO) agreement of the Uruguay Round (European Commission,
2013). Under this new framework, the subsidy scheme has a pure supportive role on
the producers’ income, increasing by this way the impact of their managerial
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decisions on the improvement of efficiency of their holdings.
Quite important is the ability of policy makers to assess the level of success of
policies being planned, before their implementation. Throughout the years it has been
proven that this is not an easy task, due to the fact that this level of success is heavily
depended on the assumptions being made as well as the suitability of the models
being used for such estimations. Regarding agriculture, there are models focusing on
the impact of policies on agricultural trade and development, as well as other tasks
like biophysical and environmental ones. All these widely recognized models are
based on various mathematical methodologies, providing useful information for
significant issues of agriculture, like land management, agricultural trade and
agricultural income. There are though other prognostication methodologies, being
already used in many scientific fields with significant success, like the Artificial
Neural Networks (ANNs). In this paper ANNs are being used as a tool to estimate
future performance of EU countries primary sectors in both operational and
environmental terms.

2 Background
A very important and promising methodology for both performance assessment and
prognostication is the Artificial Neural Network (ANN). ANNs have been used for
predicting purposes for various economic activities. In agriculture quite important is
to establish models for predicting yields, turnovers, and recently undesirable outputs
like GHG emissions. A recent study presented an ANN model for predicting wheat
yield and GHG emissions having a 11-3-2 structure, with R2 0.99 and 0.998 for yield
and GHG emissions respectively (Khoshevisan et al, 2013). On the same trend,
ANNs were used to build models for prognostication of environmental parameters in
potato production. ANN model having 11-10-6 structure achieved the best
performance for this purpose (Khoshevisan et al, 2013). Another case study of ANNs
for predicting greenhouse basil production determined satisfactory results, having a
7-20-20-1 structure and R2 of 0.976 (Pahlavan et al, 2012). A more policy oriented
use of ANNs was applied for cropland change in Romania. This application allows
land-change scientists to identify the spatial determinants based on the observed
changes and to manage complex factional relationships coexisting in agricultural
production process (Lakes et al, 2009).
Especially for CAP, prognostication of the impact of various reforms being
planned was and is a continuous goal. For this reason the Global Trade Analysis
Project (GTAP) applied general equilibrium model has been used taking into
consideration the GTAP global data base (Hertel, 1997; McDougall, 1998). In the
case of the EU enlargement towards central and eastern European countries the
model implementation projected increased agricultural production for these countries
and significant financial transfers from EU taxpayers to the central and eastern
European farmers. The macroeconomic costs for the EU were found to be limited
(Bach et al, 2000). Focusing on agricultural land management issues, the combined
implementation of GTAP and the biophysical (IMAGE) model for the EU after the
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enforcement of the 2003 CAP reform showed that there will be no drastic decrease
on agricultural land use will occur in the next 30 years due to increased demand for
food globally. On the contrary, significant changes on land use are expected in
developing areas like Africa (Meijl et al, 2006). Another modelling approach is the
International Model for Policy Analysis of Agricultural Commodities and Trade
(IMPACT) model. It has been developed by the international food policy research
institute focusing on connecting food supply chain and water supply and demand
(Rosegrant et al, 2008). More recent attempts to simulate farm operation in regards
of policy recommendations lead to the Farm System Simulator (FSSIM). This is a
bio-economic farm model linking micro and macro analysis of farming systems in
specific regions (Louhichi et al, 2010).
A new forecasting methodology is being proposed to predict outputs on both
operational and environmental level, by the implementation of ANNs. It will be
applied separately on an operational and environmental basis, attempting by this way
to identify which methodological approach is simpler, regarding ANN structure, and
which model performs better for prognostication purposes.

3 Methodological approach
For everyone who participates in a direct or indirect way in agricultural production
process, it is very important to have the ability to foresee the impact of the
implementation of specific policies and interventions in general in the near future. As
it was presented in the literature review section, up to now there have developed
models for this purpose, taking into consideration parameters affected by the CAP.
The recent radical changes though towards a liberalized and more market oriented
policy approach, provide the framework for the implementation of reliable models
for prognostication purposes, being used for a long period of time for both economic
and engineering activities (Chinchuluumet al, 2008; Zopounidis and Pardalos, 2010).
Such models are the ANNs. The implementation of ANNs is being used to predict
crop and animal production, as well as GHGs emissions, by using available data sets,
in order to examine the suitability of both of them for prediction purposes (Table
1,2). ANNs time series problem definition requires the arrangement of input vectors
and target vectors as well. The type series problem being used aims to predict future
values of a time series y(t) based on past values of that time series and from past
values of a second time series x(t). This prediction form is called Nonlinear
Autoregressive with Exogenous input (NARX), with the formula describing it to be
the following:
y(t)=f(y(t-1),…,y(t-d),x(t-1),…, (t-d))

(1)

The input and target vectors are randomly divided into three sets, the training,
validation and generalization ones. The ration among them is 70%, 15% and 15%
respectively. NARX is a two-layer feedforward network consisted of a sigmoid
function in the hidden layer and a linear transfer function in the output layer. The
output is fed back to the input of the network through delays. The Levenberg-
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Marquardt algorithm is used for training the network. The comparison of the two
networks will verify which approach, the operational or the environmental one, is the
most appropriate for prediction purposes of the impact of CAP on efficiency
improvement of agriculture of EU countries.
Table 1: Basic statistics of Inputs

Medium
Standard
Deviation
Max
Min

Agricultural
Land

Chemicals

Energy

Fertilizers

Fixed capital
consumption

Labour

6,660.1

358.8

770.2

516.0

1,791.3

1,199.8

11,236.78

596.26

1049.89

1180.28

1800.68

1859.82

35,177.8

3,021.5

4,502.7

4,604.5

12,377.4

7,307.4

0.5

5.4

1.0

3.8

3.2

9.7
Source: Eurostat

Table 2: Basic statistics of Outputs

Animal Output

Crop Output

GHG Emissions

Medium
Standard Deviation

5,032.9
8,658.58

6,624.2
5,695.11

17.8
28.65

Max

25,987.7

44,407.2

100.5

Min

67.3

43.2

0.1

Source: Eurostat
It is obvious that there is quite significant variation for every input and output being
used. Such differences in such cases are expectable due to the considerably different
sizes of primary sectors of EU countries.

4 Solutions and recommendations
For the implementation of ANNs two data sets were used, following the same
approach with the DEA Window models. All models were trained, tested and
validated by using the MATLAB® 2015b software. The first ANN aims to
prognosticate crop and animal output, by using as inputs only the non-energy
dependent ones, which are agricultural land, labour and capital. The second ANN
aims to prognosticate not only the operational outputs, based on the operational
inputs, but the GHGs too, by adding as inputs all the relevant energy depended ones,
like fertilizers, agrochemicals and fuels.
The best performance of the first model was achieved by applying 12 hidden
neurons and 3 delays. For this structure the Mean Square Error (MSE) is 0.052629 at
the 5th epoch, with 11 epochs being tried. This score is significantly low and can be
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considered as acceptable. The network was created and trained in an open loop form,
in order to have the ability to get correct past outputs during the training period and
produce the correct current outputs. The R2 for validation was 0.9744 which is
acceptable too, with R2 for all three stages of the model to be 0.93524.

Figure 1. MSE scores operational ANN

The second ANN succeeds the best performance is a different structure. It consists of
11 hidden neurons and 4 delays. The following figure presents the MSE for training,
test and validation of the model, achieving the best MSE for validation 0.11325 at
epoch 5 after implementing 11 epochs. The R2 for validation is 0.97365 and the R2
for all three stages of the model to be 0.98344. Comparing the two models it is
obvious that although the qualitative characteristics of both of them are quite
satisfactory, the ANN using the energy dependent inputs and undesirable output
performs better, because it requires a simpler structure and the R2 overall score is
higher too. These findings provide considerable hints that using energy dependent
data for efficiency estimations in agriculture is more safe, compared with the use of
pure operational one, signifying at the same time that using market oriented data sets
lead to more reliable forecasting results. It remains to be seen in the near future
though, when there will be available data from non-energy pure operational inputs
not affected by policy interventions, if this qualitative difference between ANNs will
still remain or not.
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Figure 2. MSE scores environmental

5 Conclusion
Efficiency in agriculture, especially after the recent and radical reforms of
CAP towards more liberalized subsidy management practices, is a top
priority issue for farmers, policy makers and taxpayers. It is proven that when
farming managerial practices are driven by market forces, there is an
improved efficiency outcome, verifying that CAP reforms are heading
towards the right direction, having as precondition a globalized trading
environment for agricultural products. Implementation of ANNs propose a
new methodological approach for ex ante policy evaluation, utilizing
knowhow from other activities, like engineering and economics, which are
more market oriented, compared with the majority of agricultural products
being produced in the EU. The widely accepted advantages of this
methodology are expected to provide safer prognoses regarding operational
activities and environmental safety, increasing by this way the level of
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success of CAP, improving at the same the utility of financial transfers from
taxpayers to farmers.

References
1. Bach, C.F. Frandsen, S.E., Jensen, H.G. (2000). Agricultural and
Economy-Wide Effects of European Enlargement: Modelling the
Common Agricultural Policy. Journal of Agricultural Economics,
51(2), 162-180.
2. Chinchuluun, R., Lee, W.S., Bhorania, J., Pardalos, P.M. (2009).
Clustering and Classification Algorithms in Food and Agricultural
Applications:A Survey. P.J. Papajorgji, P.M. Pardalos (eds.),
Advances in Modeling Agricultural Systems, Springer Science +
Business Media, LLC
3. European Commission (2013). Overview of CAP reform 2014-2020.
Retrieved May 19, 2016, fromhttp://ec.europa.eu/agriculture/policyperspectives/index_en.htm
4. Ghasemi Mobtaker, H., Akram, A., Keyhani, A., Mohammadi, A.
(2012). Optimization of energy required for alfalfa production using
data envelopment analysis approach. Energy for Sustainable
Development, 16, 242-248.
5. Heidari, M.D., & Omid, M. (2011). Energy use patterns and
econometric models of major greenhouse vegetable productions in
Iran. Energy, 36, 220-225.
6. Hertel, T. (1997). Global Trade Analysis: Modeling
and
Applications. Published by Cambridge University Press.
7. Khoshnevisan, B., Rafiee, S., Omid, M., Mousazadeh, H. (2013).
Applying data envelopment analysis approach to improve energy
efficiency and reduce GHG (greenhouse gas) emission of wheat
production. Energy, 58, 588-593.
8. Khoshnevisan, B., Rafiee, S., Omid, M., Mousazadeh, H. (2013).
Reduction of CO2 emission by improving energy use efficiency of
greenhouse cucumber production using DEA approach. Energy, 55,
676-682.
9. Lakes, T., Muller, D., Kruger, C. (2009). Cropland change in
southern Romania: a comparison of logistic regressions and artificial
neural networks. Landscape Ecology, 24, 1195-1206.
10. McDougall, R.A., A. Elbehri, T.P. Truong (1998). Global Trade
Assistance and Protection: The GTAP 4 Data Base, Center for
Global Trade Analysis, Purdue University.
11. Meijl, H.V., Rheenen, T.V., Tabeau, A., Eickhout, B. (2006). The

178

impact of different policy environments on agricultural land use in
Europe. Agriculture Ecosystems and Environment, 114, 21-38.
12. Pahlavan, R., Omid, M.,Rafiee, S.,Mousavi-Avval, S.H. (2012).
Optimization of energy consumption for rose production in Iran.
Energy for Sustainable Development, 16, 236-241.
13. Seiford, L.M. and Zhu, J. (2002). Modeling undesirable factors in
efficiency evaluation. European Journal of Operational Research,
142, 16-20.

179

Scheduling and Control of Unmanned Ground Vehicles
for Precision Farming: A Real-time Navigation Tool
Dimitrios Bechtsis1, Vasileios Moisiadis2, Naoum Tsolakis3, Dimitrios Vlachos4
Dionysis Bochtis2
1

Department of Automation Engineering, Alexander Technological Educational Institute of
Thessaloniki, Greece, e-mail: dimbec@autom.teithe.gr
2
Institute for Bio-economy and Agri-technology (IBO), Centre for Research & TechnologyHellas (CERTH), 6th km Charilaou-Thermi Rd, GR 57001 Thermi, Thessaloniki, Greece
3
Centre for International Manufacturing, Institute for Manufacturing, Department of
Engineering, University of Cambridge, United Kingdom
4
Aristotle University of Thessaloniki, Department of Mechanical Engineering, Greece

Abstract. Autonomous systems are a promising alternative for effectively
executing agricultural field management strategies. Unmanned Ground
Vehicles perform farming activities on custom agricultural fields, using realtime navigation. The aim of this study is to provide a software tool for
optimizing accuracy and efficiency in precision farming activities, hence
leading to improved farming output, while dynamically addressing operational
and tactical level uncertainties. This paper contributes to the operations
research field by allowing the application of simulated results direct to the
guidance of a physical vehicle. Unlike existing sophisticated tools, the
developed navigation mechanism is user-friendly and highly customizable at
outdoor navigation.
Keywords: Unmanned Ground Vehicles, Precision farming, Robot Operating
System, Real-time navigation.

1 Introduction
The paper focuses on the real-time scheduling and control of Unmanned Ground
Vehicles (UGVs) designed to perform precision farming activities on custom
agricultural fields, under the occurrence of any geomorphological and environmental
uncertainties. More specifically, the aim of this study is to provide a software tool for
the real-time navigation of UGVs in agricultural fields to optimize accuracy and
efficiency in precision farming activities, hence leading to improved farming output,
while dynamically addressing operational and tactical level uncertainties.
Research that motivates the integration of the UGV's ramifications onto the SC
ecosystem in general is not sufficient (Bechtsis et al., 2017) and this is also projected
to the agricultural sector. In traditional agriculture, farmers’ lack of accuracy and
lack of proper feedback leads to: (i) loss of situation awareness (Walker et al., 2008),
(ii) vigilance decrement (Finomore et al., 2009), (iii) complacency (Kaber and
Endsley, 2004), and (iv) skill degradation and human errors (Billings, 1996). In this
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regard, semi- or fully-autonomous vehicles that are controlled by computers (Ho et
al., 2012) are being used to address such difficulties and increase agricultural
operations efficiency (Zheng et al., 2016). More specifically, autonomous systems
are a promising alternative for effectively executing agricultural field management
strategies and agricultural operations considering that UGVs: (i) provide business
intelligence with real-time feedback on field’s parameters, (ii) can better handle
throughput volatility, (iii) can optimally operate autonomously on a 24/7 shift with
reliable performance, (iv) save energy compared to conventional man-driven farming
vehicles, (v) promote the smart agriculture vision, and (vi) increase safety at the field
level.
Despite the evident benefits of UGVs in agriculture, the application of
autonomous mechanization in the sector is challenged by inherent factors including
both field geometry and morphology particularities (Bochtis and Sørensen, 2009),
and environmental uncertainties like volatile weather conditions and encounters with
random objects and obstacles (Bochtis et al., 2014). This calls for automated systems
with scheduling and control intelligence capabilities that evaluate alternative
navigation decisions based on real-time feedback including field’s and crops’ states
assessed through real-time data (Wulfsohn et al., 2012). However, existing systems
have not been able to overcome problems such as low resolution maps, low
positioning accuracy, low grade process automation and incorrect or incomplete
measurements.
The aim of this paper is to present an engineering-driven system for the
scheduling and control of agricultural UGVs with the objective of executing
precision farming activities in an optimal manner, form an intra-logistics field
operations perspective. The research principle relies on the basic hypothesis that an
agricultural field presents obstacles (both random and static) that a UGV should
detect and recalculate an optimal pathway to perform its farming tasks. A key
theoretical contribution in the existing body of literature is the proposition of a UGV
software tool for the real-time field recognition that guides the vehicle to execute its
precision farming activities whilst allowing for a better usage of resources and
potentially a better harvest.
The remainder of the manuscript is organized as follows. In Section 2 we provide
the system description, along with the required input and operational data, and the
field monitoring process. In Section 3, we discuss the key findings of the simulation
tool in a conceptual field. Finally, in Section 4 we wrap-up with conclusions and
limitations, while we further outline beyond state-of-the-art applications of the
proposed system in the agricultural sector.

2 System Description
The proposed simulation system aims to navigate an UGV in custom agricultural
fields to perform related precision farming activities (e.g. seeding, spraying, and
fertilizing). The proposed system basically comprises of an information system that
consists of the following: (i) field layer representing the landscape and the static
objects (obstacles, trees), (ii) simulation layer which includes the action agents –
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representing the UGV whose task is to perform precision farming activities, (iii)
message layer – representing the continuous transactions between the system nodes
to produce and manage raw data, and (iv) application layer which handles all the
vehicles activities including the action scheduler and the data acquisition block –
determining, prioritizing and optimally scheduling the optimal navigation pathway of
the UGV in the field based on encounters with obstacles and any particular
geomorphological characteristics.
From a farm’s geometrical area perspective, the devised system regards the most
common area coverage practice which involves a set of parallel field-work tracks, or
trips, which starts at one boundary of the field and terminates at the opposite
boundary (Bochtis et al., 2012). In the exemplar demonstrator case under study, we
consider a set of five -equidistant- parallel tracks. An overview of the system
components as well as their inter-connections and related processes is presented in
Fig. 1.
ROS Tools

Objects/Actions

Rvis

rqt_graph

•
•
•
•

Nodes
Topics
Action Server/Publish
Action Client/Subscribe

Rvis
Gazebo

•
•
•
•

Robot Joints
Robot Links
Robot Sensors
Robot Actuators

Gazebo

•
•

Landscape
Static Objects

Fig. 1. Overview of the system components and related inter-connections.

2.1 Simulation Model Development
At the proposed research paper the Robot Operating System (ROS) is used to
simulate an autonomous vehicle’s farming activities. The model’s layout is created at
the Gazebo simulation tool; for optimized path tracking, the inherent ROS
Simultaneous Localization And Mapping (SLAM) procedure informs the UGV's
movement.
ROS is powerful and robust software with numerous third-party compatible tools
and relies on an extensive community of users and researchers that support it. A
significant number of ready to use outdoor robotic systems are compatible with ROS.
Indicatively,
the
Husky
research
robot
developed
by
Clearpath
(https://www.clearpathrobotics.com/) and the Thorvald multipurpose agricultural
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vehicle by SAGA robotics (https://sagarobotics.com/) are two well-established
examples. Simulation, on the other hand, offers a test bed for developing algorithms
and testing different UGV properties on various fields (Farinelly et al., 2016). ROS
allows researchers to elaborate their ideas and safely simulate them at a lab level,
before testing them on the field.
2.2 Field and Operational Level Parameters
2.2.1 Field Representation
Initially, a 3-dimensional (3-D) coordinate system is assigned to the field. The 3D
world model is the simulation environment of the robot. Gazebo offers the tools for
building the facility layout of the robot's world and the user can add texture, color
and even objects. Fig. 2 depicts the experimental five-row crop cultivation field. The
model’s layout was created at the Gazebo simulation tool using the extensible
markup language and the Digital Elevation Model (DEM) for a 3-D representation of
the terrain. By convention Gazebo platform uses the right-handed coordinate system,
with X- and Y-axes in the plane, and Z-axis increasing with the altitude.

Fig. 2. The reference geomorphology of the experimental agricultural field.

2.2.2 Field-Specific Data
Field-specific data are associated with the direct field attributes, including:
• Field boundaries – The vehicle navigates in a pre-specific region in order to map
the field's layout. Field boundaries should be introduced either directly by passing
the absolute coordinates of the field's boundaries to the system or indirectly by
means of specific physical landscape morphology (hills with intense slope around
the field).
• Field coordinates – The field includes the crop lines and several physical
obstacles (rocks, trees and hills). The map creation process identifies the field's
layout and the vehicle can navigate to specific coordinates using a global
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optimum path. The start and end points of each field-work track can be passed as
arguments to the system.
• Potential obstacles – The vehicle identifies potential obstacles as a result of the
field area scanning procedure, after sending the original signal the vehicle
interprets the signals’ feedback of any spatially distributed obstacles to relative
map coordinates.
• Driving direction – This regards the direction of the parallel field-work tracks and
is obtained using the field's map.
2.2.3 Operation-Specific Data
Operation-specific data include the width between the field-work tracks and the
width of the action agent. The conceptual UGV is programmed to be equipped with a
light detection and ranging (LiDAR) sensor that is further developed, programmed
and tested at the 3-D agricultural field. The two-dimensional LiDAR sensor, with a
180-degree scanning angle, uses a laser meter which identifies distributed points in
the field that may represent trees or obstacles, and calculates the relative points’
distance thus informing the ROS about the corresponding X- and Y-axes coordinates.
In case a linear distribution of points is recognized, then the ROS recognizes a fieldwork track of planted trees. As the UGV navigates in the field (Fig. 3), the scanning
angle changes resulting in a vast amount of the information generated via the LiDAR
sensor resulting in the full representation of the field and obstacles. A local pathway
is constantly updated as the UGV tries to contend with the global prescheduled path.
In order to maintain a safety distance from the identified trees and obstacles, the
global cost-map takes into account the UGV's size and the identified points are
inflated by the inscribed radius of the UGV. The global path creation is performed by
the ROS and an inter-row global optimal path is followed for the scheduled activities
at the working shift. The final mapping of the field’s layout is used by ROS to
calculate a special matrix for finding the optimized path from a single point to the
other (global cost-map) and create the global UGV’s navigation pathway in the field.

Fig. 3. Inflated layout with ROS global and local path generation.

The developed algorithm reads sensor’s input from the UGV to detect the
landscape in real-time and gradually creates the mapping of the overall field’s layout
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(Fig. 4). The created map is periodically saved as a snapshot of the working process
in the file system structure. Each file is continuously compared using image
processing techniques with previews file sequences in order to determine the end of
mapping procedure. The optimized map is identified and used as an input for the
creation of the global cost map and the robots movement. More specifically, Fig. 4
provides the starting image of the mapping procedure where the UGV first activates
the LiDAR sensor to transmit signals into the field’s layout until the entire
agricultural field is mapped. At the starting point, the LiDAR signals are represented
by gray that are used to identify the uncharted area, gradually forming the visible
areas. The linearly distributed black points indicate the field tracks and the obstacles’
contour. The boundary of the scanned area is produced from the 3-D terrain altitude
differences.

Fig. 4. Inflated layout with ROS global and local path generation.

3 Results
The simulation results demonstrate that with the proposed software system
farming tasks can be scheduled step-by-step, with extreme accuracy, as the vehicle
passes through the trees’ field tracks. For crop line planting, irrigation and weeding
the X-, Y-, Z-axes coordinates of the landscape are pre-programmed and are
imported to the UGV’s schedule. Fig. 5 indicates the real-time SLAM of the UGV at
the field level as the LiDAR sensor constantly scans for possible real-time collisions.
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Fig. 5. UGV’s navigation with real-time SLAM.

4 Conclusions
The paper contributes to sustainable precision farming operations by providing a
software tool for the real-time scheduling and control of UGV vehicles’ navigation in
custom agricultural fields under possible uncertainties. Sustainability parameters are
addressed at economic (optimize performance and increase production),
environmental (optimize energy consumption on UGVs and equipment at operational
level), and social (increase safety levels at field level, improve ergonomics for human
workers) levels. Overall, this research makes contextual/business environmental
elements of operational management into more dominant elements of an operational
system. More specifically, the low computational time requirements of the
underlying process allow for the implementation of the proposed system as a realtime tool in agricultural operations. The developed system can be extended to capture
multi-criteria optimization aspects to promote agricultural supply chain sustainability
from a cradle-to-grave perspective.
Finally, the system is prone to be tested in real field conditions with the use of a
custom or a commercial UGV robot. In order to make the transfer to the real world
the vehicle should be equipped with the proper sensors (lidar sensors, depth cameras,
inertial sensors etc) and could either be a simple ROS node that exchanges
information with the ROS core platform or a complete ROS enabled platform (with
an embedded pc) that performs all the necessary computations.
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Abstract. At European Union, as well in Poland, renewable energy sources
(RES) are an important alternative to fossil fuels. Solid biomass is mainly used
for the production of renewable energy. The anaerobic digestion process
creates biogas, and digestate. The latter is a residue from the fermentation
process, consisting mainly of non-digested organic and mineral components.
The market offers many devices for the management of the digestate. Among
them the most important are the separators that separate the raw material into
solid and liquid fractions. The aim of the research was to discuss the possibility
of improving the management efficiency of biogas plant by using the digested
pulp and its fractions. For a designed 1 MWel biogas plant installation, modern
technological solutions have been proposed. It can be concluded that a proper
digested pulp economy can bring additional profits to the biogas plant.
Keywords: digestate, digested pulp, biogas production, waste management.

1 Introduction
With the increase in energy demand, it is necessary to seek new technologies for its
production. It should be cheap, efficient and what is most important, safe for the
environment. Biofuels are renewable energy sources that are produced from biomass.
Agricultural biogas is produced in biogas plants that use agricultural substrates to
produce energy (Budzianowski, 2016). It is a mixture of gases with high methane
content, so it can be used for energy production (Cieślik et al., 2016). Another
product, often overlooked substrate from the anaerobic digestion process of
agricultural products is digested pulp (Börjesson and Berglund, 2007). Its
composition consists mainly of non-digested organic substances, minerals and
microbial biomass.
The most common way to use the digested pulp is use it directly as fertilizer
(Tampio et al., 2016). This is due to the ease and high efficiency of its application in
the soil. In many countries in Europe and for example in China digestate is perceived
as a valuable fertilizer. This is a desirable substrate and apparently presents no
environment concerning related to its management. In Poland, there is some
resistance about the use of digestes as fertilizers mostly due a misperception and
understanding about the biogas and the use of digested pulp. Nowadays, biogas
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plants often have problems for selling the digestes, even for free. However, slowly,
with the understand of the benefits of digestate, the perception of its application as
fertilizer by farmers is favorably shifting, and digestate started to be treated as a
valuable fertilizer.
One possible solution for this problem is the separation (dehydration) of the
digestate (Wu et al., 2017). The effect of such action is to obtain a minimum of two
significantly differentiated fractions. This will allow easier management of the
product after fermentation process. Another advantage will be the possibility of
increase the revenue of the biogas plant. The technology which can even increase the
fertilizing value of digestate solid fraction is composting. Because of intensive
temperature growth during composting, the obtained material is characterized by
high fertilizing value, sanitary safety, lack of odor and chemical stability (Waszkielis
et al., 2013; Wolna-Maruwka and Dach, 2009;). Another possibility of digestate
management is to use it as feeding medium for algae production as the substrate for
biogas plant (Cerbin et al., 2012). The experimental installation (greenhouse of 3000
m2) for algae production with usage of digestate solution for microalgae nutrition
was built in Central Poland in 2015. However, the real scale investment has shown
much lower microalgae production (mainly because of colder climate and technical
problems) than promising results obtained in laboratory scale (Lewicki et al., 2013).
The aim of the research was to discuss the possibility of improving the
management and economic revenue of biogas plant by further use the digested pulp.
During the implementation of the work, an apparatus for drying and a separation of
digestate was utilized.

2
Production of the Digestate, Essence of separation and
Digestate Drying
The biogas plant is an installation that produces energy in a recovery process,
while manage waste (Dach et al., 2016; Kozłowski et al., 2016). The most common
criteria for division of an installation is the substrate used. Therefore, one may
distinguish biogas plants in: agricultural, landfills or municipal waste and sewage
treatment plants. Agricultural biogas plants are safer from the environmental
perspective because the substrates are from agricultural origin, often undergo through
high sanitation standard procedures as it is designed for human consumption
(Czekala et al., 2015).
The substrate used in the agricultural biogas plant is subject to numerous
transformations. The most important is distribution of particles into more easily
accessible compounds. Regarding elemental composition, the greatest changes occur
in relation to carbon. Organic compounds are degraded, consequently the amount of
organic matter decreases (Neugebauer and Sołowiej, 2017). The result of the process,
among others, is methane generation. In relation to macroelements, another relevant
aspect is the conversion of organic matter into mineral compounds. Minerals are
then, available for plants, so that digestates are characterized by better parameters
than the unprocessed substrate e.g. slurry.

189

The intensity of all those transformations depends primarily on the type of
substrate used (Czekała et al., 2016a). In addition, the process conditions are an
important element, for example the parameters: type of technology used, process
temperature, substrate size and type and intensity of the process.
It is estimated that about 90% of the initial substrate matter still remain in the
digestate. These values are the assumed values often used in calculation in Poland.
Consequently, a typical biogas plant with 1 MW electric power produces, daily, a
few tens of tons of digestate. Such a considerable amount of digestate often becomes
an liability for biogas plants operating in Poland. Ideally, part of the digestate could
be used directly to fertilize the fields that provide substrate to the biogas plant. This
will keep the nutrients within the production chain of the biogas plant. Another
advantage is related to economic and environmental aspects. The direct use of
digestate as fertilize can decreases the cost of crop production. While, the production
of mineral fertilizers, in some cases, can pose treat to the environment. Therefore,
this alternative is economical and environmentally ideal.
Digestate is characterized by a high degree of hydration, due to hydraulic
requirements the pumping operation should take place directly in the agricultural
biogas plant. Thus, the dry matter content of the digestate is rather low, about 6%.
Dehydration is carried out by means of separation or drying (Kaparaju and Rintala,
2008). In case of separation, solid and liquid fraction are the products which can be
used for different purposes. Dry matter content in solid fraction is usually 20-35%
while, liquid fraction is about 1.5 to 4%. One advantage of drying is the efficiency of
the process because it allows the substrate to be processed to a specific humidity
level. However, the drawback is the need to supply a significant amount of energy in
the operation. Moreover, in case of use of digestates as fertilizes it is recommended
to maintain certain level of humidity that can favor the absorption of nutrients by
plants (tab. 1).
Table 1. Averaged composition of solid and liquid fractions of digestate from selected Polish
biogas plants [Kowalczyk- Juśko and Szymańska 2015].
Analyzed feature

Solid fraction

Liquid fraction

Dry matter [%]

22 - 27

2,7 - 4,3

Dry organic matter [%]

89 - 94,5

58 – 62

Total nitrogen [%]

0,4 - 0,8

0,2 - 0,75

N-NH4 [%]

0,08 - 0,52

0,28 - 0,38

P [%]

0,1 - 0,28

0,03 - 0,05

K [%]

0,12 - 0,69

0,5 - 0,62

Ca [%]

0,22 - 0,43

0,05 - 0,07

Mg [%]

0,06 - 0,17

0,01 - 0,02
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In Europe, as the market for separators and digestate driers is developed, it is
easier to use or improve agricultural biogas installations to include such technologies.
For example, separators of slurry, originally used for sewage sludge, were installed in
agricultural biogas plants.

3 Digestate Processing
Regarding the process of digestion pulp, the direction of its further use should be
carefully considered. If the digestate is used as fertilizer, it is not necessary to further
process it. The only requirement is to mix it beforehand, to equalize the nutrient
content. However, in case you separate the digestate in liquid and solid fraction, the
former, can be either used as fertilizer in the fields or to decrease the dry matter
content of the used substrate to align it with the feed hydraulic parameters of the
biogas plant, (Sigurnjak et al., 2017). The solid fraction biomass can be used as well
as fertilizer or to energy purposes (Czekała et al., 2017; Obidziński, 2012). Direct
distribution on the surface of the fields will enrich the organic matter content of the
top soil. And, it is also possible to use the solid digestate fraction for compost, both
as a stand-alone substrate or as an additive in combination with other ingredients.
Generally, the selection of elements required for waste management should be
preceded by:
1. analysis of the scientific literature and legislation in force in the country,
2. industry market analysis of available equipment and technologies,
3. calculating the amount of digestate available,
4. determining the preferred directions of using the digestate,
5. development of a biogas effluent processing plant that is compatible with the
biogas plant.
In the present study case, the energetic use of digestate was the objective. The
production of solid biofuels, i.e. briquettes and pellets was considered. Both,
briquettes and pellets are widely used in Poland for heat production (Szmigielski et
al., 2014; Kowalczyk-Jusko et al., 2015a) The design of the agricultural biogas plant
with power 1MW will use the substrates shown in table 2. The presented data are
from studies conducted in Laboratory of Ecotechnologies in the Poznań University of
Life Sciences (PULS). The research was carried out according to the modified
German standard DIN 38 414 – S8.
Table 2. Substrates use to biogas production*
Substrate

Quantity
[Mg•year-1]

DM
[%]

ODM
[%DM]

Maize silage
Brewers grains
Slurry

11 000
11 000
22 000

32
24
4

95
90
70

Biogas
efficiency
[m3•Mg-1FM]
210
140
10

*non-published data from Laboratory of Ecotechnologies at PULS
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Methane
content
[%]
55
60
60

In order to calculate the amount of digestate material produced on a biogas plant it
is necessary to estimate the dry matter and water content of the substrates. The
following formulas were used (1):
Mdm = Mfm•dm [Mg•y-1]

(1)

where:
Mdm- mass of dry substance mass [Mg•y-1]
Mfm - mass of fresh mass [Mg•y-1]
dm - dry matter content [%].

The most important parameter when planning a separation installation is the water
content of the raw digestate and its fractions. The quantity and characteristics of the
substrates are shown in table 2.
The mass of substrates used for biogas production in the analyzed mix was 44000
Mg (table 2). Assuming that the amount of the digestate constitutes 90% of the feed
substrate, the annual amount of digestate is calculated (2).
Mdig = Ms • n [Mg•y-1]

(2)

where:
Mdig- digestate mass [Mg•r-1]
Ms- mass of input to biogas plant [Mg•r-1]
n – mass retention coefficient in the fermentation process -0.9 [%].
At the present study case, it is expected an annually production of 39,600 Mg of
digestate, which gives about 108 Mg digestate per day. The quantity is relatively
large, since half of the load is a slurry characterized by high hydration. The addressed
project is planned to use solid fractions for the production of solid biofuels. And, the
liquid fraction will be directed to the hydration of new substrates and partly for the
production of microorganism-enriched fertilizers. This is an innovative solution that
complies with, both, scientific and entrepreneur interest in relation to research on
microbial inoculation of the liquid fraction to enhance fertilizer properties. The
following assumptions were made for calculations (table 3).
Table 3. Design assumptions
Assumption
3 -1
Quantity of digestate production [m •y ]
3
Mass of 1 m of fermentation pulp [Mg]
Dry matter of digestate [%]
-1
Amount of liquid fraction after separation [Mg•y ]
-1
Amount of solid fraction after separation [Mg•y ]
*non-published data based on real scale biogas plants
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Value of assumption
39600
1
8
28800
10800

The generated solid biofuel from the digestate has a slightly lower calorific value
than the wood pellet treated as the standard solid biofuel. The determined calorific
value was 16.58 MJ•kg-1 (Czekała et al., 2016b). In the analyzed example, it was
assumed that the daily production of the solid fraction is 20 Mg with a dry mass of
23%. Generally, water content can affect the strength of materials (Chocyk et al.,
2015, Kowalczyk-Jusko et al,. 2015b). Thus, to achieve appropriate level of water in
the substrate, a belt dryer will operate in the biogas plant. Then, with the resulted
solid fraction, it will be possible to produce about 4 tons of briquettes from the
digestate. Produced briquette can be sold to external buyers for 100-130 Euro•Mg-1.
Necessary installations for digestate processing in the biogas plant are as follows:
- separator EUR 44 000
- belt dryer EUR 60 000
- line for the production of briquettes (0,5 Mg•h-1) EUR 14 000.
The cost of installation of above listed separation and treatment devices is 118,000
Euros. However the biogas plant building cost is about 5 million Euros,
consequently, the above device cost seems economically acceptable.

4 Conclusion
Lack of specific regulations and social resistance are responsible for limiting the
use of digestate at field. Moreover, biogas plant owners often do not have enough
farmland to distribute the entire produced digestate. Consequently, this situation
creates barriers to the development of the biogas sector in Poland. Additionally, it is
recommended to carry out physical, chemical and microbiological analyzes of the
digestate before its application in the soil. A better characterization of the fertilizer
can increase the trustiness of farmers and favor the utilization of digestate at fields.
Investments in an installation for industrial separation and processing of digestate
creates opportunities for the use of digestate with additional revenue.
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the development of innovative organic-mineral fertilizers from digestate"; cofinanced by the European Union under the Operational Program - Intelligent
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Abstract. The lack of support for construction and operation of installation of
biogas plants in Poland makes looking for cheap and efficient substrates. The
most commonly used substrate is maize silage. This is related to the high
biogas efficiency and the advanced technology of its extraction. The problem,
however, is the cost of buying the silage by the biogas plants, which has
grown considerably in recent years, due to its wide use. It finds food
applications, is a rich nutrition source for animals but is also the most
commonly used substrate in the production of renewable energy for
production of bioethanol as well as in biogas fermentation. As a result, maize
is a desirable substrate on the market. This paper indicates the possibility of
using of post-slaughter waste in biogas plants. The methane fermentation of
these waste materials allows them to be safely disposed of, so that these
substrates can be obtained for a small fee or even for free. Slaughterhouse
waste materials have also shown high biogas and methane efficiency and are
therefore the substrates desired in the anaerobic biodegradation process. It
should be noted, however, that these substrates require additional thermal
treatment prior to application into the fermentation chamber, which reduces
the potential income for the biogas plant..
Keywords: biogas, maize silage, slaughterhouse waste, methane efficiency

1 Introduction
In a biogas plant, the right choice of the substrates is a key element influencing the
kinetics of overcoming methane fermentation. The basic factor is the content of dry
matter and dry organic matter. An important issue is the purity of the substrate, i.e.
lack of foreign bodies in the form of stones or sand. The bacterial microflora plays
very important role in the methane fermentation process, so selected substrates
should be free from bactericidal and pathogenic organisms or chemicals that prevent
the functioning of anaerobic bacteria. An important issue in the selection of
substrates for biogas plants is the cost of their acquisition, availability and location of
the source of their acquisition. (Kozlowski et al., 2016; Wiecek and Tys, 2015).
Basic substrate used in biogas plants are waste materials from animal husbandry.
These are faeces of livestock in the form of manure and slurry. An application of the
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manure is to feed the fermentation mixture with dry matter and dry organic matter. In
turn, the slurry, despite its low energy value, has a number of functions in the
methane fermentation process. It is a diluting fermentation mixture substrate,
consisting of the materials with higher dry matter content, which are the source of
biogenic substances for microorganisms responsible for the production of methane.
Rich bacterial microflora of the slurry makes it also an inoculant, especially for
methanogenic bacteria. Slurry has buffering properties, which make it possible to
manage many hazardous substances in the environment, allowing for the stability of
the process in progress (Smurzyńska et al. 2016). Moreover, the management of
animal waste in the methane fermentation process enables their safe disposal, which
allows the protection of soils, waters and against uncontrolled and dangerous gaseous
emissions (Smurzyńska et al. 2015, Smurzyńska et al. 2016a, Smurzyńska et al.
2016b, Smurzyńska et al. 2016c).
Further, most commonly used substrates in biogas plants are the materials of plant
origin. The most commonly used plant is maize, and its silage. In 2012, 241590.19
megagrammes of this substrate (ARR 2014) were used for biogas purposes. Szlachta
and Fugol (2009) highlight the efficiency of methane fermentation process based on
slurry and maize silage. In the fermentation process, vegetable and fruit residues and
their pulp are also commonly used. The use of these vegetable products is due to the
properties they exhibit during the anaerobic process and biogas and methane
efficiency.
Methane fermentation also makes it possible to efficiently dispose the substrates that
are potentially hazardous to the environment. Many of the biodegradable byproducts
from industry and agri-food sector may be successfully used in biogas plants, which
will also allow for safe manure production (Czekała et al., 2012). Among these
products, sewage sludge should be mentioned (Carmona and Dach 2015), banned for
storage since 2016 and therefore requiring proper management. Other burdensome
substrates are slaughter waste, the number of which increases with the development
of farm holdings. The use of these dangerous substrates in biogas plant is
increasingly used not only because of the increasing amount of hazardous substrates,
but also because of the potential for safe disposal while achieving economic
profitability.
This article has compared the use of maize silage in biogas plant as the substrate
most commonly used with the substrate that pose a threat to the environment.
1.1 Maize silage characteristic
Maize is an important and most productive crop in the world. Both in Europe and
Poland, the economic importance of maize is high and growing (Michalski 2004,
Szmigiel et al., 2012). In Poland, maize cultivation is widespread throughout the
country and the cultivated area is more than 1.2 million hectares (Central Statistical
Office, 2016).
It is possible to distinguish two main directions of cultivation of this plant: grain and
silage. Maize is used for consumption and industrial purposes and for the feeding of
farm animals. In recent decades, along with the development of renewable energy,
both grain (bioethanol) and silage (methane fermentation) have been used for
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bioenergetic purposes (Fugol and Prask, 2011). It should be noted that while the area
devoted to maize cultivation in Poland in order to obtain maize silage is over 555
thousand, in case of Germany it amounts to 900 thousand. ha.

Fig. 1. The area of cultivation of maize for silage (thousands ha) (Central Statistical
Office, 2016)
This is due to the fact that maize silage is a basic substrate used in biogas plants, the
number of which in Germany has increased significantly in the last decade. Due to
the new possibilities of maize application, special energy varieties have been created
which allow for optimum biomass yield (Atletico K 280, Cannavaro K 310, Cassilas
K 260, Fernandez K 250, Kaifus K 300, Krabas K 290, Ronaldinio K 260, Touran K
230). Maize varieties used in the methane fermentation process intended for silage
contain higher amount of structural polysaccharides. In turn, maize intended for
silage in order to obtain valuable feed is characterized by more starch content.
It should be marked that the content of components during the maize development,
affects the amount of methane produced. In the early stages of maize vegetation, the
parts of plants are formed that contain structural carbohydrates, i.e., raw fiber. In the
later period during the grain formation, the starch is stored there. The increase in the
amount of starch and lignin-cellulosic compounds during vegetation causes the raw
material to be less susceptible to methane fermentation, which results in lower yields
on the substrate. Literary sources report that obtaining valuable maize silage for
methane fermentation takes place at a dry matter content of 28-35% for the entire
plant. The maize in this period is in the phase of making flasks and filling them with
the grains. Its biomass is characterized by the most optimal content of raw protein,
raw fiber and its components (i.e. cellulose, hemicellulose and lignin as well as
starch and sugar) for biogas purposes.
If maize silage is used as a substrate in biogas plants, the costs of maize growing are
significantly important. Maize is a plant resistant to temperature fluctuations, so it is
suitable for the climate in Poland. However, the decrease in yield during drought is
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noted. The maize cultivation allows for a very high yield of green mass from 1 ha,
which is important due to the high and constant demand for filling the fermenting
chambers. This plant is easy to ensilage and is characterized by lower acquisition
costs compared to other cultivated plants. The techniques for maize growing and
harvesting are also widespread, due to the use of maize for food purposes and to
provide cattle feed (Szlachta, 2009).
It is also important to achieve high levels of methane and biogas production from
maize silage during anaerobic biodegradation. This results from a high dry matter
content (on average 28%) and dry organic matter (on average 90%), so it is
considered as an energy crop (Niedziołka and Zuchniarz, 2007). Maize silage is a
substrate free of harmful organic substances and heavy metals (Schattauer et al.,
2005), which are responsible for the inhibition of the methane fermentation.
In order to use maize silage in biogas plants, it is required to store it properly and it is
therefore necessary to provide storage plates for this substrate. This allows the
protection of ecosystems and the purity of the substrate, which is important in the
fermentation process. Maize silage is stored in prisms under foil cover. In turn,
dosing into the fermentation tank is done using a conveyor belt.
In order to use maize silage as a substrate for fermentation mix, the cost of obtaining
this substrate should be taken into account. As highlighted, maize is a multidirectional-use crop, so that cultivation for a biogas substrate becomes competitive
with respect to silage used for food and feed purposes. This leads, to the gradual
increase of the price, which is noted with the development of renewable energy.
Studies of Szlachta and Tupiek (2013) show that profitability of maize for silage as a
substrate for biogas plants depends on the level of yield and the costs of cultivation,
harvesting and silage. Moreover, the authors also highlight the need to ensure
competitive prices both for the farmer and the biogas plant. Studies have proved a
higher income for maize cultivated for grain.
1.2 Slaughtery waste characteristics
The basic characteristic of slaughterhouse waste is the high content of organic
compounds, so that they are naturally biodegradable. These waste materials are the
source of carbohydrates, proteins, fats and biogenic substances essential for the
development of microorganisms. In view of the above, in case of lack of
management, these waste materials constitute a serious threat to the environment.
Slaughter waste is a source of serious health hazards, due to potential development of
pathogenic microflora. By disposing of decomposition they are responsible for the
burdensome odor emissions that arise during storage. Moreover, improper storage
may lead to leaching of leachate effluents consisting of biogenic compounds (nitrate,
phosphate and potassium) to soil and water, disrupting the ecosystems balance
(Sobczak and Błyszczek, 2009).
The slaughter waste indicates high biogas and methane efficiency that result from
increased lipid content compared to plant material. Fats are a source of high carbon
and hydrogen content, which makes them a high potential for methane production. It
should be noted, however, that the presence of fats also contributes to the reduction
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of methanogenic activity and biomass adsorption. As a result, lower levels of
degradation and longer HRT are observed.
According to the EU law, three categories of slaughter waste are distinguished
(Regulation of the European Parliament and the Council (EC) 2009). Category I
requires unconditional disposal of waste at the incineration plant and is unsuitable for
utilization in methane fermentation. Slaughter waste from category II and III can be
processed by anaerobic fermentation in biogas plants, after prior thermal treatment
under additional conditions.

2 Materials and methods
2.1 Substrates used in experiment
The research material was maize silage. The slaughter waste was also used for the
study. These were homogenized waste materials from category II and category III.
In order to investigate the biogas and methane efficiency, a fermentation inoculum
containing the desired groups of organisms was required. Inoculum, which is the
separated liquid fraction of the fermentation pulp from one properly functioning
agricultural biogas plant, was used in the performed experiment. The following
methodology was used according to the Polish Standards: PN-90 C-04540/01 for pH
determination, PN-EN 27888: 1999 for conductivity, PN-75 C-04616/01 for dry
matter and PN- Z-15011-3 in case of organic dry matter.
2.2 Experimental set-up
The research on methane efficiency of the substrates in batch culture technology was
carried out in the Laboratory of Ecotechnology at the Institute of Biosystems
Engineering (PULS) on the basis of internal procedures, based on adapted standards:
DIN 38 414-S8 and VDI 4630, commonly used in Europe. Detailed methodology of
performed research was presented by Cieślik et al. (2016)

3 Results and discussion
At the beginning of the experiment the basic physicochemical parameters of the
investigated substrates were defined in order to determine the proportion of
individual components in the fermentation mixtures. Table 1 shows the dry matter
content and dry matter content of the substrates. Both silage and slaughter waste
show a high dry matter content and thus require an application of additional dilution
substrate (Owczuk et al. 2014).
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Table 1. Parameters of analyzed substrates
D.M.
[%]
31.74
49.85
36.59

Substrates
Maize silage
Slaughtery waste, cathegory II
Slaughtery waste, cathegory III

O.D.M.
[%]
95.92
98.12
96.50

Table 2 represents the methane and biogas efficiency of investigated substrates. A
high biogas yield is noted in case of slaughter waste. The highest production of
methane and biogas was noted in particular when using category II waste, which was
at the level of 407.27 m3·Mg F.M. and 586.48 m3·Mg F.M..
In turn, the least efficient substrate turned out to be maize silage, which is the most
commonly used co-substrate in biogas plants, among others, in Poland. For maize
silage, over 5 times lower methane production and more than 4 times lower biogas
production has been noted, compared to waste from category II, in calculation for
fresh matter. In contrast, waste from category III have been reported to account for
almost 4-fold lower methane production and 3-fold lower biogas production, also in
calculation for fresh matter.
Comparing the biogas and methane efficiency of the tested substrates calculated on
dry matter, the higher methane efficiency of slaughterhouse waste has been noted,
more than 3 times, as well as twice higher the biogas efficiency in relation to maize
silage.
Table 2. Methane and biogas efficiency of tested substrates

Maize
silage
Slaughter
waste category II
Slaughter
waste category III

Methane
content
[%]

Cumulated
methane
[m3·Mg-1
F.M.]

Cumulate
d biogas
[m3·Mg-1
F.M.]

Cumulated
methane
[m3·Mg-1
D.M.]

Cumulated
biogas
[m3·Mg-1
D.M.]

53.40

75.92

142.18

261.50

489.74

69.45

407.27

586.48

816.99

1176.49

69.10

294.67

426.30

805.33

1165.08

In case of investigated substrates, the price of maize silage is 25-35 €/Mg, whereas
slaughter waste materials are the substrates for disposal, so the biogas plant receives
a recycling fee of 5-100 €/Mg (depending on the waste type). Consequently, the
possibility of utilizing of slaughter waste in biogas plants is of mutual benefit. For a
meat factory that transfers waste to environmentally safe disposal without incurring
costs. And in turn, the biogas plant adopts a burdensome substrate, which is also a
valuable source of energy production.
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The biogas and methane efficiency shown by slaughter waste represents the potential
for high energy production in biogas plant. If maize silage is used which shows
significantly lower biogas and methane efficiency, it should also be marked that the
cost of this substrate purchasing should be taken into account, which considerably
decreases the income of the planned investment. Therefore, it is proposed to use
maize straw silage to maintain the viability of the plant (Cieslik et al., 2016).

4 Conclusions
In many biogas plants the primary substrate except the slurry is corn silage. This is
due to the biogas and methane efficiency of the substrate and methane fermentation
run, which is devoid of the inhibitor of the process. The development of biogas
energetics has forced cultivation of maize with higher content of dry matter and
reduced starch content. Moreover, maize is a high yielding plant with resistance to
temperature changes, which makes it one of the main crops in Poland. The wide
range of maize applications makes the growing and harvesting techniques also
widespread. However, use of maize in food industry and the possibility of energetic
support of biogas plants, causes that the purchase price of this substrate entails less
and less interest in using it for energy purposes. As a result, other substrates are being
sought that will allow the profitability of the biogas plant, especially in case of such
low subsidies for investments in renewable energy installations in Poland. It is
proposed to use biodegradable waste materials from industry and agriculture. This
article proves very high biogas and methane efficiency of slaughterhouse waste.
However, it should be highlighted that despite the free substrate acquisition by the
biogas plants, they also require additional thermal treatment, resulting in higher
investment and operating costs of biogas plants.
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Abstract. Both environmental sustainability and the production of green
products are strategies that are dictated by the need for environmental
protection and modern business management practices, but still they are not
widely applied. Adopting such strategies gives businesses the ability to operate
more efficiently and develop a competitive advantage. This article proposes the
theoretical development of a strategic framework using operations research
models and business management tools aiming to develop a competitive
advantage through sustainable environmental management.
Keywords: Environmental sustainability, competitive advantage, green
products, operations research, green entrepreneurship.

1 Introduction
Worrying phenomena such as the climate change, the increase in average
temperatures and the greenhouse gases emissions lead to increasingly negative
environmental and economic impacts, which need to be treated effectively
(Papageorgiou et al., 2015). This relationship between economic development,
energy consumption, gas emissions and their negative implications is analyzed in
several studies (Chalikias & Ntanos, 2015; Ntanos et al, 2015). In recent decades,
businesses have been faced with a set of new challenges in environmental
management. In addition, the need for environmentally friendly products becomes
increasingly imperative as consumers’ exhibit increased awareness towards
environmental issues and renewable energy sources (Chalikias et al., 2010a, b;
Kolovos et al., 2011; Ntanos et al., 2016).
Thus, from the beginning of the 1990s, the goal is to create a sustainable future
(Hutchinson, 1992). A number of researchers (Nidumolu et al., 2009; Arabatzis et al.,
2015; Ojo et al., 2015) state that the inclusion of sustainable environmental
management in a business’s strategy can be an core source for developing a
competitive advantage which is the ultimate goal of each business (Wheelen &
Hunger, 2012).
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The current environment in which businesses are required to operate is very
dynamic, similar to the environment of a battle. For the analysis of such
environments, operations research models have been developed and can be applied in
the case of enterprises (Chalikias & Skordoulis, 2014; Chalikias & Skordoulis,
2016).
The purpose of this paper is to propose the theoretical basis for the development of
a framework analyzing business competition by using operations research models
and aiming to create competitive advantage by using modern management tools.

2 Sustainable environmental management and competitive
advantage
In recent years, more and more businesses are turning to practices aiming at
environmental protection and sustainability. On the one hand, this trend stems from
the increasing pressure from stakeholders, such as environmental organizations,
consumers and regulators. In this sense, environmental sustainability could be the
most important challenge of corporate social responsibility. On the other hand, the
trend towards integrating sustainable management of the environment into business
strategy has to do with its contribution to competitive advantage creation.
Corporate social responsibility is inseparably linked to environmental protection.
Corporate social responsibility contributes to corporate image strengthening, to
favorable taxation promotion, to relations with the stakeholders strengthening as well
as to better risk management and security (Urip, 2010). Consequently, actions related
to environmental protection and can be expressed through corporate social
responsibility framework can lead to higher economic returns and as far as it is
concerned to the establishment of a competitive advantage (Urip, 2010; Skordoulis et
al. 2013).
According to Danjelico and Pujari (2010), sustainable environmental management
is linked to the competitive advantage of a business by reducing the use of energy,
raw materials and pollutants. According to them, the production of green products,
i.e. products produced by methods that minimize the burden on the environment
(Ottman et al., 2006).
Wu and Lin (2016) report that green product production contributes to minimizing
the environmental impact of products throughout their lifetime, including purchasing
raw materials, manufacturing, selling, consumption and disposal after use.
According to a framework proposed by Rohm and Montgomery (2010), revenue
growth, risk reduction and cost reduction will increase business profitability and lead
to a sustainable competitive advantage.
More specifically, a strong emphasis on sustainability leads to the development of
more eco-efficient products, strengthens co-operation with environmental regulators
and reduces the environmental impact of business operations.
In addition, new technological capabilities are created to help measure and analyze
environmental impacts more effectively.
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Furthermore, by producing more eco-efficient products, higher value can be
provided to an increasing number of green consumers, which will lead to increased
sales.
Moreover, a better and more efficient co-operation with environment regulators
will be archived through the production of green products. This will reduce business
risk, since eco-friendly and safe products will reduce the potential risk of
environmental liability and consumers. This reduced risk will have a positive impact
on capital costs. In turn, actions to reduce production processes impact on the
environment will lead to direct cost savings of fuel, water, electricity and waste
disposal (Berry & Rondinelly, 1998).
It is a fact that the cost of organizing a business to operate with a focus on
sustainable environmental management can be considered quite high. However,
businesses should not perceive the adoption of sustainable environmental
management practices as unnecessary costs; they should perceive them as long-term
investments that eventually lead to the development of a competitive advantage
(Becker-Olsen et al., 2006).

3 Business competition analysis with operations research models
and strategy formulation
During the World Wars, mathematical models were widely used in combats. These
models aimed at solving various optimization problems related to the ongoing war
operations. By the end of the wars, these models were applied with to business cases,
since business competition is very similar to battlefields combats.
Such models based on differential equations have been applied in business cases
such as marketing strategy analysis (Taoka, 1997), oligopoly competition strategies
(Fruchter & Kalish, 1997), products development based on customers’ needs
(Fehlmann, 2008), advertising costs (Chintagunta & Vilcassim, 1992; Chalikias &
Skordoulis, 2014; Chalikias et al. 2016) and supply chains (Chalikias & Skordoulis,
2016).
Unlike traditional static models that can only explain competition in a market,
operations research models such as Lanchester’s combat model can not only be used
in the multidimensional analysis of a market but also in the prediction of tis future
sizes based on competition data (Fehlmann, 2008).
In such a case, the competition between two businesses could be analyzed by a
system of differential equations as the following one:

⎡ dx
⎢ dt = −ay + f (t)
⎢
⎢ dy = − bx + g(t)
⎢⎣ dt

(1)

Where x (t) and y (t) would be the operating income for each one of the two
competitors, f (t) and g (t) the rate at which they increase or decrease affected by one
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or more variables in each model. Such variables would be advertising costs, supplies
at points of sale, or environmental investments.
Having analyzed the competition with an operations research model it is possible
to point out the strengths and weaknesses of a business against competition as well as
the points that need to be improved (Fehlmann, 2008).
Once the strengths, weaknesses and the points to be improved have been recorded,
the next step is to develop the appropriate business strategy. For this purpose, tools of
modern business administration can be used.
Such a tool is the Quality Function Deployment (QFD) method, which aims to
integrate customers’ needs and requirements at the development of a product
(Felhmann, 2008; Chaudha et al., 2011). The QFD method can indicate to a business
where and how to focus as well as the impacts on competition (Salari & Bhuiyan,
2016).

Fig. 1. Quality Function Deployment framework.

Environmental sustainability through the QFD method means that a business
should operate environmentally responsible (Dai & Blackhurst, 2012) and should
therefore translate environmental requirements into processes; this strategy would
possibly result in the potential development of a competitive advantage as already
discussed.
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Another tool that could be used to achieve environmental sustainability is the
Balanced Scorecard (BSC), the basic idea of which is that the effective use of
investment funds is no longer the only determinant of developing a competitive
advantage, but there are other factors as well such as human capital, knowledge
creation and customer orientation (Kaplan & Norton, 2005).
In order to apply BSC method to an environmental sustainability strategy, the
proper business units should be selected, the environmental aspects must identified,
and the relationship between the environmental aspects and the business strategy
should be analyzed (Figgie Et al., 2002).
By adding the environmental dimension to BSC, in addition to its existing ones, a
business can translate its environmental strategy into a set of performance and
requirements measures (Sidiropoulos et al., 2004). The elements that may include the
environmental dimension of a BSC are presented in the table below.
Table 1. Proposed BSC framework for the environmental dimension (Sidiropoulos et al.,
2004).

Processes
•
•
•

Resources
Energy
Water
Raw material

•
•
•
•

Products

Wastes
Gas emission
Liquid wastes
Solid wastes
Dangerous
wastes

•
•
•
•

Recyclable parts percent
Non-recyclable parts life cycle
Products life cycle
Substitutes number

Based on the above framework, the environmental dimension of BSC can be used
to model different events to provide the ability to run, analyze and evaluate different
scenarios (Sidiropoulos et al., 2004).

4 Conclusions
The fact that many businesses do not yet consider environmental sustainability as a
priority (Kaebernick et al., 2003) gives to those who integer it into their strategies the
chance to develop a competitive advantage. This will be the results of both the
benefits provided by an environmental sustainability strategy (Kim & Mauborgne,
2005) and, a so-called “blue ocean” strategy which is an innovative approach that
enables development in new fields of a market where there are still few potential
competitors (Nidumolu et al., 2009).
From the above analysis, it is obvious that integrating environmental requirements
into business strategy leads to a sustainability framework that can be reflected by the
development of a competitive advantage by improving efficiency, reducing costs and
risks and increasing compatibility with customers’ and regulations’ requirements.
Developing an environmental sustainability strategy through operations research
models and business management tools is more effective than traditional ways since
it takes into account all possible variables and it is possible to predict the results by
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creating, running and evaluating different scenarios (White & Lee, 2009; PaucarCaceres & Espinosa, 2011).
Therefore, a business strategy that includes environmental sustainability will be
more effective when it is based on operations research model and business tools such
as the QFD method, as this will provide a better understanding of the competition
and the requirements. Moreover, the analysis of as many scenarios as possible
including different variables will become feasible.
A strategic approach as described above will result in significant changes in the
structure, the mission, the vision and the purpose of any business that will adopt it.
Such a strategy can ultimately enhance the reputation and results of a business in a
constantly changing market that creates new challenges.
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Abstract. Multidimensional database on fishery in Greece stores statistical
time series on quantity of fish catches by areas, species, months, kind of
fishery, fishing tools and category as well as by value and employment. The
averages of total fish quantity by category for the period 2004-2015 compared
to 1992-2003 period generally decrease. An exception is the quantity of fish
category I, caught by Trawl Nets (Open Sea) and Ring Nets, where there is
almost balance between the average values of catches. Trend modeling and
exponential means methods are applied as smoothing and forecasting
techniques. The decreasing rate per year on total fish catches for the period
2004-2015 is -3.44%, while the rate by category I, II and III is -2.67%, -2.96%
and -3.71%, respectively. Exponential means is proven to be the proper
method for forecasting the fish catch quantity because there is a big fluctuation
in the time series values.
Keywords: time series database, fish category, trend, exponential means,
forecasting

1 Introduction
Greece supports marine fishery in order to enhance domestic sea food
consumption and increases export to other countries. The fishery sector is still
suffering from overfishing, fleet over-capacity, heavy subsidies, low economic
resilience and decline in the volume and size of fish caught. In Mediterranean
European countries, 85% of the assessed stocks are currently overfished compared to
a maximum sustainable yield reference value (MSY) (Colloca et al, 2011). A
management system that can encourage a spread of fishing effort without penalizing
any one section of the fleet would be welcomed (Thomson, 1984). Taking into
account all these threats sustainability has to be in priority. Sustainable development
meets the needs of the current generation without compromising the ability of future
generations to meet their own needs (OECD, 2002).
The Hellenic Statistical Authority (ELSTAT) announces the results for every year
with a delay of two years. For comparability reasons, data for the two previous years
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are also made available. It constructs three year-long time series but longer ones are
needed for statistical estimations and analysis. ELSTAT database is a reliable source
of fishery data in Greece. The collected statistical data concern different aspects of
activities regarding fishery sector as: economical, technical, biological, space and
time. Multidimensional FTS (Fishery Time Series) database on fishery in Greece,
created by using statistical data from ELSTAT database, stores 2241 time series on
quantity of fish catches by areas, species, months, kind of fishery, fishing tools and
category as well as by value and employment for the period 1990-2015 (Tegos &
Onkov, 2015).
The aim of this paper is to estimate fish catches by category based on
multidimensional time series database on sea fishery in Greece in order useful
information for fishery, economy and fish resources to be derived.

2 Materials and Methods
Figure 1 presents the three basic statistical units regarding fishery in Greece:
quantity and value of fish catch, and employment. The number of dimensions and
attributes is shown in parentheses. The whole set of data has temporal character. The
relational data model of FTS database is based on the hierarchical principle. This
approach has positive characteristics that can be generalized as follows: a) it
facilitates time series visualization and querying, b) it abstracts spatial and temporal
details in datasets and c) it stores, vertically, numerical data in time series in the
lowest level of hierarchy, so as the yearly updating is made easy.
Quantity and Value of catch are both counted, by Kind of fishery and Fishing
tools and then distinguished into three Categories according to their quality: “first”,
“second” and “third”.
Dimensions/Attributes
Quantity of catch by
Areas (18)
Fish species (71)

Value of catch by
Kind of fishery (3)
Category (3)
Fishing tools (5)
Category (3)

Months (12)
Kind of fishery (3)
Category (3)
Fishing tools (5)
Category (3)
Time series
Fig. 1. Multidimensional data on fishery in Greece
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Employment
Total employment
Fully employed

Fish catch quantities concern natural resources and their exploitation while values
depend on quantities and are reliant on economic indicators: inflation, market
features etc. Therefore, it is logical this study to give emphasis on fish catch quantity.
The following methods are used for the analysis of fish catch by categories:
Computing descriptive statistics is applied on time series for the following two
periods: 1992-2003 and 2004-2015. This distinction will give the opportunity to
compare catch quantity and value by categories.
Calculation of shares of catch quantity and value by categories presents the
dynamics of the rates between first (I), second (II) and third (III) category.
Trend modelling is a usual approach for time series analysis. Trend analysis is
carried out on time series for the period 2004-2015, concerning catch quantity of fish
category I, II, III and total, as well. The polynomial (linear, second and third degree)
and exponential trend models are studied. Trend models adequacy is proved by
applying F-test at α=0.05 level of significance. If linear trend model is adequate, the
yearly increase/decrease of fish catch quantities can be estimated.
Forecasting based on Exponential means method. Exponential means method is
considered to be the proper method for forecasting fish catch quantity because there
is big fluctuation in total values (Tegos, 2005). Whenever the development of a
certain event is studied over a long period of time, it is usual certain changes to occur
that will influence the model parameters. The value of the studied event for a given
period will be determined to a great degree by the development conditions, which
were applied during the recent period and less to the distant one. Then, the model
parameters will be determined by assigning greater weight to the more recent
historical values of the event than the distant ones. This is the basic characteristic of
the Exponential means method. Each time series is smoothed through weighted
moving averages, which contribute to the exponential distribution law by their
weights.
Theoretically the exponential means method lays behind the following recurrent
formula for the exponential mean S tp of the p-degree at the moment t (Velichkova,
1981):

S tp = βS tp −1 + (1 − β ) S tp−1

, 0 < β < 1.

(1)

For the explanation of the essence of the exponential means method the equation
(1) is transformed in the first degree and related to the time series values as follows:
S t1 = β

n

∑ (1 − β )

i

y t −i

.

(2)

i =1

The performance of the exponential means method as a smoothing and forecasting
tool for time series is determined by the correct choice of the value of the β
parameter ( 0 < β < 1 ). When it is close to 1, the main influence refers to the last
members of the historical time series while, when it is close to 0, this influence
weakens in favor of the more distant members of the historical time series. There is
no established method of choosing the optimum value of β (Velichkova, 1981). The
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values of β are varying in the interval (0, 1), for instance with constant step, and
performing all needed computations the forecasting values will be obtained. The
criterion C is calculated for each value of β to ensure the forecasting values
corresponding to the smallest standard error Sy between real and smoothed values of
the historical time series. The algorithm and software of the exponential means
method application was created in (Tegos, 2005) PhD dissertation work and it is used
for the current study. Experts consider that, by this method, the longer the series is,
the more exact the forecasted values are.
β

3 Results, Analysis and Discussion
There is an important correlation between datasets on Quantity and Value by
Categories:
Tables on Fishing tools and Category

Tables on Kind of Fishery and Category

Trawl Nets (Overseas)

=

Overseas Fishery

=

Open Sea Fishery

=

Inshore Fishery

⎧Trawl Nets (Open sea) ⎫
⎪
⎪
+
⎨
⎬
⎪Ring Nets
⎪
⎩
⎭
⎧Seine Nets (Open sea) ⎫
⎪
⎪
+
⎨
⎬
⎪Others
⎪
⎩
⎭

In this paper the results on Fishing tools and Category as well as Totals are mainly
discussed. Special attention is given and the discussion is extended when specific
features appear on Kind of fishery and Category.
For fish category I, caught by Trawl Nets (Open Sea) and Ring Nets is important
to point out that the average catch quantity, for the period 2004- 2015, is greater than
that one for the period 1992-2003. The least decrease in total quantity is observed for
category I fish species (-5.3%) while for category II and III is (-56.4) and (-38.5),
respectively. Average fish catch values during the second time period are greater
than the first one when fishing by Trawl Nets (Open Sea) and Ring Nets. Comparing
the average values of the total quantity for the periods 1992-2003 and 2004-2015, it
is noticed that there is almost a balance between these Values, since the difference is
only -1.6 %. This fact is not surprising taking into account the basic market principle
– supply and demand law. The decrease in quantity by -41.7% in the second time
period indicates that almost half quantity of fish catch is lost but this decrease is not
delivered to fish catch values (-1.6%), confirming so the mentioned law. Of course,
in order to be more accurate the inflation has to be deducted from the last period
values.

217

The shares of fish category I and III in quantity and value increases, while the
share of category II decreases. The share of fish category I in quantity is 13.06% for
the period 2004-2015, while its share (26.56%) in value is double as much. Fish
category I, economically the most important one, during time period 2004-2015 is
mainly caught by two types of fishing tools: Trawl Nets (Open Sea) and Others. It is
worthy to mention that the biggest variations are noticed for fish category II.
Adequacy of linear trend model is proved for catch quantity of fish category I, II,
III and total, as well. The decreasing rate per year on total fish catches for the period
2004-2015 is -3.44%, while the rate by category I, II and III is -2.67%, -2.96% and 3.71%, respectively. The least decrease of catch quantity concerns fish category I.
These results are in accordance with the tendency of the decreasing quantity of fish
resources in Mediterranean Sea. It is important for the economy that category I fish
species contributes to hold the high values in the fish market but the most essential is
to preserve sustainability for fish resources for the benefit of future generations.
The forecasting results on the Quantity of fish catch category I, by using trend
models (linear and exponential) and by exponential means method are presented in
Figure 2.
Trend models are used for short term forecasting. The attained projections are
simple consequence of the trend line extrapolation. Trend models are not considered
very reliable because values of the studied time series on the fish catch quantity for
the first time period (2004-2010) are characterized by a relatively strong decrease
while for the second one (2011- 2015) they are almost stable.
This study empirically shows that for forecasting purposes exponential means
method is more suitable and reliable than trend models. The forecast obtained by this
method is reasonable and acceptable. The forecasting results regarding catch quantity
of fish category II and III are similar.

Fig. 2. Forecasting results of catch quantity category I, based on trend models and exponential
means method
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4 Conclusion
This study is based on multidimensional time series database on sea fishery in
Greece. The decreasing rate per year on total fish catches by category for the period
2004-2015 is in accordance with the decreasing tendency of fish resources quantity
in Mediterranean. The least decrease is attained on quantity of fish category I.
Despite the encouraging outcome in category I, the fishing effort has to be spread to
all fish species and not directed only to this category because there is the risk of
depletion of the related fish resources. Exponential means is proven to be the proper
method for forecasting the fish catch quantity because there is a big fluctuation in
time series values.
Analytical information obtained in this study can be useful for taking decisions in
the use of fishing tools and in fishery resources management.

References
1. Colloca, F., Cardinale, M., Maynou, F., Giannoulaki, M., Scarcella, G., Jenko,
K., Bellido J. and Fiorentino. F. (2011) Rebuilding Mediterranean fisheries: a
new paradigm for ecological sustainability. Blackwell Publishing Ltd. Fish and
Fisheries, 14(1), p. 89-109.

2. Hellenic Statistical Authority (2016) Sea Fishery Survey, Press release,
(http://www.statistics.gr/en/statistics/-/publication/SPA03/- ).
3. OECD (2002) Fisheries Sustainability Indicators: The OECD experience. Joint
workshop EEA-EC DG Fisheries-DG Environment on "Tools for measuring
(integrated) Fisheries Policy aiming at sustainable ecosystem", Brussels.
4. Tegos, G. (2005) PC-Information System concerning sea fishery time series in
Greece, Dissertation work, Agricultural University, Plovdiv, Bulgaria.
5. Tegos, G. and Onkov, K. (2015) Time series database analysis on fishery in
Greece, Progressive engineering practices in marine resource management, IGI
Global, USA, p. 372-398.
6. Thomson, B. D. (1984) Fishermen and Fisheries Management. Papers presented
at the Expert Consultation on the regulation of fishing effort (Fishing mortality),
FAO.
7. Velichkova N. (1981) Statistical methods for studying and prognosis of the
development of socio-economic processes, Sofia, Science and Art Publishing.

219

Lab-on-a-chip device for soil nutrient measurements
Georgios Kokkinis1,2, Guenther Kriechhammer1, Daniel Scheidl1, Martin Smolka3
1

Pessl Instruments, Werksweg 107, A-8160 Weiz, Austria, e-mail:
georgios.kokkinis@metos.at
2
TU Wien, Gusshausstrasse 27-29, 1040 Vienna, Austria
3
Joanneum Research GmbH, Franz-Pichlerstraße 30, A-8160 Weiz, Austria

Abstract. Capillary electrophoresis is known as a fast and easy method for ion
analysis. Implemented as lab-on-a-chip costs can be reduced drastically. This
allows for commercial applications in soil nitrate. A known issue, however, is
the injection variability caused by chip-to-chip differences as well as by
samples varying in viscosity and overall ion strength and thus turning
quantitative analysis into a challenge. We overcame this by adopting bromide
as an internal standard. In order to discriminate bromide from ubiquitous
chloride in soil samples we used polyvinylpyrrolidone as a separation additive
in our background electrolyte.

Keywords: Lab-on-chip, capillary electrophoresis, microfluidics, precision
agriculture

1 Introduction
Fertilizers containing nitrate, phosphate and potassium are indispensable for modern
agriculture and necessary to nourish the current world population. The calculated
fertilizer demand for the year 2015 alone is around 186.6 million tons. This
calculation combines the single amounts of N, P2O5 and K2O and the annual demand
is expected to grow beyond 199 million tons by 2019 (F.A.O. 2015).
Although there is an undeniable need for fertilizers in industrial agriculture,
production as well as utilization have an enormous ecological and social impact.
Furthermore fertilizers are often overused, i.e. applied in quantities that don’t
increase yield any further a while increasing negative impacts. According to recent
estimates about 60% of applied fertilizers are in fact overuse and therefore
dispensable. Farmers have a genuine interest to be as resource efficient as possible.
In this paper we present a novel lab-on-a-chip device, which allows for fast and
easy measurement of soil nutrients and does not require any laboratory skills. The
only remaining requirement is taking samples of the field. The sample is then
inserted into the device and measured in an automated manner.
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2 Material and Methods
We developed an easy-to-produce foil chip. The two PET foils have each a 125µm
thickness. Channels were carved out by laser milling resulting in a 50µm depth
resulting in 10% surface variance (5µm surface errors). The open side channel would
theoretically allow for hydrostatic sample leakage but to the highly viscous nature of
our buffer this did not occur (Bidulock, 2015)
The channels were carved out of the foil by laser milling. Two PET foils
comprising 125µm each were heat bonded under vacuum. Electrodes for contactless
conductivity detection (Zemann, 1998) were fabricated, after bonding, by inkjet
printing of conductive ink. A fabricated chip is seen in Figure 1. The chip was
introduced in an interchangeable manner in the device containing the fluidic and
electronic peripherals. More details about the basic configuration of the proposed
platform has been reported by Smolka et al (2017).

Fig. 1. The new developed chip: a) the separation channel, b) the detection electrodes, c) the
buffer inlet and outlet and e) the sample channel.

3 Results
A series of experiments were carried out in the device in order to evaluate its
performance. The measured probes consisted of laboratory prepared samples of three
analytes i.e. Cl, Br and NO3 and calcium lactate (present in soil samples due to its use
during extraction). The analyte concentrations were cross-checked using an ion
chromatographer (Sigma-Aldrich, USA). A single probe measurement is seen in the

221

electropherogram of Figure 2. Figure 3 reports the measured versus the nominal
value of the probes for a range of concentrations, which furthermore exhibits the
second order polynomial response of the sensor.

Fig. 2. Measurement of a single probe. The peaks correspond to Cl-, Br- and NO3respectively.

Fig. 3. Measured values versus nominal values of the probes for a range of concentrations.

4 Conclusions
In this paper we have presented the development of a lab-on-a-chip platform for soil
nutrient sensing. The device performed with relative errors of the order of 5% in a
range of concentrations ranging from 28 – 2220 µM. The response was fitted using a
second order polynomial equation.
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Abstract. The evaluation of websites at the Department of Information
Technologies has so far been largely focused on the websites of towns,
municipalities or regional Internet portals. In the submitted article we focused
on evaluation of food and farmers’ e-shops. As the new generation grows in
the Internet environment and it is accustomed to search for and buy goods in
this environment, we have decided to focus on this issue. To ensure that the
user repeatedly returns, you need to recognize what services he requires. We
determined 13 new parameters from the services category for rating the eshops and evaluated the parameters on 8 food and farmers' e-shops, 4 Czech, 2
British and 2 Greek. It turned out that comparing Czech and foreign e-shops
with the same parameters is not entirely appropriate. Some parameters can
only be applied in the Czech environment (like cash on delivery), which was
not even offered in evaluated foreign e-shops. Similarly, the option for free
pick up at designated place – this option was also not available. If we would
evaluated Czech and foreign e-shops separately, sklizeno.cz would be the
winner among Czech e-shops and yolenis.com among foreign e-shops.
Keywords: Digital Governance in Municipalities Worldwide, regional web
portal, e-shop, consumer, farmers’ products, minimal order price

1 Introduction
The interest in buying commodities online, which were so far only at a marginal
interest of our consumers, is rising in Czech Republic. These include groceries and
special farmers’ products. Several specialized food e-shops operates in Czech
Republic and all of them reports a significant increase in the number of shoppers.
Ordered purchases are distributed mainly in cities and surrounding areas. Groceries
can be delivered in 90 minutes and shipping can be free on orders over certain price.
These e-shops offers common assortment as supermarkets, but also specialized and
gourmet goods – for example products for vegetarians, gluten or lactose-free food
etc. E-shops also cooperates with farmers, which results in special offers of meat,
sausages, cheese, bio-products, wine etc.
In literature, E-shopping has been around since the turn of the century. In 2001, Lee
(Lee, 2001) proposed a four-factor model of customer satisfaction, including after
sale service, customer service, commodity prices and service quality. Srinivasan
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(Srinivasan et al., 2002) identified from data from 1211 customers eight factors that
potentially impact e-loyalty (customization, contact interactivity, care, community,
convenience, cultivation, choice, and character). In 2002, Schubert and Dettling
(Schubert, Dettling, 2002) presented an evaluating tool EWAM (Extended Web
Assessment Method), that included a set of possible criteria for assessing the quality
and success of existing commercial websites. In 2003, van der Merwe and Bekker
(van der Merwe, Bekker, 2003) published an article in which they introduced the
concept of evaluating commercial websites. They determined 5 categories for which
they define criteria groups. For example for the Content category they defined these
criteria: Product/service-related information, Company and contact information,
Information quality, Interactivity. Gounaris (Gounaris et al. 2010) examined a
sample of 1052 customers to determine the impact of service quality and customer
satisfaction on behaviour of online customers, namely: word-of-mouth, site revisit
and purchase intentions in the context of internet shopping. In 2015 (Lin, 2015), the
index system of customer satisfaction was put together based on 19 indicators from
five categories in e-shopping. In 2015 we evaluated regional internet portals
(Očenášek, 2015) and used as an inspiration for the choice of parameters the best
known rating of web portals of capitals of largest countries of the world - Digital
Governance in Municipalities Worldwide (Holzer et al., 2014).

2 Methods
Literature, especially recent (Lin, 2015), shows that customer satisfaction is
increasingly influenced, in addition to the quality of the commodity itself, by noncommodity elements. We have identified 13, mostly non-profit parameters that, in
our opinion, influence the e-shop customer satisfaction the most.
We newly included 13 parameters to the services category and checked whether they
provide those information and services:
1. List of distribution points
2. Special offers emails
3. Nutritional values of food
4. Minimal order price
5. Cash on delivery
6. Credit card payment on delivery
7. Free pick up (of the purchased food) at designated place
8. E-shop app
9. Recipes
10. Optional registration
11. Order tracking
12. Social networks
13. FAQ
Individual parameters are evaluated on two scales. We score 0 or 1 point in yes or no
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questions. We evaluated 4 food e-shops offering special farmers’ products from
Czech Republic and 4 foreign e-shops, 2 English e-shops and 2 Greek e-shops. Total
overview of parameters is shown in Table 1.

3 Results
Whenever the consumer visits an e-shop he expects a well-arranged product
catalogue with complete information and easy ordering, where it is clear what and
why has to be filled in. The consumer further expects a competitive price, standard
payment options, fast, reliable and cheap delivery and constant control over the
order.
The proposed evaluation methodology was verified on 8 representatives of food and
farmers’ e-shops. From Czech representatives we chose:
• nakupzfarmy.cz (motto: Direct sale and e-shop without middleman.)
• svetbedynek.cz (motto: Farmers‘ products up to your home.)
• kolonial.cz (motto: Bio fruits and Bio vegetables – taste it)
• farmanemcova.cz (motto: Without chemicals and preservatives)
From foreign e-shops, we chose for comparison:
• jimmysfarm.com (motto: Free range produce fresh from the farm!)
• yolenis.com (motto: Carefully selected products from all over Greece)
• riverford.co.uk (motto: From one man and a wheelbarrow to an awardwinning organic delivery company)
• trofos.com (motto: Greek Organic & Traditional Delicatessen eMarketplace)
Our evaluation was based on 13 parameters listed in the methodology. Parameters,
score scale and evaluation for Czech and foreign e-shops are shown in Table 1.
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Fig. 1. Jimmy’s farm – The Butchery
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question

scale

nakupzfarmy.cz

svetbedynek.cz

sklizeno.cz

kolonial.cz

farmanemcova.cz

jimmysfarm.com

yolenis.com

riverford.co.uk

trofos.com

Table 1 - Evaluation Czech e-shops against e-shops abroad according to
13 parameters

A

0, 1

1

0

1

1

1

1

1

0

0

B

0, 1

1

1

1

1

1

1

1

1

0

C

0, 3

3

0

3

0

0

0

0

0

0

D

0, 1

1

1

1

1

1

1

1

1

0

E

0, 3

0

3

3

0

1

0

0

0

0

F

0, 3

0

0

0

3

0

0

0

0

0

G

0, 1, 2

1

0

2

0

1

0

0

0

0

H

0, 1

0

0

0

1

0

0

0

0

0

I

0, 1, 2, 3

0

3

1

2

0

0

3

1

1

J

0, 1

0

0

1

0

0

0

0

0

0

K

0, 3

0

0

0

0

0

0

3

0

0

L

0, 1

0

1

1

1

1

1

1

1

1

M

0, 1

1

1

1

1

1

1

1

1

1

8

10

15

11

7

5

11

5

3

Total
points

Legend:
A - List of distribution points
B - Special offers emails
C - Nutritional values of food
D - Minimal order price
E - Cash on delivery
F - Credit card payment on delivery
G - Free pick up at designated place

H - E-shop app
I – Recipes
J - Optional registration
K - Order tracking
L - Social networks
M -FAQ
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Fig. 2. Yoleni’s – Greek products

4 Conclusion
A number of studies show that up to 30% of customers do not complete their order at
the e-shop for various reasons. It is therefore very important to find out how e-shop
works, whether it provides convenient purchase, easy payment for ordered goods and
convenient delivery of the purchase to the customer.
We focused on food and farmers’ e-shops. We have evaluated 8 e-shops, 4 of which
were Czech and 4 foreign (2 British and 2 Greek). The evaluation is based on the
experience of evaluating the web portals of capitals of the world's largest countries –
Digital Governance in Municipalities (Holzer et al., 2014) as well as evaluations of
regional web portals. The original score is divided into 5 groups (privacy, usability,
content, services, and citizen and social engagement). In our article, we focused on
the services group and created 13 new parameters due to the problematics of e-shops
differs in many aspects from the original rating of cities or regional web portals.
The overview of parameters including the evaluation of e-shops is shown in table 1.
The original intention was to compare Czech and foreign e-shops. After evaluating eshops, it can be said that this original intention cannot be fulfilled. The reason is
simple. It turned out that the customs of Czech and foreign customers are somewhat
different. For example, parameter E – cash on delivery, which is still expected in
Czech Republic, is not offered abroad. Just like parameter G - free pick up at
designated place - this option is also not offered abroad.
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If we evaluate Czech and foreign e-shops separately, we can declare e-shop
sklizeno.cz as the winner among Czech e-shops. It stands out with possibility of
placing order even without registration. The winner among foreign e-shops was
Greek yolenis.com, the only one offering order tracking.
Acknowledgments. The results and knowledge included herein have been obtained
owing to support from the following institutional grants. Internal grant agency of the
Faculty of Economics and Management, Czech University of Life Sciences in
Prague, grant no. 20171008, „Acquisition, processing and evaluation of data
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Abstract. A completely dynamic computational fluid dynamics model for
greenhouse climate was developed and analysed. The simulations were carried
out for an arc type tunnel greenhouse with a tomato crop representative of the
greenhouses used in the Mediterranean region. The CFD code Fluent was used
as a basis where the required external source code for the dynamic boundary
conditions (written in C) was embodied. In the present paper the distribution of
solar radiation during a whole day was incorporated in the crop model which is
represented by the equivalent porous medium approach to model dynamic
effects and a macro-model of heat and mass transfer to model the exchanges of
heat and water vapour between leaves and air. Time step for the unsteady
simulations was 1 sec. The results show the distribution of solar radiation and
the exchanges of heat and mass between crop and air in for a whole day period
and they compared with relative results from simulations carried out with
steady state conditions.
Keywords: Greenhouse, indoor climate, temperature, air velocity, CFD

1 Introduction
In Controlled Environment Agricultural (CEA) systems, indoor environmental
conditioning is a tool to improve the growth, development and quality of the crops
and animals allowing higher yields and better quality compared with outdoor.
From many researchers in the last decade have been recognized and proved that the
indoor environment in CEA systems is imperfectly mixed. Such imperfect mixing
leads to gradients in variables such as temperature, humidity, gas, dust and air
velocity, all of which affect the micro-environment around the animal or plant. Even
in well-designed agricultural buildings, large gradients of environmental parameters
exist (Bartzanas et al. 2013). The large differences, lead to higher energy and water
consumption, cause non-uniform production and quality, but also lead to problems
with pests and diseases. These interactions of environmental variables in production
system are complex involving a number of physical and chemical properties (most of
the times in different scales) of overall system and various system configurations and
thus, they are not easily, if not impossible to measure it accurately, but even
challenging to model them. There are several approaches and strategies for modelling
and controlling the spatial heterogeneity of indoor climate of CEA systems.
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Numerical modelling techniques such as Computational Fluid Dynamics (CFD) can
offer an effective way of accurately quantifying the influence of structures/machinery
design, environment parameters and weather conditions within a virtual environment.
Thus, the amount of physical experimentation can be reduced considerably, although,
as of yet, not eliminated. CFD is a simulation method that can efficiently estimate
both spatial and temporal field fluid pressure as well as other chemical and
environmental scalars, and the method has proven its effectiveness in system design
and optimization within the chemical, aerospace, and hydrodynamic industries
(Zhang et al., 2006). Today, CFD is the art and science of analyzing and simulating
systems in which a fluid flow is of central interest and in which heat and mass
transfer and chemical reaction may take place. CFD became an integral part of the
engineering design and analysis environment of many companies because of its
ability to predict the performance of new designs or processes prior to manufacturing
or implementation (Schaldach et al., 2000). The ubiquitous nature of fluids and their
influence on system performance has caused a widespread take-up of CFD also in
CEA (Norton et, al. 2007; Bartzanas et al., 2013). Distributed parameter modelling is
now a standard operation in the application to agricultural ventilated buildings.

2 Numerical Model
The flow inside the greenhouse is assumed to be 3D, steady-state, incompressible
and turbulent (Ferziger and Peric, 1996). The flow and transport phenomena for a
dependant variable Φ are described by the Reynolds Averaged Navier-Stokes
(RANS) equations. In momentum, equations are incorporated as source terms the
natural convection effects due the temperature difference between the ground and the
roof of the building and the plants’ resistance. The natural convection effects are
incorporated by the use of Boussinesq model, which offers faster convergence and
accuracy, assuming constant density in all equations except from the calculation of
buoyancy term in the momentum equations. The porous media are modelled by the
addition of a momentum source term to the fluid flow equation. The specific source
contribution is composed by a viscous loss term known as Darcy law and an inertial
loss term.
An ideal binary mixture approach is used for the prediction of the specie distribution
in order to predict the concentration of fresh air and the water vapor inside the
greenhouse, for the prediction of internal humidity. In particular, the model solves for
n-1 contaminants of the mixture and for the needs of the present simulation, the code
is running for the water vapour concentration while the remaining quantity is
corresponding to fresh air concentration. The binary diffusion coefficient based on
Fick’s law is a function of the local temperate and density according to Schirmer
relation while the general diffusion coefficient for the species convection-diffusion
equation is corrected by the addition of the mass diffusion caused by the turbulence,
taking under consideration the turbulent Schmidt number.
The energy conservation is modelled by the energy transport equation taking under
consideration the plants existence, modifying the thermal conductivity coefficient,
and by the radiation diffusion equation. The radiation is simulated by the Discrete
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Ordinates (DO) model using the approach proposed by Chui and Raithby (1993) and
its contribution is adjusted properly as source term in the energy transport equation.
The energy distribution inside the greenhouse and on the cover of it is calculated by a
RANS type equation. Additionally, the energy equation is also solved in solid region
in its reduced form, and its total calculation is derived in terms of enthalpy for better
accuracy. The DO model is used for the simulation of solar incident radiation on the
greenhouse cover and the internal radiation transfer. The effect of turbulence on the
flow is implemented via the high Re k-ε model (Launder and Spalding 1972). The
crop inside the greenhouse is simulated as a four rows of porous zone, modelling the
viscous and inertial resistances of the crop according to Forchheimer equation
(Miguel, 2008) while the plant’s transpiration is not taken into account in the present
study. The equations of mass conservation, momentum, species, turbulence, energy
and radiation are resolved numerically by finite volume method, using a grid
consisted of 2.9 millions of hexahedral cells and 22 blocks produced after grid
independence tests. The SIMPLEC algorithm is used for pressure-velocity coupling,
yielding an elliptic differential Poisson equation in order to formulate the mass
conservation equation.
Since the major problem of the Mediterranean greenhouses is the alleviation of
heat stress during the warm period of the year, the final model was tested for
assessing the climate distribution in greenhouse a) under natural ventilation and b)
under evaporative cooling

3 Results
Climate distribution in a greenhouse is of major concern since it greatly influences
crop growth and development. In particular, vertical temperature distribution is of
great importance, since temperature has a direct effect on the sink strength at the
individual plant parts. Homogeneity of solar radiation, air temperature difference and
air velocity was evaluated for the two different cases studied (natural ventilation and
evaporative cooling). The ratio of standard deviation of each parameter to its mean
value was used as an indicator for homogeneity. Lower values of this ratio indicate
more homogenous climate conditions. The use of evaporative cooling with the fans
(and mainly the absence of the uncontrolled outside wind speed) leads to a more
homogeneous climate conditions since little exchanges (both heat and mass) take
place. Concerning the distribution of air temperature, the ratio of σ(ΔΤ)/ ΔΤ was 0.
43 with natural ventilation and 0.32 with the evaporative cooling. Similar patterns
were observed for air humidity, solar radiation and air velocity (Table 1). Fig. 1
presents also an indicative figure of air temperature distribution (a) with natural
ventilation and (b) with the use of evaporative cooling.
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Table 1. Air temperature, air humidity, solar radiation and air velocity distribution inside the
greenhouse.
Climate variable
Air temperature
Air humidity
Solar radiation
Air velocity

Natural ventilation
0.43
0.38
0.42
0.52

Natural ventilation

Evaporative cooling
0.32
0.29
0.40
0.25

Evaporative cooling

Fig. 1. Climate distribution inside the greenhouse.
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Abstract. We present an industry paper on novel insect monitoring appliances
in the field of Information and Communication Technologies in Agriculture,
Food and Environment. We augment typical, low-cost, plastic McPhail-type
traps, with an optoelectronic sensor that identifies the incoming fruit fly from
its wingbeat. The insect counts, environmental parameters, time stamps and
GPS coordinates are transmitted wirelessly from the field, straight to the
remote monitoring agency. We believe that smart traps that report daily the
state of the infestation can, in the very near future, have a profound impact on
the decision making process in crop protection and will be disruptive of
existing manual practices.
Keywords: Bactrocera oleae, Ceratitis capitata, electronic McPhail trap.

1 Introduction
In the context of Integrated Pest Management (IPM), insect pest population
monitoring is crucial [1-3]. The decision of taking action against pests using
chemical or biological measures is based on insect population measurements. These
measurements define the Economic Injury Level; the landmark point in time after
which an economic damage appears. The simplest method to monitor the population
of insects is through the use of insect traps that are commercially available for all
common pests. Insect traps are usually plastic or glass, low-cost containers coming at
different configurations and carrying a pheromone or food attractant. The cost of
applying population monitoring through a network of traps is mainly due to expenses
of manual practices (i.e. wages for placement of traps, scouters that report counts,
zone-managers that pay attention to scouters etc.) As reported in [4], the California
Department of Food and Agriculture operates a network of roughly 63000 attractantbased traps and in Israel, approximately 2600 traps monitor 20,000 ha of citrus
orchards, both cases against Diptera: Tephritidae. The manual monitoring plan costs
millions of Euros and is a common situation in many countries. We aim at replacing
this manual monitoring procedure with an automated, cost-effective alternative.
Different types of the McPhail trap are commonly used for monitoring and/or
mass trapping of insect populations of fruit flies (Diptera of the Tephritidae family).
The aim of the electronic McPhail trap is to diminish the complicated chain of events
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related to manual checking of a large network of traps deployed at large spatial
scales. The counts of the captured fruit-flies as well as environmental parameters and
GPS coordinates of the trap are transmitted daily through the mobile network straight
to a central monitoring agency. The central agency can then proceed in the visual
assessment of infestation maps constructed out of interpolating the counts delivered
from the traps. An automated surveillance network is expected to increase credibility
of data, significantly reduce labor costs related to manual scouting, allow timely
gathering of data and reliable situation assessment. The cost of the trap is currently
around 60 € (12/04/2017) for bulk orders and is power sufficient for two months
using rechargeable batteries. In this work, we focus on the industrial characteristics
of the electronic McPhail trap. We elaborate on the design of the trap, its mechanical
components and the assembly and test of the functional prototypes of these traps
currently used for laboratory and field tests.

2 Description of the electronic McPhail Trap
The technical details of the optoelectronic sensor system are described in [6-8].
The housing of the electronics is placed on top of the trap. Fig. 1, illustrates all the
control and processing electronics of the optical sensor. The case is waterproof and
made of white Plexiglas® XT to protect the electronic components against direct
sunlight. In Fig. 2-3 one can see different views of the industrial version.

Fig. 1 CAD design of the electronic McPhail trap.
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Fig. 2 (LEFT) Embedded electronics. (RIGHT) The electronic McPhail trap.

Fig. 3 Mass production of the electronic McPhail trap has started.

We cover the walls of the McPhail traps in Fig. 3 with a transparent sheet of
plastic on which we apply a transparent thin layer of glue. As a means for
verification data, to validate the automatic counting module, we compare the insects’
stack in the glue and the reported results on the server. We further examine the
recordings that are stored in the SD card to assess the situation. See also Table 1.
Table 1. Open access videos demonstrating the functionality of the electronic trap.
LINKS
https://www.youtube.com/watch?v=IdWVaCyHEVI
https://www.youtube.com/watch?v=7-bKiarPlPs
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DESCRIPTION
The Electronic McPhail
Trap
In Lab Experiments

3 Inside the trap – Looking at the recordings
Section 3 is directed to the generally knowledgeable and interested reader,
therefore, the description is non-technical. In this section we visualize what the
recordings in the SD card of the trap look-like so that the reader can have a view of
the internal process. The top picture is a typical recording of a B. oleae taken from
the SD card of the electronic trap. We know that is B. oleae positive because we
released a number of them below the trap and this one entered flying-in. In the
second figure we see the spectrum of the wingbeat (i.e. which frequencies constitute
the ‘signature’ of the wingbeat in the frequency domain). The mountain-like structure
is typical of an oscillatory movement. The first peak is the wing-beat frequency
corresponding to the so-called fundamental frequency (f0). One can see that is located
at 200 Hz as expected. This figure is a typical situation of the spectral pattern
originating from a B. oleae. In [8] figure 5, one can verify in another set of
recordings that the wingbeat of B. oleae is a consistent, repeatable and identifiable
pattern. The peaks numbered 1-5 are the so-called harmonics f1-f5 approximately at
integer multiples of f0. One can see that the detection algorithm attributes a high SNR
value to this recording, much higher than 0. The zero threshold is the one under
which a recording is classified as non-B.oleae (i.e. is rejected as being B. oleae).
The third in row figure is a recording of an insect flying in the trap but not B.
oleae. One can again see the structure of a wingbeat (i.e. multiple peaks in the
frequency domain at integer multiples of a fundamental frequency). Note in the 4th in
row figure that the fundamental frequency is around 130 Hz and this is impossible
for B. oleae the beats its wings around 200 Hz. Note that the detection algorithm
attributes <0 SNR to this recording and, therefore, rejects the signal as originating
from B. oleae although it is a perfectly valid wingbeat signal. Last, in the two figures
at the bottom we have the case of an interference. We know that as there is no
wingbeat structure in the signal. The recording cannot be originating out of any
insect, as there is no oscillation. Instead we see a shock-pulse. Note that the
algorithm attributes a large value below zero and confidently rejects the signal as
originating from B. oleae.

Fig. 4 The harmonic detector applied to recordings of the e-trap (Left) A True positive case.
Note the fundamental at 200 Hz. SNR calculation according to the process in Section 3.
(Middle) a non-target signal rejected (SNR<0) for not having the f0 and its associated
harmonics in the spectral area where B. oleae is expected. (Right) a rejected interference
(SNR<0).
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4 Field results
In this paragraph we present manually verified counting results of all 5 traps
deployed in the field in the island of Crete in Greece. The experiment took place in 112 July 2017, using 5 Entomatic electronic traps (see Table 1). The numbers
correspond to flies-only (manually counted flies against reported number of flies).
During July 2017 in Crete, the temperature was quite high and we did not encounter
B. oleae in the traps. The pheromone traps (B. oleae pheromone dispenser
NOVAGRICA inc.) have been found empty. The device has been switched to higher
frequencies to count flies in general and food-attractant based on gel and
hydrolysable protein. The following are some random files from the SD card. The
symbol ‘T’ denotes Temperature and can be see that the temperature was quite high
(as regards our examples 37.6, 42.4, 43.1 oCelsius). Note also the extremely low
humidity sensor readings denoted with symbol ‘H’. This may explain the fact that we
did not encounter B. oleae in the trap at all, and we therefore switched the algorithm
to detect flies in general. Therefore, results focused on B. oleae only are pending.
F170709_102816_0017_T37.6_H21.3
F170709_120334_0022_T42.4_H15.5
F170709_120154_0021_T43.1_H15.0
Table 2. Summarization of results of all traps deployed in Crete-Greece, in July 2017.
#
1

LOCATION
FANEROMENI

2

CHANIA

3

ASTRIKAS

4

SITIA 1

5

SITIA 2

GPS
Lat:35.0732651,
Lon:24.8377113
Lat: 35.50775644
Lon: 24.0046709
Lat:35.471774,
Lon: 23.747486
Lat: 35.194653,
Lon: 26.110065
Lat: 35.194653,
Lon: 26.110065

TRUE*
71

REPORTED
67

106

126

135

117

212

202

142

119

*Manual counting of flies trapped in the glue of the trap.

5 Discussion
We have been observing the traps in the field for several months. Hereinafter, we
summarize our observations regarding their operation in the field:
• The trap does not report false alarm due to sun or other reasons. Although
triggering from non-insect sources occurs at low rates, the recordings produced
by false alarms are successfully rejected by the frequency analysis of its content.
Triggering due to sun appeared only during the hot months of summer.
• The trap has sustained bad weather condition including rain and strong winds
without malfunctioning.
• The detector of the trap discerns the wingbeat of insects and is able to lock on a
specific wingbeat pattern.
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•
•

•

There is a very close correlation between insects found trapped inside and
insects counted automatically.
At its current form, the trap can attract and count flies quite reliably. It can
further focus to B. oleae only if a suitable pheromone attractant is applied or in
orchards where B. oleae is dominant among other flies.
The device offers the possibility of transmitting the wingbeat snippet to be
classified on a server. In such case, and as reported in [8], there is encouraging
evidence that we could discern B. oleae even with the use of a general purpose
food-bait. This is not investigated yet due to time constraints.

Acknowledgments. We acknowledge Dr. Frank Spiller from the institute for
Microelectronic and Mechatronic Systems in Germany (IMMS) for manufacturing
the housings of the trap and granting permission to use Fig. 1. This research was
funded by EU under grant agreement n° 605073 project ENTOMATIC.
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Abstract. Food consumption continuously increases in global scale over the
years. To satisfy the growing demand for food production, farmers need to
increase productivity. This can be achieved either with the use of larger and
more productive and efficient agricultural machinery or with improved
management and organization of the agricultural production. The former is
now impeded due to environmental and biological factors. The utilization of
large and more productive machines in agriculture has limited capabilities to
further improve machinery productivity and efficiency, since the size and
weight of the machinery is constrained by soil compaction, and further
improvements to effectiveness are not available. However, the late advances in
Information Technologies provide excellent opportunities for substantial
improvements in the efficiency of advanced machines. In this work, an
agricultural fleet management product, namely V-Agrifleet, is presented.
Keywords: Operations management; decision-making; real time planning;
voice-driven.

1 Introduction
During the last decades, agricultural production has to deal with increased demands
for agricultural products. For increased production, there is large potential for
optimizing the interaction between individual machines, for multiple-machine
cooperation (Bochtis et al., 2014). Logistics management in the agri-food industries
involves transporting goods and services to local, regional and international
consumers. Agri-Fleet management and relevant industries require a high level of
coordination and cooperation to marshal resources more effectively (Bochtis and
Sørensen, 2010; Sørensen and Bochtis, 2010). Crucial challenges identified by all
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industry stakeholders are; fleet cost-reduction, fuel price volatility, reduction of
accidents, increase of fleet and driver safety, intensification of agri-fleet productivity.
In this light, a formalized management tool is needed, to support the management
of field operations. The complexity of agricultural field operation process and the
management activities contain logistical, economic and social links that constitute a
holistic management system. The V-AgriFleet application addresses this challenge
and aims to deliver an innovative agricultural fleet management system, in the form
of a mobile application, with central functional features of voice-driven information
provision and extraction, automatic recognition of machine operational modes, and
support real-time decision making. The application operates in heterogeneous fleets,
overcoming the drawbacks of the existing fleet management solutions which are
applicable solely for homogeneous fleets in terms of the vehicles/machines brand
names (i.e. “vendor locked”) and centre-focused (providing information only to the
central decision-maker). Moreover, through its voice-driven operations, the
application disengages operators from manual interaction with the system by giving
them the ability to interact with the mobile application (both for providing or
requesting information) by their own voice.
The V-AgriFleet application constitutes a prototype (TRL6) that was developed
during the EU FP7 FRACTALS - Future Internet Enabled Agricultural Application /
FI-WARE (http://fractals-fp7.com) funded project “Voice-driven fleet management
system for agricultural operations” (Sub-Grant Agreement: 200-4594/18.05.2015).

2 The Application
Fleet Management Systems have long been available in the industrial domain, and
have evolved into complete enterprise management tools. In agriculture, more
advanced machinery as well as information technologies are being implemented,
enabling the implementation of the analogous fleet management tools. So far,
traditional industrial service offerings were mainly designed to service a single
machinery or a homogenous fleet of machineries (based on type or vendor etc.).
However, the low user acceptance due to the high cost of these systems, centralized
management orientation, and the required effort to receive and provide real time
information, inhibits integration of current fleet management systems into
agriculture. The current fleet management services are meant to service a finite set of
homogeneous and heterogeneous machineries (over different, locations, regions,
etc.).
Various agricultural fleet management systems provide planning features (e.g.
route planning). However, the decision-making is addressed by the user. Automated
dynamic planning is an anticipated evolution in agricultural fleet management
systems corresponding to the variability of the parameters of the operational
environment in biological systems (e.g. yield variability, soil workability,
trafficability. etc.). The developed approaches lack an automated performance
evaluation process. The detection of operating modes for agricultural machines is a
future research topic for the agricultural fleet management domain.
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The following list presents an up-to-date perspective of the available approaches
to address the industrial challenges faced by the agri-fleet management industry: (a)
Planning approaches, such as vehicle routing, job-shop scheduling, floor shop
scheduling, and optimization approaches beyond the typical linear programming used
in the past (e.g., binary and integer programming) and entire system analysis
methodologies (such as Petri nets) are increasingly employed for formulating and
solving agricultural machinery planning processes; (b) the latest developments in
agricultural management provide the framework for planning operations executed by
co-operating multiple-machinery systems are a stepping stone for future fully
autonomous systems; (c) real-time decision support systems must be further
developed to close the loop of sensing-data interpreting decision making-actuating in
real-time machine control (e.g., in controlling inputs); (d) a lack of integration exists
between the different management levels, which prevents the full exploitation of the
precision and accuracy of the developed approaches and prevents their adaptation to
location-specific conditions.
Present agricultural fleet management market is extremely fragmentary (the
majority of products are not compatible with different machinery vendors) and
current solutions available in the market have a number of disadvantages, such as: (a)
a centralized architecture providing all relevant information to a central decision
maker without providing any local machine-to-machine information exchange, (b)
information regarding the operational status of a machine (e.g. completion of a task)
is not automatically generated and requires manual interaction that requires time and
concentration, (c) the systems that are already available in the market require either a
homogenous fleet in terms of machines’ vendor or a system compatible with the
CAN bus of the machines.
2.1 Design and Development
In order to identify and map the environment of the application, a systematic
approach was implemented to guide the process, as seen in Fig. 1, through the
various steps of development. User/Stakeholder identification led to interviews that
aimed to deduce user needs in each aspect of use. To reduce the risk of bias and
misinterpretation, lists of user requirements were used, as seen in the work of
Sørensen and Bochtis (2010), adopted to the particular project. Through this process
various stakeholders contributed to forming a unique set of needs, that fully defines a
fleet management solution. Machinery contractors for example focused on transport
control, route guidance and data acquisition. Supplementary to this operational
outlook, more field related functionalities were requested by operators. Route
guidance, online monitoring and operations scheduling among others were their input
to the list of desired features. Requirements converged to core functionalities as realtime positioning and tracking features, that V-AgriFleet needs to address efficiently.

Fig 1. Product development process
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Fig 2. V-AgriFleet component architecture

The quality function deployment (QFD) methodology was used to interpret these
requirements. QFD aims to translate user requirements to technical requirements
usable by the product developers and to guarantee that these are part of each step of
development (Chan and Wu 2002; Khoo and Ho 1996). This approach has the
potential to cover a wide area of the solution space and at the same time provide user
specified functionalities that ensure a high user satisfaction. Through this stepped
process following targets were reached:
i. Customer identification
ii. Customer requirements identification
iii. Customer requirements prioritization
iv. Design parameters identification
v. Relationship determination
vi. Design parameters correlation
Based on the processed inputs and the respective outputs of the process the
architecture of the application was designed to a three-tier form that meets all
technical and user requirements and simultaneously introduces an innovative
decentralized and peer to peer communication model. The outline of the application
architecture can be seen in Fig. 2.
Furthermore, having identified the individual users involved and their respective
needs, the application was designed to provide a modular interface to the users. Each
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user group has a customized interface and in case of multiple role users, these
interfaces can be combined. This safeguards the applications effectiveness, as its
offering of functions is optimized for each user, leaving an uncluttered clean
interface. This is crucial to field operations, when manual interactions are needed to
extract or to input data to the system and any delay or lack of focus can be costly or
dangerous. Examples of these individualized interfaces are shown in Fig. 3.

Fig 3. V-AgriFleet interface screenshots

The V-AgriFleet solution addresses and tackles the current industry challenges
and replies to current market needs, delivering a product/solution in line with current
trends, inclusive of innovative technology and offers greater interoperability
compared with systems that are currently available on the market. V-AgriFleet
application, through the convergence of the decentralized fleet management and
context aware fleet operation, is expected to speed up the take-up from potential
clients that will employ this innovative process and underpin them as the future’s
businesses and at the same time, application is independent of the CAN bus use and
can serve any combination of homogeneous or heterogeneous fleets.
2.2 Outcomes and Benefits
An obvious and expected result is the fuel savings, resulting from optimized routes in
field operations as well as in travelling between fields, depositories, full loads etc.
This is a twofold profit as economical fuel management means by definition reduced
CO2 emissions and therefore a step closer to a more sustainable operation. Other
resources as water and fertilizer are also used more efficiently as the constant
feedback of information combined by the decentralized decision process allows the
optimization of resource utilization. This optimization is also diffused in other facets
of the agricultural operational management, as in the workforce engagement, both in
terms of working hours but also in terms of quality as the enhanced role of operators
redefines their significance in the system. This means increased speeds and reduced
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errors, thus higher yields and less out of specifications crop products. The majority of
these benefits reflect on an economic level to the industry but also define a new
standard of environmental protection along with influencing social and demographic
variables of the human forces involved. An indicative summary is presented in Fig.
4.

Fig 4. Expected benefits and outcomes of V-AgriFleet utilization

3 Conclusions
The V-AgriFleet application is expected to offer exponentially expanding
opportunities to its users. As a smart, decentralized, connected product, the
application brings to the market new innovative functionalities, far greater equipment
utilization and reliability, and cross-cutting capabilities that may transcend traditional
product boundaries. With the use of the application, decision making process within
agri-business is decentralized, driving entrepreneurship to re-think, re-evaluate and
re-tool their day-to-day operations, making ICT become an integral part of the
agricultural production. Apart from the economic benefits, the optimized fleet
scheduling will result into reduction of the emissions and thus improved
environmental performance of the fleet.
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Abstract. The aim of this paper is to analyze the bioenergy production from
agricultural residues. The selected case study was the agricultural area of the
Region of Central Macedonia in Northern Greece. In this context, a technical
and economic analysis is conducted for the existent crop plans in each of the
seven regional units of the region. The analysis included the calculation of six
indicators (three economic and three environmental indicators). From the
calculations derived the existent values for the bioenergy (thermal energy and
electrical energy) production of the region. From the results we can conclude
that the size of each regional unit is the most important factor for the results of
the indicators. The second important factor is the variety of crops in the
existent crop plans. On the other hand, the number of crops that participate in
the crop plan seems not to play any role for the indicators calculations.
Keywords: bioenergy, agricultural residues, thermal energy, electrical energy

1 Introduction
Almost two thirds of renewable energy sources, in the European Union (EU), origin
from biomass, including agri-food waste (Fischer and Schrattenholzer, 2001). As
biomass sources are considered energy crops, agricultural crop residues, animals’
waste and forest residues. The bioenergy production from agricultural residues
enhances the role of agriculture in the creation of new sustainable energy sources and
connects directly with rural development policy (Rosillo-Calle, 2003). This can be
achieved by cultivating crops in agro-energy districts with high values of agricultural
residues. The use of crop residues and waste is already at a high level in several
European countries (van Dam et al., 2007), but the use of energy crops has still
controversial aspects.
The aim of this paper is to analyze the bioenergy production from agricultural
residues in the selected case study area of the Region of Central Macedonia in
Northern Greece. For this reason a preliminary technical and economic analysis is
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conducted for the existent crop plans in each of the seven regional units (Chalkidiki,
Kilkis, Imathia, Pella, Pieria, Serres, Thessaloniki) of the region. The analysis
included the calculation of six indicators (three economic and three environmental
indicators). From the calculations derived the existent values for the bioenergy
(thermal energy and electrical energy) production of the region.
The paper is organized as follows. In the following section, the methodology
approach is presented. The last two sections contain the results of the analysis and
some concluding remarks.

2 Methodology
In order to calculate the bioenergy production in the region of Central Macedonia
a technical and economic analysis is conducted for the existent crop plans in each of
the seven regional units of the region. The collection of the data from the Hellenic
Statistical Authority (statistics.gr) refers to the year of 2014.
We have selected three indicators. The three of them were economic indicators
(gross margin, income and variable cost) and the rest were environmental indicators
(bioenergy production, production of thermal energy, production of electrical
energy). A short description of these indicators is presented below.
Gross Margin
Gross margin is calculated using the data from prices, yields, subsidies and
variable costs. This parameter was used as the best estimator of the farmers profit.
Income
Income is an important attribute of the system as it defines total agricultural
output. It was computed by the simple combination of yields and prices, plus
subsidies where applicable.
Variable Cost
In order to calculate variable cost all the agricultural inputs are summarized
(seeds, fertilizers, chemicals, machinery, labor and the cost of water).
Biomass production
Based on the literature and taking into account newer research efforts in the same
direction (Tziolas et al., 2016) the agricultural residues from larger crops per area and
yield in tons per acre are calculated. The total amount of biomass produced for the
crops residues of the agricultural holdings in the Region of Central Macedonia.
Production of thermal and electrical energy
In order to calculate the production of thermal and electrical energy for crops, the
Lower Heating Values (LHV) were considered (Di Blasi et al., 1997, Menconi et al.,
2013).
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3 Results
The following section shows the results as regards the potential biomass
production, the electrical and thermal energy produced by crop residues and the
results for the selected economic and environmental indicators. The Region of
Central Macedonia (RCM) is divided into seven regional units, the regional unit of
Chalkidiki, Imathia, Kilkis, Pella, Pieria, Serres and Thessaloniki. According to the
biomass potential maps of the National Information System for Energy, the region of
Central Macedonia has the largest reserves of biomass from agricultural residues
throughout Greece. According to the existent crop plans, it is observed that the region
of Central Macedonia presents a great variety of crops (cereals, fruit trees, energy
crops).
With the use of the existent crop plans of each region we have calculated the
existent values for the bioenergy (thermal energy and electrical energy) production of
the region. The results are presented in the following table 1.
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Table 1. Calculation of the bioenergy indicators for the Region of Central Macedonia

INDICATORS
REGIONAL UNIT

GROSS
MARGIN (€)

INCOME (€)

VARIABLE
COST (€)

BIOMASS
PRODUCTION

THERMAL
ENERGY (MJ)

ELECTRICAL ENERGY
(MJ)

CHALKIDIKI

53.967.483,39

126.613.026,70

72.645.543,31

80.220,14

573.275.638,80

644.935.093,65

IMATHIA

57.976.363,58

134.136.928,00

76.160.564,42

78.911,43

594.520.307,40

668.835.345,83

KILKIS

48.289.926,37

87.248.535,34

38.958.608,97

156.070,53

1.022.178.722,60

1.149.951.062,93

PELLA

117.743.657,73

270.594.719,40

152.851.061,67

168.632,75

1.267.986.022,20

1.426.484.274,98

PIERIA

26.846.441,95

78.053.914,92

51.207.472,97

74.108,44

499.751.880,40

562.220.865,45

SERRES

90.211.726,82

190.760.941,64

100.549.214,82

304.851,61

2.050.609.074,80

2.306.935.209,15

THESSALONIKI

56.037.760,21

128.544.292,60

72.506.532,39

247.059,16

1.629.586.984,04

1.833.285.357,05
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4 Conclusions
In this paper we have examined the existent crop plans from the seven regional
units of the region of Central Macedonia in Greece. The crop plans included the main
cultivations in each regional unit and the potential production of biomass (tn/acre) of
the cultivations. From the results we concluded that the crops that can produce
biomass from their residues are mainly cereals and energy crops because they have
plenty of straws and stalks, which can produce high levels of biomass. From the crop
plans we concluded that the main cultivations of Central Macedonia are cereals (hard
and soft wheat), cotton and maize and in some regional units such as Pella and
Imathia the main cultivations are fruit trees. From the results we can conclude that
the size of each regional unit is the most important factor for the results of the
indicators. So, regional units with big size of agricultural areas present the highest
values. The second important factor is the variety of crops in the existent crop plans.
Regions with crops with high agricultural residues have better results as regards the
biomass. On the other hand, the number of crops that participate in the crop plan
seems not to play any role for the indicators calculations.
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Foundation (IKY) "IKY Fellowships of Excellence for Postgraduate Studies in
Greece - Siemens Program".
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Abstract. The supplier selection and evaluation is a very sensitive and crucial
process for all companies and organizations. The supplier nowadays functions
as an associate partner and the relationship between him and the company must
be based on a mutual trust. Despite this fact the main method of selecting a
supplier is depending on the cost neglecting other important factors. This paper
presents a new method based on the multicriteria decision analysis and gives a
new dynamic perspective to the problem with emphasis to on a continuous
evaluation process to the problem. The proposed model was implemented in a
food industry and the results are being discussed.
Keywords: Supplier Selection, Supplier Evaluation, Multicriteria Decision
Analysis, UTA II method.

1 Introduction
One of the most common and at the same time, most crucial issue that modern
companies face is the supplier’s selection and evaluation. This particular process can
affect the overall performance of any industry, not only from the aspect of cost, but
also for the final product and the reputation of the company. So when it comes to the
final decision, the purchase manager has to consider many factors that shape the
profile of a proper supplier. Some of the criteria that are being widely examined are
the price, the quality and the delivery time. As the selection progress can become
very complex, a solid method to improve the supplier performance is by developing a
robust buyer-supplier relationship. This relationship must be built with mutual trust
and cooperation and demands from the buyer to work with a small number of
suppliers. In order for this relationship to be successful, a regular examination of a
supplier’s performance must be held. There is no point in organizing a process for the
selection of a supplier without including a well-based evaluation system. This not
only helps the buyer to keep track of the supplier’s performance, but also functions as
a tool for the supplier himself, to improve and evolve his products and services.
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Many approaches have been applied to this problem but most of them focus on the
selection process (Ho et al., 2014).
This research escapes from traditional approaches and launches a different aspect
to this problem that focuses on a constant evaluation model. Specifically the
proposed model was based on a UTA-II method (Siskos, 1980) that it has never been
implemented to these kinds of problems. The methodology discussed at this article
proposes 2 evaluation systems and 1 selection system for new suppliers. As many
industries have established their supplying sources, it would be more efficient to
create evaluation systems that could filter the performances of the suppliers
(Mummalaneni et al., 1996). The proposed model was successfully tested in a food
industry and in this article, the results are being discussed.

2 Proposed Approach
The first step to create the purposed model was by categorizing all the products and
services that the company is being supplied. In this way it becomes easier for the
buyer to decide the evaluation criteria from a few categories rather than by
examining the numerous products. Afterwards 3 systems were created. For each
system, different criteria were selected.
The first system, concerns the evaluation of a single supply. For every product that
the company buys, the supplier manager should grade the product in the selected
criteria. By implementing the UTA-II method, the weights of each criterion are
estimated (Siskos et al., 2005). So the total score of a supply is estimated using an
additive value function of the following form:
(1)

n

U i = ∑ p j uij .
j =1

where U i is the score of the i-th supply, p j is the weight of the j-th criterion, and uij
is the score of the i-th supply on the j-th criterion.
Let’s suppose that a supply is being evaluated on four criteria. Table 1 shows the
performance scores uij for this particular supply. Assuming that the estimated
criteria weights are p1 = 0.25 , p2 = 0.25 , p3 = 0.30 , and p4 = 0.20 , the score
(value) of this supply is U A = 0.25 × 8 + 0.25 × 7 + 0.30 × 9 + 0.20 × 10 = 8.45 .
Table 1. Example of a supply evaluation (0-10 scale).
Supply
A

Criterion 1
8

Criterion 2
7

Criterion 3
9

Criterion 4
10

The second system refers to the annual supplier evaluation. The evaluation
procedure is similar to the supply’s evaluation process. In this system the buyer
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evaluates the performance of a supplier in an one year period. The criteria that should
be used must be able to describe the supplier’s actions.
The second system though is not enough to give a clear view of the supplier’s
efficiency. The proposed model suggests that the total score of a supplier will be
calculating by adding the average score of the supplies that a vendor made with the
score of the vendor’s annual evaluation:

Uiglobal = aUi + (1 − a)Uiyear .

(2)

where U iglobal is the overall score of the i-th supplier, U i is the average scores of the
yearly supplies by the i-th supplier, U iyear is the annual evaluation score of the ith
supplier, and a is a weighting factor that aggregates the supplier annual evaluation
and the average scores of supplies.
Depending on the overall score each supplier, will be enlisted in a different
category. Three categories were created:
• authorized suppliers
• under superintendence suppliers
• unauthorized suppliers
As the score will dynamically change, it is possible for a supplier to enter to a
different category through time. But if it becomes an unauthorized one, it will not be
selected again.
The final system refers to the selection of new suppliers and adopts a thresholdtype procedure. Again the supply’s manager gives a score in each of the selected
criteria, but this time each criterion has a score limit (threshold). If the score exceeds
the chosen limit then the examined supplier is approved. Otherwise it will not
selected and becomes inadequate.

3 Evaluation Criteria
Α set of evaluation criteria were selected for each one of the aforementioned
evaluation systems. After examining the criteria that were used in other approaches
and in cooperation with the Quality Manager of the food industry, the criteria that
were selected are the following:
Supply evaluation criteria:
1. Price
2. Quality of product/service
3. Cooperation
4. Responsiveness to customer needs
5. Delivery time
Annual supplier evaluation criteria:
1. Cost
2. Cost reduction performance
3. Quality
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4.
5.
6.
7.

Cooperation
Reliability
Delivery time
Guarantee

Selection of new supplier criteria:
1. Reliability
2. Cooperation
3. Free products for trial
4. Quality accreditation & audit
5. Payment
6. Guarantees
The criteria were selected in a way that could express the strengths and
weaknesses of each supplier. As a result the company would have a whole better
view of their performance. So it was really important the criteria to fulfill the
company’s requirements. Some of the selected criteria have been applied to many
researches such as cost, quality, and delivery time and other have been used in a
smaller scale like cooperation (Chan et al., 2007) and quality accreditation and audit
(Karpak et al., 2001). Furthermore, some other criteria that are being introduced in
this research were not implemented in the examined researches but they were crucial
for the food industry. Those were the guarantee that expresses the prerequisites that a
supplier would have if a problem with the order come up. The other one was the
criterion of reliability that expresses the fame that a supplier has.

4 Application to a Food Industry
The proposed model was implemented in a food industry, which needed an improved
supplier evaluation system. Having chosen the evaluation criteria we tested the
proposed model to all the suppliers that the company has cooperated with one-year
period. The proposed model was built in Microsoft Office Excel. The specific
program was chosen because it is widely known with a friendly user interface. Tables
2-3 present some indicative results of the evaluation of a supply, where the company
cooperated with three different suppliers.
The evaluation of a supply takes place in this way: The assessor (the person that
made the order) opens the Excel, where the database of all the suppliers and the
products that the company is being provided, is held. As soon as she/he chooses the
product and the supplier that she/he wants to evaluate she/he gets immediately
information of the supplier’s overall score, its annual evaluation score and the
average score of its past supplies. Then what must she/he does is to simply evaluate
the product that she/he received in the 5 determined criteria. When she/he does that
she/he receives the score of the supply and also the state of the supply.
As the example of Table 2 concerns, it is obvious that the food industry is not
satisfied with the price of the laptops from all the 3 suppliers. It also is clearly
dissatisfied by Supplier C who got a really poor evaluation. At this point it should be
mentioned that if a supply receives a score 5 or lower the company may not accept it
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and ask for a refund. Supplier B did not receive a good score at the criteria of
cooperation and delivery time.
Table 2. Example of the evaluation of 3 different supplies.
Supplier

Product

Price

Quality

Cooperation

Responsiveness

A
B
C

Laptop
Laptop
Laptop

6
4
5

9
9
5

9
6
5

9
9
5

Delivery
time
9
5
5

Table 3. Example of the evaluation of 3 different suppliers.
Supplier Annual evaluation
A
8.12
B
8.08

Average score of supplies
8.02
6.26

C

5.00

5.04

Overall score State of supplier
8.07
Authorized
7.17
Under
superintendence
5.02
Unauthorized

Similarly to the aforementioned example, the evaluation of other products or
suppliers may be applied. The food industry in this way can have all the necessary
and continuously updated information that it wants from the suppliers and keep track
of their performances in detail. The evaluation takes no time and the feedback that
the company gets is really valuable. The annual evaluation of a supplier and the
selection of new supplier work likewise.

5 Conclusions
The proposed model differs from other researches due to the fact that functions as a
tool for the company because it gives the ability to continuously update the provided
information. The process of the constant evaluation of a supply offers the ability to
the Supplier Manager to keep track of a vendor’s performance through the year. But
the proposed model functions not only as a performance measurement tool for the
supplier, but it helps the Supply Manager to find the best supplier for the next order.
As the scores change automatically, she/he can check who has the best overall score
at this time and pick the better one. Moreover the selection of the right criteria gives
the opportunity to the buyer to track the weaknesses of a supplier. For instance a
vendor may have a good score in delivery time and a low one in the quality. So the
company will have the ability to take the right measures the next time it will trust the
same supplier.
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Abstract. The paper addresses the problem of the soil and landscape suffers
caused by an uncontrolled urban sprawl in the Central Bohemia and proposes
an innovative ICT-based solution of the use of computer simulation tools to
increase the level of process-based and law-based knowledge of the concerned
local persons, which makes the effect of greater participation of these local
people involved and responsible for decision-making processes and negotiation
with external developers. This hypothesis was confirmed experimentally by
our project in several settlements of Central Bohemia.
Keywords: lost of soil, landscape suffers, urban sprawl, process-based
knowledge, decision-making.

1 Introduction
Uncontrolled housing development around big cities in the Czech Republic since the
1990s has resulted in an "urban sprawl" devastating the landscape that has brought
about more problems than benefits. Since the collapse of the communist regime in
1989, thousands and thousands of Czechs have fulfilled their dream about an own
nice house outside the urban tumult in the wild but that is yet close to the
"civilization". In the recent 15 years, more than 100,000 family houses have been
built in the 10-million Czech Republic, mainly in former high-quality soil on the
outskirts of big towns. This trend accelerated along with property restitution when
land confiscated by the previous communist regime was returned to a number of
original owners. Extensive housing development was also encouraged by a new law
enabling to easily change agricultural land into building plots that could be sold for a
100 times higher price per hectare.
Unfortunately, the local authorities were often very tolerant to building plans. At
present, however, some mayors of the villages close to cities are more skeptical and
they often strictly demand high sponsors' gifts or investments in the municipality
from developers in exchange for a building permit.
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2 Urban Sprawl
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. It
can be described as an uncontrolled expansion of certain kind of urban build-up into
the free landscape caused by favorable land prices, demand for cheap but modern
estates, etc. Dualny and others write (Dualny, 2001; Frumkin 2004) about harmful
absorption of original small settlement structures, which causes following negative
effects, like the loss of the quality agricultural soil and 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 and
pawning of infrastructure development of the original settlement. While the
population in European cities has risen by 5 percent on average in last 20 years, the
built-up area has increased by 20 percent. This trend is also reflected in the Czech
Republic where the built-up area is now twice larger than in 1930, but with the
almost the same population.

3 Hypothesis
There is a very low level of knowledge in the area of participation in the processes of
landscape planning. But everybody together with many political declarations by the
European Union, like Aarhus agreement and European Regional and Spatial Planning
Charter by the European Council, agree that computer technology can solve the
problem of low community participation of people, which decreases the quality of
life of these people.
BORM (Business Object Relation Modeling) innovation is based on the reuse of
old thoughts from the beginning of the 1990s regarding the description of object
properties and behavior using finite state machines (FSM). Taylor an Goldberg wrote
one of the best books speaking about the applicability of OOP to the business
modeling (Taylor, 1995; Goldberg 1995, Knott 2000).
3.1 The role of territorial planning
Territorial (e.g., urban or spatial) planning is a strategic tool for any construction and
development activities in the landscape. Unfortunately, the public is not concerned
with territorial planning (from the perspective of its impact on the specific life
situations). Citizens and other local actors do not understand it sufficiently. There are
also related subsequent processes of zoning and building permission, which depend
on the territorial planning. In addition, the Czech Republic, several amendments to
the relevant law during the consolidation of Czech legislation with EU legislation
have been performed. Unfortunately, the legal awareness of the local citizens did not
yet fully accept all these changes. Local citizens involved in these processes lack
knowledge about the real impact of territorial planning on their life situations. They
do not know how these processes can be used in their favor, and how these territorial
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activities affect the quality of both private and public life in the settlement. Local
citizens are only dependent on the biased interpretation of various professionals from
external companies representing their interests. Therefore, it is necessary to allow
and encourage the active participation of citizens in these planning decisions that
have a direct impact on the quality of life of affected citizens.

4 The project
We mapped the state of knowledge about territorial planning and building
development among the inhabitants of a very small villages in the Central Bohemian
Region near to Prague megapolis. These people were 8% from the total working-age
population and also did have an experience with the local government. These people
were current of former members of the municipal councils. For comparison reasons,
similar small villages but far from megapolis were also included into our project.
We performed preliminary research on the documentation from these villages. The
results were alarming. The local people did not participate at all in the agendas,
where they have had the last opportunity to comment or protest anything. They
participated only sporadically in the closing phase. Even worst, this inactivity was
also visible in the requirement-gathering phase when the entire planning project has
been started. The alarming situation is seen best in figure 1, which shows the overall
average rate of participation of local citizens in those 40 agendas of their village
development.

Fig. 1 - Preliminary survey - participation on the territorial planning decisions.

4.1 Training our method
We have prepared a set of knowledge maps and simulation models of business
processes created using special computer software for knowledge modeling and
simulation. We have created process models showing the most frequent agendas in
the village, which are related to the problem of the urban sprawl. Also, we identified
three procedural areas, which are included in the agenda of planning, re-planning,
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and land management (which result is zoning). The total number of process models
was seven. (See an example, in figure 2)

Fig. 2 - process step-by-step tracking example

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. BORM is an object-oriented and process-based
analysis and design methodology, which is proven to be effective in the development
of business systems. Further development and recent practical projects in BORM has
been carried out with the support of Craft.CASE Ltd. - the British software
consulting company supporting innovative technologies.
4.2 Method verification
Our method was verified through semi-structured interviews, which were attended by
57 people successively from the same 13 communities, such as municipalities, which
were in the first survey. For each community, it was a group of 2 to 5 people who
were recruited by the snowball technique. Each interview lasted a maximum of 20
minutes including time also time spent for the demonstration of our method so that
the total time for each respondent ranged from about 10 minutes to about 50 minutes.
Because respondents disagreed with a video camera and audio recording on a sound
recorder, there was created a paper sheet with preformed major three issues:
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1) The first set of prepared questions was involved to the current level of knowledge
about the processes of territorial planning and building development before the
application of our method. The difference was in the content of the questions that
were focused more on the subsequent classification of the existing level of
knowledge of the CMM approach (Christiansson, 2011), which can be used for
quality assessment of public administration processes.
(a) Do you have sufficient information on process participants, relevant legislation, documentation,
so that you could initiate such a process and instruct your fellows how and where to participate?
(b) Do you think that your fellows have sufficient information on these processes, their participants,
etc. so that they can provide information on how and where they can involve?
(c) Do you think that the quality of execution of these processes is primarily dependent on the
knowledge and skills of the municipal council?
(d) Do you have in your community some extraordinary person whom you can ask for expert
knowledge? Do you think it is good that the success of the processes depends on this important
person and you do not need to understand?
(e) Do you think that the processes performed in your community formerly in a "firefighting" way
would be performed in the same unaware way if repeated?

2) In the second set of questions, we focused on the training of the new method.
(a)
(b)
(c)
(d)

How much time did you spend to understand this method?
Do you find this method useful in comparison with just reading texts of the relevant laws?
Did you expect these processes are easier or more difficult?
Now, if you know more about these processes, do you remember some event from the past in
which you would behave differently?
(e) Do you want to add something you are missing in our method?

3) Finally, we asked about the effect of the new knowledge about the processes of
territorial planning and building development.
(a)
(b)
(c)
(d)

Will you more involve in these processes?
Do you know how these processes can be used better for your and community benefit?
Do you think that these processes can be used to prevent problems and conflicts?
Do you think that people outside your community (investors, government bodies...) who
participated formerly in processes, did inform you in agreement with your interest?
(e) Do you think that now you can perform these processes with less uncertainty than before?

Our results were obtained from 8% of the total entire population of all working-age
people in these small villages, where they live just hundreds of total residents,
including small children and pensioners. The selection of respondents was random,
and we tried to cover all kinds of residents of working-age. The citizens’ interest was
focused mainly on understanding and possibilities of their role in the private building
permit process, but public interests have had lower priority.
• Processes were carried out flexibly and ad-hoc. Citizens were “event-driven” by
the competent external authorities. (39 respondents, 68% from total)
• From the past, citizens remember situations, in which they could behave
differently, but they did not have knowledge. (39 respondents, 68 % from total)
• In the past citizens were misinformed by biased officials and other external
authorities. (38 respondents, 67 % from total) State officials have acted against
the interests of the state for the benefit of private investors.
• About the method and simulation tool, people would like to add more
functionality of document repository and timing and tracking of a specific process
to remember who and why decided incl. personal contacts. (26 respondents, 46 %
from total) ICT skills were not any problem in this community.
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Very interesting is the finding that there is almost no difference between the two
monitored groups of settlements. The results differ only in the statistical error.

5 Conclusion
The submitted work is interdisciplinary and is focused narrowly on one particular
problem area of deteriorating environmental quality caused by low knowledge of
residents of small villages. Big cities always have enough university-educated
residents who can help their community, but this experience cannot be expected
elsewhere. A little knowledge of legislation and little knowledge of computer-based
skills make the lack of participation in public life. We believe that giving local
people the opportunity of their independent decision via some education is much
better approach than to provide "charitable" consulting services by external experts.
Acknowledgments. The author would like to acknowledge the support of the
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Abstract. The aim of this paper is to investigate the influence of the lunar
period in Greek earthquakes. All earthquakes of magnitude >4 within the
decade 2000-2009 have been classified according to their time distance from
the full moon and studied with statistical methods.
Keywords: Greek Earthquakes, Lunar Triggering, independent Samples TTest.

1 Introduction
Lunar gravity force as a triggering factor of earthquakes is an hypothesis of
discussion statistically examined in the seismological society since the end of the
19th century (Knott 1896; Schuster, 1897), in many different geographical regions as
in (Allen, 1936; Lin et.al 2003). The geological form is dominated by alpine
(marbles, schists, limestones and sandstones) and post-alpine rocks (Neogene and
loose Quaternary formations) (Diakakis et al., 2016).
Greece is located at the front of the collision between two tectonic plates, the
Eurasian and the African, the front part of which is sinking under the former. As a
result although Greece covers 0.09% of the global area it accounts for the 2% of the
global seismicity (Bath, 1983) and it is by far the most seismic country in Europe
(Chalikias, 2012).
In the present paper we investigate whether there exists a statistic significant
correlation between the seismic phenomena in Greece and their distribution in the
lunar time. Data of earthquakes in Greece were used and the correlation was proved
by the usage of statistical Tests.

2 Research Methodology
The data of this researched have been obtained from the detailed catalogue of
earthquakes in Greece and adjacent areas in (Makropoulos et al, 2012). Due to the
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hundreds of the earthquakes that take place every year we constrained our sample on
the ones of magnitude 4 or higher that took place within the ten year period 20002009.
We classified the sample according to the daily distance from the date and
accurate time of the nearest full moon. We defined as 0-day the period consisted of
the 12 hours prior and 12 hours after the earthquake. For the processing of the data
we have used the IBM SPSS Statistics Software Package. With Kolmogorov
Smirnov Test the normality of the data were examined and one sample T-Test were
used to demonstrate the correlation of earthquakes and the effect of Lunar
Triggering.

3 Statistical Analysis
From earthquake data collected from the period 2000-2009, we observe that 59%
of the earthquakes occur during the period beginning 6 days before and ending 6
days after the day of the full moon (Table 1), while a large majority, 81.3% of the
earthquakes occur during the period beginning10 days before and ending 10 days
after the day of the full moon (Table 2).
Table 1. Time distance between earthquakes and the full moon
Cumulative
Time Distance from
Daylight Saving Day

Count of

Percent of

earthquakes earthquakes

(counted in days)

percent of
earthquakes

7 and more

53

39,6

40,2

Up to 6

79

59,0

100,0

132

98,5

2

1,5

134

100,0

Total
Missing
Total
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Table 2. Time distance between earthquakes and the full moon
Cumulative
Time Distance from
Daylight Saving Day

Count of

Percent of

earthquakes earthquakes

(counted in days)

percent of
earthquakes

11 and more

23

17,2

17,4

Up to 10 days

109

81,3

100,0

Total

132

98,5

2

1,5

134

100,0

Missing
Total

The normality test for the time distance between earthquakes and the full moon
was then performed. The test revealed that the time distance variable follows the
normal distribution with mean time distance -0.34 days and standard deviation of
7.34 days.
The t-test, performed for the time distance of 6 day had the results shown in Table
3.
Table 3. t-Test
Test Value = 6
t

Df

Sig. (2-tailed)

Mean Difference

95% Confidence Interval of the
Difference
Lower

V16

,147

131

,883

,05303

-,6594

From the results of this statistical analysis we cannot exclude the research
hypothesis that the average time distance between earthquakes and the full moon is 6
days.

4 Conclusions
Although there is not a satisfactory model on the effect of lunar triggering the
discussion has come recently to the surface due to results that relate statistically
earthquakes of high magnitude with the lunar phases (Ide et.al. 2016). It is easy to
conclude that except the wavelet analysis (Haigh et.al., 2002) statistical methods can
be used in order to examine the connection between the earthquakes and the effect of
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Upper
,7654

the Lunar Triggering. The present work focuses on the large-scale earthquakes that
took place within a decade in Greek territories. The result proves a connection
between the time that earthquakes take place and the effect of the Lunar Triggering
(more earthquakes take place near Lunar Triggering days. Furthermore it is of
interest the distribution of the intense of the earthquakes to be examined.
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Abstract. The objective of this paper is to research and forecast the global new
investment in renewable energy. The classification of renewable energy was
presented. Modern trends and prospects of wind power, solar energy,
hydropower, bioenergy and geothermal energy are investigated in the article.
Investments in developed countries and developing countries, depending on
the type of renewable energy are analyzed by the authors. The model for
research and forecasting of investment in renewable energy based on annual
data for the period 1990-2015 years was built. In addition, authors used
methods such as moving average, exponential smoothing, Holt-Winters
method and different types of trends based on quarterly data for 2004-2016
years. The forecast of global new investment in renewable energy till 2025 is
presented.
Keywords: Alternative energy, renewable energy, investment, "Green
energy", regression analysis.

1 Introduction
XXI century considered to be the century of the environment. This means that next
decades will be decisive for the natural conditions of future life on our planet. A
"revolution in the energy sector" - is a project of our generation (Facts about
Germany, 2015). The renewable energy is among most important themes on political
arena. Renewable energy (wind energy, bioenergy, solar energy, hydropower and
geothermal energy) based on inexhaustible sources is environmentally friendly and
the least danger to human health; it reduces dependence on imported energy. Also it
is the basis for ecologically sustainable energy in industrial countries and developing
countries (Dena, 2013).
Literature Review. Pollution, global warming, climate change are commonly
recognized as negative externality of power generation under fossil fuels (Hoel and
Kverndokk, 1996), (Rosendahl, 1998). Renewable energy sources have been claimed
to generate externalities that are more positive. The supply of energy from
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renewables are generally seen as inherently less polluting, with no significant
Greenhouse gas emission during the operation. With the maximization of renewable
energy production, CO2 emissions (Moran and Sherrington, 2007) might be reduced
as well as energy imports. Renewable energy generation is held to contribute mostly
to energy security (Borenstein, 2012), through reduction of external dependence on
foreign fuel import and debt (Vaona, 2016), and through the diversification of energy
sources (Lucas et al., 2016). Renewable energy consumption highly influences
economic growth (Inglesi-Lotz, 2015). It has a large potential to contribute to the
sustainable development of specific territories by providing them a wide variety of
socioeconomic benefits (Del Rio and Burguillo, 2009), (Bindzi Zogo Emmanuel
Cedricka and Pr. Wei Long, 2017).

2 Research of global new investment in renewable energy
Global new investment in renewable energy was USD 285.9 billion in 2015 (fig. 1),
as estimated by Bloomberg New Energy Finance (BNEF, 2016). This represents a
5% growth compared to the previous year and exceeds the previous record of USD
278.5 billion achieved in 2011 (REN21, 2016).
Investment in renewable
energy, billion dollars

Developed country

Developing country
279
257
239

300
154

200

182

179

112

100
0

45

164

73

108 121 113
29
83
20
46
61
66
36 9 53

75

World
273 286
234

190
151
89

136

106

98

142 130
131 156

2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
Fig. 1. Investment in clear energy in 2004-2015 (BNEF and REN21, 2016).

Reduction of investment in 2012-2013 after several years of growth was due in
part to uncertainty over incentive policies in Europe and the United States, and to
reductions in support in some countries. Europe’s investment was down 44% from
2012, and, for the first time ever, China alone invested more in renewable energy,
than all of Europe combined. The global decline also resulted from sharp reductions
in technology costs. This was particularly true for solar PV, which saw record new
installations in 2013, despite a 22% decline in dollars invested (REN21, 2014).
Increase in investment in 2014 was caused by the boom in solar power
installations in China and Japan, totaling USD 74.9 billion, and a record USD 18.6
billion of investment for offshore wind projects in Europe. Overall, more than a
quarter of new investment in renewable energy (USD 73.5 billion) went to smallscale projects in 2014 (REN21, 2015). Asset finance of utility-scale projects, such as
wind farms and solar parks, was the dominant type of investment in 2015 with USD
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199 billion amount. It is 6% above 2014. Small-scale solar PV installations
accounted for the remainder, at USD 67.4 billion worldwide (REN21, 2016).
This growing consideration for renewable energy technologies is predominantly
assigned to the un-priced side-effects of electricity generation from conventional
fossil fuels through their impacts on climate, human health, crops, structures and
biodiversity, which are typically expressed as externalities (El-Guindy, 2013),
(Bindzi Zogo Emmanuel Cedricka and Pr. Wei Long, 2017).
A comparative study of renewable energy investments of developed versus
developing countries shows that, even though in 2004, developed countries have the
majority of new investments, almost four times more than the developing countries.
The gap slowly closes and now developing countries almost matched the investment
of developed countries (Voica et al., 2015).
For the first time in history, in 2015 total investment in renewables in developing
countries exceeded the same figure in developed economies. The developing world,
including China, India and Brazil, committed a total of USD 156 billion, up 19%
compared to 2014. China played a dominant role in this turnaround, increasing
investment by 17% to USD 102.9 billion. It is 36% of the global total. In 2015,
renewable energy investments also increased significantly in India, South Africa,
Mexico and Chile. Other developing countries, including Morocco, Uruguay, the
Philippines, Pakistan and Honduras, invested more than USD 500 million in 2015.
By contrast, investments in renewables in developed countries declined by 8% in
2015, to USD 130 billion. The most significant decrease in investment was seen in
Europe, down 21% to USD 48.8 billion, despite its record year financing offshore
wind (USD 17 billion, up 11% from 2014). In the United States, investment
increased by 19% to USD 44.1 billion. It was the country’s largest increase since
2011.
The shift in renewable energy investment from developed to developing
economies is not surprising, as the latter ones have rapidly rising electricity demand
and the need in the most additional power generation capacity (REN21, 2016).
Developed countries did a lot of research and development in this field and as the
costs of renewable energy capacities tend to get cheaper and therefore accessible to
lower income countries. Another conclusion might be that the financial crisis had a
bigger impact on developed countries than developing ones as it is seen in the period
2008-2010 (Voica et al., 2015).
Trends in renewable energy investment varied by region in 2015, with increased
investments in China, India, Africa and the Middle East, and the United States, and
decreased investments in Canada and Europe. In 2015, the top 10 national investors
consisted of six developing countries and four developed countries: China (USD
102.9 billion), the United States (USD 44.1 billion), Japan (USD 36.2 billion), the
United Kingdom (USD 22.2 billion), India (USD 10.2 billion), Germany (USD 8.5
billion), Brazil (USD 7.1 billion), South Africa (USD 6.5 billion), Mexico (USD 3.9
billion) and Chile (USD 3.4 billion).
Investment by technology. In 2015, solar power was the leading sector with the
amount of USD 161 billion (up 12%), or more than 56% of total new investment in
renewable energy. Wind power followed with USD 109.6 billion, or 38.3% of the
total (up 4%). The remaining 5.7% was made up of biomass and waste-to-energy
power (USD 6 billion), biofuels (USD 3.1 billion), small-scale hydropower (USD 3.9
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billion), geothermal power (USD 2 billion) and ocean energy (USD 215 million).
Other technologies faced investment decline comparing to 2014: geothermal was
down by 23%, ocean by 42%, biofuels by 35%, biomass and waste-to-energy by 42%
and small-scale hydropower by 29%.
Until 2014, developed countries (namely Germany, Italy and Japan) were
dominant investors in small-scale solar power. In 2015, China, India, Chile, South
Africa and other developing countries ramped up deployment of both utility-and
small-scale investment in solar PV, and to some extent CSP, closing the gap to less
than USD 1 billion; solar power investment in developed countries was USD 80.8
billion, compared to USD 80.2 billion in developing economies. A similar trend has
been seen with wind power. In 2015, developing countries invested USD 67.4 billion
in wind power, while developed countries invested only USD 42.2 billion.
Large-scale hydropower (projects greater than 50 MW in size) was the third most
important sector for renewable energy investment in 2015 (after solar and wind
power). BNEF estimates that asset financing for large-scale hydropower projects
reaching financial go-ahead in 2015totaled at least USD 43 billion (REN21, 2016).
Different financial actors contribute to varying technology directions: some have
balanced portfolios, while others have strongly directed ones toward particular
technologies, where particular actors may have a disproportionate influence on a
technology's deployment. Actors also differ in their risk direction towards high or
low-risk technologies, with private ones favoring low risk much more than public
ones, and individual high-risk technologies pushed mainly by just two or three
financial actors (Mazzucato and Semieniuk, 2016).
«Green energy» and fossil fuel. In 2015, global investment in new renewable
power capacity, at USD 285.9 billion, was twice higher comparing to the USD130
billion allocated to new coal- and natural gas-fired generation capacity. This
represents the largest difference in favour of renewables to date (REN21, 2016).This
trend is forecast to continue for the rest of this decade (Word Energy Outlook Special
Report, 2015), (Mazzucato and Semieniuk, 2016).

3 Construction of econometric models for forecasting of global
new investment in renewable energy
To investigate the dynamics of investment in "green energy", annual data for the
period from 1990 to 2015 was selected. Here are the main indicators (factors that can
influence the investment): global GDP, population, CO2 emissions, electricity
consumption per capita. Optimal regression is (Table 1):
Investment = 28636.48 – 918.73*ln(CO2) + 228.18*ln(GDP) + 0.72*energy - 966.51*ln(Population).
The model is adequate (p-value = < 2.2e-16 <0.05), all regression’s coefficients
are significant (Pr (> | t |) <0.05) with the level of reliability of 95%. The coefficient
of determination R2 = 0,97, which indicates the close links between the factors and
modeled indicator. To test the effectiveness of the model, authors built forecast for
2016 year with an error RMSPE, which is 9.3%.
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Table 1. Regression lm(Investment~log(CO2)+log(GDP)+log(Population)+energy), that was
built on data from BNEF and World Bank at program RStudio Desktop
Coefficients
(Intercept)
log(CO2)
log(GDP)
log(Population)
energy
Multiple R-squared:
F-statistic:

Estimate
28636.4792
-918.7265
228.1770
-966.5102
0.7212
0.9747
202.6 on 4 and 21 DF

Std. Error
t value
5665.3723
5.821
352.3050
-2.937
85.8766
2.975
183.9643
-5.391
0.1265
5.700
Adjusted R-squared:
p-value:

Pr(>|t|)
8.89e-06
0.0079
0.0072
2.39e-05
1.17e-05
0.9699
< 2.2e-16

However, the model is characterized by heteroscedasticity and autocorrelation.
After the usage of the method of weighted least squares, the following model was
built: InvestmentW = 27872.94*x0 + 193.69*logGDPW - 1069.36*logCO2W +
0.78*energyW - 777.11*logPopulationW. To test the effectiveness of the model,
authors built forecast for 2016 year with an error RMSPE, which is 12%.
The usage of the method of generalized least squares did not help get rid of
autocorrelation, because there is higher-order autocorrelation (the criterion of
Broysha-Godfrey with reliability level of 95% show, that exists autocorrelation of
fifth order).
To check the seasonality, authors use quarterly data of renewable energy
investments in the period 2004-2016 years and construct regression: Investment =
=b0+b1t+b2S1+b3S2+b4S3, where t - the trend; S1, S2, S3 - dummies for the 1st, 2nd
and 3rd quarters, respectively. The fourth quarter is considered as basic.
Assessing this regression, using the method of least squares and checking the
hypothesis about the significance of factors, following model was built:
Investment=19.30+1.19*t–8.47*S1+4.83*S2–3.81*S3,
in
which
significant
coefficients are only b0, b1, and b2, that is showing the relationship between the
volume of investment in "clean" energy, trend and a dummy variable for the first
quarter. Investments in the first quarter always decrease, as indicated by a negative
factor.
Usage of the moving average, exponential smoothing, and Holt-Winters method
for investigate of investments in "green energy" allows you to get forecasts in which
the error RMSPE ranges from 5% to 15%. Among all available trends the most
accurate forecast can be obtained by constructing logarithmic trend (y=20,7*ln(x)13,4), in which error RMSPE is about 17.6%.
Using of neural networks for investigate of investments in "green energy" allows
you to get forecasts in which the error RMSPE is 9.2%. Errors are small and this
information system for forecasting (regression model, neural network and other
methods) can be used to predict the future dynamics of investment in "clean energy"
(fig. 2).
The growing importance of renewable energy in addressing climate change and
improving energy security will boost renewable energy investment growth in the
coming years. The analysts predict the global renewable energy investment market to
exceed USD 320-350 billion by 2020.
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Fig. 2. Forecast of global new investment in renewable energy.

4 Conclusion
Calculation of experts of climate change estimates that investments in water,
agriculture, telecoms, power, transport, buildings, and forestry should reach 5 trillion
USD per year to 2020, to achieve a sustainable growth. This effort cannot be made
from public resources; therefore, more attention must be steered in attracting private
finance, by creating suitable policy for it. There are additional incremental
investments needs of 0.7 trillion USD per year, for clean energy infrastructure, lowcarbon transport, energy efficiency and forestry, to limit the global average
temperature increase by 2○C above preindustrial levels (The Green Investment
Report, 2013), (Voica et al., 2015).
Built econometric models can be used to predict the future dynamics of
investment in renewable energy.
Renewable energy sources are set to represent almost three quarters of the $10.2
trillion the world will invest in new power generating technology until 2040, thanks
to rapidly falling costs for solar and wind power, and a growing role for batteries,
including electric vehicle batteries, in balancing supply and demand.
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Abstract. Pears require a substantial number of inputs for satisfactory yield
and quality. High inputs increase costs, reducecompetitiveness and induce
environmental problems. In thecurrent study the environmental profile of a
pear orchard, located in central Greece, was developed under different
agricultural practices. More specifically, the environmental impacts of using
different nitrogen (N) fertilizer application techniques (uniform and variable
rate application, VRA) were revealed and compared. UsingN VRA, less N was
used, offering cost reduction to the farmer. A Life Cycle Assessment was
performed, following the ISO standards. The results showed that 55 % of the
total emissions to air in the Particulate matter impact categorywere due to
nitrogen oxide and ammoniaderived from fertilizer use. Moreover, carbon
dioxide fossil and dinitrogen monoxide emissions to air coming also from
fertilizer production and application were significant contributors to Climate
Change exceeding the amount of 80% of the total emissions in this impact
category.
Keywords: Nitrogen application, LCA, Variable rate application, GHG,
Precision farming

1 Introduction
LCA methodology was frequently applied in the fruit sector during the last ten years,
giving a preference to the evaluation of the agricultural production stage. Several
studies concluded that young tree growing stage was the most impacting phase in the
life-cycle of fruits (Ingrao et al., 2015). Mila i Canals et al. (2006) applied LCA to an
apple orchard in an attempt to find the environmental profile of the apple orchards
and to identify the hotspots in the production system studied. In that 2-year research,
he found that more that 50% of most impact categories results are due to energyrelated emissions. He noticed that energy consumption deriving from mechanization
(including machinery production) should be a focus of attention. A cradle to market
study on commercial pear orchards identified the environmental hotspots regarding
only fossil fuel use and greenhouse gas (GHG) emissions in the field production part
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of the supply chain (Liu et al., 2010). They found that fertilization mainly with
synthetic fertilizers (since emissions from manure were ascribed to livestock
production) and the use of agricultural machinery were the most important
contributors to the total of GHG emissions, while more fossil energy was used for
irrigation and machinery. A number of relevant impact assessment indicators were
chosen to reveal the environmental performance of the agricultural stage in a foodsector study. The results showed that farm stage almost in all impact categories had
the higher contribution, e.g., 90% of water footprint, 60% of carbon footprint from
which 40% came from nitrogen fertilizer application (Dinitrogen monoxide (N2O)
emissions) and 41% from fertilizers and pesticides production.
The present report describes a complete environmental impact research using the
LCA methodology. Following the basic steps of a life cycle analysis, the report starts
with the goal and scope of the study. In this section the pear orchard is described and
the objectives of the study are stated. The important elements of the system
boundaries and the functional unit are defined as well. The inventory is the next
section of the report, where all the inputs and outputs are presented, as well as the
equations needed to calculate the emissions from resource consumption. Moreover,
the main assumptions concerning the land use, the production stages, the cultivation
system of the pear orchard, and the scenarios needed to show the robustness of the
results, are also reported, along with allocation, quality of the data and the default
impact assessment method. Result section is coming next where the impacts are
quantified using the endpoint and the midpoint method of life cycle impact
assessment (LCIA). The software SimaPro 8.0.4.30 (PRé Consultants, Amersfoort,
NL) was adopted to analyze all the LCIA steps, characterization, normalization and
weighting. At the end of this report the discussion of the results is presented

2 System’s Functions and Functional Unit
The main objective of the study was to develop the environmental profile of the
particular pear orchard under different agricultural practices. More specifically, the
ultimate aim was to reveal and compare the environmental impacts of using different
N fertilizer application techniques (uniform and VRA). Many environmental research
studies have focused on N application on several crops. This probably is due to the
fact that local over-fertilization may enhance nitrate leaching and thus decrease
ground water quality. Over fertilization may also induce NH3 volatilization and N2Ο
emissions leading to acidification and increased GHG emissions. An additional
motivation for studying the environmental effects of fertilization is the high cost of N
fertilizers. Furthermore, there is a need to investigate the magnitude of the impacts
induced from fertilizer usage compared to the impacts of other inputs in the system,
like the use of pesticides, the production phase of all the agrochemicals and the
energy consumption represented by the diesel use in the different agricultural
processes. Another objective was to suggest improvements and to detect research
needs. The goal was to perform a multiple impact category LCA following the ISO
standards for LCA 14040 and 14044 as close as possible.
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The functional unit (FU) is a fundamental element in every LCA study. The
‘function’ in the sense of an LCA function means to quantitatively and qualitatively
specify the analyzed product. This is generally done by naming and quantifying the
qualitative and quantitative aspects of the function(s) along the questions of “what”,
of “how much”, of “how well”, and of “for how long” (Production Environmental
Footprint Guide, PEF, 2013). This reference or FU provides the quantitative aspect
(“how much”) to allow for comparability between different product systems. The
reference flow is the amount of product or activity required to fulfill the FU.
Typically, life cycle inventory (LCI) data rely on a chosen reference flow. Usually
agricultural datasets, i.e. crop products, are based on a mass reference of one
kilogram (1 kg) of output fresh product. However, the FU could be represented in the
inventory by the unit of land hectare (ha). Productivity per hectare is an important
parameter that influences the impact per unit of the product. Also, productivity is
related to the amounts of inputs that are used. Nevertheless, using hectare as FU,
productivity is not considered. According to Milà i Canals et al. (2006), a mass based
functional unit is adequate when only analyzing the agricultural stages of the life
cycle of fresh product for descriptive purposes.
In the present study the reference unit was defined as the 1 kg of pears,
unpackaged, at farm gate. This means that the LCA study is a cradle- to –gate study,
which means that includes all the processes until the pear fruit is harvested at the
farm. So, the “what”, is recently harvested pears of the cultivar Coscia from a pear
orchard located in Tirnavos, Central Greece. Since this particular cultivar, Coscia,
cannot be stored for long periods at refrigerators, the time period of the fruits being
consumable (“how long”) is limited to almost one month. After this time the ripening
phase of the fruits proceeds very fast to end up to wastes.

3 Results
All the emissions of substances to air, water and soil from the pear orchard
production phase (include all the inputs to the field) are represented by Pear Orchard
in the graph of Figure1. The pear production system is almost exclusively responsible
for the emissions in the Terrestrial ecotoxicity and Agricultural land occupation
impact categories. The Terrestrial ecotoxicity category include the emissions coming
from pesticides application and concerned emissions to the soil, while in the
Agricultural Land occupationcategory the impacts are due to the land use for specific
period of time. The Average fruit yield (20.3 t/ha) for the whole life span of the pear
orchard is smaller compared to the global average pear production. Thus, land
occupation is found to be 0.05 ha*year/ton of pears, justifying a high impact of
Agricultural land occupation in this pear study. Also Pear Orchard group covers a
substantial part of the Particulate matter formation due to NOx and NH3 and of
Climate Change due to N2O and CO2. These air emissions are all produced from the
use of fertiliser inputs in the orchard. Finally, in water depletion the negative
percentage represents the water irrigation pumped from the ground for the pear fruit
yield.
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The diesel consumption in tractor operation, petrol consumption in transportation
and electricity use in irrigation are represented from the Operation in the graph. As it
is depicted mainly in Water Depletion impact category and consequently in
Particulate matter formation and Climate Change the operations show significant
contribution.
Concerning the background processes it seems that the agricultural machinery
production and the maintenance of all the equipment and machinery used, which are
included in the Capital goods, has an important contribution in the majority of the
impact categories. This result was confirmed by Audsley et al., (1997), who stated
that it is necessary to include not only the impacts derived from the use of the
machinery (mainly from fuel consumption), but also the impacts arising from the
production of the machines themselves. However, in the present study the
agricultural machinery production and maintenance have been higher than the
research done by Mila i Canals et al. (2006), where the proportional impacts of
machinery production were ascribed to the different operations on the basis of use
time as a proportion of the predicted useful life-time of the machine.

Fig.1. Processes contribution to the most significant impact categories
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Abstract. Monitoring of production processes in the agricultural and food
sector can provide significant advances in equipment life and product quality
and furthermore improve visibility and trackability in the digital supply chain
context. On the other hand, automation and control are of major importance for
flexible and sustainable production systems that minimize labor costs reduce
down time and operation and maintenance (O&M) costs. In this context, an
efficient Monitoring and Control software Tool (MCT) for assessing the
operation data of an olive oil production facility is proposed. The design
architecture of the system is presented followed by practical implementation
data obtained at a small industrial scale olive oil producing facility. Initial
results and information obtained constitute a solid basis on which to found a
future full-scale application of the proposed tool to monitor all stages of the
production facility.
Keywords: monitoring and control, process and production data, olive oil
production.

1 Introduction
Olive oil constitutes a major product in the area of the Mediterranean and a key
ingredient of the diet of the region. Furthermore, its production is a major source of
income for thousands of farmers in a significant number of small to medium scale
production facilities. It is therefore imperative to perform research on how to
optimize both the olive cultivation (Orellana et al., 2011) and the production process
of olive oil as this will have a direct effect on the quality of the final product
(Kalogianni, 2015; Ortega et al., 2016; ), on waste and energy management and thus
on the economy of the process and the competitiveness of the associated businesses.
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Modern Information and Communication Technologies (ICT) can certainly play a
key role in the pursuit of enhanced product quality in the food sector. In particular,
monitoring and control systems and tools can improve visibility and trackability,
creating a digital supply chain in a production process, thus help assess key data and
plan interventions in the production facility in order to optimize the performance and
efficiency of the production cycle and the quality of the final product. For example,
Jimenez et al. (2008) propose the development of a dedicated system based on an
artificial neural network for real-time prediction of the moisture and fat content in
olive pomace using two-phase olive oil processing. A similar approach of using a
method based on Neural Networks (NN) is also presented in Jiménez et al. (2008)
and Jiménez et al. (2009) in an effort to optimize the operation of the Horizontal
Centrifugal Decanter (HCD) in the olive oil production process. Esposto et al. (2009)
propose the use of a specialized analytical system (EOS – Electronic Olfactory
System) with a total of six (6) metal oxide sensors (MOS) installed only in the
malaxer. A similar system (EOS) with six (6) MOS has been also used by LermaGarcía et al. (2009) for the monitoring of the oxidation level of the Virgin Olive Oil
(VOO). Escuderos et al. (2013) propose the use of 14 tin dioxide sensors (SnO2) used
for the analysis of olive oil production, however, at the expense of complexity and
use of custom made sensor technology
The current paper presents the design and pilot test application of a Monitoring
and Control software Tool (MCT) in a small industrial-scale olive oil production
plant used for research and educational purposes located at the Alexander
Technological Educational Institute of Thessaloniki (ATEITh). Compared to the
work presented above, the proposed system is characterized by its simplicity using
widely available sensors, and the use of common industrial protocols, its flexibility in
operation and its ability to present real-time information in what’s most important,
a user-friendly interface. Initial results are encouraging about the potential use of
the tool to obtain and visualize important information to assist in the assessment of
key data in the production process.
The paper is organized as follows: first the system layout and architecture is
presented with details of its characteristics, followed by a description of the pilot test
facility. Then, the developed software and its use in the test rig facility is presented
with a description of the scaling up procedure of the application of the tool to include
all key parameters in a small scale olive oil production unit.

2 System architecture
The basic principle of the system architecture is to have a modular structure with
discrete layers that can be easily integrated into a seamless application. The overall
system architecture includes four (4) layers:
• A layer including embedded sensors of various types located at various
points along the production line
• A data aggregation layer using a standard microcontroller or a
programmable logic controller (PLC)
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• A data manipulation layer using an industrial computer where the web
server components and the applications are installed
• An on-line data monitoring and visualization layer, with (i.e. remotely) or
without (i.e. locally) a web based interface.
The basic system architecture is presented below:

Fig. 1. MCT system architecture

Embedded production sensors provide raw data to the microcontroller/PLC with
the use of external hardware interfaces and dedicated firmware software. The
microcontroller handles raw data by using specific sampling rates and finally
supports bidirectional wireless or wired data communication with the mainframe
computer.
The MCT recognizes the available sensors for each recording, schedules
recordings at specific sampling rates, provides data visualization screens for all
sensors (real-time and historical values of the sensor), identifies out of range values
and provides appropriate feedback to the system and the user and finally saves the
recording in the popular XML (eXtensible Markup Language) format. Moreover the
proposed tool can compare specific sensors from historical data and export historical
recordings to the popular comma separated values (CSV) format for promoting
interoperability with third party software. The tool is developed in the C#
programming language.

3 The test rig facility
Experiments were performed using a small industrial-scale (nominal capacity 500
kgolives/hr) olive oil production unit (Alfa Oliver 500, Alfa Laval) located at ATEITh
(Figure 2). The scale of the plant allowed taking into account process variables and
their variations in an actual production scale. The unit consists of olives washing and

286

leaves removal machine, a toothed disc crusher combined with a pit removal system
(operated optionally), 2 malaxers with capability of simultaneous operation under
different conditions (temperature, modified atmosphere, open/closed, paste dilution
rate) a two-phase decanter and a disk centrifuge both with capability of regulating
process temperature and water dilution rate. The processing plant is completed by
two temperature regulated water tanks one for dilution at different process stages and
the other for temperature regulation of the malaxers.

Fig. 2. Olive oil production facility at ATEITh

The operation of the production facility is controlled via a panel located in the
central part of the unit. It is important to note that the user interface of the application
is rather minimal, allowing only basic information to be viewed in small displays, a
fact that necessitates the presence of an operator to record key data about the
production process. Therefore, no analytical data, sampled and manipulated at a
frequent and regular basis can be obtained, nor is it possible to keep a detailed
historical track, to facilitate the assessment of the production process and most
importantly, its effect on the quality of the final product.
The production facility has a control panel with four TLK-31 microcontrollers that
communicate through the RS-485 shield (Figure 3) using the MODBUS - RTU
industrial protocol (Kunte and Shaikh, 2015).
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Fig. 3. MODBUS - RTU Industrial Protocol.

The temperature sensors and the flow sensors provide data via a standard
microcontroller, in this case an Arduino Mega, to an off-line computer which
processes the data and acts as a server. The Arduino Mega is connected to the Server
using the APC 220 (418-455Mhz) wireless radio communication antennas (Figure 4).

Fig. 4 APC 220 wireless radio communication antennas.

4 Developed Software
The initial pilot case application included the incorporation of four PT-100 sensors
connected to the TLK-31 microcontrollers. Two of the sensors were located in the
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malaxers and the other two in the water tanks. The system has also the ability to
connect to up to four flow sensors (G1/2'' OF-201, 1-30 L/min, 3-12V DC, Accuracy:
+/- 0.5%, max pressure: 0.5 MPa at 20 oC) for measuring water or oil quantities. All
sensors have been calibrated before connecting them to the Arduino Mega
(ATmega1280 microcontroller). Suitable, user-friendly interfacing has been
developed and the user can monitor and store information in a compact and efficient
manner. At a first level, the number of sensors, sample rates and scheduling options
can be easily adjusted, as seen in the Figure 5:

Fig. 5. Recording parameters

Excess limit information can be easily captured (textbox with the red background
color in Figure 6). Different visualization patterns (e.g. lines, bars etc.) can be used,
as seen in Figure 6:

Fig. 6. Data visualization options

The user has also the option to save the current session and then view/compare
sensor information from multiple recordings to assist the assessment procedure. Last
but not least, the user can export a recording session in a popular format like
Microsoft Excel for easier manipulation, as seen in Figure 7:
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Fig. 7. Data export capabilities

Finally, the server runs the Apache Web Server and the MySQL database in order to
publish data to the remote users. Users can log in to the web interface tool, perform
real time monitoring of the olive oil unit operations and analyze past recordings
(Figure 8).

Fig. 8. Web-Based Monitoring tool.

5 Scalability potential
From the analysis presented above, it is clear that the proposed MCT is a valuable
tool for the operator to obtain a thorough and clear picture of key data about the
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production process that enables the assessment of the operation, the identification of
points where key adjustments can be made furthermore recorded data can be used to
correlate final product quality with key process variables.
Further work is underway to expand the potential suite of measurements and
provide a scalability potential of the method. Important issues that are currently
under investigation include:
• To increase of number and type of sensors (e.g. flow, pressure, etc.) in order
to measure and control process variables and in order to perform in-line rapid
measurements of olive oil quality
• To obtain a tool that enables in-depth research of process variables on olive
oil quality
• To obtain a critical mass of recordings that will allow useful correlations
between the quality of the final product and key variables in the production
process.
• To enhance the applicability of the method by introducing a fully functional
web-based approach where users can remotely manage olive oil facility.
• Το develop suitable educational material and enrich the educational process
at ATEITh both for students of the agricultural/food sector and the
IT/automation sector, based on the application of the tool.

6 Conclusions
In the previous section the design and development of a Monitoring and Control
Software Tool for enabling the better assessment of key data in a production line has
been presented. Initial tests have been performed for an olive oil production unit
facility located at ATEITh using real time measurements from a set of temperature
sensors. These tests showed the capability of the system to display in a user-friendly
manner and record valuable process data (temperature and flow rate for the moment)
which can be further used for valuable correlations between process variables and
quality as well as an input for process control. The preliminary results obtained show
the great potential of the tool to assist in the assessment and better operation in
general of the production process. Further work is underway to scale up the
application up to its full potential.
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Department of Food Technology of the Alexander Technological Educational
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Abstract. The aim of this work was a neural identification of selected apple
tree orchard pests in Poland. The classification was conducted on the basis of
graphical information coded in the form of selected geometric characteristics
of agrofags, presented on digital images. A neural classification model is
presented in this paper, optimized using learning files acquired on the basis of
information contained in digital photographs of pests. There has been
identified 6 selected apple pests, the most commonly encountered in Polish
orchards, has been addressed. In order to classify the chosen agrofags, neural
networks type SOFM (Self-Organizing Feature Map) methods supported LVQ
(Learning Vector Quantization) algorithms were utilized, supported by digital
analysis of image techniques.
Keywords: classification of apple pests, neural modelling, computer analysis
of the digital image

1 Introduction
Apples are one of the more important horticultural commodities, mass produced in
Poland. Apple production, comprising roughly 70% of fruit crops (over 80% of tree
fruit crops) is conducted by approximately 242 thousand specialized firms [15]. It is
worth to notice that Poland is among the leading producers and exporters of apple
concentrate worldwide. An important issue related to apple production is the matter
of effectively protecting the plantation against pests [18][11]. Efficient plant
protection is possible only after correctly identified the pests and their
feeding[16][19].
Neural image analysis is a relatively new branch of information technology
[27][28][2][26][21]. With increasing frequency it finds practical employment, as
computer assistance for processes performed during recognition of objects displayed
in graphic form, among others. In the above context, methods and techniques of
extracting information coded in digital images, performed mostly on the basis of
previously defined characteristic attributes, become important [17]. During
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identification, and then extracting the data embedded in digital images, an important
role is played by artificial neural networks SOFM (Self-Organizing Feature Map)
type, taught without supervision (unsupervision), i.e. generated using the “without
teacher” technique [1][12][20]. It is worth noting that in the process of taught of
neural networks new input signals providing the output of results in real time. Due to
their properties, neural models more and more commonly find practical applications
[25][10][17][5][6].
In this work research was conducted with the aim of assisting decision-making
processes occurring during apple production [13]. With crop protection in mind, the
problem of identifying 6 selected apple pests, commonly occurring in Polish
orchards, was considered. Chosen graphical parameters characterizing only the
geometric properties were assumed as characteristic properties allowing for
identification of a given pest.
The aim of the work was to using a SOFM neural classifier and LVQ algorithm
designed to recognize apple orchard pests based on digital photographs. Accordingly,
a set of neural classification models was designed and constructed.

2 Materials and methods

2.1 Materials
Apple trees can be infested with numerous kinds of pests, but only a few of them
occur in production orchards. The research material used in order to solve the
established problem was a group of 6 pests most commonly feeding on apple
orchards and posing the greatest threat to apple trees. For the purpose of capturing
feeding pests, pheromone traps were utilized [8][23]. Next, a series of pictures and
the binary representation of the 6 selected pests was taken (Fig. 1):

Fig. 1. The 6 selected apple pests (1…6) [24]
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1) Apple bossom weevil [Anthonomus pomorum (L.)] COLEOPTERA,
CURCULIONIDAE
2) Apple leaf sucker [Cacopsylla mali (Schmidb.)] HEMIPTERA, PSYLLIDA
3) Apple moth [Yponomeuta malinellus (Zell.)] LEPIDOPTERA,
GRACILLARIIDAE
4) Codling moth [Cydia pomonella (L.)] LEPIDOPTERA, TORTRICIDAE
5) Apple clearwing [Synanthedon myopaeformis (Borkh.)] LEPIDOPTERA,
SESIIDAE
6) Apple aphid [Aphis pomi (De Geer)] HEMIPTERA, APHIDIDAE
2.2 Methods
The pattern of conduct is shown (Fig. 2.):

Fig. 2. The pattern of conduct

For the purpose of constructing the neural classification model Kohonen type, the
neural network simulator implemented in the Statistica v.10 suite was used
A neural LVQ (Learning Vector Quantization) model
Neural networks type LVQ (introduced by Tuevo Kohonen) are modeled on the
typological properties of the human brain, in particular in cortex and is an example of
neural networks teaching with forcing [3]. Because of their unsupervised learning
methods, such networks are also known as SOFMs (Self-Organizing Feature Maps).
By transforming output values (in the course of post processing), LVQ networks
produce a nominal output variable which, for better perception, is commonly
presented in the form of a two-dimensional grid of nodes. Each value of the variable
represents a single class with its corresponding adequate neurons found in the
network output layer. The link between a neuron and a given class is indicated by the
a priori prescribed label containing class name. Each time a taught network is used
and an input signal appears, a winning neuron (one with the highest level of
activation and the best match between the weight vector and the input vector
presented to the network) is designated. The structure allows for defining the output
layer of the LVQ network in the form of a two-dimensional "map" which models a
multidimensional set of input data [3].
The structure of a LVQ network is usually defined as a two-layer network. It
comprises an input and two-dimensional output layer in which the data presented on
the input are processed. The output layer (Kohonen layer) is made up solely of radial
neurons which are seen as nodes in the two-dimensional grid (Fig. 3).
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Fig. 3. A sample structure of LVQ type artificial neural network with Kohonen output layer

Learning LVQ
LVQ is essentially a controlled version of the Kohonen learning algorithm. In the
basic version of the LVQ network, the distance between the input vector and the
weights of the i - weight of this neuron is calculated for each i = 1, ..., m
(1)
where:
wi - vector weights,
x - input vector.
The weight of the winning neuron is modified according to the pattern:
(2)
where:
w’ – weight of winning neuron.
Learning file design
The most important stage of generating ANN (Artificial Neural Network) is creating
proper learning files that contain coded data, including empirical data [3][4].
Therefore, numerical input variables and a nominal output variable were specified
that were a consequence of the established scientific problem structure. As a group of
representative input parameters, a file of selected 5 standard shape coefficients.
These measurements mostly regard the description of objects presented on binary
images and are adequate for the insects displayed in the photographs [22][20][2][3].
As the 5 input variables for the created neural network, the following representative
characteristics were accepted:
[1] dimensionless shape factor marked in the learning data file designated table 1
as [1]:

Wb =

L2
4π S

where:
L – stands for circumference of the object,
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(3)

S - stands for surface area of the object.

[2] factor of circulation RC1 marked in the learning data file (it determines the
diameter of circle with a circumference equal to the circumference of the
analyzed object) designated table 1as [2]:
S

RC1 = 2 ⋅

(4)

π

where:
S - stands for surface area of the object
[3] factor of circulation RC2 marked in the learning data file (it determines the
diameter of circle of which field is equal for field of the analyzed object)
designated table 1 as [3]:
RC 2 =

L

(5)

π

where:
L - stands for circumference of the object
[4] Malinowska factor marked in the learning data file designated table 1 as [4]:

RM =

L
2⋅ π ⋅S

−1

(6)

where:
L - stands for circumference of the object
S - stands for surface area of the object
[5] field S marked in the learning data file whose measurement refers to counting
pixels belonging to the area of interest designated in table 1 as [5]. This feature is
sensitive to errors that resulted from the improper binarization. On the other hand,
however, it is insensitive to translations and rotations.
As one variable output, designed for labeling response LVQ network, adds was
adopted:
−

6-state variable with nominal values of: 1) Anthonomus pomorum, 2)
Cacopsylla mali, 3) Yponomeuta malinellus, 4) Cydia pomonella, 5)
Synanthedon myopaeformis, 6) Aphis pomi.

Using the acquired research material and applying image analysis methods, a data
(learning) file was generated that contained 2600 cases. The created file was
conventionally divided into:
−
−
−

training file, containing 1300 cases,
validating file, containing 650 cases,
testing file, containing 650 cases.
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The structure of the learning file comprised 5 uninterrupted, numerical input
variables and one nominal (6-state) output variable necessary in the process of
labeling Kohonen neural network model using LVQ algorithm. A structure and
fragment of the learning file is presented (Tab. 1.):

Table 1. Fragment of learning file
Input variables

Output variable

Case
number

Wb
[1]

RC1
[2]

RC2
[3]

RM
[4]

S
[5]

Pests (Fig. 1)
(1…6).

…
311
312
313
314
315
316
317
318
…
2600

…
14.309
12.161
17.311
10.121
18.099
17.359
17.171
17.359
…
16.22

…
0.890
1.677
0.578
1.122
1.123
0.777
0.574
0.786
…
0.589

…
244.066
333.998
258.126
354.123
367.990
278.066
280.948
244.066
…
282.933

…
4.166
0.072
3.324
0.067
0.083
3.166
3.082
3.166
…
3.182

…
2995
1298
3367
1378
1265
3122
3267
3123
…
3444

…
1)
3)
3)
5)
6)
5)
4)
1)
…
4)

For designing the neural models, an artificial neural network simulator, implemented
in the statistical package Statistica v.10 suite, was utilized. Creating the neural
models was conducted in two stages. Initially the efficient option assisting neural
network designing (“Automatic network designer”), implemented in the statistical
information system. This tool allowed for automation and simplification of initial
network set searching procedures that would best model the studied process. During
the second stage, the “User network designer” tool was used. This tool was utilized
repeatedly, modifying initial parameter-related settings, learning algorithms and the
network structure itself.

3

Results and discussion

The author has constructed teaching file containing 1600 learning cases. The adopted
representative variables comprised such 5 distinctive input parameters (Tab. 1.) The
“Pests” parameter was not used in generating the Kohonen networks (unsupervised
learning). The variable was used to label the topological Kohonen map using LVQ
method optimization.
The generated topology map was optimized with the use of Kohonen's algorithm
implemented in Statistica v.10. The learning process was carried out conventionally
in two stages. The preliminary learning stage involved using a high value of initial
learning ratio (between 0.9 and 0.1) together with a broad neighbourhood range
(between 2 and 1). Learning was carried out during only 200 cycles. The second
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stage involved use of a low value of learning ratio (between 0.1. and 0.01) together
with a limited neighbourhood (equal to 0) over 10000 epochs. The generated
Kohonen topology map (10×10) had a quadratic structure consisting of 100 nodes
(Fig. 4).

Fig. 4. Generated topology Kohonen map

The quality of neural model for the purpose of classification issues is typically
fixed for the test subset. The quality for the classification networks is contractually
fixed through the percentage of consistent classifications. The selected network
achieved a quality level of 0.899833. In this context the generated network should be
qualified as appropriate.
Commonly recognized measure of the qualitative estimation of the ANN is an
error value RMS (Root Mean Squared) generated by the network model during
operation on a file not used in the learning process of the network (e.g., the testing
file). This measure is defined as a total error made by the network on a data file
(training, testing and validation data). It is derived from the formula:
n

RMS =

∑(y

i

− zi ) 2

i =1

(7)

n

(7)
where:
n - number of cases,
yi - real values,
zi - values determined with the use of the network.
The RMS error was respectively:
−
−
−

0.139 for the training file,
0.122 for the validation file,
0.123 for the testing file.

The obtained approximate and small value of the RMS error implies appropriate
classification properties of the generated neural model. The standard classification
statistics for the testing file are given in table 2.

299

Table 2. Classification statistics
[1]

[2]

[3]
[4]

Total
Correct
Incorrect
Unknown

4

520
500
20
0

520
508
12
0

520
509
11
0

[5]
520
504
16
0

520
490
19
11

Conclusions

The following conclusions can be derived from the completed empirical studies,
computer simulations of LVQ neural networks and analysis of the results:
1.

The results acquired confirm the hypothesis that artificial neural networks
type SOFM using LVQ algorithm and image analysis techniques are efficient
tools assisting in the quick and reliable identification of pests feeding on
apple tree orchards.

2.

The best classification properties were found in the SOFM network model,
whose RMS error for the training file was 0.139, for the validating file:
0.122, and for the test file: 0.123.

3.

The non-parametric classification technique performed by the LVQ method
turned out to be well-suited for the quality-based identification of apple pests
with the use of the graphic information encoded in digital photographs.

4.

The study conducted indicates that the designed model is a useful instrument
that efficiently assists in the decision-making processes occurring during
apple production.
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Abstract. Inference algorithm is an integral part of any expert system based on
and working with procedural knowledge such as production rules. In general,
also the production rules containing the compound statements in an antecedent
of a consequent part is well known and supported with knowledge or expert
systems. On the other hand, if a production rule is of an advanced internal
structure (is transformed into a knowledge unit), standard inference algorithms
(e.g. modus ponens or modus tollens) could provide insufficient results. The
aim of this paper is to suggest a modification of the inference algorithms to be
appropriate for working with knowledge units. The formal notification of the
algorithm is accompanied with a practical example in the domain of Enterprise
Resource Planning (ERP) system used for the support of a particular business
process.
Keywords: Knowledge unit,
Knowledge representation.
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1 Introduction
Inference engines (methods, strategies, procedures) are present in expert systems
used in various problem domains. (Moreno and Espejo, 2015) present a performance
evaluation of three different inference engines (rule based reasoning, fuzzy based
reasoning and Bayesian based reasoning) for failure mode identification in shafts.
They compare different types of inference mechanisms to improve the expert system
and conclude that, under their conditions, the best inference mechanisms are
Bayesian and Fuzzy rules inference.
(Venturelli et al., 2017) propose a method to evaluate the efficiency of Corporate
Social Responsibility (CSR). The outcome of the application is a system designed to
measure the CSR identity of a company. The algorithm of the Fuzzy Expert System
aggregates multicriteria evaluations of a problem. The assessments of behavior and
the resulting decisions are represented in blocks of rules, drawn up by an inference
engine in fuzzy logic. The Fuzzy Expert System unites the ability of an expert system
to simulate the decision-making process with the uncertainty typical of human
reasoning, present in fuzzy logic. The aim is create a model using Fuzzy Expert
System approach, which serves to combine the intuition and the experience of the
experts who supply a knowledge base with the formal rigor of a logic system.
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The expert system by (Chen and Pollino, 2012) employed the Bayesian Inferential
Network to map a suitable biotope for particular animal species (Juvenile Astacopsis
gouldi – giant freshwater crayfish of Tasmania). The results of the inference are
visualized with a Geographical Information Systems (GIS).
(Fakhrahmad et al., 2015) use the expert system to reduce ambiguity in automated
translation. This expert systemcombinestwo techniques: Forward chaining and Data
mining. Forward chaining Word Sense disambiguation (FchWSD) is very efficient
because it can disambiguate other ambiguous words existing in the context in
addition to the target ambiguous word in just one pass through the knowledge base.
The performance of the proposed system in terms of Recall and Precision was
encouraging compared to its counterparts.
Technical systems and their modernization or aging are being analyzed with
mathematical models Krejci (2013). Regardless, another expert system on
microstructural characterization of dual-phase steels was developed by (Ghanei et al.,
2015). Thisexpert systembased on an adaptive neuro- fuzzy inference system
(ANFIS) helps the human users with evaluation of material state: Evaluation of nondestructive control.
Expert systems are being used to simulate human decision-making process in
complex decision situations (Venturelli et al., 2017). For this purpose, they use
various kinds of knowledge representations. Mařík et al. (2004) distinguish the
procedural and declarative knowledge as follows: procedural knowledge means
“knowing how”, declarative knowledge means “knowing what”.
Knowledge unit is an extended procedural production rule with fixed internal
structure (Domeová et al., 2008, see Materials and Methods for its definition). In this
paper we propose an advanced inference algorithm suitable for a specific kind of
production rules – knowledge units. We show how to use the internal structure of the
knowledge unit to determine relationship among individual parts of the
precedingknowledge unit and the successing knowledge unit within the inference
process. The inference process is also demonstrated on a practical example –
particular process within the working with an ERP system.

2 Materials and Methods
2.1 Production Rules and Their Inference
Inference strategy, i.e. the strategy how the system operates the responses to the
questions, is the basic element of any expert system. In general, the inference engine
compares the facts in the base of facts with the knowledge, usually represented by
production rules. Production rules are an appropriate knowledge representation for
this purpose, because on one hand they are easy to be retrieved from human experts
and, on the other hand, are suitable for automated processing with expert systems.
Standard production rules (IF – THEN rules) are consisting of two parts:
antecedent (evidence, situation, problem) and consequent (hypothesis, action,
solution). The production rules formalized by the statement (Mařík et al., 2004)
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E → H,
where

E is an evidence and
H is a hypothesis,

are suitable for inferring in both direct and indirect forms. Direct inference is based
on the rule of “modus ponens” which is formalized as follows

E, E → H
,
H
and means that if evidence E and production rule E → H are valid, then hypothesis H
is also valid. (Gass and Harris, 2001) describe this forward chaining as an approach
to reasoning in which an inference engine determines the effect of current known
variable values on unknown variables by applying all rules whose premises can be
established as being true.
On the other hand, indirect inference can also be used. Indirect inference is expressed
by the rule of “modus tollens” and can formally be written as

¬H, E → H
¬E
which means that if the hypothesis H is NOT valid and the rule E → H is valid, then
the evidence E is also NOT valid. Backward chaining refers to an approach to
reasoning in which an inference engine endeavours to find a value for an overall goal
by recursively finding values for subgoals. Examining rule conclusions to identify
rules that could possibly establish a value for the goal is important for the effort of
finding a value for the immediate goal (Gass and Harris, 2001).
2.2 Knowledge Unit
For the purposes of this work we understand the knowledge unit as an enhanced
production rule containing the compound statement in the antecedent and simple
statement in the consequent part. As we showed in our previous work (Dömeová et
al., 2008), this kind of the production rules meet better the requirements of a
problem-oriented representation of an explicit knowledge.
Formally, we suggested to record knowledge unit as (Dömeováet al., 2008):
KU = {X, Y, Z, Q},
where

X stands for a problem situation,
Y stands for the problem being solved in the X problem situation,
Z stands for the objective of solving the elementary problem,
Q stands for a successful solution of the elementary problem (result).
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Even though there is no unique way to create sentences based on the production rules
(Kendal and Creen, 2007), we may always express the knowledge unit in the
following textual form (Dömeová et al., 2008):
“If we want to solve an elementary problem Y in the problem situation X to reach the
objective Z, then we should apply the solution Q.”
Another advantage of the knowledge unit concept is that it allows to define unary
and operations with knowledge units such as drill down or roll up (unary operations)
or merging or decomposition (binary operations, see Dömeová et al., 2008) with no
influence to the complexity of the expressions of the knowledge units in natural
languages (Rauchova et al., 2014). These operations could serve as the start point for
thinking about the modifications of the inference mechanisms.

3 Results and Discussion
3.1 Inference Chain with Knowledge Unit
To be operable, any knowledge unit could be formally expressed as a production rule
in the following form:
IF (X and Y and Z) THEN Q.
This allows to define the relationships among elements of the knowledge units within
the basic inference method. The basic form of elementary inference is defined as
follows:
Let's have two knowledge units
KU1 = {X1,Y1,Z1,Q1}
and
KU2= {X2,Y2,Z2,Q2}.
Further suppose that the statement IF (X and Y and Z) THEN Q is valid. Then the
inference with knowledge units can proceed from element Q1to Y2, thus
KUINF = {Q1} ==> {Y2}
In the language form the operation could be written as follows:
“IFweare not able to apply the solution Q1, it becomes the elementary problem
Y2solved within the problem situation X2 to reach the objective Z2; THENthe
solution Q2 should be applied."
The inference mechanism with knowledge unit is described in Fig. 1.
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Fig. 1. Inference with knowledge unit

3.2 Case Study
The illustrative example deals with the problem "Application user error analysis" is
occurred within the working with an ERP system. The objective is to find errors in
the application or find the application, where the error occurred. The error can be
vaguely identified by the expert. In this case knowledge units are optimized to
knowledge level of an operator on first line helpdesk support. This level was
explicitly defined by the expert. For the case study, it is designed for the following
scenario:
An error occurred in the application "SharePoint Nintex Workflow" with
elementary describe the error as follows: "One column requires a different type of
information". This type of error may have origin in several integrated systems. First
step is the diagnosis in application where error occurred. The result of first step is the
identification application where the error occurred. The second step is diagnosis,
which define the module or object, where is the original error in application. And
after finding the error is next step to fix the error. The purpose of inference is to find
the error in origin application and make first analysis. Boundary of the knowledge
domain is the issue of diagnostic errors in the context of integrated applications.
Design of the expert system will be similar like in the case of authors (Moreno and
Espejo, 2015) and it is diagnostic. As the starting point for the inference the
knowledge units developed according to the procedure defined in Houska and
Rauchova (2013) is used.
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KU1

KU2

•
•
•
•

X1
Y1
Z1
Q1

Purchase (under the statutes)
Create purchase request
Provide the delivery for the project
Fill out the request form of purchase request and send

•
•
•
•

X2
Y2
Z2
Q2

Solving an error in purchase request workflow
Find application, where is error
Start analytical test application
Identify an error application

We can also KU2 describe: "If we want to solve the error in the “purchase request
workflow” and find which applications it is an error, then we must run the analytical
test in application where error occurred and identify an error application."
KU3

KU4

•
•
•
•

X2
Y2
Z2
Q2

Detection error in application
Repair error or data inconsistency
Ensure correct operation of the system
Make a correction in the object

•
•
•
•

X4
Y4
Z4
Q4

Repair in the object KS systemization
Detect true values and process consistency
Correct classify employee
Repair / Correction
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Fig. 2. Inference with knowledge unit in “Application user error analysis”.

In this Fig. 2. are knowledge units fill with concrete values during the inference. This
case study, demonstrate the inference chaining used for finding errors in application
Workflow purchase. The error message stands at the top of the figure. The inference
with knowledge units defined location of the error and make result for correction.
After correction, continues the process with re-initiating the purchase request. In the
KU1, 2, 3 and 4 are concrete knowledge unit for this case:
KU1
• X1
Purchase (under the statutes)
• Y1
Create purchase request
• Z1
Provide the delivery for the project
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•
KU2
•
•
•
•
KU3
•
•
•
•
KU4
•
•
•
•

Q1
Fill out the request form of purchase request and send = Error state:
„One column requires a different type of information”
X2
Solving an error in purchase request workflow
Y2
Find application, where is error ("Q1" = "Y2" ==> "One column
requires a different type of information")
Z2
Start analytical test application
Q2
Identify an error application = "KS systemization"
X2
Detection error in application
Y2
Repair error or data inconsistency ("Q2" = "Y3" ==> "In the KS
systemization)"
Z2
Ensure correct operation of the system
Q2
Make a correction in the object = “Repair systemization tree”
X4
Repair in the object KS systemization
Y4
Detect true values and process consistency ("Q3" = "Y4" ==>
"Repair systemization tree)
Z4
Correct classify employee
Q4
Repair / Correction = "Correction value"

The inference with knowledge unit is defined like special operation between more
than one knowledge units. In the real case study is illustrated the inference
mechanism with crisp knowledge unit. The case study has a real ground, of the
simple problem and it solve problem in few integrated software application in
corporation. This case study helps in diagnosis applications problems-errors and is
designed for first level of support helpdesk operators.
3.3 Comparison with a Standard Inference Procedure
Base of facts:
•
User (employee) not valid, "NAV"
•
Systemization number not valid, "KS"
•
Wrong data, "ActiveDirectory = AD"
•
One column requires a different type of information, "Error"
•
Purchase request, "Error", "NAV"
•
Systemization, "KS", Wrong number
•
Object employee, "NAV", Wrong department
•
Employee <=50%
•
More AD ID
•
Wrong AD tree
•
Purchase request, "Error", "AD"
•
Purchase request, "Error", "KS"
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Base of rules:
•
Rule 1 If "User (employee) not valid, "NAV"" Or "Systemization number
not valid, "KS"" Or "Wrong data, "AD"" Then "One column requires a different type
of information"
•
Rule 2 If "Purchase request, "Error", "KS"" Then "User (employee) not
valid, "KS""
•
Rule 3 If "Systemization, "KS", Wrong number" Then "Purchase request,
"Error", "KS""
•
Rule 4 If "Purchase request, "Error", "AD"" Then "Wrong data, "AD""
•
Rule 5 If “More AD ID" Or "Wrong AD tree" Then "Purchase request,
"Error", "AD""
•
Rule 6 If "Purchase request, "Error", "NAV"" Then "Systemization,
"NAV", Wrong number"
•
Rule 7 If "Object employee, "NAV", Wrong department" Then "Purchase
request, "Error", "NAV""

Fig. 3. Standard inference procedure “Backward chaining”
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Within the standard inference, the consequent is derived with a sequential chaining of
the production rules using the basis of the facts. When inferred knowledge units,
individual knowledge units (or their specific parts, respectively) are merged for
deriving the consequent, or even another knowledge unit. The main difference
between the standard approach and our new one approach lays on the definition of
the basis of the facts. In the standard approach, the set of the rules and basis of the
facts are strictly separated. On the contrary, knowledge units cover both the
production rule and additional information (the problem situation and the solution of
the elementary problem (antecedent in a standard production rule)); thus some facts
are already integrated directly into the knowledge unit.
Moreover, as the structure of the knowledge units is standardized, it predetermines
the order of the knowledge unit by production rules. Just this way of the order allows
to base the inference on the facts integrated directly in the units. The inference
among two or more knowledge units stems from this principle - the fixed
interrelation between the elements of the knowledge units "Q1" è "Y2"

4 Conclusion
In this paper we proposed a way to process a knowledge unit as an enhanced
production rule with an inference engine in an expert system. In particular, backward
chaining inference algorithm was used. Our approach contributes to decreasing the
entropy in the chaining when the production rule consists of compound statements in
antecedent or consequent part of the production rule. Of course, the next necessary
step is to show the application of our algorithm on more particular examples and
compare the success rates of a standard inference algorithm and this new one. The
user-oriented point of view could be used for this purpose (Berankova et al., 2008).
In case of success new opportunities for future research are opened. First, other
inference strategies (e.g. forward chaining) could be modified too to be suitable for
inferring the knowledge units. Furthermore, under uncertainty, fuzzy expert systems
based on fuzzy knowledge units need the inference strategy for fuzzy knowledge
units too.
Acknowledgements. The research is supported by the grant project of the Internal
Grant Agency of the FEM CULS Prague “Data, information and knowledge in expert
systems”, No. 20171026.
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Abstract. This study aims at investigating how Lucania' farms cluster
according to the level of innovation adopted. It was used a questionnaire for
asking if farms adopts ICTs tools and, in case, what type they involved in
managing and/or production processes. It has been done a cluster analysis on
collected data. Results show that, using k-means clustering method, appear two
clusters: innovators, remaining groups. While, using boxplot representation,
clustered three groups: innovators, early adopters and laggards. Results will be
exploited for identifying good practices in terms of smart devices adopted,
within the H2020 project “Short Supply Chain Knowledge and Innovation
Network - SKIN”.
Keywords: ICT, Clustering Analysis, Lucania, Farms

1 Introduction
Agriculture is a field very suffering low efficiency in carrying out its core activities
due to many reasons coming from quick scenery changes. Such changes have been
fostered by new digital technologies. They appear in integrated system named Farm
Management Information System (FMIS). Nowadays, the general addresses to lead
the growth in Europe come from European Commission (EC). In fact, being able to
cope daily problems means to be able to engage synergies among tangible and
intangible resources inspired by arisen studies on such issues. They set out that smart
growth can be put in practice sharing knowledge and adopting innovations (Contò et
al., 2015). Reducing distances among the available resources and accelerate the
access to them. In addition, it has been stated that is necessary to be in conformity
with ecosystem needs (Debackere et al., 2014). To this end, Information and
Communication Technologies (ICTs) tools play an important role for achieving
mentioned goals. Since ecosystem is quite a lot dynamic and changes frequently
occur, it is complex to manage all data emerging by daily activities and to take under
control the scenario evolutions. Such problems are much more evident in small
medium enterprises (SMEs) where information flows are often stressed by the lack of
capabilities to access to ICT innovations (Contò et al., 2015). These tools allow
farmers reducing asymmetric information, being the main cause of moral hazard and
adverse selection mostly affecting firms operating in international markets. The
information management, in turn, influences internal and external actions (Bian et al.,
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2016). Hence, the highest concern has to be that of making accessible tools useful to
reduce the information gap. The benefits will affect transactional costs. In fact, it is
possible to find many farms that got economic improvements adopting such
technologies (Deichmann et al., 2016). The demonstration of such claims comes
from developing countries that show high level of growth. To this end, the World
Bank arose data in his yearly report dating back to 2016. The report shows that firms
in poor countries adopt digital technologies getting to be much more
competitiveness, whilst maintaining a low profile in international markets due to the
lack of appropriate skillful and infrastructures as well (World Bank, 2016). On the
other hand, scholars have been arising complex management systems that bring
together all elements making farms up. The hardest challenge is to guarantee a right
resources coordination and employment in long period, in order to attain the general
goal of adding sustainable value to the stakeholders.
This article is structured in different sections, they are organized as follows: the
second section (ii) proposes a literature review; the third section (iii) shows the
outline of the questionnaire used for collecting data farms; the fourth section (iv)
explains the analysis method used for processing data for extracting information.
Finally, there are summarized the results and provided their discussion before the
conclusions.

2 Literature Review
Over the years, many changes have been occurring with the advent of ICTs
technologies, affecting, in particular, the farms efficiency. Scholars have taken this
opportunity to study deepen the impacts of such extraordinary evolutions. The first
step to better understand following consideration on ICTs farms tools, is related to
the reason making necessary to implement innovation processes and knowledge
uptake. It is based on the pace of the cost level showed by farms so far. Nowadays,
European and national policies address organizations to realize a cost reduction
through the adoption of smart devices, being in line with the industry 4.0 topics. To
this extent, world organizations as the World Bank pursues in broadcasting analysed
data showing how costs decrease (World Bank, 2016) by introducing ICT tools for
managing the growing complexity activities, due to the complicated competition and
vice versa (Jain et al., 2011; Chen et al., 2012; Lee and Yang, 2013). Deichmann et
al. (2016) explain what type of problems preventing the digital devices adoption in
developing countries. Obviously, there are many countries divided in different areas,
several ones are into prominent growing processes, and others suffer the absence of
capabilities to acting growth. It depends on many factors. The significant ones
concerns the slowness in reforming business regulations and the skills development
system. They stress the idea that building efficient information system is the key for
triggering sustainable growth in long period. A signal of farms (and more in general
firms) efficiency is related to the impact of smart tools on the amount of the
production, which measure the total factor productivity growth (OECD, 2013).
Within the farms dynamisms, Diedern et al. (2003) distinguished between innovators,
early adopters and laggards. These three categories can represent the farmers profile
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appearing in European areas. Measuring innovation level within the farm has taken
to different assessing methods. Another classification can be carried out with a
matrix that makes differentiation between innovations as major, intermediate or
minor based on their technological advancement. The matrix shows an innovation
numerical index standing for the innovation level of each farm (Ariza et al., 2013).
Many others studies have explained the agricultural innovations through the
agricultural technologies uses (Dimara and Skuras, 2003; Sauer and Zberman, 2012;
Stefanides and Tauer, 1999). On the other hand, their study issued that structural
characteristics, such as farm size, utilized agricultural areas and age of the farmer,
reflect the attitude and the willing to choose to undertake and pursue innovating
processes. According to these assumptions, they distinguish between innovators and
remaining groups. The literature breakdown also involves a study using more
complex index. This index not considers the adoption of a single technology.
Conversely, it focuses on combined factors defining the innovations. The complexity
comes due to the variables taken into account not only focalize on tools and
equipment (Chen et al., 2014; Esmeijer at al., 2015) for carrying out farms activities
(e.g. ICT tools, tractors, etc.), but also on primary productive factors (e.g. seeds).
Therefore, it brings together different elements combining the effects on the farm
results and showing the benefits from emerging synergies. However, the latter is not
the case of this paper. This study used several of those simple methods for evaluating
the results in terms of innovation level. The first stage identifies the groups through
a clustering analysis and such analysis reveals to exist two main groups (as Dimara
and Skuras, 2003; Sauer and Zberman, 2012; Stefanides and Tauer, 1999 conclusions
revealed): innovators and remaining groups. The next step sheds a light on four
variables mined from the dataset and organized in a boxplot. This examination
highlights that the groups are three groups, complying with the insights coming from
Diedern (2013).

3 Data Collection Method
The questionnaire is composed by twenty-two Questions (Qs) in total. The survey
is divided in two parts: i) General Information, starting from the Q1 to the Q7,
regarding the general aspects of the farms involved in the survey. Based on the Q7
reply, regarding the use of ICT tools, the questionnaire foresees the second section
dedicated to the ii) Farms using ICT (from Q8 to Q22), or it ends in case of negative
answer. In the second section there are set of Qs dedicated to analyse what are the
most used ICT tools applied to the farm management and the impact that these
technologies could have on the decrement of agronomic input and manpower
employed and on the production increasing.
Following the Qs are described:
Q1) Legal status: possible answers (partnership; capital company; others).
Q2) Time of Constitution: possible answers (less than five years; between five and
ten years; more than ten years).
Q3) Farmer’s Age: possible answers (less than thirty-five years; between thirtyfive and fifty years; more than fifty years).
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Q4) Utilized Agriculture Area (UAA): possible answers (less than ten hectares;
between ten and fifty hectares; more than fifty hectares).
Q5) Crop Type: possible answers (Tree crops, herbaceous crops, mixture crops).
Q6) Income: possible answers (between 0 and 50000€; between 50001 and
120000€; between 120001 and 250000€; between 250001 and 500000€; between
500001 and 1000000€; more than 1000000€).
Q7) Do you use ICT tools? Possible answers (yes or no). If the reply is positive,
the farmer answers the demands from Q8 to Q22, in contrary the questionnaire ends.
Q8) What type of Management Tools do you use? Possible answers (none; tools
for Farm’s notebook; tools for warehouses’ management; tools for management of
balance sheet; tools for management of invoicing; Enterprise Resource
Management; others). Multiple answers are allowed.
Q9) What type of Software for Data Management do you use? Possible answers
(none; software for data storing; software for market analysis; Decision Support
System software; software to analyse the costs; others). Multiple answers are
allowed.
Q10) Do you use tools for Precision Agriculture? Possible answers (yes or no). If
the reply is positive, the farmer answers the demand Q11, in contrary the Q17.
Q11) Do you use environmental sensors? Possible answers (yes or no). If the reply
is positive, the farmer answers the demand Q12, in contrary the Q13.
Q12) Why do you use environmental sensors? Possible answers (Fertilization,
Phytosanitary treatments, Weeding, Irrigation, Sowing, Soil management). Multiple
answers are allowed.
Q13) Do you use Unmanned Aerial Vehicle (UAV or drones)? Possible answers
(yes or no). If the reply is positive, the farmer answers the demand Q14, in contrary
the Q15.
Q14) Why do you use UAV? Possible answers (Fertilization, Phytosanitary
treatments, Weeding, Irrigation, Sowing, Soil management). Multiple answers are
allowed.
Q15) Do you use Satellite Data? Possible answers (yes or no). If the reply is
positive, the farmer answers the demand Q16, in contrary the Q17.
Q16) Why do you use Satellite Data? Possible answers (Fertilization,
Phytosanitary treatments, Weeding, Irrigation, Sowing, Soil management). Multiple
answers are allowed.
Q17) Do you use External Data Sources? Possible answers (yes or no). If the reply
is positive, the farmer answers the demand Q18, in contrary the Q19.
Q18) What types of Data do you research? Possible answers (AgroMeteorological, Market, Legal aspects, Phytosanitary bulletin, Others). Multiple
answers are allowed.
Q19) What type of tools do you think is the most useful? Possible answers
(External Data Sources, Enterprise Resource Planning, Software for Data
Management, Precision Agriculture tools).
Q20) Since you started to use ICT tools, do you have detected a reduction in the
use of agronomic inputs (pesticides, fertilizers, water, etc.)? To what extent? Possible
answers (None; between 0 and 5%; between 6 and 10%; between 11 and 20%; more
than 20%).
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Q21) Since you started to use ICT tools, do you have detected a reduction of
employed manpower? To what extent? Possible answers (None; between 0 and 5%;
between 6 and 10%; between 11 and 20%; more than 20%).
Q22) Since you started to use ICT tools, do you have detected an increment of
production? To what extent? Possible answers (None; between 0 and 5%; between 6
and 10%; between 11 and 20%; more than 20%).
For the cluster analysis presented in the next section a subset of the total variables
was taking into account (Table 1).
Table 1. Variables used in the cluster analysis. The code is associated to a single answer in the
cluster analysis.
Question
Q1
Q3

Q4
Q5
Q6

Q7

Name and
abbreviation
Legal Status
Farmer’s Age
(Age)

Answers

Code

Partnership
Capital company
Less than thirty-five years

1
2
1

Between thirty-five and fifty years
More than fifty years
Utilized
Less than ten hectares
Agriculture Area
Between ten and fifty hectares
(UAA)
More than fifty hectares
Crop Type
Tree crops
Herbaceous crops
Mixture crops
Income
Between 0 and 50000€
Between 50001 and 120000€
Between 120001 and 250000€
Between 250001 and 500000€
Between 500001 and 1000000€
Do you use ICT Yes
tools? (ICT)
No

2
3
1
2
3
1
2
3
1
2
3
4
5
1
2

4 Data Analysis Methods
In this paper, collected data have been analysed using clustering analysis. For
obtaining groups featured by homogeneous parameters, it has been resorted to
considering k-means cluster method. The analysis returned acceptable results setting
two clusters. The choice of selecting two clusters it was possible due to:
• the k-means clustering method can be applied with both supervised and unsupervised methodology (Wagstaff et al., 2001);
• three clusters not returned acceptable results.
In general, k-means is a method that born as un-supervised. Therefore, processing
machine automatically calculates the least distances, respecting the set threshold
between features (Zhang et al., 1996). The goal aims to evaluate if the distances are
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such to consider the minimum sum of the squared error (SSE) within each groups
(Likas et al., 2003). The formula of the SSE is the following:
K

SSE =

∑∑x

i

− µk

2

(1)

k =1 ∀xi ∈C k

where Ck is the set of grouped data in cluster k; µk is the vector mean of cluster k.
Using un-supervised method, it was found that the clusters were two. Nevertheless,
for being in line with Diedern et al. (2003), the scope was to find three groups to be
labelled as innovators, early adopters and laggards. The test not achieved the goal
and it was tried with a supervised method setting three clusters. In turn, the test not
succeeded due to the cluster two and three presented identical features (the reason
why un-supervised method returned two clusters). Hence, it has been chosen to apply
a supervised method selecting two clusters. At this stage, the test succeeded and
results were accepted to fulfill the two groups theory (innovators and remaining
groups) issued by Dimara and Skuras (2003), Sauer and Zberman (2012), Stefanides
and Tauer (1999).
Then again, it has been attempted to go through the data, analyzing data through a
boxplot to summarize the frequencies. The analysis comes from intersection of
selected variables. It has chosen to fix variables for creating groups and, to this
extent, UAA and age have been selected. Within each group, it has been investigated
how the presence of ICT tools is bridged to the incomes and legal status.

5 Results and Discussion
The questionnaire shows answering from a sample within a producer organization
(PO) in Lucania region. The respondents are 59. They represent the image of the
region in terms of the typology of farms and, in scale, the farm population
composition in Lucania region.
In this section are exposed the results from the frequency distribution of Q20, Q21
and Q22, and the cluster analysis and the boxplot. The paragraph concludes with
discussion from results, emphasizing the differences of the marks basing insights on
the literature provided in section (ii). The reader finds the frequencies of relevant
selected variables and relative comments as well. The discussion provides insights
for explaining potential barriers, obstructing the ICT tools adoption, to be
investigated with further studies. There are delivered considerations on what the
farmers not ICTs skilled and, in consequence, not adopter, while oriented and
inclined to adopting.

320

a)

b)

c)
Fig. 1. Frequency distribution of answers related to: a) Q20 (Since you started to use ICT
tools, do you have detected a reduction in the use of agronomic inputs (pesticides, fertilizers,
water, etc.)? To what extent?); b) Q21 (Since you started to use ICT tools, do you have
detected a reduction of employed manpower? To what extent?); c) Q22 (Since you started to
use ICT tools, do you have detected an increment of production? To what extent?). None =
None; 0-5% = between 0 and 5%; 6-10% = between 6 and 10%; 11-20% = between 11 and
20%; >20% = more than 20%.
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In Fig. 1 there are the frequency distributions related to Q20 (a), Q21 (b) and Q22
(c), regarding the 29 farms that use ICT tools. The Q20 and Q21 concerning,
respectively, the reduction of agronomic input, such as fertilizers, pesticides, water,
etc. and employed manpower, recorded by the farmers since they started to adopt
ICT tools. Analysing the Q20 answers, the 17,2% (5 replies) did not notice difference
in the application of the agronomic input, while a little reduction (0-5%) was
detected in the 20,7% (6 replies). The modal value with 11 replies (37,9%) is the
range 6-10%, and the last two intervals, 11-20% and >20%, have collected 5 (17,2%)
and 2 (6,9) replies, respectively. Taking into account the Q21 answer, 6 farmers
(20,7%) did not notice any reduction in the employed manpower related to the use of
ICT tools, while a light decreasing (0-5%) was perceived by 7 farmers (24,1%). Even
in this case, the range 6-10% represents the modal value, with 10 answers
representing the 34,5% of the total, with the last two intervals, 11-20% and >20%,
have collected both 3 replies (10,3%). Finally, the modal value of the frequency
distribution of the Q22 is represented by the first class, with 10 (34,5%) farmers that
did not notice any production increment associated to use of ICT tools. Then the
others range, 0-5%, 6-10%, 11-20% and >20% have collected respectively 6
(20,7%), 7 (24,1%), 2 (6,9%) and 4 (13,8%) answers.
As indicated in the section (iii), the queries aimed to evaluate the number of farms
that adopt ICTs tools and associated evidences from the farm structure and the age of
the farmers. The cluster analysis shows two main clusters characterize as follows
(Table 2):
Table 2. Two emerging clusters after processing data. The result concerns a selected number
of variables from the survey.
CLUSTER
Legal status
Crop type
Age
UAA
incomes
ICT

1
1
2
2
2
2
0

2
1
3
2
2
4
1

The resulting clusters present different features, only concerning three variables:
crop type, incomes and ICT. In general, both clusters appear to consist of farms
established as partnership, with farmers being medium age ranking old (35-50);
farming between 10 and 50 hectares. Differences come from:
• Crop type: the cluster 1 is featured by herbaceous crop, while the cluster 2 is
featured by mixed crop (herbaceous and tree crop);
• Incomes: the cluster 1 gains to the extent between 50.000,00 and 120.000,00
euros, instead the cluster 2 lines up between 250.000,00 and 500.000,00
euros;
• ICT: the cluster 1 is represented by farms not adopting ICT tools, the cluster
2 is featured by farms adopting ICT.
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Table 3 shows the frequencies within each cluster. There appear the 38 clustered
in the first (1) group and the 21 grouped in the second (2) cluster.
Table 3. Number of cases of each cluster.
Cluster
1
2
Valid
Missing

38,000
21,000
59,000
,000

The major number of farms is concentrated in the first cluster. Although the last
evidence, the cluster analysis points out that, in accordance with Dimara and Skuras,
(2003), Sauer and Zberman (2012), Stefanides and Tauer (1999) asserted, come up
two groups: innovators and remaining groups. The cluster 2, populated by
innovators, registers revenues much more relevant than the 1. The measure
corresponds to the range between 250.000,00 and 500.000,00 euros against the
cluster 1 featuring incomes between 50.000,00 and 120.000,00 euros. Furthermore, it
results that the cluster adopting ICT is characterized by mixed crop. In this regards,
the crop diversification is associated to higher incomes (Di Falco and Zoupanidou,
2017). Taking into consideration that the ones encompassed in the cluster 2 adopt
ICT tools, the result in terms of incomes is significant. When farms adopt ICTs seem
to improve the performance. On the other hand, there is a dependency between those
two variables, though it is not defined the direction: at this stage is not clear what
kind of factors push farms in innovating with ICT. In fact, it can depend on the
achievement of excessive dimension and, due to the increasingly complexity, farms
need to improve the data collection and management phases; otherwise, it can depend
on the need to improve the revenue performance and so, the adoption of ICT tools
cause the incomes increasing. For making clearer the explained point, it has been
done another analysis. Assuming that the variable type of crop is excluded due to it
has been chosen to conduct the analysis not considering such qualitative agronomic
variable. The focus remains on the economic aspects, exploring relations with
economic parameters.
Fig. 2 shows the boxplot where are intersected four different variables, looking for
stratum where farms adopt ICT. Outputs put in evidence that there are three main
groups classified by UAA and age. Firstly, results seem to be in comply with the
conclusions of Diedern et al. (2003). Indeed, the picture features three different
relevant groups that can be summarized as follows:
• Innovators, characterized by age between 18 and 35 and UAA no more 10
hectares;
• Early adopter, mainly featured by age between 35 and 50 and UAA between
11 and 50 hectares;
• Laggards, principally classified by age over 50 and UAA between 35 and 50
hectares.
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It has been assumed that if the age and the UAA present low value, hence the
ICT adoption positively affects the productivity and, in consequence, the incomes.
The picture displays that the major concentration of the ICT matches with the square
corresponding to age level 1 (18-35) and UAA level 1 (0-10 hectares). This
consideration confirm that younger farmers are much more incentivized and
motivated to resort to ICT tools for managing farming activities (Plechowski, K.
2015). The innovators label is due to the age of the farmers, who, even though the
low profile in terms of utilized lands, got medium-high level of incomes. The data is
also confirmed by the legal status. In fact, the corporations are concentrated within
the innovators group. In this regard, this type of legal status costs more than the one
for partnership, and for sustaining the effort farms need to account sufficient
resources in terms of revenues. This consideration allow answering the question
coming from the previous analysis: in this innovators group ICT seem to push the
incomes. Early adopters are characterized farmers aged between 35 and 50 and
farming lands between 11 and 50 hectares. In that case, the growing of the farm
dimension seems to pull ICT tools for managing the growing data complexity.
Conversely, the group where age corresponds to the level 2 and the UAA to the level
3, even though is represented by a niche of respondents, it is another cluster of
innovators. Therefore, the boxplot clustering analysis goes through the data catching
more details than the first one. As a result, the innovators’ cluster is morphologically
more various than the one emerged from Table 2. Finally, laggards (or not
innovators) are featured by the oldest classified farmers, not interested in introducing
ICT devices in farm processes.

Fig. 2. Boxplot grouping clusters according to age and UAA.
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6 Conclusions
This article mapped the profile of farms in Lucania region, putting in the spotlight
good practices in terms of smart devices used for improving the efficacy and
efficiency of the farms decisions and daily actions. Practitioners can optimize
processes rising to be considered good practices when they reduce the inputs and
improve the outputs, becoming increasingly revenues. In addition to previous reasons
inspiring this study, the survey was also aimed to show good practices adopted by
Lucania farmers. The goal fits with the objectives of the H2020 (EC, 2015) project
Shot Supply Chain Knowledge Innovation Network (SKIN), granted by European
Commission and started on the 1st November 2016. The project consists in collecting
good practices operating in short food supply chain and involving them in European
building network in order to boost and facilitate knowledge transfer and real
innovation uptake. The metrics indicators referenced within the project activities for
collecting good practices, points out that farms raise to be good practice also if adopt
smart tools, such as ICT tools, for improving the economic, environmental and/or
social sustainability. Grouping collected data in clusters allows identifying the most
significant features qualifying smart organizations. The innovators and early
innovators are ready to get into the network providing their experiences and gaining
from other farms experiences. On the other hand, laggards can benefits after network
will be built and synergies will be engaged. They can align their profile to the
smarter ones. Innovators in terms of ICT adoption are mentioned like the ones able to
promptly fit farm’ activities to the environmental complexity and thence the ICT tool
play an important role in moving to that category due to they return efficiency and
efficacy (if they are rightly implemented). By contrast, laggards, even though the
growing environmental complexity (external factors deflecting the right activities
implementation if not correctly managed) do not adopt solution to make simple
processes. However, innovations come up to be needed in rural and agro-food
transition to allow farms becoming economically sustainable. Such necessity is
implied in the farm size that is mainly medium-small and it reduces the
competitiveness in findings profitable markets. The agricultural shocks are going to
increasingly be frequent due to the market uncertain. ICTs facilitate the information
management and the shock control.
Finally, this study considered a small sample of farms from Metaponto’ area where
are mostly concentrated agricultural activities. It appears, obviously, as weakness.
Nevertheless, it has been tried to look at the composition of the sample interviewing
three different types of farms according to the Crop Type (tree crops, herbaceous and
mixed).
Going back through the study, Lucania region presents different profile according
to the ICT devices uses within farm activities. Looking beyond the simple technology
adoption or not adoption, there appear barriers preventing the innovation access
and/or not enabling a real uptake and opportunities exploitation.
The next step of this work consists in:
• checking the results with a bigger sample;
• going through the barriers and investigating detailed reasons limiting and
constraining ICT adoption.
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Abstract. The collation of information for the monitoring of fish stocks and
fisheries is a difficult and time-consuming task, as the information is scattered
across different databases and is modelled using different formats and
semantics. Our purpose is to offer a unified view of the existing stocks and
fisheries information harvested from three different database sources (FIRMS,
RAM and FishSource), by relying on innovative data integration and
manipulation facilities. In this paper, we describe the activities carried out to
realize the Global Record of Stocks and Fisheries (GRSF) which aims at
offering an integrated and enriched view on data about fish stocks and fisheries
from the database sources. More specifically we describe the model, the
workflow and the software components for producing GRSF records and make
them easily available to the users.
Keywords: fish stock, fishery, semantic data integration, data publication

1

Introduction

Fish Stocks are groups of individuals of a species occupying a well-defined spatial
range independent of other stocks of the same species, e.g. swordfish in the
Mediterranean Sea1. A Fishery is a unit determined by an authority or other entity
that is engaged in raising and/or harvesting fish. Typically, the unit is defined in
terms of some or all of the following: people involved, species or type of fish, area of
water or seabed, method of fishing, class of boats and purpose of activity, e.g.
Fishery for Atlantic cod in the area of East and South Greenland2. Information about
Fish Stocks and Fisheries is widely used for the monitoring of their status, and to
1
2

http://firms.fao.org/firms/resource/10025/en
https://www.fishsource.org/stock_page/688
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identify appropriate management actions (Hilborn & Walters, 2013), with the
ultimate goal of sustainable exploitation of marine resources. For these reasons
completeness, adequacy and validity of information is crucial. Although this key
role, there is no “one stop shop” for accessing stocks and fisheries data. Such
information is usually collected (and produced as a result of data analysis) by the
fishery management authorities at regional, national and local level. Therefore, the
overall information is scattered across several databases, with no standard structure
due to the specific local needs of the different bodies. Furthermore, the guidelines for
populating existing registries are therefore heterogeneous, and every registry is
actually a “database silo” that is not expected to interoperate with others to offer a
global view on existing information.
Our objective is to construct a Global Record of Stocks and Fisheries (for short
GRSF) capable of containing the corresponding information categorized into
uniquely and globally identifiable records. Instead of creating yet another registry,
we focus on producing GRSF records by using existing data. This approach does not
invalidate the process being followed so far, in the sense that the organizations that
maintain the original data are expected to continue to play their key role in collecting
and exposing them. In fact, GRSF does not generate new data, rather it collates
information coming from the different database sources, facilitating the discovery of
inventoried stocks and fisheries arranged into distinct domains.
The advantages of this approach include: (a) offering increased data coverage
compared to the single sources of information, (b) integrating information and unique
identification of stocks and fisheries coming from the different database sources, and
(c) answering queries that would be impossible to be answered from the individual
database sources. These characteristics meet the needs of the main business cases that
are: (i) supporting the compilation of stock status summaries at regional and global
level and (ii) providing services for the traceability of sea-food products.
In this paper we introduce the process that has been used for constructing and
easily maintaining GRSF. In fact, GRSF maintenance is an almost continuous
activity since data providers can constantly offer new or revised information. The rest
of the paper is organized as follows: Section 2 discusses the motivation and the
requirements. Section 3 describes the architecture and the technical components for
realizing GRSF. Section 4 discusses the current results. Finally, Section 5 concludes
and identifies directions for future work and research.

2

Motivation and Settings

The objective of GRSF is to act as a “one stop shop” for stocks and fisheries
records. It realizes an innovative environment supporting the collaborative
production and maintenance of a comprehensive and transparent global reference set
of stocks and fisheries records, that will boost regional and global stocks and
fisheries status and trend monitoring, as well as, responsible consumer practices. To
this end, a selected set of data sources is exploited for delivering relevant
information. To ensure a high quality final product, a set of guidelines and standards
has been identified which are described later in this section.
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2.1

The Data Sources

Below we describe the three database sources that have been used so far to
harvest stocks and fisheries information. These sources are (a) Fisheries and
Resources Monitoring System (FIRMS), (b) RAM Legacy Stock Assessment
database, and (c) FishSource. The rationale for the selection of these sources, is that
they contain complementary information (both conceptually and geographically).
More specifically FIRMS is mostly reporting at regional level, while RAM is
reporting at national or subnational level, and FishSource is more focused on the
fishing activities. All of them contribute to the overall aim to build a comprehensive
and transparent global reference set of stocks and fisheries records that will boost
regional and global stocks and fisheries status and trend monitoring as well as
responsible consumer practices. Since the construction of GRSF is an iterative
process, we will support integrating contents from these three sources in early
releases of GRSF, and in future we will investigate exploiting new ones (i.e. FAO
Global Capture Production Statistics database3).
FIRMS (FIsheries and Resources Monitoring System)4 provides access to a wide
range of high-quality information on the global monitoring and management of
stocks and fisheries. It collects data from 14 intergovernmental organizations (that
are partners of FIRMS) and contains information about the status of more than 600
stocks and 300 fisheries. The information provided by the organizations is ingested
in a database and published in the form of XML backboned fact sheets.
RAM (RAM Legacy Stock Assessment Database)5 provides information
exclusively on the fish stocks domain. It is a compilation of stock assessment results
and time series of stock status indicators for commercially exploited marine
populations from around the world. The assessments are assembled from 21 national
and international management agencies for approximately one thousand stocks.
RAM contents are stored in a relational database and are publicly available by
releasing versions of the database in MS Access and Excel format.
FishSource6 compiles and summarizes publicly available scientific and technical
information about the status of fish stocks and fisheries. It includes information about
the health of stocks, the quality of their management, and the impact of fisheries on
the rest of the ecosystem. It is mainly exploited from seafood industry for assisting in
taking the appropriate actions for improving the sustainability of the purchased
seafood. Information in FishSource is organized into fishery profiles associated with
the exploited stocks, and currently contains more than 2,000 fishery profiles.
2.2

Requirements

The selected database sources were originally constructed to fulfil different
requirements and needs. Furthermore, they have been developed and are maintained
from different initiatives. As a result, they are using different standards, data models,
3

http://www.fao.org/fishery/statistics/global-capture-production/en
http://firms.fao.org/firms/en
5
http://ramlegacy.org
6
http://www.fishsource.com/
4
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conceptualizations and terminologies for capturing similar information. As an
example consider the fish species that are included in a particular stock or fishery;
they can be identified either using (a) their scientific name (e.g. Thunnus albacares),
(b) their common name in any language (e.g. Yellowfin tuna in English), or (c)
standard codes for identifying them (e.g. YFT7). Furthermore, the different data
sources use diverse criteria for identifying the uniqueness of a stock or fishery, as
well as diverse conventions for naming their records.
GRSF aims at harmonizing the harvested information by adopting a set of
standards that have been discussed and agreed with representatives of the database
sources. In particular, these standards have been identified by two technical working
group meetings that have been organized. The working groups have defined which
are the international standards that will be used (e.g. FAO 3Alpha codes for species,
ISO3 country codes for flag states), which values define the uniqueness of a stock or
a fishery record, which values are mandatory to accept a record as a complete one, as
well as guidelines for generating unique and global identifiers (both human and
machine interpretable) and names for the GRSF records. A detailed description of a
GRSF record with respect to those guidelines can be found in Section 2.3.
The main challenge for the construction of the GRSF is the ability to semantically
integrate data coming from different data sources. To tackle this challenge, we
decided to rely on semantic web technologies and use top level ontologies. The best
candidate is the MarineTLO (Tzitzikas et al., 2016-a) which provides (a) consistent
abstractions or specifications of concepts included in all data models or ontologies of
marine data sources and (b) the necessary properties to make GRSF a coherent
source of facts relating observational data with the respective spatiotemporal context
and categorical domain knowledge. The rationale is that we map attributes from
different data sources into classes and properties of the top-level ontologies. To this
end we could also mention works like (Pham et al., 2016) that automate the mapping
process using machine-learning techniques.
2.3

The GRSF record

Each GRSF record is composed of several fields to accommodate the incoming
information and data. The fields can be functionally divided into time-independent
and time-dependent. The first group contains the identification, descriptive and other
information which describes various aspects of a stock or fishery, and the latter
contains the stocks and fishery indicators. In general, there are two types of GRSF
records: (a) stocks and (b) fishery GRSF records. Both types of records share some
common metadata like their time-independent information. Furthermore, records are
assigned information about areas and their original sources. Finally, each record is
assigned several time-dependent information modeled as dimensions. In the case of
stock GRSF records, the dimensions refer to abundance levels and exploitation rates.
In the cases of fishery GRSF records, the dimensions refer to catches and landings
indicators. We could say that a GRSF record resembles a data item in a database and
as such we are describing its corresponding details in the schema shown in Fig. 1.
7

According to FAO 3Alpha code http://www.fao.org/fishery/collection/asfis/en
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Fig. 1 The STAR schema of a GRSF record

2.4 The Process
The process for constructing GRSF consists of a sequence of steps which are
shown in Fig. 2. Below we describe these steps in detail. The technical components
that carry out each step of the process are described in detail in Section 3.

Fig. 2 The steps required for constructing and exploiting GRSF

Fetch. GRSF does not affect the data from the remote database sources. This
means that the maintainers of the database sources will continue to update them in
their own systems. For including the providers’ data in the GRSF it is important to
periodically fetch the raw data (in their original form) or the data in a different format
or view if they are exposed using particular services (i.e. in other formats like JSON
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or XML). In particular FIRMS offers a set of services that exposes their contents in
XML format, RAM publish their MS Access database in their website, and
FishSource exposes specific parts of their relational database as JSON data through a
set of web services.
Transform. After fetching the data it is important to transform them so that they
have a similar structure and semantics. At this stage data is transformed from XML,
JSON and MS Access to RDF format. Specifically, data is transformed into instances
of the MarineTLO ontology with respect to the identified GRSF requirements.
Information harvested from the database sources will be mapped to the agreed GRSF
standards, when not already compliant. Furthermore, during this step a set of
proximity rules are applied (using the species, area and gear fields) for identifying
similar records. This creates groupings of similar records that are being used in
subsequent phases (during the curation & validation phase).
Dissect. This step is important for complying with the standards, for traceability
aspects. In some cases, sources contain aggregated information in their records. For
example, in a single fishery record there could be included more than one species,
fishing gears or flag states. These aggregated records are therefore dissected to
produce new GRSF records, each containing one single value for the abovementioned fields, and thus complying with the requirements for traceability.
Merge. This step ensures that the contents that have been added in the GRSF
staging database are properly connected based on a set of criteria. This is achieved by
linking records that have the same values on particular fields (specifically timeindependent values) for producing a new single GRSF record. For example, if there
are stock records having the same species and water area, we can merge them into a
single stock. During this process, we also use external knowledge to detect
similarities among different names and terminologies used in the database sources
(i.e. species names). The time-dependent information for the merged records will be
kept distinct although collated and associated to the final merged GRSF record, with
clear indication of the database source and the reference year.
Publish (for curation). The contents of the GRSF staging database are being
replicated into a public GRSF database, which is actually a triple-store. The triplestore can be used as a reference endpoint for answering complex queries about stocks
and fisheries records. Furthermore the contents are published in a data catalogue
offered through the D4Science (Candela et al., 2014) infrastructure. These resources
allow the experts inspecting the contents of the GRSF and curate them appropriately.
During this step, Universally Unique Identifiers (UUID) and human readable
semantic identifiers are generated and associated to each GRSF record. The former
are generated based on a standard algorithm and are used to uniquely identify
records. The latter are generated using various GRSF fields and populated with
standard codes and allow the identification and interpretation of records by humans.
Curate & Validate. During this step, a community of experts browse over the
GRSF records and curate them in various ways. At this stage, the GRSF records are
in a pending status waiting for approval by a human expert. During this process, the
experts are able to either approve or reject a record, as well as to suggest alternative
processes for merging records and to attach annotations with a narrative text.
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Publish (for exploitation). The GRSF records that has been approved during the
previous phase are being published into public and read-only databases as final
GRSF products that can be exploited from the communities of interest.

3

Software Components and Architecture

The D4Science infrastructure and gCube technology (Assante et al., 2016) enable
the development of Virtual Research Environments (VREs) that provide the users
with a web-based set of facilities to accomplish various tasks. For the purpose of
GRSF, we developed the appropriate VREs acting as a gateway for the “one stop
shop” for stocks and fisheries records. More specifically we exploit the data
cataloguing facilities of the infrastructure for manipulating and exposing GRSF
records to the wide audience.
The core component for constructing GRSF is MatWare (Tzitzikas et al., 2014).
MatWare is a framework that automates the process of constructing semantic
warehouses. By using the term semantic warehouse we refer to a read-only set of
RDF triples fetched and transformed from different sources that aims at serving a
particular set of query requirements. MatWare automatically fetches contents from
the underlying sources using several access methods (e.g. SPARQL endpoints, HTTP
accessible files, JDBC connections, several file format transformers). The fetched
data are transformed into RDF descriptions using appropriate mappings (Marketakis
et al., 2016), and stored in a RDF triplestore supporting several levels of description
for preserving provenance information. One of its distinctive features, is that it
allows evaluating the connectivity of the semantic warehouse. Connectivity refers to
the degree up to which the contents of the semantic warehouse form a connected
graph that can serve ideally in a correct and complete way the query requirements,
while making evident how each source contributes by using a set of connectivity
metrics. MatWare is a fully configurable tool and can be easily extended using
plugins. For the purposes of GRSF we have extended it with plugins for fetching and
transforming the data from their original formats, plugins for supporting the merging
and dissection steps, as well plugins for publishing the data into the catalogue
supporting both the curation and validation phase, as well as the consumption phase.
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Fig. 3 The GRSF construction deployment setting

Fig. 3 shows the overall technical deployment for the construction and
maintenance of the GRSF. MatWare is responsible for the activities that construct the
GRSF (as they are described in Section 2.4) and publishing them in the GRSF
Knowledge Base (GRSF KB) and in the GRSF Catalogue. For the latter it exploits
the component Data Catalogue publisher which carries out the necessary activities
for ingesting GRSF records into the CKAN-based Catalogue instance offered by the
D4Science infrastructure. Finally all the above components are controlled and
interacted through the D4Science portal facilities of the GRSF VREs.

4

Evaluation – Discussion

In order to assist the experts during the process of inspecting the GRSF records it
has been decided to keep and publish both the initial records from the database
sources as well as the final GRSF ones. For each one of the final records we preserve
the provenance information about the initial records it has been derived from. This
will allow the experts to quickly identify the problematic sources in cases of
erroneous final records that have to be rejected and undergo a different handling. To
distinguish the initial records from the final ones we used the notion of named graphs
in the GRSF KB; the resources coming from each of the initial data sources have
been added in a particular named graph, and the final records on a different one –
preserving however the links (in terms of URIs) to the corresponding initial resources
that exist in different named graphs. A similar approach has been carried out in the
GRSF data catalogue, where the records are distinguished using groups (e.g. FIRMS
Stock, RAM Stock, GRSF Stock, GRSF Fishery, etc.).
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Table 1. Summary of the information fetched and integrated into GRSF
FIRMS
Stock Records
Fishery Records
Species
Water Areas
Fishing Gears
Flag States
Assessment Methods
Scientific Advices

RAM
491
190
578
264
40
69
58
243

989
264
636
74
-

FishSource
873
2,203
389
302
59
96
326

GRSF
2,187
7,486
1,204
1,181
97
163
110
506

Table 1 summarizes some statistics about the results of the first version of GRSF.
We should note here that only a limited number of merging activities took place.
However, we foresee that in future versions of GRSF we will fully support merging
activities. The table contains the total number of Stock and Fishery records, as well
as the distinct number of particular information like for example the distinct number
of species, water areas and others. What is important to describe here is the high
number of the fishery records in the GRSF database (7,486 records) compared to the
summary of the fishery records in the initial sources (2,393 records in total). This is
due to the merging and dissection processes. More specifically many fishery records
(especially from FishSource) had multiple values for their: (a) target species, (b)
fishing gears, and (c) flag states. These records have been dissected to contain single
values for these fields, a decision that was taken for being compliant with the
guidelines of GRSF to meet the traceability business case, as agreed between the
representatives of the database sources.
The merging process implies the collation of information, thus filling gaps of
knowledge that may occur in the single database sources. In addition integrating the
data sources into a semantic warehouse allows us to create a knowledge graph that
interconnects all the relevant information following the Linked Data principles
(Heath & Bizer, 2011). For instance the three original database sources use different
ways for identifying the targeted species; FIRMS use their common name in English
(e.g. yellowfin tuna), RAM use their scientific Latin name (e.g. Thunnus albacares)
and FishSource use their FAO 3-Alpha code (e.g. YFT). This information is
interconnected in GRSF using the appropriate properties of the top level classes as
shown in Fig. 4. The apparent advantage is that users exploiting GRSF will be able to
find records using any of the above names.

Fig. 4 Different ways for identifying a fish species
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The semantic warehouse enables querying data from all the underlying sources in
a uniform manner. Table 2 shows the results of the connectivity metrics
(Mountantonakis et al., 2016) (common URIs, literals and triples). GRSF – as a
source – scores the highest value, which justifies that it contains highly connected
and valuable information.
Table 2. Connectivity metrics for GRSF sources as computed by MatWare
FIRMS
FIRMS
RAM
FishSourc
e
GRSF

1.0

Common URIs
RAM
Fish
Source
0.16 % 0.19 %
1.0
0.14 %
1.0

GRSF
50.49 %
41.71 %
18.24 %

Common Literals
FIRM RAM
Fish
S
Source
1.0
3.19 % 7.85 %
1.0
4.41 %
1.0

1.0

45.17 %
27.41 %
8.07 %

Unique
Triples
(%)
82.58 %
93.07 %
97.31 %

0.1087
0.1038
0.2011

1.0

92.28 %

0.3402

GRSF

Value

The warehouse can also be exploited as a valuable source of entity names for
improving the quality of automatic semantic annotation of texts and documents, e.g.
by using tools like XLink (Fafalios et al., 2015) that can exploit external SPARQL
endpoints. Moreover one could provide exploratory search services over its contents
by adopting the related approaches that have been developed for RDF datasets (see
Tzitzikas et al., 2016-b for a survey) or by first defining semantic views and then
exploring them through Hippalus, just like it has been done for fish species (Tzitzikas
et al., 2016-c). Finally, it can be exploited for semantically annotating search results
coming from external search systems (Fafalios et al., 2014).
The contents of the GRSF are currently exposed through the D4Science portal.
More specifically two Virtual Research Environments have been created for sharing
knowledge about Stocks and Fisheries, and supports the GRSF business cases. The
first one is for the community of experts for carrying out the curation and validation
activities, and another one is for public use. Fig. 5 shows some indicative screenshots
from the corresponding VREs. By using it, it is possible to search for records by
keyword based search as well as faceting by tags (e.g. commercial species, fishing
area, fishing typology) and groups (e.g. record type, source provider). For each
record the catalogue offers a user-friendly view of its content and cater for
visualizing the time-dependent information associated with it, as well as any other
multimedia resource attached to the record.
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Fig. 5 Exposing GRSF through the GRSF Virtual Research Environment

As regards the GRSF construction and maintenance we could say that it consists
of three different phases: the design, the implementation and the maintenance phase.
During the design phase the activities for defining the mappings from the original
sources to the targeted format, and the merging and dissection rules are defined.
These processes require human effort and especially they require close collaboration
and interactions with the organizations maintaining the original sources, to make sure
that the semantics of the original data are modelled adequately with respect to the
target models. The output of the design phase is a set of mappings and rules formally
expressed, so that can be used during the implementation phase. The implementation
phase is an automated process that exploits the results of the design phase and
realizes the processes described in Section 2.4. As regards the maintainability of the
GRSF, it is an automated process that can be triggered whenever new data exist in
the original data sources, assuming of course that their structure has been preserved,
otherwise the mappings should also be updated. Finally, we should mention that
during the maintenance phase, any changes made to records by the users (i.e. changes
in the status of a record) are being preserved.
For the particular setting of GRSF, the implementation phase took approximately
47 hours to be completed, and consists of the time for fetching and transforming the
data (~45 minutes), merging and dissecting them (~ 30 minutes) and publishing them
sequentially in the D4Science Data catalogue (~ 45 hours). In future we plan to
parallelize the last subtask for being able to publish multiple records simultaneously.

5

Conclusion – Future Work

In this paper we introduced a process for providing a unified view of several
stocks and fisheries databases, by relying on semantic web technologies and
innovative hybrid data infrastructures. The resulting Global Record of Stocks and
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Fisheries integrates data from three data sources, and contains more than 9,500
records about stocks and fisheries. It can be seen as a core knowledge base
supporting the collaborative production and maintenance of a comprehensive and
transparent global reference set of stocks and fisheries records. This is accomplished
because of the processes that were applied during the construction, that guarantee the
unique identification of stock and fisheries and the easy access to the information
associated to a particular stock or fishery. In addition, during the validation step, the
experts can validate the information of the GRSF records which also allows them
spotting errors in their original sources, because their provenance is also preserved.
We plan to release newer versions of GRSF periodically that will fully support
the merging activities. Apart from the new versions, we also plan to perform an
inventory for more database sources to be included. Apart from the technical details
of GRSF, there are several issues that are worth further work and research including
(a) support of update operations for specific records in the GRSF data source or the
original sources, (b) parallelization of the construction and maintenance phases for
fastening them, (c) offer advanced discovery services based on spatio-temporal
information, and (d) investigation of whether machine learning techniques could be
exploited for automating or assisting the curation and validation of GRSF records.
Acknowledgments. This work has received funding from the European Union’s
Horizon 2020 research and innovation programme under the BlueBRIDGE project
(Grant agreement No 675680).
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Abstract. This study focuses on the relationship between public acceptance of
renewable energy investments and emotional intelligence. For the purpose of
this study, a questionnaire survey was conducted at the regional unit of Evia Greece, by selecting a sample of 366 residents. Statistical analysis revealed
the existence of a positive correlation between trait emotional intelligence and
willingness to invest in renewable energy sources. Furthermore, statistically
significant correlation was also found between emotional intelligence and
citizens views about the contribution of renewable energy sources to life
quality and environmental improvement.
Keywords: Renewable energy sources, public acceptance, emotional
intelligence, green investments, TEIQue

1 Introduction
The impacts of climate change are noticeable, and the need for the promotion of
green investments and a shift to renewable energy sources (RES) are considered to
be imperative (Kyriakopoulos et al., 2015; Papageorgiou et al., 2015). Social
acceptance of renewable energy systems is measured both at a national and local
level, since citizens’ attitude towards RES can vary not only between countries but
also between regions in the same country (Bertsch et al, 2016; Tabi and
Wüstenhagen, 2017; Enevoldsen and Sovacool, 2016). The term social acceptance is
used in many studies, incorporating various concepts. In several studies, the term
“social acceptance” is used to assess the degree of people’s readiness to accept a
particular form of renewable energy investment in their region (Liu et al; 2014;
Caporale and De Lucia, 2015; Hall et al., 2013; D׳Souza and Yiridoe; 2014). In other
studies the term “social acceptance” is used as an assessment measure of active or
passive citizens’ attitude towards various technologies / RES products (Rosso-Cerón
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and Kafarov, 2015). Several studies concerning Greece reflect positive citizens’
attitudes towards various forms of green investments and social responsibility actions
(Zografakis et al, 2010; Arabatzis and Myronidis, 2011; Chalikias, 2013; Chalikias &
Kolovos 2013; Kaldellis et al, 2012; Skordoulis et al, 2013; Ntanos et al, 2016). A
common finding in most studies measuring social acceptance is the need for
providing additional information to stakeholders. Most environmental campaigns run
on the principle that people need more information to behave pro-environmentally.
However, the approach of increasing social acceptance only in terms of
“information” has been criticized as insufficient to promote behavioural change, as
personality characteristics are not taken into account (Schultz, 2002; Schultz et al,
2004; Chalikias et. al, 2011; Kellstedt, Zahran, & Vedlitz, 2008; Ockwell et al,
2009). By using tools of social psychology, numerous studies examine
environmental attitudes and behaviours of individuals, under the prism of personality
traits (Parant et al, 2017; Stigka et al, 2014; Yazdanpanah et al, 2015; Aaen et al,
2016). Dunlap and Van Lier have created an instrument known as the NEP scale, for
measuring environmental attitudes and ecological intention (Dunlap and Van Lier,
1978). An interesting approach to the characteristics of the human personality,
which also includes individuals’ sensitivity towards the social environment, is the
concept of emotional intelligence. There is considerable debate about the feasibility
of measuring emotional intelligence (Goleman, 1996, Steiner, 1997). Emotional
intelligence is defined as the ability to perceive, assess and generate emotions as well
as understanding emotions and their regulation, so as to better promote both feelings
and thinking (Salovey and Mayer, 1989). People with high emotional intelligence
tend to have the ability to persist and to motivate themselves and others in difficult
situations. They can also control their emotions and develop high levels of empathy
(Goleman, 1996). Furthermore, people with increased emotional intelligence display
more willingness to cooperate and adopt a moral attitude towards their work
(Tsaousis et al., 2005).
There are many different tools that can be used to measure emotional intelligence,
including the Trait Meta-Mood Scale (TMMS, Salovey, 1995), the Bar-On
Emotional Quotient Inventory EQ-I (Bar-On, 2002), the Schutte Emotional
Intelligence Scale SEIS ( Schutte et al, 1998), the Trait Emotional Intelligence
Questionnaire TEIQUe Short Form (Petrides and Furnham, 2001,2003, Petrides et
al., 2010).
In the light of approaching social acceptance on the basis of personality, the
interest of this research focuses on the investigation of the relation between
emotional intelligence and social acceptance of RES. Data collection is performed
through by using a two dimensional questionnaire, in order to estimate: a) the degree
of emotional intelligence and b) the level of social acceptance of RES investments.
Hypothesis tests were performed in order to examine the relation between those two
variables and investigate the possible existence of a statistically significant relation.
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2 Methodology
Due to its high wind potential, southern Evia has already attracted investment
interest in the wind energy sector. Most wind parks in or country are located in
central Greece and Evia. According to Baltas & Dervos (2012), three wind priority
areas (WPA) are distinguished in Greece. WPA’s are continental areas with
comparative advantages for wind farms. The total usable capacity in the Greek wind
priority areas is estimated at 2537 typical wind turbines, or 5074 MWe. Evia has
been classified in the 2nd wind priority area, according to the previous distinction.
Southern Evia presents the highest wind power density per km2 compared to the
national average. There are running applications for 1578 MW wind power projects
that have been submitted to the Regulatory Authority for Energy (Kontogianni et al,
2014). The recent completion of a new 150kV submarine interconnection between
south Evia island and Attica region will enable the development of 380MW of new
wind power capacity in south Evia and the nearby Cycladic Islands of Andros and
Tinos. The development has an estimated investment value of €700 million which
will be sponsored by some of the prominent market players. Moreover, the scheduled
upgrade of existing grid infrastructure in the area to 400kV will enable the
development of additional 450MW– 550MW of wind power capacity in south Evia
in the future (Norton, 2017). Because of the renewable potential of the area, the
region of Evia was selected in the context of this study.
A questionnaire survey was conducted during the period of March 2016 to
September 2016 by using random stratified sampling. According to 2001 census,
conducted by the Hellenic Statistical Authority, the population of Evia regional unit
is 207,305 inhabitants (National Statistics, 2009). The stratification research was
done at a municipal level, using the electoral register per municipality, for all 27
constituencies of the county regions. With this method we achieve a sample unit
consisting of adults over 18 years old. The regional unit of Evia has 432 polling
stations with 204,938 registered at the parliamentary elections of September 2015.
The electoral lists of January 2015, broken down by polling station, were retrieved
from the Ministry of Interior (Ministry of Interior, 2016). For the calculation of the
sample size, given that the dispersion of the population for the variables of our
investigation was unknown, a pre-study was conducted in the area with a sample of
size n = 50 respondents. By using this pilot sample, the variance (s2) and standard
deviation (s) were calculated for each quantitative variable, and the ratio (p) for each
qualitative variable research. The appropriate sample size was estimated at 366
persons, by using the proportions equation, with an error e = 0.05. The questionnaire
is divided into two sections. The first section contains 30 questions that are used to
calculate the level of an individuals’ emotional intelligence. These questions are
known as the TEIQue-SF scale (Trait Emotional Intelligence Questionnaire - short
form) which is an internationally recognized emotional intelligence measurement
tool (Psychometric Lab, 2016a; Zampetakis, 2011). Answers to each item on a scale
of 1 (Strongly Disagree) to 7 (Strongly Agree), are summed to calculate the total
score; half the questions are reverse-scored. The higher the score, the more
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emotionally intelligent the respondent perceives himself to be. The second section of
the questionnaire contains various questions on RES, concerning degree of
knowledge and acceptance of consumers for investments in the photovoltaic sector,
small hydro parks, wind energy and biomass. The questions were drawn from similar
surveys on social acceptance of RES (Arabatzis and Myronidis, 2011; Kyriakopoulos
et. al., 2010; Chalikias et. al., 2010; Kolovos et. al., 2011; Kyriakopoulos and
Chalikias, 2013; Arabatzis and Malesios, 2013; Kaldellis, 2005; Zografakis et al.
2010).
The main research aim is to examine if there is a correlation between willingness
to invest and emotional intelligence. Statistical analysis includes independent
samples t-test and the Spearman correlation coefficient.

3 Analysis
The sample consists of 366 respondents from the regional unit of Evia. Regarding
their gender, 53.3% are men and 46.7% women. The average age of the sample is
38.6 years and the predominant age group category 41-44 years, including 30.0% of
the respondents. The predominant level of education is high school (39.7%) with
second the TEI / University category (27.2%). A percentage of 47.4% of the sample
declared an individual annual income up to € 10.000, while it should be noted that
about 1/4 of the sample declares income up to € 5000. Only 15% of the sample
reported annual income above 20,000 euros. Concerning occupational status, the
employees in public and private sectors account for 51.4% of the sample, while a
percentage of 22.5% of the sample are students, unemployed and housekeepers. With
regard to the area of residence, the majority of the sample (38.6%) resides in
suburban areas, a 33,3% in urban areas and the remaining 28.1% in rural areas.
The average emotional intelligence according to TEIQue-SF scale, is estimated at
4.66 units to a maximum of 7. On a dichotomous question (yes / no) regarding the
RES investment desire, 72.8% of the sample said they would like to invest in
renewable energy technologies. On several questions about the degree of knowledge
on various forms of renewable energy, a percentage of 38.2% of respondents
reported a good or very good knowledge of solar energy, followed by wind energy
with 34.5%. Less known forms of renewable energy are small hydroelectric and
biomass by gathering a percentage of about 19%. Concerning the contribution of
renewables, about 51% responded that renewable energy sources contribute to the
improvement of living standards while 65.5% answered that they contribute to
environmental improvement. More than half of the respondents agreed or fully
agreed on the statement that renewable energy is an economically efficient and
socially acceptable investment area. When asked about factors contributing the most
towards the spread of renewables, a percentage of 71% of the respondents agreed or
strongly agreed on the increasing need for environmental protection. The second
factor is updated information while the third factor is economic reasons, with rates of
57.4% and 57.3% respectively.
For the purpose of the analysis, we tested the variable named “emotional
intelligence” for normality by using the “One sample K-S” command in SPSS. By
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observing the statistical significance of the test (.sig>0.05) we accepted that sample
distribution comes from a normal distribution. A hypothesis test followed, between
the variables “willingness to invest” and “emotional intelligence”. The test
hypotheses are:
H0: There is no correlation between investment desire and emotional intelligence
H1: There is a correlation between investment desire and emotional intelligence
Table 1. Mean score on emotional intelligence for respondents who would invest in
renewable sources and respondents who would not invest in renewable sources
Group Statistics
Would you invest in
RES?
Emotional
Intelligence
(EQ)

Mean EQ

N

score

Std.
Deviation

Std. Error Mean

YES

238

4.73

0.66

0.04

NO

80

4.45

0.61

0.07

Table 2. Independent samples t-test depicting the statistical significance of the mean score
difference on emotional intelligence between potential investors and non-investors in RES
Levene

t-test for Equality of Means

test
F Sig.

t

df Sig.

.694 .405 3.344 316 .001
3.471 145.3 .001

Mean

Std. Error

Difference

Difference

.28
.28

.083
.080

Lower
.115
.120

Upper
.443
.437

We observe that participants who express desire for investment in RES (category
"YES") have an average emotional intelligence score of 4.73 out of 7, while those
who do not want investment in RES have an average emotional intelligence of 4.45.
We also observe/notice from the independent samples t-test that the difference
between the two groups is considered statistically significant at the 99.9% level.
Therefore, it is obvious that respondents who gave a positive answer on RES
investment have a higher emotional intelligence quotient. This connection between
EQ and investment desire is of particular interest and is subject to further
investigation.
Continuing the analysis, we associated emotional intelligence score with
respondents’ views on various statements concerning RES issues, through Spearman
correlation coefficient.
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Table 3. Spearman correlation coefficient between emotional intelligence and respondents’
opinion on issues concerning renewable energy systems
Emoti
onal
Intelligenc
e (mean
score)
Emotiona
l Intelligence
(mean score)
1. RES
contribute to
improved
living
conditions
2. RES
contribute to
environment
improvement
3.
Renewable
energy is
cost-effective
investment
4. RES
invest
socially
acceptable

Spearman
Correlation
Sig. (2tailed)
Spearman
Correlation
Sig. (2tailed)
Spearman
Correlation
Sig. (2tailed)
Spearman
Correlation
Sig. (2tailed)
Spearman
Correlation
Sig. (2tailed)

1

1.
RES
contribut
e to
improved
living
condition

2. RES
contribute
to
environmen
t improve

3.
Renewab
le energy
is costeffective
invest

4.
RES
invest
socially
acceptble

.155**

.121*

.077

.190**

.006

.031

.172

.001

1

.567**

.305**

.216**

.000

.000

.000

1

.239**

.312**

.000

.000

1

.362**

.155**
.006
.121*

.567**

.031

.000

.077

.305**

.239**

.172

.000

.000

.190**

.216**

.312**

.362**

.001

.000

.000

.000

.000
1

Results confirm a relationship between emotional intelligence quotient and the
view that a) RES is a socially acceptable investment area; Spearman correlation
coefficient =0.190 and sig = 0,001, b) RES contribute to improved living conditions;
Spearman correlation coefficient =0.155 and sig = 0.006 and c) RES contribute to
environmental improvement; Spearman correlation coefficient =0.121 and sig =
0.031. Furthermore, no statistically significant correlation was detected between
emotional intelligence and the belief that renewable energy is an economically
efficient investment. As it can be seen from the means plot below (fig.1) and as
shown by the previous analysis, there is a positive relationship between emotional
intelligence and the view of respondents on the environmental and social
contribution of green investment.
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Fig. 1. Mean plots between emotional intelligence mean score and public acceptance of
renewable energy systems, depicting a positive relation

4 Conclusions
This study focuses on the relation between emotional intelligence and citizens
attitudes towards renewable energy sources. Data collection was performed through
a questionnaire survey at Evia regional unit, Greece. The sample majority (72%),
exhibited willingness to invest in renewable energy sources (RES). Out of the
respondents who wish to invest in RES, the majority prefers solar photovoltaics
(62%), with wind energy (23%) as the second most desirable investment, whereas
biomass and small hydropower parks gather low rates of investment desire.
Investment preference is consistent with the degree of acquaintance with the various
forms of renewable energy, since a percentage of 38.2% of respondents declared to
be familiar or very familiar with solar energy, followed by wind energy with a
percentage of 34.5%. The least recognizable forms of renewable energy systems are
the small hydroelectric parks and the biomass energy systems, which gather a
percentage of good or very good knowledge at about 19%. Concerning emotional
intelligence of the respondents, the mean sample score is 4.66 / 7, which is consistent
with similar studies. In statistical tests examining the relation of emotional
intelligence with public acceptance of renewable energy systems, a weak positive
correlation was found between emotional intelligence and a) the desire to invest in
renewable energy, b) social acceptance c) public opinion concerning the contribution
of these investments to increased living standards. The results revealed that
respondents who are willing to invest in RES scored higher on the emotional
intelligence section of the questionnaire. To have a clearer view of the income status
of those who are willing to invest in RES, we performed a chi square test between
“income” variable and the binary variable “would you invest in RES”. We noticed
that out of those who were willing to invest in RES, which have exhibited a higher
EQ score as previously mentioned, the categories of annual income between 10,000 –
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25,000 euros include more respondents that expected. It therefore appears that the
attitude of respondents’ towards green investments is more positive amongst those
who exhibit a higher emotional level and becomes even stronger at medium to high
income levels, although further research with different samples is required in order
for this finding to be validated. The increase of emotional intelligence amongst
individuals through intervention programs even from the primary and secondary
education level is a concept with prominent results in the context of environmental
awareness (Nelis et al, 2009; Viguer et al., 2017).
This study belongs to the area of similar studies reported in the literature review
and dealing with how personality characteristics can incite social acceptance of RES
investments.
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Abstract. The research was conducted in the prefecture of Evros aiming to
examine the attitudes, opinions and perceptions of farmers on the main
problems they confront and confine the livestock development in the
prefecture. It comprises a sociological survey carried out using a structured
questionnaire and employing the method of personal interviews. The sampling
method was the simple random sampling and the analysis of the survey data
was carried out via descriptive statistics, Friedman’s test and factor analysis.
The results indicate that livestock farming in the prefecture is declining and
this is mainly due to the impact of the economic crisis and the outbreak of the
epidemic crisis. Livestock farmers show confidence towards public services
and they are willing to be informed about the disease prevention and hygiene
conditions. They also feel that they do not participate in subsidized programs
due to the economic crisis, the lack of capital to cover their own participation
and bureaucracy issues.
Keywords:
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1 Introduction
Livestock farming plays nowadays a leading role in the economies of several
countries attracting large investments (Aggelopoulos et.al. 2016; Boyazoglu, 2002).
Still, inefficient farm management can contribute to the degradation of pastures and
the pollution of water resources and the loss of biodiversity. By contrast, with good
management, livestock farming can make a positive contribution to natural resources
by enhancing soil quality and improving biodiversity. International scholars have
studied the economics and sustainability of the livestock sector, as well as the
potential for further improving its competitiveness. Aggelopoulos et. al., (2010)
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argued that the most important problem in the sheep and goat sector is the high
production costs that affects its competitiveness. Theocharopoulos et. al., (2007)
estimated the costs of input use and determined the technical efficiency in livestock
farms. They identified the possibilities of reducing the production cost based on
improving the technical efficiency of the farms, to tackle the abolition of subsidies
within the reformed CAP of 2003. Fousekis et. al., (2001) determined the overall
efficiency of livestock farms, whereas Galanopoulos et. al. (2011) in their study
report that moving sheep and goat farming, despite its declining trend, is still a major
income source for the remote and mountainous areas. The results of their survey have
also denoted that the technical efficiency is very low in moving herds and this is
mainly due to the subsidies and the small-scale farms.
The development of livestock farming is not only about infrastructure, equipment
and the genetic improvement of livestock, but also concerns the behaviour of
livestock farmers regarding animal husbandry, as well as their knowledge of
zootechnical management and the improvement of trust relationships with public
veterinary services (Te Velde et al., 2002; Vanhonacker et al., 2008; Dwyer, 2009;
Aggelopoulos et al., 2016). Potential conflicts may therefore exist between the search
for profit and good animal health in livestock farming systems (Stott et al., 2005).
Mishkin (1992) argued that the activity of economies is worsening, when there are
information problems. The same holds for farmers who, by receiving incorrect or
confused information, have low trust making amendments and innovations in the
traditional forms of livestock development. Thus, they do not make any investments,
especially during the economic crisis, and they do not participate in collective
schemes such as cooperatives; resulting in their economic stagnation. The
misinformation of livestock farmers makes them unaware, which consequently leads
them to injudicious and mistaken decisions with negative results for both their herds
and their incomes.
Proper and timely information of the livestock farmers of the Evros prefecture, at
the time of the outbreak of the epizootic crisis, regarding the symptoms of the
diseases and their consequences would result in gathering and disseminating vital
information for protecting their herds and limiting the spread of diseases. In addition,
timely information would have supressed rumours - which were non-existent – which
created panic and confusion and made it difficult for state authorities to control and
restrict the herds, activate emergency response units and provide specific activity
information (for example, compulsory encroachment for as long as the restrictive
measures were in force). At the same time, the level of education of livestock farmers
in the prefecture remains low that makes the development of livestock farming
difficult to compete directly with foreign markets and especially, those of the
neighbouring "cheap" market of Bulgaria. For this reason, it is imperative that the
livestock farmers in the prefecture to continue their training and education, as it is
generally accepted that optimized production of quality products depends on the
knowledge and ability of the farmers. Modern necessities require informed and
responsible livestock farmers, in control of their farms and capable to manage them
in the most appropriate and profitable way (Stefakakis, 2015).
Lack of communication skills confines the improvement of the information
services provided (Shaffril, et al., 2010). In other words, the provision of effective
information, scientific support and technical training on rural infrastructure and
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education, through educational actions, workshops, information gatherings, would
provide livestock farmers with the necessary first-level equipment to engage actively
in farm management (Mboera et al., 2010). It would also be helpful to create an
online training base for the training needs of those employed in general with the
primary sector (Bellos and Pappas, 2011).
Bearing in mind the aforementioned, the objective of the study is to capture
farmers' views on a range of issues related to the economic situation of their farms
and offer policy makers the effective means to handle the problems and the way
farmers communicate. More specifically, the study examines the impact of the
economic crisis on livestock farming, the interest of livestock farmers to use
subsidized programs to confront the crisis, the communication methods from which
they choose to be informed, as well as individual livestock issues they are interest in.
The next section provides the methodological steps taken in the study, followed by
the main results in the third section. Section four discusses the results of the study
and concludes.

2 Materials and Methods
The population under study consisted of livestock farmers in the Evros prefecture
and particularly farmers from two out of the six municipalities of the prefecture,
Didimoticho and Orestiada. Primary data were gathered through a quantitative survey
(structured questionnaire) to livestock farmers in the prefecture, by means of the
simple random sampling method. According to the livestock census (late 2015) from
the Directorate of Agricultural Economics and Veterinary in Orestiada, there were a
total of 30,072 sheep and goats in 473 livestock farms, 15,250 of which were bred in
the Municipality of Didymoteicho and 14,822 in the Municipality of Orestiada,
primarily for milk production (Armenou, 2017). Sheep and goat farms continue to
have traditional features such as grazing livestock in pasture land, traditional forms
of stables, well-known pens made of natural materials. The milking of the animals is
done by hand and the economy of the farms is based mainly on milk production for
cheese and on the fattening and sale of the sheep (Armenou, 2017). Since the end of
1990, the sheep-goat farming has been growing in the prefecture as a new method of
breeding animals, but it involves a small number of producers. This type of farms is
mainly based on young age farmers and old ones as well, with key characteristics the
modern buildings, where there is a mechanical milking parlour that guarantees the
hygiene of production. Moreover, these farms are characterized by an embedded
form of breeding and a relatively large number of animals (Dadousis, 2007).
Reviewing the extant literature, the sample size was estimated to 170 livestock
farmers and data were collected through a personal interview (structured
questionnaire). The data were then analysed via the SPSS statistical program,
employing the methods of α-Cronbach coefficient, the descriptive statistics, the
Friedman's non-parametric criterion, and the Principal Component Analysis (Hair et
al., 1995; Sharma, 1996). Particularly, the structure of the livestock farmer’s
perceptions was assessed through Principal Component Analysis (PCA) with
Varimax rotation of the factorial axes in the answers given.
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3 Results
This section presents the results of the study. Regarding the socio-economics of the
respondents, the majority of the farmers were men (77.1%), who had the main
responsibility for the farm decisions and operation. They had mostly low educational
level, since 54.1% received only primary education, or not even that. More than half
of them (57.7%) were aged over 51 years old and 83.5% were married with two or
three children. Furthermore, 61.2% of livestock farmers had dairy farming, the
18.8% had farms for meat production and 20.0% had mixed livestock farms. As
concerns the type of farming and the number of animals, most farms comprised of
sheep and goats with 149.87 animals on average, followed by goats with an average
animal per farm of 106.15 and sheep with 102.78 animals on average (Table 1).
Table 1. Percentages regarding type of farms and animals in each farm.

Type of farm

Percent (%)

Animals per farm (average)

41.81
27.12
23.16
4.52
3.39

102.78
48.17
106.15
149.87
59.50

Sheep
Cattle
Goats
Sheep and goats
Pigs
3.1 Economic crisis and impacts

Table 2 illustrates the changes in both livestock and livestock farmers' income due to
the economic crisis. The results indicate that there has been a decrease over the last
five years, with the more pronounced decline in income.
Table 2. Percentages regarding changes of animal capital and income in the last five years.

Increase
Decrease
Stable
Total

Percentage (%)
Income change
10.0
64.1
25.9
100.0

Animal capital change
12.4
55.9
31.8
100.0

More than half of the breeders (55.9%) have reduced their livestock and 64.1% have
seen their income shrink. This has been exacerbated by both the economic crisis and
the outbreak of zoonoses along with the low demand for livestock products. The
production cost was most affected by the economic crisis (70.0% of livestock
farmers), while 46.4% of them argued that the demand for their products appears to
have declined to a very low level after the emergence of economic crisis (Table 3).
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Table 3. Percentages regarding the impacts of the economic crisis on product’s demand,
production cost and animal feeding cost.

Very decreased
Decreased
Neutral
Increased
Very Increased
Total

Percentage (%)
Product
Production
demand
cost
13.5
0.0
32.9
0.6
26.5
8.2
26.5
70.0
0.6
21.2
100.0
100.0

Animal feeding
cost
0.6
7.6
58.2
22.4
11.2
100.0

3.2 Subsidized programs
Despite the rising feeding costs and even more the production costs, the 57.1% of
livestock farmers were not willing to join a subsidized program (Table 4). The
disincentives for their participation to a subsidized program were examined via the
non-parametric Friedman's test (Table 5). According to the results, the main
deterrent, averaging 5.20, is the economic crisis, followed by the lack of capital to
cover own stake, with a median of 5.10. An important factor, with a rating of 4.11, is
the farmer’s age. It is worth mentioning that elderly farmers are now willing to join
time-consuming subsidized programs, which at the time of the crisis involve some
economic risk.
Table 4. Frequencies and percentages regarding to the interest of livestock farmers in joining a
subsidized program.

Interest in joining a subsidized program
Yes
No
Total

Frequencies
73
97
170

Percent (%)
42.9
57.1
100.0

Table 5. Friedman test for the disincentives for joining a subsidized program.

Disincentive
Mean rank
Low subsidy rate
2.41
Bureaucracy
4.08
Lack of capital to cover own stake
5.10
Lack of information for the terms and conditions
3.86
Late payments
3.24
Start of the economic crisis
5.20
Age
4.11
Ν= 97 Chi-Square= 169.055 df = 6 Asymp. Sig = 0.000
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In addition, the views on the lack of interest of farmers in joining a subsidized
program were gauged through a multivariate statistical analysis using the Factor
Analysis method. The aim was to replace the variables with new inconsistent factors,
fewer in number. The analysis highlighted two factors explaining a total of 75.71%
of the total variance and a value of Keiser-Meyer-Olkin index of 0.835. It is
suggested that the KMO should be greater than 0.80, however, values higher than
0.60 are considered tolerable (Sharma, 1996). Table 6 gives the item loads, which are
the partial correlation coefficients of the seven variables with each of the two factors
derived from the post-rotation analysis. The greater the load of a variable on a factor,
the more this factor is responsible for the overall variance of the degrees in the
considered variable. Accordingly, the first factor included the items “late payments”,
“low subsidy rate”, “bureaucracy” and the “lack of information on terms and
conditions”. The second factor comprised the variables, “start of the economic
crisis”, “lack of capital to cover own stake” and “age”.
Table 6: Factor analysis for the disincentives for joining a subsidized program.

Disincentive
Late payments
Low subsidy rate
Bureaucracy
Lack of information on terms and conditions
Start of the economic crisis
Lack of capital to cover own stake
Age

Factors
1
2
0.901
0.247
0.839
0.091
0.745
0.472
0.607
0.581
0.177
0.906
0.216
0.894
-0.510
-0.523

3.3 Information
As concerns issues for which livestock farmers would like additional information, the
non-parametric Friedman's test was applied (Table 7). The results denote that the
most important issue, with a rating of 5.89, is the transmission and prevention of
diseases, followed by the improvement of the sanitary conditions in the farm, with a
4.94 ranking average. It is noteworthy that respondents were not interested in being
informed about innovative ways of producing livestock products, education and
training and organic farming, ranking them in the last positions. This may be due to
the small size of livestock farms in the prefecture that do not have high returns, as
well as the age and educational level of farmers, which inhibits the adoption of
innovative practices.
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Table 7 Friedman test for evaluating issues that need more information.

Issues
Mean Rank
5.89
Transmission and prevention of diseases
Ways to promote livestock products and to participate in
3.91
exhibitions at home and abroad
Improve hygiene in the farm
4.94
Organic livestock breeding
2.22
Subsidized livestock-farming programs
4.12
Innovative ways of producing livestock products
3.55
Education and training
3.37
Ν= 160 Chi-Square= 357.707 df = 6 Asymp. Sig = 0.000
The classification of the media and the bodies chosen by livestock farmers to
obtain information on livestock farming issues was emerged after the application of
the non-parametric Friedman test. Table 8 illustrates that the main source of
information was the veterinary services, with an average rank of 8.48, followed by
television with a rank of 7.09, whilst in the last place was the municipality
authorities, with an average of 3.79. It is noteworthy that in a very low position (4.02
ranking average) were the meetings/conferences that farmers do not attend, either
because they do not have time or because they do not have the appropriate
educational level to attend.
Table 8. Friedman test for evaluating information sources for livestock issues.

Information sources
Mean rank
Internet
5.11
Newspapers
5.55
Magazines
5.29
Television
7.09
Radio
4.36
Meetings/Conferences
4.02
Veterinary services
8.48
Municipality
3.79
Private bodies
6.50
Cooperatives
4.81
Ν= 170 Chi-Square= 565.575 df = 9 Asymp. Sig = 0.000
It should be noted that even though the cooperatives are considered a moderately
important player, it is in fact a significant information authority for livestock farmers,
bearing in mind that the members of the local livestock cooperative have only sheep
and goats, and therefore only these members have an opinion for the quantity and
type of information provided.
Finally, as far as who farmers trust to obtain information initiatives on agricultural
and livestock issues, the results showed that the Directorate of Agricultural
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Economics and Veterinary Affairs comes first and second the cooperatives, while
there is little trust in information from the municipalities. It is worth mentioning that
23.5% of the respondents also want the University to be involved in their information
process, since they consider that its departments are directly related to the
agricultural and livestock sector in the prefecture (Table 9).
Table 9. Percentages regarding the bodies farmers trust to obtain information.

Directorate of Agricultural Economics and Veterinary Affairs
University
Private veterinary doctors
Cooperatives
Municipality

Percentage
(%)
93.5
23.5
20.6
24.7
11.2

4 Discussion - Conclusion
The objective of the present study was to explore a range of issues that concern
livestock farmers and to propose a more effective communication strategy between
livestock farmers and stakeholders. Particular attention needs to be paid to supporting
the livestock farming, as it is one of the most important economic sectors in Greece
and in the EU. The sector provides income to thousands of rural families and it is a
significant element for rural development, particularly in mountainous and lessfavoured areas.
The results of the study imply that most livestock farmers do not have the basic
education, either because they have completed only primary school or they have gone
through only a few classes in primary school, and their occupation with livestock
farming is mostly the result of lacking the qualifications and alternative professional
solutions, with relatively old farmers' ages. Concerning the type of farming and the
number of animals, it appears that most farms, but not with the largest number of
animals per farm, are sheep farms. Larger farms involve mainly sheep and goats, but
they consist a very small number in the wider area. According to Koutsou, et al.,
(2013), mainly small herds are kept in the prefecture that do not exceed 200 to 300
sheep and goats demonstrating the prevalence of small to medium sized dairy farms.
Intriguingly, livestock farmers expressed a distrust towards their involvement in
subsidized programs, which is largely due to the economic crisis and the lack of
capital. In addition, it can be attributed to the lack of clear and reliable information
on the terms and conditions of implementing such programs and the lack of
confidence in state authorities. The latter, combined with the lack of trained livestock
farmers, comprise an impediment to the development of livestock farming in the
prefecture (Dadousis, 2007). Farmers, in their majority, consider feed costs to be
neutral and this is because they produce their own livestock feed. Nevertheless, it
should be noted that the compulsory encroachment of animals (due to the diseases)
creates additional animal feeding needs, which they have not computed, and this
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squeezes their income as they are forced to buy more animal feed. According to
Karelakis et al., (2012), sheep farmers in the Eastern Macedonia and Thrace have
shown that in times of crisis, they are making changes that have to do mainly with
breeding practices, such as changes in animal nutrition and with management
practices like grazing, milking management, self-production of feed, whilst they do
not reduce the inputs purchased.
The main sources of information pertain to the veterinary services, television and
private veterinarians, as they are the only convenient means to get informed in the
prefecture. The lack of information and support mechanisms isolates more the
livestock farms regardless of their size and production characteristics (Siardos and
Koutsouris 2002). Livestock farmers in the prefecture are watching agriculturallivestock broadcasts on local TV channels, with particular interest, as they deal with
interest issues and they appeal to private veterinarians because there are no public to
serve them. They believe the information they receive from these three media
agencies is reliable, but the veterinary services have a predominant position on the
reliability of the information they take. Still, the livestock cooperative could also be
an important tool and a useful source of information for farmers, as they trust the
information they get from the cooperative, simply because the cooperative has as
members only the sheep and goat farmers of the prefecture. There is a continuing
need for farmers to cooperate with each other for the creation of a variety of
organizations, such as cooperatives, in order to act collectively and tackle problems
of production, processing and selling of products. The cooperation with the relevant
authorities generates an additional advantage as the farmer feels that he belongs to a
"group" and that his / her social status is upgraded. The inability of cooperation
between sheep and goat farmers is a weak link that confines the whole effort
(Vakakis, 2007). Local farmers do not use the internet as a means for information,
since most of them are digitally illiterate. However, the international literature
suggests that the Internet does not serve solely technological purposes but mainly
information, communication (Kurt 2003) and online commercial and financial
transactions.
Finally, livestock farmers in the prefecture trust the Directorate of Agricultural
Economics and Veterinary Affairs to take up information initiatives on specific
livestock issues and have less confidence in the cooperative and the Department of
the University located in the city of Orestiada. Although the University is considered
as a reliable knowledge transmitter, there is no such trust on behalf of the farmers,
and this may be due either to the lack of specialists in zootechnics or to the lack of
trust-building relationships between members of the university community and the
farmers.
Conclusively, it is worth to mention that there is a declining trend for livestock
farming and there is a need to support it. Initiatives can be undertaken by several
stakeholders but, in particular, by the Directorate of Agricultural Economy and
Veterinary that is trusted by the local livestock farmers. These initiatives should be
promoted through local TV stations, posters and brochures, through the various
public services and focus mainly on funding programs for farm modernization,
disease transmission and improved hygiene in their farms. Livestock farmers should
also be trained in the use of information and communication technologies. Using
these tools, and especially internet services, the information of livestock farmers may
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be strengthened. Internet-based information can constantly gain ground over
traditional media (television, radio print media) since it can enhance the two-way
communication between knowledge-producing people such as Universities,
Institutes, research centres and disseminates this knowledge to livestock farmers.
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Abstract. The Internet of Things (IoT) revolution enables the integration of
advanced automation techniques to the intra-logistic agricultural activities.
Sensors and actuators seamlessly communicate in order to accomplish complex
everyday tasks. From a logistics perspective, Automated Guided Vehicles
(AGVs) pave the way to sustainable agriculture; working 24/7 with minimum
labor costs and high safety standards while optimizing energy consumption
and providing effective and efficient solutions for everyday activities. This
article proposes a software tool for daily field level agricultural activities. The
tool provides a cyber-physical interface to the physical entities (field
boundaries, loads and vehicles) located at field level. Map services are
integrated at our tool in order to provide the field layout, the absolute
coordinates of the entities and a real time monitoring tool. Sophisticated
algorithms can be used for navigation at simulation level while the absolute
coordinates are sent to the vehicle for the physical navigation.
Keywords: Software tool, Automated Guided
mechanism, Simulation tool, Agricultural Logistics.

Vehicles,

Navigation

1 Introduction
In this article, we develop a software tool that allows farmers to monitor agricultural
fields’ state and to effectively navigate an autonomous Inter-Agricultural Logistics
(IAL) system. The provided software tool provides a cyber-physical interface to
locate physical entities (e.g. field boundaries, loads and vehicles) and simulate a
desired navigation pathway for the actual tractor to accomplish specific tasks.
The Internet of Things enables integration of sophisticated software applications
and advanced automations to the cloud computing interface (Sarangi, 2016), hence
unleashing sustainable growth opportunities for the agricultural sector (Ruiz-Canales
and Ferrández-Villena, 2015). More specifically, Automated Guided Vehicles
(AGVs) with embedded sensors and actuators are used in IAL to inspect soil quality,
provide weed control by spaying pesticides, fertilize the field or automatically load
and transfer harvested goods at pick-up points for transportation. Agricultural AGVs
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are usually free range vehicles and navigate on the field with the either individual or
combined use of optical devices like cameras and LiDAR sensors, absolute Global
Positioning System (GPS) enabled controllers (Gomez-gil et al., 2011), inertial
guidance sensors like accelerometers and gyroscopes, and teleoperation techniques.
Despite the advances in robotic solutions for agricultural field operations (Bechar
and Vigneault, 2016), their actual application is limited (Xiang, 2014) due to the
increased modelling requirements’ complexity stemming from the natural
components of the unstructured and dynamic fields’ environment (Bechar and
Vigneault, 2017). Such components include varied shape, size, fruits which are
characterized by high variability that affects robot behavior, many of which cannot
be determined a-priori. Fully-autonomous AGV system could tackle the
abovementioned challenge further promoting sustainable agriculture (Bechtsis et al.,
2017), but the main limiting factors in their adoption lies in production inefficiencies
and the lack of economic feasibility over the very short period of AGVs’ potential
utilization each year (Bechar and Vigneault, 2016).
In this regard, the present study proposes a software tool for daily field level
agricultural activities. More specifically, the tool provides a cyber-physical interface
to the physical entities (e.g. field boundaries, loads and vehicles) located at the field
level. The Google Maps service is integrated at our tool in order to provide the field
layout, the absolute coordinates of the entities and a real-time monitoring tool.
Sophisticated algorithms can be used for navigation at simulation level while the
absolute coordinates are sent to the vehicle for the physical navigation.
The remainder of the manuscript is organized as follows. In Section 2 we describe
the system's architecture, along with the required input and operational data, and the
field monitoring process. In Section 3, we discuss the key findings of the simulation
tool application in a conceptual field. Finally, in Section 4 we wrap-up with
conclusions and limitations.

2 Software Tool Design Architecture
In this paper we propose a stepwise simulation tool that combines GPS guidance
techniques, enabled by the Google Maps service, with routing algorithms used to
navigate an AGV on a field. The architecture of the system is demonstrated in Figure
1.
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Fig. 1. System’s architecture.

The system's architecture involves both the simulation and the real world as the
real world coordinates are imported into the simulation environment; the motion
planning algorithms are tested at simulation level and can be transferred to the robot;
the robot can exchange information (coordinates, sensor information, robot's state)
with the simulation environment and inform about its current state. The proposed
software application is built with the C# framework using the Microsoft Visual
Studio 2013 platform. The software enables the import of specific entities into the
simulation environment (vehicle, obstacles and loads) in a grid layout. Each entity
that enters the grid is an object of a developed class in the object oriented
programming environment and is located on a specific cell of the grid. The software
tool embeds maps using the GreatMaps open source project (GMap.NET) that
belongs to the CodePlex hosting site supported by Microsoft. The GMap acts as a
middleware in order to promote the use of specific map providers (Google, ArcGIS,
Bing, OpenStreetMap, Yahoo and many more) and map types (political maps, terrain
maps, transportation maps, satellite maps) in windows applications. For working
with agricultural logistics it is necessary to implement satellite maps into the
software tool in order to select the appropriate provider and embed the map to the
application. Cell coordinates are calculated from the GMap middleware and create a
direct link to the real world providing predefined coordinates for each cell in the grid.
Finally routing algorithms are used at simulation level in order to navigate the
vehicle at the field. At each step of the simulation process the X,Y coordinates of the
cell are stored at the system's log. This log file can be provided as an input to the real
world vehicle in order to provide the navigation path in means of GPS coordinates.
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3 Computational Study
3.1 Field Specification
Firstly, the provider's map is embedded to the developed simulation tool to
implement an absolute position oriented guidance system. It is worth mentioning that
the GMap.NET acts a middleware in order to promote maps from different providers
to windows applications. It enables the use of routing, geocoding, map directions and
map previews to developers. As a next step the GMapControl tool was incorporated
to the Toolbox for providing a handler to the MainForm of the application which
links the form to the map's service provider using the proper libraries. Inside the form
the GMap's menu is implemented in order to handle the maps properties and the user
can select the presentation details of the map. Furthermore the selection "Mark
Rectangle" provides an event handler for the creation of a dedicated form that
embeds the region of interest and metadata information to the application. The
region's coordinates and the map's scale are considered critical for the software tool.
The user manually locates the region of interest (Figure 2).

Fig. 2. The user locates the region of interest using the Google Maps Service.

Secondly, the user locates the specific agricultural field of interest (Figure 3) and
imports the captured field image into the simulation tool for further processing. The
absolute latitude and longitude coordinates of the selected area’s vertices are then
exported from GMap and are imported in the tool. The operator can save the region
with the required metadata for later use. As each field can have certain restrictions
(complex boundaries, areas with obstacles, water covered areas that alter the fields
landscape vary from year to year) the operator can capture a wider area of the map
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and at a later stage set the exact boundaries of the field. The region of interest is fully
functional at application level for providing efficient inter-agricultural logistics.

Fig. 3. The user selects the specific agricultural field of interest.

Following that, the user provides feedback and interoperates with the system by
marking grid cells in the tool’s embedded layer applied on top of the retrieved
agricultural field’s image. The selected grid cells indicate the field’s boundaries,
mark the position of any obstacles in the field, specify exact location of goods that
should be transferred and point the start and exit positions of the AGV (Figure 4).

Fig. 4. The user defines the agricultural field’s characteristics.
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Each grid cell can have different properties that describe the objects of the
physical world (e.g. barrier object for the outline of the field, obstacle object for
obstacles inside the field, start and final position object of the AGV). Furthermore, at
each grid cell correspond specific latitude and longitude coordinates formed by the
original absolute coordinates. This projection enables the absolute positioning of all
grid cells and provides an absolute localization mechanism for the AGV within the
field. Using these entities, the user creates a map of the field’s layout and establishes
the active operational zone for the AGV. Finally, the AGV is able to navigate within
the active zone following the motion planning algorithms that are implemented. The
proposed application can find the shortest path between two cells in the active zone
for either loading the vehicle or navigating to the exit point using the A* algorithm.
The A* algorithm can calculate the shortest path after examining all the possible
routes in the grid based environment while simultaneously avoiding all the possible
obstacles (other loads, boundaries etc). The program also offers a visualization of the
vehicle's movement in the field. Finally, for the evaluation of specific agrilogistics
tasks, desired operations and sustainability performance metrics (scheduled tasks,
vehicle state, direct and indirect emissions, etc.) can be reported from the software.
3.2 Exemplar Demonstrator
A common scenario is examined in the present paper as exemplar demonstrator. An
in-field transfer of goods is simulated. The load is allocated to specific cells at the
active field area and makes a transfer request to the AGV. The AGV begins from the
starting position and finds an optimum pathway using the A* algorithm for reaching
the user-specified goods. The AGV loads the goods and then transfers them to the
exit position (Figure 5).

Fig. 5. Simulation.
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Users monitor the movement of the AGV while the absolute coordinates of the
grid cells are stored in a list to guide a corresponding physical AGV. The location of
the AGV can be monitored in real-time by the proposed software tool.

4 Conclusions
This paper contributes to the operations research field by allowing the application
of simulated results direct to the guidance of a physical vehicle. Unlike existing
sophisticated tools, the developed navigation mechanism is user-friendly and highly
customizable at outdoor navigation.
The tool provides a real time interface to the Google Maps engine in order to
handle the field's boundaries, to map the obstacles' coordinates and to exclude
specific areas from the vehicle's path. Real time positioning of the vehicle is used for
monitoring the vehicle's status and providing real time feedback to the motion
planning algorithm (Edwards et al., 2016; Zhe et al., 2015).
The proposed tool could lead to a commercial navigation system for agricultural
machines providing a friendly user interface and sophisticated algorithms for motion
planning while taking into consideration all the appropriate agronomical constraints.
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Abstract. The purpose of this paper is to provide insights as to the usability of
ICT in the process of rural development. Through a theoretical framework
embracing territorial development, social innovation and pluriactivity, the
paper describes how ICT enables the provision of goods and services from the
agricultural sector and their use as development assets. Examples showing that
ICT may transform agriculture's externalities to territorial tools are provided.
Current policies are assessed as to their contribution to territorial development,
especially when it comes to funding opportunities for ICT applications towards
these objectives. The critical assessment of various ICTs in the framework of
environmental protection and rural development provides useful guidelines
regarding their applicability to future development patterns.
Keywords: Sustainability, Rural Development Policies, Social Innovation,
Pluriactivity, Diversification, Information and Communication Technologies

1 Outputs of Multifunctional Agriculture
The multifunctionality of the agricultural sector has been well-documented,
especially during the past 20 years, since its emergence within the agricultural policy
agenda. The “European Model of Agriculture” manifests the multifunctionality of
EU agriculture as it plays a significant role in maintaining vivid rural areas and
protecting the environment and cultural heritage (Casini et al., 2004). The term refers
to the fact that agriculture produces externalities influencing society in numerous
ways without, nonetheless, the results of these externalities being incorporated in
market prices of agricultural products (OECD, 2001). According to Lankoski and
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Ollikainen (2003) the externalities of multifunctional agriculture can be categorized
as those affecting the environment, rural amenities and food security.
Concerning the environment, conventional farming systems in the EU produce
negative environmental externalities which affect soil, air quality and surface and
ground water resources. The CAP encourages environmental-friendly practices by
remunerating farmers who adopt integrated or organic farming, expand fallow lands
and forests, reduce the use of inputs, develop mountainous pastures etc. (Axis ΙΙ,
Reg. (EC) 1305/2013). In addition, agriculture formulates unique landscapes, which
include natural and man-made elements reflecting historical, social, cultural and
political changes that occurred during centuries.
The role of agriculture in rural development is highly significant. Functions such
as maintaining rural populations and protecting cultural heritage and the farming
trade are some of its non-traded outputs affecting rural amenities. In particular, life in
the countryside and employment in agriculture are endowed with numerous values
including a symbolization of a more pristine way of life. Indeed, these activities have
shaped the cultural heritage and the mere identity of rural regions; hence a wide
range of folklore features, such as traditions, music, dances, norms and architecture
characterizes the countryside. These elements comprise the intangible cultural
heritage (ICH)1, which is constantly gaining attention in Europe and stimulate the
emergence of policies protecting it and regulating the availability of its elements. The
public perceives farmers as the keepers of this heritage, thus recognizing concrete
links between farming and culture (Abler, 2003).
Some externalities are unique to agriculture or are produced at the lowest cost,
thereby yielding benefits for society. In this context, Jervell and Jolly (2003) adopt an
alternative approach of multifunctionality recognizing that agricultural non-market
outputs are resources that can cause increased tourism and visitability of farms or
rural areas and increase incomes by selling quality products and providing
recreational services. They also argue that a promotion strategy of these resources
will have higher development impact than income support, which is important
considering increased consumer awareness about quality, healthy and safe food,
animal welfare, biodiversity and environmental issues, culture and tradition, product
origin etc. This paper presents the concept of multifunctional agriculture and
discusses the role of Information and Communication Technologies (ICT) in the use
of non-traded outputs as territorial development inputs.

2 ICT Supporting Territorial Development
Most countries agree that the diversification of rural economies is a prerequisite
for lively rural areas; however, in remote regions such as in EU’s Less Favoured
Areas, the role of agriculture is predominant in the local economy and in
employment. Thus, taking into account the issues of competitiveness and
1

Intangible cultural heritage (ICH) (www.unesco.org/) includes monuments, artifacts,
local architecture but also oral traditions, performing arts, social practices, rituals and
festivals, knowledge and practices concerning nature and the universe or the knowledge and
traditional craftsmanship passed on through generations.
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sustainability, a strategic goal of rural economy diversification emerges towards a
pattern of less reliance on agriculture and of introduction of new and novel economic
activities. This pattern is highly pertinent to 'territorial development'. This type of
development occurs through two pillars i.e. the social capital in an area and the
production of specific products characterizing local territories. The innovative
element of this model is that it allows to 'build' development socially through
cooperation and networking among stakeholders of a specific area (e.g. producers,
public Services, local groups, Associations etc.), all of which aim at the sustainable
use of resources. Activities generated within the territorial development process may
include alternative marketing methods, accommodation, restaurants, manufacturing
by developing tacit knowledge, naturalistic or sporting events, local and folklore
festivals (e.g. festivals associated with local products) etc. In this model, agriculture
provides for all sectors of the economy, generating multiplicative effects.
Territorial development requires to detect and focus on territorial-specific
characteristics which can be used as development resources. In the context of
multifunctionality these resources are agricultural externalities and the process of
discovering and focusing on the ‘correct’ multifunctional outputs for territorial
development constitutes social innovation. Social innovation is not limited to a
particular group but can rather be developed by the vast majority or even by all
members of a rural society; by definition, social innovation requires networking.
In order to promote, sustain and successfully induce territorial development
many alternative strategies and means have been proposed and Information and
Communication Technologies (ICT) can be integral to all of these. ICT are nowadays
important factors in agricultural development, providing innovative applications
which promote economic and environmental sustainability combined with easy,
targeted and useful interventions. In addition ICT can offer valuable solutions in the
fields of primary production, farm management, phytosanitary issues, animal health
and welfare etc. Apart from on-farm applications, the use of ICT in the development,
promotion and proper utilization of non-traded outputs of agriculture can be very
efficient. Indeed, it can provide feasible solutions to a variety of issues related to the
implementation of territorial development strategies. In what follows, real-life
solutions enabled by ICT are briefly presented and discussed, organized according to
the domains where they are applicable.
• Applications for agricultural land use optimization. The designation of
effective land uses at the local/regional level is a prerequisite for the regulation of the
provision of non-traded outputs of agriculture at the socially optimal levels. In other
words, land uses should be designed based not only on purely economic criteria, but
should also incorporate environmental, cultural and social aspects and aspirations.
Geographical Information Systems (GIS)-based applications, Radio-Frequency
Identification (RFID) systems (Faccilongo et al., 2016), internet-based applications
and a great variety of other tools is now available to practitioners and policy makers
in order to assist this endeavor.
• Decision-support systems are integrated tools, which may process lots of
information regarding all aspects of territorial development. They can be proven
useful in modeling and predicting the potential impact of the implementation of
development projects. It is common for research projects to elaborate such tools
which can sometimes available online to farmers and other stakeholders. Decision
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support systems are available to policy makers and local actors in order to choose the
most effective solution for their areas. Information Systems are also important in the
elaboration of applications of this sort.
• Precision agriculture and other applications, which fall into the category of
ICT-enabled services. They include a variety of cutting-edge technologies such GIS
and Global Positioning Systems (GPS), Variable Rate Application Systems (VRS),
remote sensing and on-field records, all of which fall into the concept of Precision
Agriculture (Fountas et al., 2009). Precision technologies also extend to irrigation
systems (Papadavid et al., 2011) and livestock production with applications enabling
the positioning of grazing animals in natural grasslands (Sturaro et al., 2011). All
these systems contribute to environmental protection and to the achievement of
economic, social and environmental sustainability, thus contributing to the provision
of non-traded outputs. Environmental Impact Assessment tools also contribute
towards the same direction.
• Promotion of areas. A broad array of internet-based tools and applications
enable the promotion of the territorial assets of rural areas - such as landscapes,
production practices, ICH etc -, all of which constitute development resources and
comprise the overall identity of these areas. Municipalities, regions and whole
territories are nowadays extensively represented on the internet providing detailed
information to interested individuals (e.g. visitors, residents, policy-makers, students,
scientists etc).
• E-Government. This type of services and the democratization of information,
including the open access movement, are important drivers for territorial
development in modern societies. Online tools can be available to locals in order to
improve their access to public services and common resources, thus enabling social
inclusion and solidarity and making remote rural areas better places to live in.
• E-networking and communication cultivating multi-agent collaboration. Enetworking promotes the establishment of formal and informal networks pursuing
common goals and triggering territorial development, which is otherwise based on
collective action. This type of ICT-enabled networking and communication embraces
all actors and allows regular information flows and effective management of
common resources. An example of the sort can be found in Stefanis et al. (2016) who
described the elaboration of a tool for communication between producers of biomass
and companies. This type of networking can also bring together actors from a
diversity of geographical settings motivating the dissemination of “good practices”
• E-learning and information. There is ample evidence that ICT-based training
programs and internet-based sources of information are more and more available to
farmers and other relevant actors (Kountios et al., 2014). Moreover, training and
information campaigns are now expanded to pluriactivity and diversification, aiming
to help farmers undertake non-agricultural activities, which would be, nonetheless,
highly connected to the local cultural identity, history and environmental resources.
• E-business and e-commerce. The 'word of mouth' promotion of local
products, services (e.g. hotels and restaurants), female entrepreneurship and short
supply chains has been effective for many years. Now this method is supplemented
by a great variety of internet and online tools, mobile applications and other media.
These methods can be very effective in the proper promotion of territorial and
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certified products, brands and labels of specific quality products, increasing their
added value, through better acknowledgement of their quality features.
The multifunctional character of the farming sector has been incorporated in rural
development and agricultural policies of the European Union (EU). The recently
introduced Regulations (EC) 1305/2013 and (EC) 1307/2013 recognize that farming
should always protect the environment, including biodiversity and agricultural
landscapes. In addition, they envisage better infrastructure and a diversity of
economic activities for rural areas. Special interest is focused on short supply chains
linking territorial stakeholders, thus generating added value for local actors. Using
the “correct” mixture of policy incentives, the CAP could be proven a useful tool for
territorial development. Policy tools are available to farmers who seek to move
towards alternative models, such as measures for the mitigation of environmental
externalities and the transformation of rural communities to places of opportunity for
urban dwellers. The use of ICT is more than encouraged by legislation and particular
interventions and activities can be funded, including the following
• Improvement of infrastructure, better broadband access, wireless internet to
support the generalized use of mobile phone applications
• Applications and websites for the promotion of rural areas and sites, including
videos and virtual tours
• Websites and applications for territorial product promotion and e-sales
platforms
• Online decision support tools, which could be the outputs of targeted
scientific projects
• E-networking and e-learning platforms especially if they are established and
operated by producer groups and other collective actions

3 Conclusions
The territorial development approach is highly pertinent to the outputs of
multifunctional agriculture. This strategy is expected to yield important results, being
a process "from the inside", because it leverages local expertise and resources. This
type of development is sustainable, because it does not burden the environment and
protects collaboration and social inclusion by inducing all local actors to work
collectively towards a common goal. Therefore, synergies between institutions and
stakeholders and interdisciplinary approaches are required and this is the most
important domain where ICT may play a key role. ICT also provide much room for
social innovation, as they constitute technological tools for novel uses of existing
resources. From innovative farming systems and methods to e-business and
promotion, involved groups may work together in order to incorporate them in
existing practices and achieve benefits at the territorial level. A common criticism to
this approach could be that changes in agriculture could affect non-tradable outputs,
thus altering assets for territorial development. Here, the role of ICT is important in
training and governance to support the evolution of the innovative activities
alongside with changes in the primary sector. ICT could not only help locals to get
accustomed to novel production patternσ but also to inform the public about the
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benefits of such a shift, thus establishing innovation. Another important aspect that
would be interesting to examine in the future how Strategic Management techniques
(SWOT Analysis, PESTLE Analysis, VRIO, Value Proposition Design etc.) could be
used to discuss the role of ICT in the mobilization of non-traded outputs
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Abstract. In this paper, a low cost e-health platform is evaluated concerning
the precision of the employed sensors. The sensors used by the developed ehealth platform are not medically certified but are compared against medically
certified ones. The developed platform exhibits enhanced key characteristics to
cover a broad range of medical scenarios in a reliable and flexible way. A lowcost Sensor Controller capable of performing both simple medical tests and
more advanced ones communicates with a Gateway and a tablet or smart
phone providing instructions to the patient. The employed protocol used for the
communication between the Sensor Controller and the Gateway, supports a
variety of sensors with different sampling profiles. The platform exhibits high
portability due to the power saving modes that have been employed. However,
the sensors’ accuracy is an important issue that is investigated in this paper in
order to highlight the medical cases where the (low-cost) developed e-health
platform can be used in a fairly reliable way. Such a platform would be
especially useful for the enhancement of the quality of life of residents in
distant or isolated rural areas. Moreover, it would be possible to use part of this
platform for the continuous monitoring of livestock (e.g., excluding the
tablet/phone).
Keywords: health monitor, sensors, accuracy, low power

1 Introduction
Experts can remotely monitor aging population using health care systems (Zhang
et al, 2014). The results of the tests that are performed can be securely stored in a
remote cloud or database. In (Gay and Leijdekkers, 2007), a monitoring system was
proposed based on wireless sensors and smart phones to monitor high risk cardiac
patients exploiting the usage of a real-time ECG. In (Chan et al. 2008) a similar
monitoring architecture is proposed based on commercial sensors. In (Mukherjee et
al. 2014) a perception layer is introduced, where Bluetooth, Zigbee and WiMAX
protocols are used to connect the patient sensors to the monitoring infrastructure. The
available sensor/communication technology for the implementation of wearable
systems and patient monitoring is reviewed in (Patel et al., 2012). The importance of
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achieving both high precision and low-energy sensors is denoted. Cooking Hacks ehealth kits are employed in an experimental Body Sensor Network (BSN) platform
suggested in (Khelil et al. 2014).
A versatile framework for home monitoring of wireless sensor networks is
presented in (Antonopoulos et al., 2015). It consists of an extendible wireless digital
sensor network that transmits data to a Home Gateway (HG). The gathered data are
forwarded to the Service Data Platform (SDP) which performs several tasks like
database transactions, data processing and decision-making. No details are given in
this framework for the connection of analog sensors. There also exist a number of
expensive commercial platforms like e-Shimmer Health BSN (The Shimmer
Platform, 2008), with proprietary (not open-source) components.
The current work is based on the platform initially presented by the authors of this
paper in (Petrellis et al., 2015) and is based on the low-cost e-Health kit by LibeliumCooking Hacks. A flexible communication protocol capable of supporting a variety
of sensors’ sampling profiles has been defined. Moreover, smart solutions for low
power consumption have been employed for the development of a low cost flexible
and portable e-health sensor platform.
The Libelium-Cooking Hacks e-health platform supports 9 sensors both digital
and analog including: body temperature, airflow, galvanic skin sensor, patient
position, measurement of the oxygen in the blood (SPO2), glucose meter, blood
pressure, ECG and electromyogram (EMG). In this paper we focus on some of these
analog sensors and evaluate their precision, comparing them with commercial,
medically certified devices where necessary.
In Section 2 a brief overview of the developed e-health system and its key features
is presented. The evaluation results of the sensors mentioned above and their
measurements are given in Section 3.

2 System Description
The architecture of the developed heath monitoring system is shown in Fig. 1. The
patient that is monitored by this e-health system reads instructions by a smart phone
or a tablet through a user-friendly interface. The supported medical sensors are listed
at the right of Fig. 1 and are connected to the developed Sensor Controller. The eHealth kit by Libelium-Cooking Hacks equipped with a Raspberry PI microcontroller
board is used as the Sensor Controller. A Gateway coordinates the communication
between the Sensor Controller and the Tablet as well as the communication with the
cloud or remote database where the sensor values are forwarded. A supervisor doctor
can view the measured values by visiting this cloud. Moreover, the instructions given
by the supervisor doctor to the patient are also retrieved by the Gateway and
downloaded to the Tablet and the Sensor Controller. All sensors are connected in a
wired manner to the Sensor Controller that has to be carried by the monitored person.
For this reason, the Sensor Controller should be characterized by increased
portability. The Sensor Controller and the Tablet communicate with the Gateway in a
wireless way.
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Fig. 1. The architecture of the health monitoring system
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Experimental Results
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Fig. 2. Breathing patterns applied to the airflow sensor: a deep breath followed by two shallow
ones (a) and two pairs of deep/shallow breaths (b).

In this section we focus on the behavior of 5 sensors of the Libelium Cooking Hacks
e-Health kit with analog interface: the body temperature sensor, the breathing
airflow, the body position sensor, the EMG and the ECG. Furthermore, we compare
their behavior with commercial medically certified sensors where possible, like the
temperature sensor and the ECG by Shimmer (The Shimmer Platform, 2008).
Sensors like the breathing airflow and EMG are evaluated by applying breathing or
muscle contraction patterns and see if they are represented well by the digitized
electrical signals generated by the sensors. Of course only draft levels can be
discriminated in this way but this is adequate for several applications.
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Fig. 3. EMG sensor output for two strong muscle contractions and three less strong muscle
contractions in between (a). Temperature sensor output for a person that has a temperature of
36.5 oC (b).

The body position sensor has only 5 distinct values that show that the patient is in
one of the following positions: a) standing or sitting, b) supine, c) prone, d) left and
e) right. By testing several times this sensor, the experimental results showed that it
produced 100% correct results.
The airflow sensor was tested by applying breathing patterns (e.g., deep breaths
followed by shallow ones that have certain short durations). Such an example is
shown in Fig. 2. As it can be seen, the sensor output can represent well the depth of a
breath and its duration. It is not possible to measure more accurately the sensor
output but it is feasible for the supervising doctor or an artificial intelligence software
package to draw conclusions about the state of the patient by taking into account the
shape of signals like the ones shown in Fig. 2. The sampling period for this sensor
does not have to be shorter than a few hundreds of milliseconds.
In the same way, the EMG sensor was evaluated by applying muscle contractions
of different strength as shown in Fig. 3a. The EMG sensor output represents well the
contractions applied and its sampling period can be as high as 1 second. Of course, if
micro-contractions are useful to be captured a smaller sampling period has to be
adopted. More than one EMG sensor can be connected at various muscles on the
body of a handicapped person in order to distinguish several combinations of EMG
sensor signal levels. Each one of these combinations can be used to apply a different
control to prosthetic limbs with high accuracy. The Libelium Cooking Hacks eHealth kit offers only one EMG channel and can be used for simple experiments
only. It is easy however to either use multiple e-Health kits or develop a new Sensor
Controller board that uses multiple copies of the EMG interface circuit of the eHealth kit still with very low cost (compared with the usually expensive medically
certified ones) and, as aforementioned, with reliable results.
The temperature sensor output is displayed in Fig. 3b. The displayed signal was
retrieved after performing the best possible calibration based on the instructions of
the manufacturer. A 1 sec sampling period is adequate and no faster sampling is
necessary for most applications. The temperature of the same patient was measured
at the same time by a commercial temperature sensor and was found 36.5 oC. As can
be shown by Fig. 3b the individual measurements fluctuate between 36.1 and 36.8
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degrees Celsius and this fluctuation might seem high for a valid measurement.
However, the first 10 seconds can be assumed to be a transient period before the
sensor temperature is stabilized and gets equal to the temperature of the patient body.
Furthermore, if 10 samples of a moving window are averaged, the estimated patient
temperature would be 36.48 οC, i.e., almost equal to the temperature measured by the
commercial sensor.
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Fig. 4. Reference Cooking Hacks e-Health ECG sensor output (a), real ECG output using a
sampling period of 40ms (b), 50ms (c) and Shimmer ECG output (d).

The single channel ECG sensor offered by the e-Health kit was compared to the
corresponding sensor offered by Shimmer. The ECG sensor output should have the
form shown in Fig. 4a. The best ECG output retrieved experimentally was the one
shown in Fig. 4b using 40ms sampling period and no averaging. Even in this case it
is difficult to match the peaks shown in Fig. 4a. The ECG shape gets much worse if a
slightly different sampling period is used as shown in Fig. 4c. However it should be
noted that the output of even medically certified ECG sensors may not be better as
shown in Fig. 4d.
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7 Conclusions
A low-cost platform for remote heath monitoring of patients was used in order to
evaluate how precise measurements can be taken and which sensors are appropriate
for specific applications. Several sensors including temperature, breathing airflow,
body position, etc, that are not medically certified can be used even in professional
applications for monitoring the habits of individuals or every day activity. Some of
the low cost sensors like the electromyogram can also be used in more complicated
and ambitious applications (e.g. for the control of prosthetic limbs). However,
sensors like the electrocardiogram did not prove to be accurate and stable enough and
should be used only for experimentation purposes.
Acknowledgments. This work was performed as part of ELTAB project (465435).
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Abstract. User-Technological Index of Precision Agriculture (UTIPA) is a
comprehensive system based on mutual sharing of opinions and experience
within community of people related to precision agriculture - farmers,
technology suppliers and researchers. The main goal of UTIPA is to present
the calculated index level for particular technology (method) for precision
agriculture and compare it to other technology. The index is based on
evaluation of technological advancement and usefulness for agricultural
practice. The paper discusses methods for collecting data for questionnaire in
general. It elaborates on the technical solution developed for data collection for
UTIPA. The system allows data collection as well as visualizations available to
all participants.
Keywords: precision agriculture, survey, questionnaire, farmers, web,
visualization

1 Introduction
The concept of precision agriculture is in the interest of the professional public since
the 1990s. It generalizes the effort to identify solutions, tools and processes that can
improve productivity and profitability while protecting the environment (Cambouris
et al. 2014). Precision agriculture plays a vital role in increasing production and is
seen as part of the agricultural process efficiency and environment-friendliness. In
summary, the concept of precision agriculture is based on observations and
measurements followed by the appropriate responses - for example through the
introduction of new technology or by changing manufacturing processes. Precision
agriculture technologies allow farmers to identify problems and opportunities and
apply solutions with far greater accuracy (Lindblom et al. 2016).
A key factor in deciding whether a particular technology should be incorporated to
practice is the understanding of agricultural production processes as well as the
technology itself. Workers in agriculture management must choose among various
options for applied research and technology and in this decision-making process
there is a necessity to merge previous experience of the staff and the introduction of
new technologies and procedures (Kumhala, F; Kroulik, M; Masek, J; Prosek 2003).
It is vital to establish effective decision models and support resources for that
particular phase of the production process.
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The data for evaluation is collected from farmers, technology suppliers,
researchers and general public. The optimal way to get the data is to run a survey.
Therefore, there is a need to spread questionnaires and get them back. Questionnaires
can be disseminated in two major forms - printed on paper or electronically via
Internet. As (Gordon & McNew 2008) suggests, it is important to make informed
decisions as to the right technology which to implement. Besides, many authors and
studies suggest the internet as the best carrying medium (Lumsden 2005; Van Selm
& Jankowski 2006; Andrews et al. 2003). On the other side, web based surveys
generally exhibit a lower response rate (Fan & Yan 2010; Hamilton 2009).

2 Materials and Methods
The purpose of the User-Technological Index of Precision Agriculture (UTIPA) is to
propagate the knowledge of users, suppliers and researchers in the use of modern
technology in agriculture. It is primarily based on a five-point evaluation of selected
technologies (methods) of precision agriculture in terms of technological
advancement and applicability in agricultural practice. It evaluates technologies in
principle and does not reflect specific products, brands or manufacturers (Jarolímek
et al. 2017).
The questionnaire for UTIPA is compiled from several general questions (email,
country, background) and rating for each technology (1 – 5 for both evaluation
criteria). Rating is based on individual knowledge and experience of the respondents.
An important characteristic of the evaluated technology is also its unfamiliarity
among the respondents. The web based version of the rating is shown in Figure 1.
Many surveys usually only spread a questionnaire and collect data. Results are
delivered to the participants only occasionally. On the contrary, UTIPA works on the
principle of "what data I provide is the type of data I gain access to". Therefore, each
participant who filled the questionnaire has access to the results and can benefit from
them.

Fig. 1. The online form of questionnaire. Rating for technologies.

The system of data collection for UTIPA works on a simple principle. Each
participant fills email address, basic information and the ratings for selected
technologies (approximately around 10, based on the questionnaire and the
occasion). To validate the contribution a confirmation email is sent to the given
address. Once the provided link is clicked, the data are verified and the participant
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can create a password. The user is automatically signed in and can immediately
access all the collected data. The whole process is shown in Figure 2.
Department of Information Technologies runs a survey among Czech farmers
about their ICT equipment every two years since 2010. Questionnaires are primarily
spread over the Internet via emails. Aside from that, some of questionnaires are sent
in paper form via classic post. The return rate of the printed questionnaires is still on
a significantly higher level. In addition, the level of ICT equipment among Czech
farmers is lower than a national average. The level of a knowledge is significantly
low in long-term as well (Šimek et al. 2014). As mentioned above, the return rate of
the printed form of questionnaire is higher than the electronic form. Therefore, the
questionnaire for UTIPA is spread in printed form besides the electronic as well. The
data gathered this way is inserted into the system manually later.

Fig. 2. The process of filling questionnaire and access to the data.

3 Results
User-technological Index of Precision Agriculture is a complex system that
includes a methodology for collection, processing and presentation of data and
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software, which is available via a web interface. The software is optimized for
mobile devices. It will be also possible to use native applications for iOS and
Android operating systems (currently under development).
The data collection system for the questionnaire was maximally simplified. While
user is filling the form all data are continuously saved via AJAX. This approach
allows having the data even when some participants do not finish the questionnaire
for whatever reason. The user can even continue filling it in later.
After successful email confirmation all participants have access to the collected
data. There are currently two main views. Each view then can visualize the data in a
different way.

3.1 General results
This view contains three visualizations. The main one shows the results for each
technology in a chart as shown in Figure 3. The X-axis indicates applicability in
agricultural practice and the Y-axis indicates technological advancement. Each point
in the chart represents certain technology. When the number is hovered over,
additional information is displayed. It contains name of the technology, exact values
for both evaluation criteria, and the computed UTIPA index. The index consists of
two parts, the numeric value and an additional character. The numeric part of the
index has values between 0 and 1 and reflects the degree of usefulness and
sophistication of the technology. The numeric value can be supplemented with the
character, which can be either “u” or “t” and expresses better ranking in favor of
applicability in practice or technological advancement - the location in the chart in
Figure 3. The methodology for calculation of the index was published by (Jarolímek
et al. 2017). In addition, users can compare own evaluation with the calculated
values. The visualization is shown in Figure 3.

Fig. 3. Visualization of the General results with comparison of own evaluation.
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Participants of the survey have also an option to indicate the unfamiliarity with
certain technology. It is an important characteristic for the results. The output is then
a comparison of unfamiliarity of technologies.
3.2 List of technologies
Another view lists all the technologies with the calculated values for each
technology. It shows the UTIPA index, both criteria value and technology
annotation. If the user has not rated the technology, the rating option is shown. In the
detail page of each technology, there is a heat map chart showing graphical
presentation of scatter of all the ratings (Figure 4). Users have also the possibility to
change their ratings when the technology evolves, opinion changes or their
knowledge raises.

Fig. 4. Heat map visualization of the scatter of ratings by individual respondents.

4 Conclusion
User-Technological Index of Precision Agriculture is a complex system for the
international community of people related to precision agriculture, it is accessible to
anyone who respects the rules of use. It works on the principle of "what data I
provide is the type of data I gain access to".
The proposed system for collecting questionnaire data was designed primarily as a
web application gathering data online. It is also simultaneously spread in a printed
form. The data is continuously saved during the filling of the online form. In
addition, the system provides access to the visualizations of collected data for all
participants. Moreover, as the number of technologies increases it will be possible to
rate them individually.
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The UTIPA index benefits all the stakeholders. Farmers can find out whether a
given technology is useful and has real importance. Suppliers need to know what
their customers (farmers) want or expect, but also how they perceive their products.
For academia it can be a source of data for science and research. The importance and
significance of the index grows with the number of respondents.
Future research will focus on two main areas. Firstly, there will be analyzed the
data from collecting surveys. The question is to determine the optimal way of
spreading surveys of this type, where and why people stopped filling the form etc.
Secondly, the visualization of the gained data will be enhanced. New types of
displays and comparisons will be introduced.
UTIPA system is freely available as a web application at https://www.utipa.info/.
Acknowledgments. The results and knowledge included herein have been obtained
owing to support from the following institutional grants. Internal grant agency of the
Faculty of Economics and Management, Czech University of Life Sciences in
Prague, grant no. 20171023, „User-Technological Index of Precision Agriculture “.
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Abstract. Flaming as a vegetation control method based on utilizing heat to
increase temperatures high enough to boil water inside the plant tissue, which
is then resulting in plant death from the loss of membrane and cuticle
breakdown (plant desiccation), denaturation of proteins, and water boiling.
Machines are available to deliver the heat utilized during the flame weeding,
and they are commonly referred as “weed flamers”. A propane-fueled weed
flamers utilize a propane-fueled burners to expose plant tissues to rapid heat.
Several flame weeding systems are commercially available, ranging from
small, handheld flamers that can be used to control weeds in residential home
gardens to multi-row (tractor-pulled) flamers for use over larger acres of land.
Flame weeding has a potential to be used effectively in at least 6 agronomic
crops (field corn, sweet corn, popcorn, sorghum, soybean, sunflower) when
conducted properly at the most tolerant growth stage.
Keywords: Flaming, flame weeding, propane, weed, crop, heat.

1 Introduction
The interest for organic crop production in the United States is increasing due to
strong demand for organic food from consumers and an attractive income potential
for organic farmers. Organic crops can be used for human consumption (food grade
crops) or making organic feed rations and different food products. Weeds are one of
the major pests and are responsible for significant reductions in crop yields. Organic
production systems do lack an effective weed management practice, as weeds are a
major production-related problem because the use of synthetic herbicides is not
allowed. Therefore, organic producers rely extensively on mechanical cultivation
and hand weeding. Mechanical cultivation is one of the most commonly utilized
weed control practices in row crops. Cultivation, however, leaves a strip of
uncontrolled weeds within 10-15 cm on either side of the crop row, directly
influencing crop yield. Also, repeated cultivation causes loss of soil organic matter,
destroys soil aggregate, increases the chance for soil erosion and promotes
emergence of new weed flushes. The labor required for hand weeding is expensive in
USA (ranging from $300 to $800 ha–1), time consuming and difficult to organize
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(Kruidhof et al., 2008). Hence, systems-oriented approaches to weed management
that make better use of alternative weed management tactics need to be developed
(Kruidhof et al., 2008). Propane flaming is one of the most promising alternatives for
weed control in organic cropping systems (Knezevic, 2009). Therefore, the objective
of this brief article is to provide some insights of this innovative method of weed
control and promote our manual for propane fueled flame weeding. Since this
conference is about Information and Communication Technology, the hope is that the
topic of flame weeding will contribute “a new type of information” and make
colleagues who work in the area of information technology aware of this new
technology for weed control.

2 Propane flaming (Flame weeding)
Propane flaming (or flame weeding), is a process of exposing plant tissues to
flames coming from a propane burner, which can generate combustion temperatures
of up to 1,900 oC. Direct heat injury results in denaturation of membrane proteins,
which further results in loss of cell function (Lague et al., 2001). Direct heat injury
also causes cell proteins to denature (starting at 113 degrees Fahrenheit or 45 degrees
Celsius). Temperatures in the range of 203–212 degrees Fahrenheit (95–100 degrees
Celsius) have been lethal to weed leaves and stems when applied for at least 0.1
seconds, which further results in cell desiccation and ultimately the loss of cell
function (Lague et al., 2001). The loss of water and denaturing of proteins drastically
reduces the weed’s competitive ability to survive. In general, plants die from loss of
membrane semi-permeability and cuticle breakdown (resulting in plant desiccation),
denaturation of proteins, and other chemical decomposition. Morphological
differences of plant species are important in determining sensitivity to heat, including
factors such as: leaf type, leaf thickness, leaf cuticle type, location of growing point,
nature of storage organs. Leaf orientation (upright or flat) and shape, cuticle
characteristics, presence of hair, growth stage, and degree of stress (both moisture
and nutrient) will affect sensitivity or interfere with a passing of the heat.
2.1 Flame Weeding Equipment
Propane-fueled flaming equipment must have several major components to carry out
a successful and safe flaming treatment. The following are basic equipment
components: propane supply tank, supply network and plumbing, torches (burner)
(Knezevic et al, 2014b).
2.2 Weed response to propane flaming
Ascard (1995) classified weed species to four groups according to their susceptibility
to propane flaming. The first group consisted of species with unprotected growing
points and thin leaves [e.g., common lambsquarters (Chenopodium album L.)]: these
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species can be easily controlled using propane doses of 20 to 50 kg/ha. The second
group consisted of species with relatively protected growing points and leaves that
were moderately heat-tolerant [e.g., common knotgrass (Polygonum aviculare)]:
these species can be completely controlled, but required propane doses higher than
50 kg/ha. The third group contained species with more protected growing points
[e.g., shepherd's purse (Capsella bursa-pastoris)]: these species can be completely
controlled at early stages (up to 4-leaf stage), but complete control is difficult to
achieve at later growth stages. The fourth group consisted of plants with creeping
growth habit and well protected growing points (e.g., perennial broadleaf and
grasses): these plants regrow from their below ground meristems. To control species
belonging from the third and the fourth group, flaming treatments should be
conducted more than once.
Knezevic et al., (2009c; 2014a, b) determined that the propane doses of 60-80
kg/ha were highly effective in controlling many broadleaf weeds at early growth
stages (up to 25 cm tall). Such doses provided over 90% control of major broadleaf
species (velvetleaf, ivyleaf morningglory (Ipomoea hederacea Jacq. (=I. barbigera
Sweet, I. desertorum House), redroot pigweed (Amaranthus retroflexus L.), common
waterhemp, lambsquarters, field bindweed (Convolvulus arvensis L. (=C. ambigens
House, c. incanus auct. Non Vahl), kochia (Kochia scoparia (L.) Schrad. [=K. alta
Bates, K. sieversiana (Pallas) C.E. Mey.]), and Venice mallow (Hibiscus trionum L.
[=Trionum t. (L.) [= Trionum t. (L.) Woot. & Standl.])) and 80% control of several
grass species (barnyardgrass (Echinochloa crus-galli (L.) Beauv. [= E. pungens
(Poir.), Rydb., Panicum c. L.]), green foxtail, and yellow foxtail (Setaria glauca (L.)
Beauv. [=S. lutescens (Wreigle), F.T. Hubbard,S. pumila (Poir.) Roemer and J.A.
Schultes])). The annual broadleaf and grass weed species responded differently to
the flame and heat (Ulloa et al., 2010a, b). Leaves of annual broadleaf species were
completely desiccated within a few days after flaming, and there was no plant
regrowth especially when flamed with doses above 60 kg propane ha–1.
2.3 Flame Weeding in Agronomic Crops
Crop susceptibility to propane flaming varies with species and growth stages
(Knezevic and Ulloa, 2007). Grass type crops (e.g., field corn, popcorn, sweet corn
and sorghum) are more tolerant to propane flaming than the broadleaf crop (e.g.,
soybean). Post-emergent flaming is not recommended in winter wheat due to high
injury level and unacceptable yield reduction. Corn and sorghum can be safely
flamed at their growth stages between VE (emergence) to V10 (10-leaf) stage.
Soybean is tolerant to flaming only at the VE-VC stage (emergence-unfolded
cotyledon) and at the V4-V5 stage (4-5 trifoliate). It is not recommended to flame
soybean at the VU, V1 (first trifoliate), V2 and V3 (third trifoliate), as these stages
are very sensitive to heat and will result in very high crop injury and yield reduction
(Knezevic et al. 2014b).

392

2.4 Economics of flame weeding
From an economic stand point, the costs of a single flaming operation applied
broadcast below crop canopy could be $30–$40/ha, without taking into account the
costs of the equipment and labor [current price of propane ($0.5/kg × 60–80 kg).
Banded application (over the crop row) of flaming can cost $12–$20/ha due to lower
propane use rates (30–40 kg/ha).
2.5 Practical implications of flame weeding
Flame weeding is an acceptable weed control option in organic production and has
received renewed interest for conventional cropping systems. It can be used as part of
an integrated pest management program not only for weeds but also for insect control
in agronomic crops. Flaming has a potential to be used effectively in organic crop
production systems of three corn types, sorghum, soybean and sunflower when
conducted properly at the most tolerant growth stage. It is important to emphasise
that propane flaming should not be the only method for non-chemical weed control;
however, it could be part of an IWM program. Other measures are still needed to
control weeds that emerge later during the growing season. More research is needed
to perhaps develop new flaming equipment and methods of flaming. Information
from such research would expand flaming options as part of an IWM program for
both organic and conventional crop production systems.

2.6 Manual for Propane-Fueled Flame Weeding in corn, soybean and sunflower
From 2006-2012 we have conducted a series of over 40 studies, which were funded
by PERC and other sources (e.g. USDA). This extensive work resulted in over 20
journal and proceeding articles about crop tolerance to heat and weed control with
flame weeding in field corn, popcorn, sweet corn, sunflower, soybean, sorghum and
winter wheat. We compiled the above research information into a training manual
that describes the proper use of propane fueled flaming as a weed control tool in six
agronomic crops (field corn, popcorn, sweet corn, soybean, sorghum, and sunflower).
The flame weeding manual contains 32 pages of text and color pictures. The pictures
provide visuals of crop growth stages when flaming can be conducted safely without
having side-effects on crop yield. Pictures of weeds provide visuals of appropriate
growth stages when weeds need to be flamed to achieve good weed control. There
are six chapters in the manual: (1) The need for alternative weed control methods; (2)
Propane fueled-flame weeding; (3) How flame weeding works; (4) Equipment and
configurations; (5) Propane dosage at different weed growth stages, and (6) Crop
Tolerance to post-emergent flame weeding. We believe that our manual provides a
recipe on how to use flaming procedures and it is written in a user friendly manner
that can be understood by the general public. The manual is free, it can be
downloaded
in
a
pdf
format
from
the
following
website:
http://www.agpropane.com/ContentPageWithLeftNav.aspx?id=1916
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Abstract. This paper presents the effect of preliminary work aimed at
modifying the control system of an open aerodynamic tunnel. A functional
solution of a complex control system using different data transmission
protocols in the communication between individual components and
subsystems is shown. As a result, the assumed effect of the tunnel control
system operation is achieved by combining components through interfaces and
protocols from the own solutions (e.g. user protocol in the RS485 interface) to
the specific protocols of the component, converters and system executive
components.
Keywords: wind tunnel, single-chip microcomputer, data transmission

1 Introduction
Aerodynamic tunnels are used during wind micro-turbines testing. One of the issues
determining the correct operation of the tunnel in the research process is to ensure the
adjustment of parameters of the air stream supplied to the test section and
maintenance of their stable values.
The object of research described in this paper was the open aerodynamic tunnel,
working with the matrix of 4 fans powered by inverters. In the initial period it was
used with manual control of operating parameters. The control system was modified
by the application of automatic system of tunnel's working parameters control and
maintenance. Modification was carried out to obtain automatic control and
stabilization of airflow parameters in the aerodynamic tunnel measuring zone.
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The presented aerodynamic tunnel is used for testing micro wind turbines, which
are used for example for off-line power supply in agriculture in irrigation, street
lighting, autonomous metering, lighting or signaling systems.

2 State of art
In laboratory tests of objects subjected to the air stream, different types of
aerodynamic tunnels are used in open-loop and closed-loop air flow versions
(Calautit et al., 2014). The basic function of the testing aerodynamic tunnel is to
induce and maintain in the controlled manner the airflow at the fixed speed
(Cooperman, Martinez, 2015).
The way to induce the controlled airflow under laboratory conditions is to use a
single high output fan or a fan assembly, providing the desired output. Using a
solution with a set of several fans allows shaping characteristics of the air stream, in
which the airflow velocity may vary in cross section of this flow (Hernández et al.,
2013, Wong et al., 2017).
For measuring air velocity, instruments with different construction and principles
of operation are used. Rotary cup or propeller anemometers, thermo-anemometers,
ultrasonic anemometers and impact pressure tubes combined with differential
pressure sensors (Zbieć, Obrębski 2014). Four Prandtl tubes were used for control of
the described wind tunnel, which by measuring the total and static pressures allow
determining the dynamic pressure exerted on the face of the impact tubes by the air
stream with the defined speed.
When designing new wind turbine solutions and renewable energy installations,
numerical modeling methods are commonly used (Maeda et al., 2017, Burlando et
al., 2015, Bendjebbas et al. 2016). Studies are carried out with respect to the profiles
of wind turbine blades and the whole wind turbine structure (Seifert et al. 2015, ) in
particular to improve the performance of wind turbines (Bottasso, Cacciola et al.
2014, Wong et al. 2017).
Validation of numerical models is carried out during experimental research, for
example using wind tunnels (Maeda et al., 2017, Wekesa et al. 2016, Bottasso,
Campagnolo et al. 2014, Li et al., 2017).
Obtaining a sufficiently stable airflow at the outlet of an aerodynamic tunnel
requires the use of automatic control. Control systems using PLCs (Alphonsus,
Abdullah, 2016) or hybrid solutions (Ali et al. 2012) with single-chip
microcontrollers are used (Zbieć, Obrębski 2014).

3 Characteristics of the tested aerodynamic tunnel
The aerodynamic tunnel (figure 1), modified by the use of a new system of control
and maintenance of the air stream parameters, consists of the following components:
fans 1, constant section segment 2, stabilizer of the air stream 3 and the segment
ended with the confusor based on the Witoszyński confusor profile 4.
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Fig. 1. Construction of tested aerodynamic tunnel: 1 - fan, 2 - pre-chamber, 3 - stabilizer of the
air stream, 4 Witoszyński confusor (Pietkiewicz et al.2015a)

A system consisting several subsystems, using for communication different
interfaces and protocols, was utilized to control the operation of the fans:
- measurement of the air stream velocity based on dynamic pressure at several
points (micro-unit sensor)
- fans output adjustment (Frequency converter)
- analysis and information processing in the control process (PLC),
- visualization of parameters (PLC + HMI)
-visualization and recording of tunnel operation (PC)
The main element providing information on the current air stream velocity is a set of
sensors designated as a micro-unit sensor. Each of these units is based on a singlechip microcomputer with a 32-bit AMR core. The air velocity measurement is
realized by a differential pressure sensor, which works with the Prandtl tube. The
micro-unit sensor has been developed as a universal module allowing the use of
necessary physical quantities transducers in order to obtain information about values
of variables subjected to the control process. These are piezoelectric differential
pressure sensors in the presented system (figure 2).

Fig. 2. Sensor micro-unit entity/component structure

A system of four Prandtl tubes was applied in the described aerodynamic tunnel.
They are arranged in such a way, that piezometric holes measuring the total pressure
generated by the air stream be in one fourth of each diagonal of the outlet section of
the tunnel (figure 3). Connecting Prandtl tubes with the pressure transducers using
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pneumatic conduits allows the transfer of the pressure, that is measured by the impact
measure tubes, to the transducers, which then pass the digital signal to the module
controlling the operation of inverters that supply the fans.

Fig. 3. Sensor micro-unit entity/component structure

The network protocols applied in the position include functional system division
into the part responsible for the air stream velocity and shape control and the layer of
data acquisition, parameterization and HMI monitoring. In order to provide
temporarily deterministic signal transmission in the feedback loop between microunit and the PLC controller, acting as the regulating device, a protocol based on the
Master-Slave communication in the application layer was developed.

Fig. 4. Structure of the aerodynamic tunnel control system

Measurements made using transducers connected to the micro-unit sensor are preprocessed and conditioned in the microcomputer of the Sensor micro-unit and then
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transmitted to the computer of the master control subsystem (PLC) alternatively by
one of two basic RS485 or CAN interfaces (figure 4). The PLC controller processes
information from the air stream velocity sensors and based on the adjusted,
demanded airflow velocity, generates a control signal to the supply inverters of the
fans' motors. Communication between the PLC controller and the inverter takes place
using the ModBus protocol. Information from the PLC to the inverters and the
feedback from the inverters to the PLC are sent by this interface (figure 4).
Data transmission in the system PLC controller - Inverter is also realized using the
Master-Slave protocol based on ModBus drivers implemented in these apparatuses.
Due to the required high network capacity and the availability of interface typical for
most PCs, UDP Ethernet protocol was applied in the HMI layer.
Visualization and recording of data in a PC unit was realized in the LabView
environment. The developed application assures the opportunity to observe the
operating parameters of the aerodynamic tunnel and functioning effects of
components and devices subjected to tests in the air steam generated by the
aerodynamic tunnel.

3 Summary
Modification of the aerodynamic tunnel control system, presented in this paper,
allows the velocity of the air stream in the measuring zone to be maintained at the set
level without the interference necessity of the operators. Integration of the control
system with the acquisition system of measurement data of a tested wind turbine
through the PC Unit allows the complex study of wind turbines and aerodynamic
components with the operation parameters control and recording of the tunnel and
the tested object.
This is a system combining advantages and specificity of different data transmission
interfaces and protocols between the individual elements of the control system in
order to obtain the assumed functional properties of the aerodynamic tunnel test
system.
Acknowledgments. The presented works were carried out within the framework of
the project: Functional models and studies of the construction of a quasi-autonomous
lighting or signaling point, (Decision of the Minister of Science and Higher
Education No 5119/B/T02/2011/40 from the 4th May 2011).
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Abstract. A model for controlling power and energy flow in an outdoor LED
lamp was developed. The lamp was powered by various sources: the power
grid, battery bank, photovoltaic panels and a wind turbine. A set of fuzzy
control rules was developed based on the defined direction of power flow. The
input variables in the control system were battery charge levels, time of day
(night), insolation and wind (power generated by a wind turbine). The direction
of power (electricity) flow was the output variable. Linguistic variables
(distribution of terms) and defuzzification methods were adapted for selected
variables. In the produced fuzzy model, system response spaces were verified
based on the operation of the control system and the adopted assumption. The
resulting fuzzy model adequately meets assumptions and can be used to control
power flow in an outdoor LED lamp.
Keywords: fuzzy logic, outdoor LED lamp, energy storage, on-grid systems,
control system, renewable energy sources

1 Introduction
Fuzzy logic systems can be effectively used to control non-linear processes [1], [2],
[3], [4], including simple control systems in household appliances, as well as more
complex systems for image control, traffic control and metro train control [5], [6].
Fuzzy logic systems for controlling various processes have numerous industrial
applications, including in wind farms [7], [8], [9] and hydraulic control systems of
forging machines [10]. Artificial intelligence and fuzzy logic methods are also
applied in environmental protection [11], [12] and composting [13], [14]. A fuzzy
model of the composting process has been developed [15]. Systems that rely on
fuzzy logic are frequently used in combination with adaptive neuro-fuzzy inference
systems (ANIFS) [16].
Fuzzy control systems have the following characteristics:
• they can be used to describe highly complex non-linear systems, in
particular when conventional (analytical) descriptions are too complex or
impossible;
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•

•
•

the system/model can be described with the use of natural language
expressions based on “expert” knowledge, and the relationships between
input and output data can be analyzed to facilitate understanding of the
model;
they can be used to develop hybrid control systems (fuzzy and
conventional);
similarly to artificial neural networks, they are resistant to incomplete
(imprecise) data sets and can be used for parallel computing.

2 Basic assumptions of power flow control
A fuzzy model of a power flow control system in an outdoor LED lamp was
developed (Fig. 1). The control system was designed based on the following
assumptions:
- the LED lamp operates at night (when it is dark);
- the lamp is powered by a wind turbine when wind conditions are adequate;
- the lamp is powered by the battery bank when wind conditions are not adequate
and when the battery bank is charged;
- the lamp is powered by the grid when wind conditions are not adequate and
when the battery bank is empty;
- the lamp does not operate during the day;
- the battery bank is charged when it is empty and when power is available from
PV panels or the wind turbine;
- when the batter is charged and power is available from PV panels or the wind
turbine, excess electricity is fed to the grid.
The input variables in the control system are: battery charge level, time of day
(night), insolation and wind conditions (power generated by the wind turbine). The
output variable is the direction of power (electricity) flow to the battery bank, the
grid or the LED lamp. Information about the time of day and insolation is provided
by a solar radiation sensor, information about battery charge levels – by the charge
controller, and information about the output of the wind turbine – by a sensor in the
wind turbine generator (Fig. 1).
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Fig. 1. Connection diagram and the measured parameters in the LED lamp, battery bank,
renewable energy sources and the power grid.

3 Fuzzy model
A fuzzy model was developed based on the described assumptions in the
LabVIEW program. The distribution of input variable “Wind” is presented in Figure
2.

Fig. 2. Distribution of fuzzy terms for input variable “wind”.

Twenty-four inference rules were developed (connective: AND (Minimum);
implication: Minimum). Initially, there were 36 rules (4 input variables, 2 two-term
variables and 2 three-term variables), but since “insolation” coupled with “time of
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day” can only assume “low” values, 2x6 rules were eliminated. Selected inference
rules are presented in Table 1.
Table 1. Selected inference rules
No.
1
2
3
4
5
6

Rules
IF 'Battery charge level' IS 'Empty' AND 'Time of day' IS 'night' AND 'Insolation' IS
'low' AND 'Wind' IS 'weak' THEN 'grid' IS 'FROM' ALSO 'LED Lamp' IS 'ON' ALSO
'Battery charging' IS 'OFF'
IF 'Battery charge level' IS 'Empty' AND 'Time of day' IS 'night' AND 'Insolation' IS
'low' AND 'Wind' IS 'medium' THEN 'grid' IS 'NOTHING' ALSO 'LED Lamp' IS 'ON'
ALSO 'Battery charging' IS 'OFF'
IF 'Battery charge level' IS 'Empty' AND 'Time of day' IS 'night' AND 'Insolation' IS
'low' AND 'Wind' IS 'strong' THEN 'grid' IS 'NOTHING' ALSO 'LED Lamp' IS 'ON'
ALSO 'Battery charging' IS 'ON'
IF 'Battery charge level' IS 'Empty' AND 'Time of day' IS 'day' AND 'Insolation' IS
'low' AND 'Wind' IS 'weak' THEN 'grid' IS 'NOTHING' ALSO 'LED Lamp' IS 'OFF'
ALSO 'Battery charging' IS 'OFF'
IF 'Battery charge level' IS 'Empty' AND 'Time of day' IS 'day' AND 'Insolation' IS
'low' AND 'Wind' IS 'medium' THEN 'grid' IS 'NOTHING' ALSO 'LED Lamp' IS
'OFF' ALSO 'Battery charging' IS 'ON'
IF 'Battery charge level' IS 'Empty' AND 'Time of day' IS 'day' AND 'Insolation' IS
'low' AND 'Wind' IS 'strong' THEN 'grid' IS 'NOTHING' ALSO 'LED Lamp' IS 'OFF'
ALSO 'Battery charging' IS 'ON'

The defuzzification method was the Center of Maximum. The value of the output
variable was calculated based on the below formula (1):
!=

!1 %1 + !2 %2 + ⋯ + !) %)
%1 + %2 + ⋯ + %)

where:
y – value of the output variable;
yn – input value of function “n”
µn – membership value of function “n” for yn – do
The modeled (control system) response spaces are presented in Figures 3 and 4.
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(1)

Fig. 3. Response of the control system – power fed to the grid depending on the time of day
and battery charge level.

Fig 4. Response of the control system – battery charging depending on insolation and battery
charge level.

A detailed analysis of the above figure drawings indicates that at night (when time
of day ranges from 0 to 50) when the battery bank is empty (0 to 30/70), the system
is powered by the grid (Fig. 3), and when the battery charge level is low and
insolation is high, the battery bank is charged (Fig. 4). An analysis of response spaces
indicates that the model well fits the data.

4 Conclusions
The proposed control system has the following advantages:
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• the operation of the power flow control system can be described with linguistic
expressions (input and output variable terms) regardless of the hardware
platform, which facilitates the development of inference rules;
• the operation of the power flow control system can be verified based on
response space diagrams without the need to implement the algorithm in a real
object;
• the power flow control system can be easily modified by introducing changes to
the fuzzy model without modifying the physical system (sensors and switches
in the power controller, etc.). The modifications can be implemented by
entering the new set of fuzzy logic rules into the controller.
The proposed control system operates in accordance with the adopted
assumptions.
Acknowledgments. The presented works were carried out within the framework of
the project: Functional models and studies of the construction of a quasi-autonomous
lighting or signaling point, (Decision of the Minister of Science and Higher
Education No 5119/B/T02/2011/40 from the 4th May 2011)

References
1. Cao, S.G., Rees, N.W., Feng, G. (2001) Universal fuzzy controllers for a class of
nonlinear systems. Fuzzy Sets and Systems, 122, p. 117-123.
2. Sarimveis, H., Bafas, G. (2003) Fuzzy model predictive control of non-linear
processes using genetic algorithms. Fuzzy Sets and Systems, 139, p. 59–80.
3. Liang, Z.A., Huang, H.X., Pardalos, P.M. (2001) Optimality Conditions and
Duality for a Class of Nonlinear Fractional Programming Problems. Journal of
Optimization Theory and Applications, 110 (3), p. 611–619.
4. Zhou, Q., Wu, C., Shi, P., (2017) Observer-based adaptive fuzzy tracking control
of nonlinear systems with time delay and input saturation. Fuzzy Sets and
Systems, 216, p. 49-68.
5. Baraforoush, J.M., McDonald, T.D., Desai, T.A., Widrig, D., Bayer, C., Brown,
M.K., Cummings, L.C., Leonard, K.C. (2016) Intelligent Scanning
Electrochemical Microscopy Tip and Substrate Control Utilizing Fuzzy Logic.
Electrochimica Acta, 190, p. 713-719.
6. Carvajal-Carreno, W., Cucala A.P., Fernandez-Cardador A. (2016) Fuzzy train
tracking algorithm for the energy efficient operation of CBTC equipped metro
lines. Engineering Applications of Artificial Intelligebnce, 53, p. 19-31.
7. Dadone, A., Dambrosio, L. (2003) Estimator based adaptive fuzzy logic control
technique for a wind turbine–generator system. Energy Conversion and
Management, 44, p. 135-153.
8. Jerbi, L., Lotfi Krichen, L., Ouali, A. (2009) A fuzzy logic supervisor for active
and reactive power control of a variable speed wind energy conversion system

406

associated to a flywheel storage system. Electric Power Systems Research, 79, p.
919–925.
9. Krichen, L., Francois, B., Ouali, A. (2008) A fuzzy logic supervisor for active
and reactive power control of a fixed speed wind energy conversion system.
Electric Power Systems Research, 78, p. 418–424.
10. Lee, Y-H., Kopp, R. (2001) Application of fuzzy control for a hydraulic forging
machine. Fuzzy Sets and Systems, 118, p. 99-108.
11. Chan, W.C., Huang, H.G. (2003) Artificial intelligence for management and
control of pollution minimization and mitigation process. Artificial Intelligence,
16, p. 75-90.
12. Chen, Z., Huang, G.H., Chan, C.W., Geng, L.Q., Xia, J. (2003) Development of
an expert system for the remediation of petroleum-contaminated sites.
Environmental Modeling and Assessment, 8, p. 323–334.
13. Zhang, J., Gao, D., Chen, T-B., Zheng, G-D., Chen, J., Ma, C., Guo, S-L., Du, W.
(2010) Simulation of substrate degradation in composting of sewage sludge.
Waste Management, 30, p. 1931–1938.
14. Neugebauer
15. Giusti E., Marsili-Libelii S. (2010) Fuzzy modelling of the composting process.
Environmental Modelling & Software, 25(5), p. 641-647.
16. Vie, Q., Ni, J., Su, Z. (2017) A prediction model of ammonia emission from a
fattening pig room based on the indoor concentration using adaptive neuro fuzzy
inference system. Journal of Hazardous Materials, 325, p. 301-309.

407

A Risk Management Framework for Business Continuity
in Agriculture
Athanasios Podaras1 and Dana Nejedlová2
1,2

Technical University of Liberec, Faculty of Economics, Department of Informatics
Studentská 1402/2, 46117, Liberec, Czech Republic
{athanasios.podaras, dana.nejedlova}@tul.cz

Abstract. The article introduces a modern risk management framework, which
can serve as a driver for an objective business continuity management, especially in agriculture where disaster recovery issues are of major importance
due to the existence of multiple environmental hazards. The method is supported by a user-friendly interface developed by the authors in Visual Basic for
Applications and the MS excel software. The impact-weight value of each factor is mathematically calculated while the probability of occurrence for each
factor is determined based on a semi-quantitative one-to-five scale.
Keywords: business continuity, risk management, agriculture, visual basic for
applications (VBA).

1 Introduction
Business continuity policy is nowadays a crucial issue for the enterprises of the private sector as well as the public organizations and institutions. However, in the agricultural sector “the preservation of processes is not dependent solely on information
systems, but on the continuity of all processes that lead to the fulfillment of the global goal of agriculture” (Hájek and Urbancová, 2013). This goal involves the amelioration of outdated technical and technological infrastructure for eliminating the negative environmental impact (Fedyszak-Radziejowska, 2011).
On the other hand, risk assessment (RA) and business impact analysis (BIA) are
crucial elements for understanding the organization (ISO 22301, 2012) in order to
implement an integrated business continuity management strategy. “Risks are part of
every business operation and can never be avoided completely. To minimize the
danger of corporate crisis, a conscientious and responsible approach to the handling
of risks and the resulting impact on business is essential. Unforeseen events pose an
especially great challenge for companies and require quick decision-making and
immediate reactions” (Breuer et al, 2015).
“Risk management in agriculture is now an essential tool for farmers to anticipate,
avoid and react to shocks. An efficient risk management system for agriculture will
preserve the standard of living of those who depend on farming, strengthen the via-
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bility of farm businesses, and provide an environment which supports investment in
the farming sector (OECD, 2011).
The goal of the current paper is to describe a modern risk management framework
for calculating possible time deviations from defined by business continuity or domain experts recovery timeframes for bringing back to their normal state interrupted
critical business activities. The framework includes the application of the mathematical risk magnitude formula in order to predict time deviations (in absolute value)
from the initially defined by experts recovery time. Moreover, the recovery process is
influenced by unexpected factors which, if emerging, they can significantly delay the
recovery procedure for a business function, information system or business process.
The weights of these factors are mathematically calculated, while the probability of
occurrence for each factor is semi-quantitatively determined. Finally the proposed
contribution estimates a new recovery time by considering the aforementioned factors. The calculations are implemented via a VBA user friendly interface in MS Excel. Methods and Tools
1.1 Risk magnitude estimation
The current approach is based on a semi-quantitative method for probability determination regarding the occurrence of factors which can cause a prolonged information
system/business function interruption. The illustrated idea, is based on the assumption when no past data is available of similar crisis situation in order to determine the
probability with pure quantitative mathematical tools. In such cases, semiquantitative scales can be defined. According to (FAO, 2009), a semi-quantitative
risk assessment “does not require the same mathematical skills as quantitative risk
assessment, nor does it require the same amount of data, which means it can be applied to risks and strategies where precise data are missing”. Our currently presented
model uses a one-to-five (1-5) scale for defining the probability of an unexpected
factor’s presence. The Risk Magnitude (RM) is estimated according to the following
formula:
RM = Impact * Probability

(1)

In the proposed framework, the Risk Magnitude for a number N of specific factors
is estimated according to the following equation (Eq. 2):
N

RM = ∑Wi Pi

(2)

i =1

The model’s representation is based on the following steps (Fig. 1). The RTE value is initially determined based on business function recovery tests when unexpected
situations are not considered (ideal conditions).
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Fig. 1. Risk Management Framework Represented with a UML Activity diagram (Source:
Authors)

1.2 Weight Assignment of Factors with the Rank Order Centroid (ROC)
Method
Part of the proposed risk management framework is the decision making process
regarding the impact of the factor which can delay the business function recovery
process. Due to the fact that our model is based on the concept of a non-arbitrary
weight assignment, the selected technique for assigning weights is the Rank Order
Centroid method. In the proposed framework, the weights of the factors are quantitatively estimated according to the Rank Order Centroid Method (ROC) (Barron and
Barett, 1996) as follows:

Wi =

1 m 1
∑ , and
m i =1 n
m

∑W

i

(3)

=1

i =1

1.3 Visual Basic for Applications (VBA Excel) – Applied Cases in Agriculture,
Food and Environment
The Visual Basic for Applications is utilized in Microsoft Office Tools, such as Microsoft Excel in order to ameliorate and strengthen its future developing functions. It
was developed based on the very popular programming language Visual Basic and
took after its language structure (Wang and Hu, 2012). Multiple software based activities in agriculture, food and environment have been developed in VBA and MS
Excel (Li et al, 2007, Ma et al, 2003).
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2 Results
2.1 The proposed RM Framework
The weight assignment formula (Eq. 3) prohibits the arbitrary weight assignment of
the presence for a given factor during the BF Recovery process. According to the
proposed method, if RTE is the time required to recover a business function in ideal
conditions, a non-ideal recovery case should estimate the recovery time as follows:

RM
,
100
RM
TimeDeviation = RTE
100
RTE1 = RTE + RTE

and

(4)

where RTE1 is the new Recovery Time. A practical example is illustrated for the
better interpretation of the approach. Example: If RTE= 2Hours, Number of Factors
(N) = 4, WF1= 0.521, WF2= 0.271, WF3= 0.146, WF4= 0.062 and we assume that semiquantitatively defined probabilities of occurrence for each factor are PF1= 2, PF2= 5,
PF3= 2, PF4= 4 then:

RM
= 2 ± 0.42 = 2.42 Hours( MAO)
100
1.58 Hours( RTO )
RTE1 = 2 ± 2

or

It should be noticed that the RM values are normalized by multiplying the weight
values of each factor with 10 for obtaining more rational results
(w1+w2+w3+w4=10). The business process aspect of the proposed framework is
demonstrated via an ORD Diagram which is part of the Business Object Relation
Model (BORM) (Fig.2), which is used for modeling agricultural and environmental
processes (Nedvedova, 2015).
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(5)

Fig. 2. ORD (Object Relation Diagram) of the Proposed Risk Management Framework

Moreover, the above delineated risk management framework, is also supported by
a VBA Excel tool which is developed by the authors and implements all the above
stated calculations (Fig. 3).

Fig. 3. The RM-BC-V1.0 Main User Form in VBA for Business Continuity Risk Management

The initial form is loaded by the user in order to estimate the time deviation from
the estimated in ideal recovery testing conditions by the business continuity experts.
The user is prompted to store the input parameters, which are:
-Proposed RTE Value or Proposed Recovery Time
-Number of Factors, which are unexpected factors which could trigger the extended recovery time for a given business function,
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-Probability of occurrence for each factor based on the semi-quantitative risk assessment 1-5 scale. The output values are the risk magnitude RM, the ratio RM/100,
new RTE1 when hard recovery scenarios are considered, the Time Deviation from
the initially expected recovery time and the weights for all the potential factors based
on the Rank Order Centroid approach.

3 Discussion
Even if the proposed risk assessment framework is simple to use, specific issues
should be further discussed and clarified. The first issue is the so called semiquantitative probability of occurrence of each unexpected situation (factor). Simple
risk management models avoid complex mathematical quantification methods of a
given probability. Moreover, quantification is not suggested when past data for similar disasters is not available to experts who implement risk analysis for a more detailed business continuity management.
Another point, which requires further explanation, is the absolute value determined by for the Time Deviation from the initially defined RTE value. The model
follows the principle that a reasonable recovery time (RTO) can be based on the negative time deviation, and, respectively, a maximum accepted timeframe (MTD) (Harris, 2010) that can justify the unavailability of a BF is determined via a positive Time
Deviation.

4 Conclusion – Future work
The current paper illustrated a risk management framework, which supports an efficient business continuity strategy in organizations. The framework can be successfully implemented within the agricultural domain where automation is highly demanded
for precision agriculture, irrigation techniques, gas emissions control and multiple
other critical business activities. The framework is supported by a developed by the
authors VBA excel standalone software environment. Its adjustment to other agricultural IT systems is currently considered as a future step but has not yet been
achieved. Additional future implementation involves the proposed, by the developed
framework/VBA Tool, corrective recovery actions and risk mitigation policies for an
integrated business continuity strategy.
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Abstract. In the Municipality of Paggaio near to Kavala city, the main sectors
of development in the region constitute agriculture and stock breeding. There
are also 8 active quarries extracting white marble and slate. The quarrying
industries take place in the region related only to a small part of the population.
Nevertheless residents of the nearby villages perceive that quarrying activities
contribute to the economic development and employment accepting the
creation of new quarrying industries in their region. Major problem according
to residents constitutes the abandonment of quarries after the exploitation that
reduces the quality of the landscape. They are of the opinion that the quarrying
products don’t have the appropriate promotion. The most preferable mean of
information is done from Internet and merely by the private companies.
Although the residents realize that there is a great opportunity of creative
tourism and elaboration of the materials extracted from the quarry for the
experienced handcrafters working the marble and slates. The development of
the quarrying activities in the region in combination with a sense of place in
architecture will offer a better quality of live to the young people to stay in
their region.
Keywords: Primary sector, development, quarrying activities, landscape
quality, creative tourism.

1 Introduction
As agriculture loses its importance as a source of income throughout the
development word, the rural population gradually shifts to alternative sources of
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income (Apostolopoulos et al., 2000; Freshwater, 2000). The decline in farm activity
and the rise in farm income diversification through off income- generating activities
go hand in hand (Ahituv and Kimhi, 2006).
The question is if the relative importance of agriculture in the rural economy has
impact on the standard of living. On the one hand, it would be that communities with
a relatively large share of agriculture so that farming is profitable enough even at
times of decline overall terms of trade in agriculture. On the other hand, perhaps the
relatively large share of agriculture indicates lack of alternative income resources
rather than lower incentives to engage in other income generating activities (Kimhi,
2011). Creative tourism allows visitors to deepen contact with the local culture by
directly participating in cultural/creative activities and being involved in the creative
life of the destination. On the top of these arguments, given the flow of urban
families who join rural communities in order to improve their quality of life
(Mitchell, 2004).
The last eight years Greece covers a time of deep economic depression in which the
National GDP reduced about 25% and unemployed increased 28%. In those years of
economic crisis, we have the phenomenon that young people return to agriculture and
countryside. In rural areas the unemployment is little lower than in urban areas.
Young people return to agriculture activities because they expect a better quality of
life (Kasimis and Zografakis, 2014).
Although rural areas considered marginalized and having features that avert the
local population to establish a venture or make them less attractive for others to
invest, this handicap is twofold, linked to features regarding low density of
population, luck of infrastructure and geographical isolation, ageing, luck of skilled
labor force and conservatism (Spilanis et al. 2004) today there is a growing interest,
an outcome both of a globalized economy and the change role of the countryside in
the development of entrepreneurship. This trend has been embedded in policy
frameworks for the development of the rural, through a multi- sectorial approach
(Iakovidou, et al., 2012; Lekkos and Leventakis, (2015).
Within this framework residents have been stimulated to develop entrepreneurial
activities and new roles in the local communities. A prerequisite for the efficient and
effective local development strategy is innovation in products, processes and
management (Ciannarella and Piccioni, 2007). The Creative Tourism concept
appeared in the 2000′s, and defined as a tourism, which offers visitors the
opportunity to develop their creative potential through active participation in learning
experiences, which are characteristic of the holiday destination where they are taken
(Richards and Wilson, 2000).
Because households in rural communities that rely heavily more on agriculture have
negatively effects on their income comparatively that they created alternative
employment opportunities in rural areas and prevent rural poverty (Kimhi, 2011).
According to Kasimis and Zografakis (2014), in Greek households the higher
dependence have from agriculture, the most population has income under the poverty
level. So it is necessary to the rural communities to promote new economic activities
for supplementing their income.
The main objective of the paper is to record through questionnaire, the residents’
opinion about the opportunity there is in the region for the renaissance the primary
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sector by fostering and promoting the quarrying products, marbles and slates that
have been excluded from the quarries developing creativity in tourist experiences.

2 Methodology
The research area of this study was the municipality of Paggaio in Northeastern
Greece, which covers a total area of 698.01 km2 and accounts 32,085 residents.
The sampling method used was simple random sampling. In order to calculate the
sample size, a pre-sampling was conducted on a sample of 50 respondents. The size
of this sample was calculated based on the formulae of simple random sampling
(where t = 1.96 and e = 0.048). Even though simple random sampling without off
reset was used, the correction of the finite population can be omitted as the sample
size n is small in relation to the population size N. More specifically, the sample size
was determined to 400 individuals. The data collection was carried out during the
second semester of 2016.
In the two groups of variables (variable 3 and 4) frequency analysis, with more
than two criteria, was carried out. The hierarchical loglinear analysis was applied.
Prior to the initiation of the loglinear analysis (in particular of the hierarchical) it is
intentional to examine the size of the expected frequencies in the crossing table.
Large number of the expected frequencies (higher than 20%) with rate lower than 5 –
but not lower than 1, run the risk of leading to the power loss of the applied analysis.
This examination is carried out with control of double-sided crossing tables through
the SPSS program. The classes of variables were grouped in order to satisfy the
above-mentioned conditions. Our data are classified in accordance with 3 or 4 criteria
and express frequencies. The assumption Ho is: Ho: 3 or 4 criteria are fully
independent from each other. It is unlikely for this assumption to be accepted, but the
analysis will allow the precise level of various interrelations and will be included in a
model that expresses the data interrelations.
Statistic controls of optimum adjustment are used for the estimation of the
correspondence degree between the model and the data. Statistical significance
shows that the examined model does not represent the observed frequencies
perfectly, whereas the statistical non-significance means that the examined model is
adjusted to the observed frequencies respectively. X2 test is applied.
Loglinear analysis forms a special case of multiple regression analysis according
to which one or more variables relate to others, in the framework of a
multidimensional crossing table. During this analysis, all homogrades are considered
independent and any recess of the crossing table dependent. Finally, in order to
interpret the impacts on the model of optimum adjustment, we present the data in the
form of one or two – dimensional tables.
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3 Results and discussion
Four hundred completed questionnaires filled out from the local people (235 males
and 165 females). Most of them 34.8% are young (18-30 years old), mainly farmers
or stockbreeders (22%) with medium education (36.3%), married (52%).
Residents of Municipality of Paggaio asked to evaluate the development sectors (Fig.
1). According to this, the most important sectors are mainly agriculture and stock
breeding, tourism and forestry. The residents evaluate lower, sectors like mining and
quarrying activities. This happens because of the economic crisis, the constructions
in the area are very limited (the construction sector evaluated even lower).
Something else
Quarrying activities
Mining activities
Cottage industry

3.8%, sp=0.0095
15.0%, sp=0.0179
5.5%, sp=0.0114
16.3%, sp=0.0184

Trade
Industry

23.8%, sp=0.0213
8.5%, sp=0.0139

Tourism
Construction

40.3%, sp=0.0245
12.3%, sp=0.0164

Stock breeding

52.3%, sp=0.0256

Forestry

40.0%, sp=0.0245

Agriculture
0.0%

76.5%, sp=0.0212

20.0%

40.0%

60.0%

80.0%

100.0%

Figure 1. Importance of main sectors of development in the Municipality of Paggaio

Then they asked about their satisfaction of their living in the village. The residents
are rather satisfied (43.5%, sp=0.0248) for their quality of life in their region and
42.0%, sp=0.0247 are little satisfied for their annual incomes. Also the majority of
them (50.3, sp=0.0250) are of the opinion that the region doesn’t give them
opportunities to stay young people in their village. It is important to mention that
only 2.5% (sp=0.0078) of the respondents activated in quarries, 2.3% (sp=0.0074)
with elaboration of marbles and slates and 3.5% (sp=0.0092) with placement of them.
Then the residents were asked to rate the level of significance of the quarrying
effects in the area (Table 1). Although it is well known the impacts of the quarrying
and mining activities in the environment and health, the residents of the municipality
of Paggaio underline more the positive effects of recruiting of the employment and
supporting the local economy and more negative the reduction of the landscape
quality almost ignoring the negative results in the soil, underground water and
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peoples health. These make to us obvious the importance for the people to raise their
income finding job.
In the group of variables “quality of life”, “opportunities to stay the young people
in their village”, “Recruiting the employment” long liner analysis was applied.
We have interaction per 3 criteria, because the X2 for Pearson’s test is 0.755 with
probability (p)=0.686 and because the X2 likelihood ratio is 0.757 with probability
(p)=0.685. The above-mentioned results are confirmed by the zero/“null” controls for
the interaction of the k terms and the terms of higher degree, as well as the “null”
controls for the interaction of the k terms.
In fact, for two pairs of variables there is a statistically significant interaction:
Residents are absolutely satisfied or satisfied with the quality of life believe that there
are the opportunities of young people to stay in their village, correspondently the
people are not at all or little satisfied with their quality of life they are of the opinion
that there aren’t opportunities for the young people to stay.
Table1. Effects of the quarries in the area

%

23.8%

34.5%

Either
positive
nor
negative
36.0%

4.5%

1.3%

sp

0.0216

0.0238

0.0240

0.0104

0.0056

%

3.0%

10.5%

41.0%

40.8%

4.8%

sp

0.0085

0.0153

0.0246

0.0246

0.0106

%

0.8%

7.0%

49.0%

38.0%

5.3%

sp

0.0043

0.0128

0.0250

0.0243

0.0112

Very
positive
Local economy
Soil
Underground water
Landscape quality
People’s health
Recruiting the employment

positive

negative

Very
negative

%

2.8%

7.3%

25.3%

46.5%

18.3%

sp

0.0082

0.0130

0.0217

0.0249

0.0193

%

0.8%

5.5%

68.8%

22.0%

3.0%

sp

0.0043

0.0114

0.0232

0.0207

0.0085

%

37.0%

36.5%

22.8%

3.3%

0.5%

sp

0.0241

0.0241

0.0210

0.0089

0.0035

Residents state that the quarries effects are very positive or positive to recruit the
employment also are of the opinion that there are opportunities of staying the young
people to their village. Respectively, residents rate as very negative to neither
positive nor negative the effect of recruiting the employment, also state that the
young people do not have opportunities to stay to their region.
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As shown in Table 2 most residents agree to permit new excavations of aggregate
material, slates and marbles.
Most of the residents (52.3%, sp=0.0250), are of the opinion that the elaboration
units are little in the region, also (36.3%, sp=0.0244) the well trained personnel to
work on. To the group of variables “Recruit the employment”, “permission of
excavation stones” “elaboration units” “exist of well-trained personnel” also
longliner analysis is applied. We have interaction per 4 criteria, because the X2 for
Pearson’s test is 12.159 with probability p=0.144 and because the X2 likelihood ratio
is 12.388 with probability p=0.135. The above-mentioned results are confirmed by
the zero/“null” controls for the interaction of the k terms and the terms of higher
degree, as well as the “null” controls for the interaction of the k terms. In fact, for
three pairs of variables there is a statistically significant interaction: According to
this residents that agree with the permission of new excavations state that the quarries
effect very positive to positive to the local economy and there are few well trained
personnel work on elaboration unit. Respectively the ones that disagree or are
indifferent with the permission are also indifferent or negative about the effects of
quarries to the local economy and are of the opinion that there are a lot of welltrained personnel that works on units.

Table 2. Permission for create new excavations

Extraction of aggregate
material
Extraction of slates
Extraction of marbles

Absolutely
Disagree

disagree

Neither agree
or disagree

agree

Absolutely
Agree

%

10.5%

13.5%

28.3%

31.3%

16.5%

sp

0.0153

0.0171

0.0225

0.0232

0.0186

%

10.0%

11.3%

24.3%

36.8%

17.8%

sp

0.0150

0.0158

0.0214

0.0241

0.0191

%

9.3%

8.8%

28.3%

35.5%

18.3%

sp

0.0145

0.0141

0.0225

0.0239

0.0193

4 Conclusions
Municipality of Paggaio bases its wealth on agriculture, extractive industry and
tourism. Famous for its wine, fine marble and slates industry. Because of the
economic crisis in Greek countryside, the shrinkage of the income leads people
searching for other ways to supplement their income. A great opportunity is given in
the specific Municipality because of the extracted materials can be elaborated and
promoted to new products. Local architecture based on handcrafted materials can
create a sense of place that will attract tourism and economic development. Creative
tourism may offer to visitors the opportunity to develop their creative potential
through active participation in learning experiences characteristic of the region where
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they are taken. The creative tourism approach will allow Paggaion to benefit from
significant advantages, and enables artistic and other creative activities to play a
driving role in broader socio-economic development. Residents are well predisposed
to the permission of new marble and slate quarries and see the elaboration industries
and handcraft art as a mean of increasing employment and supporting the local
economy.
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Abstract. The objectives was to investigate relationship between weather
conditions, cultivar and deoxynivalenol (DON) concentration in winter wheat.
Concentrations of DON were analyzed in 10 winter wheat cultivars: Batuta,
Ostroga, Markiza, Nateja, Muszelka, Tonacja, Izyda, Satyna, Fregata, Kohelia.
The winter wheat cultivars were naturally contaminated and collected from
different locations of Poland, i.e. Srem Wojtostwo (φ = 52o05´, λ = 17o02),
Radostowo (φ = 53o59´, λ = 18o45), Czeslawice (φ = 51o19´, λ = 22o16´).
Grain samples were analyzed for contamination with deoxynivalenol (DON)
by the enzyme-linked immunosorbent analysis (ELISA) method. The cultivar
and weather conditions, as well as field locations strongly modified the
concentration of deoxynivalenol in grains. The samples of Tonacja, Ostroga
and Muszelka cultivars showed higher contamination with DON, but the
lowest Nateja, Kohelia, Batuta cv. The precipitation in May, June and July
strongly affected seed contamination. More rain contributed to increased wheat
contamination with DON.
Keywords: winter wheat, cultivar, mycotoxin, deoxynivalenol, weather
conditions, morphological features.

1 Introduction
The occurrence of mycotoxins in various crops is a food safety issue of a great
concern worldwide. Mycotoxins that are frequently found in cereals are secondary
metabolites produced mainly by Fusarium ear blight pathogens, which are common
in the temperate climatic zone of Europe, America, and Asia (Creppy et al. 2002).
None of the geographical regions is free from the occurrence of mycotoxins.
Contamination with these compounds affects 25 percent of the world crops annually.
Economic costs incurred by crop producers due to mycotoxin contamination of the
grains of cereals, oilseeds, and feed are estimated at nearly billion dollars a year. The
particularly dangerous and commonly occurring is deoxynivalenol (DON) mainly
produced by Fusarium culmorum and Fusarium graminearum (Bryden, 2012,
Creppy et al. 2002, Hajšlová et al. 2007, Marin et al. 2013).
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The occurrence of Fusarium mycotoxins, mainly DON, in cereal grains as well as
in various cereal based foodstuffs has been reported in several studies. The report
(Schothorst and Egmond 2004) provides an overview of Fusarium toxin levels in
crops harvested in 12 European countries (Austria, Belgium, Denmark, Finland,
France, Germany, Italy, the Netherlands, Norway, Portugal, Sweden, the United
Kingdom). DON was found in many samples. Similarly, the survey presented by
Joint FAO/WHO Expert Committee on Food Additives (JECFA 2001) showed that
DON was the most abundant mycotoxin in cereals, regardless of the country they
were harvested in. In southwest Germany, the presence of DON in wheat flour was
detected in 98% samples. DON content was in the range from 15 to 965 µg kg-1 in
white flour, and from 15 to 1379 µg kg-1 in wholegrain flour (Schollenberger et al.
2002). Also in Poland, the cyclical contamination of cereal grains with DON had
been observed. (Cegielska-Radziejewska et al. 2009). The incidence of mycotoxins
can vary from year to year depending on many factors such as weather conditions
and/or agricultural practices (Obst et al., 2000). Edwards (2004), Czaban et al.
(2015), Mikos and Podolska (2013) reported that besides weather conditions, a
cultivar had an important role in mycotoxin contamination of cereal kernels. The
objective of this research was to investigate relationship between weather,
environment conditions, cultivar and DON concentration in winter wheat.

2 Materials and methods
2.1 Field experiments
The experiment was carried out in the years of 2009-2011 in 3 Experimental
Stations located in different regions of Poland: Srem Wojtostwo (φ = 52o05´, λ =
17o02´) , Radostowo (φ = 53o59´, λ = 18o45´), Czeslawice (φ = 51o19´, λ = 22o16´).
The experiment involved 10 winter wheat cultivars: Batuta, Ostroga, Markiza,
Nateja, Muszelka, Tonacja, Izyda, Satyna, Fregata, Kohelia. The cultivars differed
from each other in terms of heading, wax coating on head, plant height, stem pith,
density of spike, length of spike, arista, length of arista, width of lemma, shape of
lemma, length of lemma. The crop managements (sowing term, sowing, density,
fertilization, crop protection were on the same level in each experimental stations).
The winter wheat was sown on very good (Radostowo) and good wheat soil
complexes (Srem Wojtostwo, Czeslawice). The winter wheat was harvested in full
maturity phase. In each experimental stations, during vegetation period of winter
wheat, weather conditions (temperature, precipitation) were monitored. Grain
samples were analyzed for DON contamination with toxins. Preparation of the grain
samples and ELISA test procedure for determination of contents of deoxynivalenol
(DON) in the grain were carried out according to Cegielska-Radziejewska et al.
(2009), Mikos-Szymanska and Podolska (2013), Czaban et al. (2015).
Analysis of mycotoxin contents: a quantitative analysis of DON was carried out
using enzyme-linked immunosorbent analysis (ELISA) commercial kit (Neogen
Corporation, Food Safety Diagnostics: Veratox® for DON 5/5 – 8331NE). The
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method is based on the antibody-antigen interaction and has been approved by the
AOAC Research Institute (Certificate No. 950702).
2.2 Statistical analysis:
Statistica 6.0 software (StatSoft Inc.) was used for statistical analysis. The
compatibility of variables with normal distribution was tested using the Shapiro-Wilk
test. Verification of the hypothesis was performed using nonparametric (KruskalWallis test). Assumed significance level = 0.05.

3 Results
The applied treatments (year, location and cultivar) modified the winter wheat
mycotoxins contamination by DON.
Concentration of mycotoxin in winter wheat seeds significantly depended on the
vegetation season (years). In all years, the investigated mycotoxins were detected,
but at different levels. The highest DON concentration was observed in 2011 year,
lower in 2010, but the lowest in 2009 (Table 1). The concentration of DON in winter
wheat seeds from Srem Wojtostwo was 10,0 µg kg−1, from Radostowo 146,7 µg kg−1,
while from Czeslawice 273,3 µg kg−1 (Table 1).
In the present research, a high correlation between concentration of mycotoxin and
precipitation has been found (Table 2). The occurrence of DON was similarly
affected by rainfall in May (r = 0.89819), June (r = 0.80220), July (r = 0.84016). The
number of DON was not significantly correlated with temperature in May, June and
July (Table. 2).
Table 1. DON contamination (µg kg−1) of winter wheat seeds depending on the years and
localization
Year

2009

2010

DON

86, 7

106,33

2011

Śrem Radostowo
Wojtostwo
256, 7
10,0
146,7

Czesławice
273,3

Table 2. Correlation coefficient and simple regression between DON contamination of winter
wheat seeds and precipitation and temperature (data from 2009-2011).
Month

Precipitation
Correlation
Correlation
coefficient

May
=-0,3255+0,01379x
June
=-0,3139+0,01045x
July
=-0,2721+0,00396x
bold-significant correlation

r= 0,89919
r= 0,80220
r= 0,84016
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Temperature
Correlation
Correlatio
n coefficient
= 1,5746 - 0,0962x
= 0,66670 - ,0216x
= 0,42167 – 0,080x

r= -0,3926
r= -0,0946
r= -0,0176

The contamination of winter wheat cultivars in 2011 was shown in Figure 1. There
were significant differences cultivars in terms of DON contamination in 2011. The
concentration of DON ranged from 200 µg kg−1 (Nateja cv.) to 1400 µg kg−1
(Tonacja cv.). Significantly the lowest concentration of DON was recorded for the
seeds Nateja cv. compared with Tonacja, Muszelka and Fregata. The concentration
of DON was significantly lower in the seeds of Nateja, Satyna and Batuta.

Figure 1. Concentration of DON in winter wheat cultivars (2011 year).

In order to find correlation between morphological characteristics of winter wheat
cultivars and mycotoxin contamination, eleven features were taken into consideration
There was a significant negative correlation between plant height and stem pith.
Shorter cultivars with thin stem pith were the most contaminated. (Table 3).
Table 3. Correlation coefficient between morphological characteristics of winter wheat
cultivars and mycotoxin contamination
1
-0.04

2
0.39

3
-0.71

4
-0.58

5
0.12

6
0.48

7
0.18

8
0.17

9
0.47

10
0.48

11
0.24

bold- significant correlation
(1-term of heading, 2-wax coating on head, 3-plant high, 4-stem pith, 5-dense of
spike, 6-length of spike, 7-arista, 8-length of arista, 9-with of lemma, 10-shape of
lemma, 11-length of lemma).
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4 Discussion and Conclusions
Research conducted in numerous countries has shown that grain contamination by
Fusarium and mycotoxin level were affected mainly by weather conditions (Bryla et
al. 2016). Moderate temperatures (15-30°C) combined with prolonged periods of
high humidity during the blossoming and/or earing phases promote the accumulation
of DON and are the best indicators of fusariosis (Hooker et al..2002, Cowger et al.
2009.). Bernhoft et al. (2012) reported that low temperature before harvest increased
DON concentration in wheat grain. Favourable conditions – high precipitations and
relatively high temperatures during the period when the wheat is most susceptible to
infection (i.e. from flowering to the soft dough stage of kernel development)
(Edwards 2004, Obst et al. 2000 Hajslova et al., 2007) were obviously factors
responsible for the high mycotoxin levels. It has been confirmed in the present study.
We found a high correlation between concentration DON and precipitation in May,
June and July. More rain contributed to increased wheat contamination with DON.
We also found that besides weather conditions, cultivars play important role in
DON concentration in winter wheat. The significantly lowest concentration of DON
was noted in the seeds of Nateja, Kohelia, Batuta cv. compared with Tonacja,
Ostroga and Muszelka. Similar results were obtained by Bryla et al. (2016). Among
10 cultivars, Fidelius cv. was the least contaminated with DON, while Bamberka
Forkida and Kampana, the most (Bryla et al. 2016). Bai et al. (2001) who conducted
research in artificial inoculation of winter wheat by F. graminearum, proved
significant differences in DON level among cultivars. Out of 116 varieties, they
selected 16 with a small amount of DON. They found that these varieties may be
useful as sources for breeding wheat cultivars with lower DON level. They also
found that cultivars with scabbed spikelets and scabbed kernels had less level in
DON. In our study we found that shorter winter wheat cultivars and cultivars with
thin stem pith were the most contaminated with DON.
Our studies have confirmed a significant impact of weather on the amount of
DON in wheat kernels, and indicated that, under conditions conducive to the
formation of toxins, there are varieties that accumulate small amounts of mycotoxins.
Such varieties should be recommended for cultivation as safe for health reasons.
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Energy audit of broiler production upon different
production seasons in Northern Iran
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Abstract. The aim of this study was to investigate the energy use indices of
broiler production upon warm and cold seasons in Northern Iran. The data
were collected from 25 broiler farms with face-to-face questionnaire method.
The results showed that the total energy input and energy use efficiency were
22357.71 Mcal 1000birds-1 and 0.26 for warm season, and 30653.47
Mcal 1000birds-1 and 0.20 for cold season, respectively. Feed and diesel fuel
were ranked as the first (43.44%) and second (33.43%) energy inputs for
broiler production in warm season, while, the diesel fuel (51.58%) and feed
(31.73%) were ranked as the first and second most important energy inputs in
cold season, respectively. The share of non-renewable energy inputs for cold
season was less than that for warm season of production. Therefore, some
suggestions were proposed to better management of using the non-renewable
energy inputs in broiler production in cold season of production.
Keywords: energy use indicators; poultry; renewable; non-renewable energy.

1 Introduction
Poultry production is the most important agro-industry in Iran. Iran is ranked as the
20th broiler producers of the world. However, the domestic production does not meet
the home requirements. Broiler production industry consumes large amounts of direct
and indirect energy inputs including fossil fuels, electricity, and feed. Energy use
efficiency of broiler production in Iran is not satisfactory (Amid et al., 2016). Using a
large amount of non-renewable energy inputs including fossil fuels and electricity
leads to decrease the economic productivity and cause the undesirable environmental
impacts. Therefore, identifying energy saving approaches for broiler production
systems is a key proceeding in order to keeping the sustainability of broiler
production in Iran.
Analyzing the input-output energy and computing the energy indices are the most
reliable method to investigate the energy usage in agriculture (Rajaniemi and
Ahokas, 2012). Table 1 summarizes the top points of the related studies. The energy
consumed by heating system is ranked as the most important energy input among the
direct energy inputs in broiler production (Rajaniemi and Ahokas, 2015). Its share
varied with production season, the highest one being in cold seasons. Thus, the
highest energy saving is related to the heating system in broiler farms. Katajajuuri et
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al. (2006) and Horndahl (2008) have also shown that energy consumed by heating
system contributes the most energy input of broiler production farms. According to
the Table 1, the fossil fuels specially for diesel oil has been known as the most
important energy input among the inputs consumed in broiler production agroindustry in Iran.
To the best knowledge of the authors, no study has been yet done on the analysis
of energy use of broiler production inputs in Guilan Province, Iran. Moreover, the
effects of production season (warm and cold) on the energy use inputs and indices
are absent in the corresponding literatures cited. So, the present study aimed at
evaluation of the impact of production season on the energy consumption indices of
broiler production in Guilan Province, Northern Iran.
Table 1. Summary of the literature on the energy analysis of broiler production

Authors
Amini et al.,
2015
Kalhor et al.,
2016
Amid et al.,
2015
Kilic, 2016
Heidari et
al., 2011
Yamini Sefat
et al., 2014
Najafi et al.,
2012
Current
study, 2016

Number of
broiler
farms
70

Energy use
efficiency
0.16 for
traditional and 0.17
for modern farms

Energy use
hotspots
Diesel fuel
& feed
Feed &
Electricity
Diesel fuel
& feed
Feed &
water
Diesel fuel
& feed
Gasoline &
Feed

40

0.26

70

0.18

29

0.94

44

0.15

50

0.15

3 small
2 medium
1 large

0.21
0.27
0.36

Diesel fuel
& feed

25 farms

---

---

2 Materials and Methods
This study was carried out in Rasht City, Guilan Province, Iran in the summer and
winter of 2015. Guilan Province lies between the latitudes of 36°34' and 38°27' N
and the longitudes of 48°53' and 50°34' E. Rasht City is the center of Guilan
Province and the leading broiler producer of the province with 146 small and large
broiler farms around it. Given the limitations of the study and the precision intended
in data collection, energy consumption dataset represents 25 broiler production
farms.
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Research data were collected using a questionnaire and face-to-face interview with
the managers of broiler farms. All questions were asked for warm season (summer)
production and cold season (winter) production separately.
The inputs of broiler production systems included (1) machinery, (2) fossil fuels,
(3) electricity, (4) labor, (5) feed, (6) medications, (7) disinfectants, and (8) chicks,
and the output included (1) broilers and (2) poultry wastes or litter.
Energy equivalent of inputs (in Mcal U-1) were calculated for fossil fuels,
electricity, labor, chicks, feed ingredients, disinfectants and medications by
multiplying their consumption quantity for 1000 birds by their equivalent energy
(Table 2). Also, energy equivalent of system outputs (broiler and poultry litter) was
calculated by multiplying equivalent energy by the output quantity.
Table 2. Different forms of energy inputs of broiler production in Northern Iran
Items
Input
Labor
Machinery (h)
Diesel fuel (l)
Electricity (kWh)
Feed
-Dicalcium phosphate (kg)
-Salt (kg)
-Corn (kg)
-Soybean (kg)
-Minerals and Vitamins (kg)
Medicines (kg)
Disinfectants (kg)
Chick (kg)
1 cal=4.184 J

Energy coefficients
(Mcal U-1)

Reference

0.54
62.70
11.38
2.85

(Cook et al. 1980)
(Singh et al. 2002)
(Singh et al. 2002)
(Singh et al. 2002)

2.39
0.38
1.89
2.88
0.38
3.26
0.1
2.47

(Atilgan, 2006)
(Sainz, 2003)
(Atilgan, 2006)
(Atilgan, 2006)
(Sainz, 2003)
(Atilgan, 2006)
(Najafi et al., 2011)
Amid et al. (2014)

Total energy input was divided into direct and indirect and into the renewable and
non-renewable forms. Direct energies included energy equivalent of labor, fossil
fuels, and electricity. Indirect energies included feed, machinery, poultry litter,
disinfectants, medications, and chicks. Renewable energies were energy equivalent
of feed, labor, chicks, and poultry litter and non-renewable energies included
machinery, fossil fuels, electricity, and disinfectants. Renewable energies are energy
sources supplied from natural resources and are capable of natural restoration,
whereas, the non-renewable energies like fossil fuels are derived from energy sources
produced from animal and plant residuals in lower layers of the Earth under pressure
and heat and will be depleted some day (Demirel, 2012).
Energy consumption indices including energy ratio, energy productivity, specific
energy and net energy gain were calculated for two production seasons (warm and
cold), and for total poultry farms by the following equations (Kalhor et al., 2016):
Energy ratio=Output energy (Mcal 1000bird-1)/Input energy (Mcal 1000bird-1)
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(1)

Energy Productivity= Broiler Production (kg 1000bird-1)/Input Energy (Mcal
1000bird-1)

(2)

Specific Energy= Input Energy (Mcal 1000bird-1)/ Broiler Production (kg
1000bird-1)

(3)

Net energy= Output energy (Mcal 1000birds-1) - Input energy (Mcal 1000birds-1)

(4)

3 Results and Discussion
This section first determines the contribution of individual inputs consumed for
broiler production. Then, the energy indices are calculated and the results are
contrasted with other studies on consumed energy indices for broiler production.
3.1 Energy Inputs and Outputs
Results showed that the interviewed broiler farms included 10 small-sized (<20,000
birds), 8 medium-sized (20,000-30,000 birds), and 7 large-sized broiler farms
(>30,000 birds). Table 3 shows the average energy equivalents of inputs used to
produce broilers in summer and winter seasons in Guilan Province, Northern Iran.
Total energy inputs were estimated at 22,357.71 and 30,653.47 Mcal 1000birds-1 for
summer and winter seasons, respectively. All values are lower than those reported by
Amini et al. (2015) for broiler production in Mazandaran Province, Iran (42,625 and
45,124 Mcal 1000birds-1 in traditional and modern broiler production systems,
respectively). It implies that the energy input in summer was lower than the winter. It
can be related to the lower diesel fuel consumption in warm season. Figs 1 and 2
show that the diesel fuel contributed for 33.43 and 51.58% of the total energy input
in warm and cold seasons, respectively. Moreover, diesel fuel ranked the first energy
input to produce broiler in cold production season in Northern Iran. Therefore, it has
the highest energy saving potential in the broiler production agro-industry in winter.
Rajaniemi and Ahokas (2015) also introduced the heating energy of broiler farm
having the most important energy saving potential in Finland. Choosing more
efficient heating systems and giving sufficient notice to their adjustments and
maintenance have profound impacts on the fuel energy use in broiler farms. In this
regard, enhancing the information of broiler farms managers about the technical
specifications of heating systems in accordance with the broiler farms buildings and
suggested preventing solutions to save heating energy in broiler farms is of highly
importance.
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Table 3. Amounts of various energy inputs for broiler production in warm and cold seasons in
Northern Iran.
Items
Inputs
Labour
Machinery
Diesel fuel
Electricity
Feed
Medicines
Disinfectants
Chick
Total input
Outputs
Poultry meat
Poultry litter
Total output

Warm season
(Mcal 1000birds-1)

Cold season
(Mcal 1000birds-1)

74.27
285.83
7473.83
4698.76
9713.31
11.71
1.17
98.83
22357.71

74.25
282.97
15809.61
4645.67
9729.00
11.91
1.19
98.87
30653.47

5677.50
158.63
5836.13

6006.89
149.88
6156.17

Figs 1 & 2 show that the broilers’ feed ranked the first in warm season and second
energy input in cold production season (43.44 and 31.73% of the total energy input,
respectively). Therefore, management the feed consumption besides the special
notice to the chicken feed should be considered by the broiler farms managers. Kilic
(2016) also reported the chicken feed as the first ranked input of broiler and laying
hen production in Bursa region of Turkey (70.49 and 78.86% of the annual total
energy input). Feeding broilers with a low-protein feed and using well-designed
feeder implements are among management proceedings to achieve optimal use of
broiler feed and then, improving the energy input of feed in broiler production.
Besides the importance of fossil fuels in terms of depletion of non-renewable
resources, the CO2 emissions of burning fossil fuels is a global challenge which
should be considered in poultry production ago-industry in Northern Iran. Using
biofuels may be considered as a solution to lower the CO2 emissions of poultry agroindustry in the study region.
To save energy use in broiler production systems, the farmers should have means
to measure energy consumed and follow the energy consumption. Moreover, they
must be informed about the energy saving possibilities and machinery energy
consumptions.
3.2 Energy Indices
Energy consumption indices are shown in Table 4 for broiler production in warm and
cold seasons in Guilan Province, Iran. Energy ratio for broiler production in warm
season (0.26) was estimated at 0.26 compared to that of cold season (0.20). In other
words, broiler production in warm season possesses more favorable energy
advantage. Energy productivity for broiler production was 0.10 and 0.08 kg Mca-1 in
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Other inputs
(2.11)

Diesel fuel
(33.43%)

Feed (43.44%)

Electricity
(21.02%)

Fig. 1. Contribution of main energy inputs for broiler production in warm season

Other inputs
(1.53%)

Feed (31.73%)
Diesel fuel
(51.58%)
Electricity
(15.16%)

Fig. 2. Contribution of main energy inputs in broiler production in cold season

warm and cold seasons, respectively. It means that 0.1 and 0.08 kg broiler meat are
produced in warm and cold seasons as per 1 Mcal energy consumed, respectively.
Fig. 3 shows the shares of various forms of energy inputs in terms of direct and
indirect energy, and renewable and non-renewable energy inputs. The share of
renewable energy inputs in cold season (32.25% of the total energy inputs) is lower
than the half the non-renewable energy inputs (67.75%). Therefore, substituting the
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Table 4. Energy indices of broiler production in warm and cold seasons in Northern Iran.
Indicators
Energy ratio
Energy productivity
Specific energy
Net energy gain

Unit

Warm season

%
kg Mcal -1
Mcal kg -1
Mcal 1000birds-1

0.26
0.10
9.79
-14468.44

Cold
season
0.20
0.08
12.74
-24549.73

non-renewable resources with the renewable energy ones and substituting the
warming implements with the modern and more efficient systems must be considered
for enhancing the energy productivity and mitigating the negative impacts of using
the non-renewable energy inputs in broiler production in Northern Iran, especially for
cold production seasons. Also, recovering some of heating energy from the exhaust
warmed air, optimization of ventilation systems, and appropriate isolations of broiler
farm saloons and heated air conveying ducts may be among the useful applied
proceedings to lessen energy inputs in broiler production (Rajaniemi and Ahokas,
2015).

67.75%

67.03%

70
55.68%

Percentage (%)

60

54.67%

Warm season
45.33%

44.32%

50
40

Cold Season

32.97%

32.25%

30
20
10
0

Renewable energy

Non-renewable
energy

Direct energy

Indirect energy

Energy forms

Fig. 3. Various energy forms used for broiler production in warm and cold seasons

434

3.3 Correlation between Farm Sizes, Energy Input, and Output
Table 5 indicates the correlations between the farm size and energy input and output
for broiler production upon warm season in Guilan Province, Iran. An inverse
significant correlation was found to be between the farm size and energy input for
broiler production (p≤0.05). It implies that the large farms used the least amount of
energy input. It was also reported that there were negative correlations between the
farm size and energy use in paddy and corn farms in Iran. Generally, large farms
were more energy efficient than the medium and small farms (Pishgar Komleh, 2011;
Pishgar Komleh, 2012).
Table 6 also illustrates the correlation between the farm size, energy input and
output for broiler production upon cold season. The inverse significant correlation
also is seen between the farm size and energy input for broiler production in cold
seasons (p≤0.05). This result also may be contributed to the better energy use
management in large broiler farms compared to the medium and small broiler farms.
Table 5. The correlation between farm size, energy input and output for broiler production
upon warm season in Guilan Province, Iran (p≤0.05).

Farm size
Energy input
Energy output

Farm size

Energy input

Energy output

1.00
-0.76
-0.41

-0.76
1.00
0.20

-0.41
0.20
1.00

Table 6. The correlation between farm size, energy input and output for broiler production
upon cold season in Guilan Province, Iran (p≤0.05).

Farm size
Farm size
Energy input
Energy output

Energy input

1.00
-0.76
-0.34

-0.83
1.00
0.21

Energy output

-0.34
0.21
1.00

4 Conclusions
The results of the study showed that the diesel fuel and feed were ranked as the
first and second energy inputs for the broiler production in cold season, while, the
feed and diesel fuel had the greatest energy shares among energy inputs in the warm
production season in Guilan Province, Iran. The share of renewable energy inputs in
broiler production (32.25% and 44.32% of the total energy input for cold and warm
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seasons, respectively) were determined to be less than those of the non-renewable
inputs (67.75% and 55.68% of the total energy input for cold and warm seasons,
respectively). Therefore, management of fossil fuel use as the most important nonrenewable energy resource consumed in broiler production through selecting more
energy efficient heating systems and using the renewable energy resources for
heating broiler farms are suggested to enhance the energy efficiency and mitigate the
negative environmental impacts of broiler production in cold seasons in Guilan
Province, Iran.
Acknowledgements. The author is grateful for support from Rasht Branch, Islamic
Azad University.
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Abstract. Through the development and adoption of a Farm Management
Information System (FMIS) that incorporates linear and non-linear
optimization, this paper investigates whether FMISs are a suitable tool for
significantly improving of the overall profitability of a medium-sized and
diversified farm. Consequently, profit maximization and cost efficiency are the
solitary aims. The developed linear and nonlinear models consider all
production processes and services of the selected case study farm that is
located in North Rhine-Westphalia (Germany). Particular attention is paid to
the farm’s internal interconnections between the different production processes
and its services as well as the resulting synergy effects. This paper shows that
at a given price level for input and output factors, it is possible to increase the
annual gross profit on this farm from 292,812 EUR to 342,461 EUR, which
represents a rise of 17.0%. This improvement can be achieved by solitarily
optimizing the farm’s allocation of the available resources.
Keywords: Farm management, Diversified farm, Optimization

1 Introduction
Successful farm management has become a more challenging task over the past
decades. Today’s farmers are increasingly exposed to various risk factors like the
weather or pests (Mußhoff et al., 2007), and at the same time they have to tackle
difficult economic decisions which are subjected to technological, political and social
changes. Therefore, an agricultural sector is nowadays exposed to a more complex
and faster changing environment than ever before. However, the rise of complexity is
not solitarily routed in the external environment, but also within the farms
themselves. Most farms in the developed countries have undergone a tremendous
change in the past sixty years in order to sustain. Thus, farmers have either
augmented their productions capacities to benefit from economies of scale, or they
have diversified their farms to benefit from economies of scope and to reduce their
risk exposure.
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Therefore, for both type of farms, augmented and diversified, a proper
management has become a sophisticated task, which demands additional skills from
farmers. Prior, it was sufficient to have expert knowledge in land cultivation and
stock breeding, which is, however, not adequate any longer. Farmers have had to
shift their self-perception from the “classical” role as a cultivator and breeder to a
manager of an enterprise. Therefore, they must gain knowledge in risk assessment,
controlling, auditing and taxations. All this holds true for diversified farms in
particular, since they do not only have to deal with the new conditions and elevating
risk level, but also with their complex farm structure. Thus, in order to sustain and to
improve the profitability of their farms, farmers are in need of a sophisticated
planning, controlling and optimization tool (Nagel, 2000).
Farm Management Information Systems (FMISs) are such powerful tools to
support farms to retain their independence and to increase their profitability.
FMISs, consist of a set of business systems designed to provide crucial
information for decision making and to assist the manager in strategic planning
(Capron and Perron, 1993).
The models applied in FMISs can aid to deal with internal and external
complexity and to achieve the optimal distribution of a farm’s scarce resources to its
various production processes and other activities. This is a vital success factor for
any agricultural business (Parker, 2003). However, many farmer still rely more on
their intuition than on management tools when it comes to running their business
(Pannell, 1996). This fact is closely related to the complexity of agricultural
businesses. In this kind of environment, intuitive decisions may be considered useful
when it comes to generating ideas and responding to urgent matters (Suter, 1992).
This is true, although, modeling of farms has started already in the 50‘s and 60‘s of
the last century. Since then, vast numbers of researchers and agricultural advisors
tried to enthrall farmers with their models and to implement FMISs throughout the
farming business. However, their success has been rather limited (McCown and
Parton, 2006).
A well-designed FMIS provides an easy access to all information, which are
crucial for the farms profitability and sustainability. In this context, the “universal”
FMIS opts for the optimal resource allocation, because only in this way it can
effectively support the farmer in attaining better management decisions, while
making his farm more profitable.
Farms can be considered as legal and fiscal business entities, in which a
transformation process is ongoing by combining commodities and services, aiming
on the production of marketable output factors. (Kistner and Steven, 2002; Reisch,
1995). So, the fundamental question from the microeconomic point of view is: why
should any farmer be interested in FMIS? As simple as this question might look, the
answer to it is not. Undoubtedly, the skillful and conceived management of farms is
one of the most important success factors for their proper functioning, their
sustainable development and their survival in today’s fast changing environment
(Forster, 2002; Mishra et al., 1999; Muhammad et al., 2004).
Nevertheless, farmer’s major aim always was to maximize their profit, because
only when a farm is well-managed, it can generate the funds to finance its sustainable
development and thereby its survival in today’s fast changing environment. The
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major leverage to achieve this aim has been to increase the productivity of their
farms, or more precisely of the various production processes on their farms.

2 Methodology and Data Sources
Within the scope of this research the “Whole-Farm Modeling” approach is
considered as the most suitable. Makeham was one of the first fostering this approach
- he called it “whole farm project” (Makeham, 1971, p. 100) - and it has been tested
widely already. For instance in Western Australia within the software MIDAS
(Model of an Integrated Dryland Agricultural System) (Pannell, 1996).
For the development of the cost calculation model, firstly a database was set up,
comprising all necessary activities for conducting each single production process or
service. Consequently, the cost calculation was conducted for each production branch
separately. Nevertheless, input factors like the available arable land or the working
time of the farmer are treated globally within the entire model. To each activity the
needed working time, machinery hours, diesel consumption and other inputs like
seeds, spraying chemicals was assigned. Then market prices for each single input
factor were attached in order to receive the exact costs of each activity. Finally, all
standardized direct cost factors for every production branch’s input(s) were received.
The turnover calculation was carried out according to the cost calculation. Thus,
depending on the availability, the farm’s average selling price or a current market
price was applied. With these prices, each production branch’s activity was evaluated
in order to receive the turnover per output factor. Standardized cost was then
subtracted from the turnover per activity in order to obtain the specific gross profit of
each activity.
The tools chosen for depicting and solving the linear optimization model are the
software package LindoTM API 6.1 and MS Excel in combination with the AdIn
OpenSolver 2.1. Both incorporate a very capable simplex algorithm, whereas the
former is commercial while the latter is freeware. In addition, does the usage of two
different software solutions ensure that the obtained results are independent form the
software in use?

3 Results of Research
Variant 1, which focuses on the effectiveness of the resource allocation has been
solved with two separate software packages: Lindo and the Excel AdIn Open Solver
2.1. This procedure has been chosen in order to ensure that the obtained results are
independent from the applied algorithm. Unlike the procedure of Variant 1, Variant 2
has solitarily applied LindoTM, since after having confirmed the consistency of the
obtained results, it has been no longer necessary to apply Open Solver 2.1 as well.
Firstly, when it comes to implications for recommended actions, effectiveness
mostly comes before efficiency. This is because the negative impact of doing the
right thing (effective) in a non-efficient way is still better than doing the wrong thing
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(non-effective) in the most efficient way. In other words, the consequences from
running a farm ineffectively are dire than the consequences of running it
inefficiently. Furthermore, a major premise of both models has been that financial
funds are not considered a limiting factor. However, the limitation of financial funds
is the major reason, why focusing on efficiency, or more precise, cost efficiency. In
contrast, the available farmland and stable capacities actually have been considered
limiting factors. And both factors are related to effectiveness.
Secondly, and more importantly the actual results of Variant 1 (“Linear”) and
Variant 2 (“Non-Linear”) do not differ in a substantial way as prior mentioned. Table
1 displays all values and costs of production and the consequent gross profits for the
different production processes and services, which have been calculated according to
the same price level for all variants. The total gross profit is nearly identical. As a
matter the differences are solitarily routed in the sector of plant production, whereas
the hog fattening activity and the pension horses remain the same in both variants
Table 1: Comparison of Variants 0-2 (all values in EUR)
Variant 0
Non-optimized
2012/2013

Variant 1
Linear
Optimization

Variant 2
Non-Linear
Optimization

Total Value of Production

760,004

833,452

820,954

Total Variable Cost of Production

467,192

490,991

480,865

Gross Profit

292,812

342,461

340,090

Fixed Cost

181,487

181,487

181,487

Total Cost

648,679

672,478

662,352

Efficiency

1.171617822

1.239374573

1.239453792

100.0%

105.8%

105.8%

Change in Efficiency in %

Actually, out of the 198 available activities only a fraction, namely 25 shows
different results. And out of these 25 activities 18 show a divergence of less than
1000 EUR.
The subsequent paragraphs will focus not only on the deviations between the
results of Variant 1 and Variant 2, but also consider the outcomes of the nonoptimized Variant 0. However, the focus will clearly lie on the results of the former
two.
Having said that, it seems worthwhile to focus once again on the similarities of
Variant 1 and 2. As table 1 shows, the overall gross profit of Variant 1 is only 2.371
or 0,69% higher than that one of Variant 2. Thus the differences between Variant 1
and 2 are virtually negligible. The differences of the total turnover and the total
variable costs are slightly more significant (833.452 EUR to 820.954 EUR and
490.991 EUR 480.865 EUR). When comparing these results with the non-optimized
figures of 2012/13 the potential for the optimization process becomes clear. Both,
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Variant 1 and Variant 2 are capable of increasing the gross profit by nearly 50.000
EUR (Variant 1: 49.649 EUR; Variant 2: 47.278 EUR).
To be fair, one has to mention that the improvement had been slightly smaller (ca.
4.400 EUR) if the pig stall had performed as expected. Nevertheless, the
augmentation of the attainable gross profit had been remarkable also in this scenario.
Besides the gross profit, also in terms of efficiency Variant 1 and Variant 2
outperform the non-optimized Variant 0 significantly, but hardly differ from each
other (Variant 1: 1,2394 to Variant 2 1,2395).
Table 2 shows the actual resource allocation of Variant 0 and the results of Variant
1 and 2. The table shows that in 2012/2013 the land usage differs for most crops
considerably from the optimal solutions of variant 1 and 2. This is in particular true
for winter wheat, winter barley and winter canola, which show some major
deviations. This deviation can be explained by the strict application of the crop
rotation constraint in the model, which states that these three crops have to be
cultivated on an area of the same size. In reality a rather rigorous adherence to the
crop rotation plan is difficult to accomplish. Also the suggested cultivation of 8,0 ha
grain maize in Variant 1 differs from the zero hectares in Variant 0 and 2. The
optimum solution of Variant 2 actually suggests replacing the area under grain maize
nearly completely by silo maize. This does not come as a surprise, since the
production of silo maize is by 30% cheaper than that one of grain maize, and
therefore complies very well with the aim of cost efficiency. The same explanation
holds true for the fact that Variant 2 fosters the extensive use of grazing land (3 ha)
more than Variant 1 (2 ha). As earlier mentioned, the Greenland area in Variant 0
also included the grazing land for pasture, as the farmers have not distinguished
between the two so far.
Table 2. Allocation/Usage of farmland /Stable Capacities Variant 0-2 (in ha/headcount and %)
Producion Process

Variant 0
Abs.
%

Variant 1
Abs.
%

Variant 2
Abs.
%

WW

19.8

27.2%

12.7

17.2%

12.8

17.3%

WB

17.2

23.7%

12.7

17.2%

12.8

17.3%

WC

5.2

7.2%

12.7

17.2%

12.8

17.3%

PO

8.6

11.8%

7.1

9.6%

7.8

10.5%

GM

0.0

0.0%

8.0

10.8%

0.0

0.0%

SM

1.6

2.2%

0.0

0.0%

7.7

10.4%

GL

6.9

9.5%

4.9

6.6%

3.9

5.3%

SB

12.1

16.6%

12.6

17.0%

12.6

17.0%

RB

1.3

1.8%

1.3

1.8%

0.6

0.8%

GR

0.0

0.0%

2.0

2.7%

3.0

4.0%

1,590.0

94.0%

1,692.0

100.0%

1,692.0

100.0%

Large Horse Stable

3.0

100.0%

3.0

100.0%

3.0

100.0%

Normal Horse Stable

7.0

100.0%

7.0

100.0%

7.0

100.0%

Hogs
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As Variant 0 and Variant 1 suggest the same number of hectare Variant 2 suggest
a reduction by more than 50%. Again, the very intensive production methods and the
consequently high costs of cultivation of 6.313 EUR per hectare explain, why a
reduction of raspberry cultivation makes sense from an efficient related point of
view. In contrast to the differences in the land cultivation process there are no
differences in the level of activity of hogs and pensions horses.
The difference in crop yield, originating from the various sizes of cultivated areas
per crop and fruit for each variant are displayed in table 3.
Table 3: Crop Yield Variant 0-2 (in t and %; Index 100% Variant 0)
Producion
Process

Variant 0
Abs.

Variant 1
%

Abs.

Variant 2

%

Abs.

%

WW

193.9

100.0%

132.2

68.2%

133.9

69.0%

WB

121.7

100.0%

109.7

90.1%

110.6

90.8%

WC

21.2

100.0%

57.8

273.3%

59.1

279.5%

PO

0.0

N.A.

0.0

N.A.

0.0

N.A.

GM

0.0

N.A.

83.7

N.A.

0.0

N.A.

SM

7.0

100.0%

0.0

0.0%

35.0

501.6%

GL

50.8

100.0%

36.3

71.5%

29.2

57.5%

SB

121.9

100.0%

140.0

114.8%

140.0

114.8%

RB

3.3

100.0%

3.4

103.1%

1.5

45.8%

GR

0.0

N.A.

0.0

N.A.

0.0

N.A.

The tables 4 and 5 show the value/turnover of production and the variable cost for
every crop and fruit and each variant. From these tables the later on introduced table
for the gross profit is derived. Besides, tables 4 and 5 provide some interesting
insights.
For instance, the different percentage values, representing the proportion with
regards to the overall turnover respectively overall variable costs for each individual
crop/fruit. As for some crops, like winter wheat, these percentage values are balanced
(4,4% of the overall turnover to 4,3% of the overall variable cost; Variant 1), for
some they are not. Winter barely is an example for a negative relation (3,4% of the
overall turnover to 3,8% of the overall variable cost; Variant 1), whereas strawberries
are an excellent positive example (39,5% of the overall turnover to 27,0% of the
overall variable cost; Variant 1). The mentioned relations make it possible to draw
conclusions concerning which crop/fruit should be preferred over another crop/fruit
in general. However, the relations do not give evidence if a crop or fruit is profitable
or not. Referring to the example of winter barely, one can observe in table 5 that,
despite the unfavorable relation, winter barely is actually profitable.
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Table 4: Value/Turnover of Production (in EUR and %)
Producion Process

Variant 0

Variant 1

Variant 2

Abs.

%

Abs.

%

Abs.

%

WW

53,821

7.1%

36,717

4.4%

37,164

4.5%

WB

31,518

4.1%

28,404

3.4%

28,630

3.5%

WC

9,077

1.2%

24,814

3.0%

25,375

3.1%

PO

12,040

1.6%

9,926

1.2%

10,890

1.3%

GM

0

0.0%

19,666

2.4%

0

0.0%

SM

2,586

0.3%

0

0.0%

12,966

1.6%

GL

6,703

0.9%

4,791

0.6%

3,854

0.5%

SB

297,192

39.1%

341,293

40.9%

341,293

41.6%

RB

12,753

1.7%

13,151

1.6%

5,836

0.7%

GR

0

0.0%

520

0.1%

774

0.1%

309,573

40.7%

329,432

39.5%

329,432

40.1%

8,178

1.1%

8,178

1.0%

8,178

1.0%

Normal Horse Stable

16,562

2.2%

16,562

2.0%

16,562

2.0%

Total

760,004

100.0%

833,452

100.0%

820,954

100.0%

Hogs
Large Horse Stable

Table 5: Variable Cost of Production (in EUR and %)
Producion Process

Variant 0

Variant 1

Variant 2

Abs.

%

Abs.

%

Abs.

%

WW

32,927

7.0%

21,129

4.3%

21,317

4.4%

WB

25,525

5.5%

18,855

3.8%

19,022

4.0%

WC

5,996

1.3%

14,649

3.0%

14,779

3.1%

0

0.0%

0

0.0%

0

0.0%

GM

0

0.0%

16,558

3.4%

0

0.0%

SM

2,323

0.5%

0

0.0%

11,167

2.3%

GL

5,410

1.2%

3,842

0.8%

3,075

0.6%

SB

127,280

27.2%

132,526

27.0%

132,526

27.6%

RB

8,206

1.8%

8,206

1.7%

3,642

0.8%

GR

0

0.0%

226

0.0%

336

0.1%

241,226

51.6%

256,700

52.3%

256,700

53.4%

5,490

1.2%

5,490

1.1%

5,490

1.1%

12,810

2.7%

12,810

2.6%

12,810

2.7%

467,192

100.0%

490,991

100.0%

480,865

100.0%

PO

Hogs
Large Horse Stable
Normal Horse Stable
Total
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4 Conclusion
In the last 40 years the agricultural sector has been exposed to a much more
complex and faster changing environment than ever before. The conducted research
addresses the mentioned risk factors and proposes as a solution a FMIS that
incorporates a (non)linear optimization model as a key feature.
The first intention of this research was to demonstrate that it is possible to develop
a FMIS for diversified farms that incorporates all modules and features needed to
attain reasonable management decisions for the respective farm. For that purpose, a
diversified farm in Germany has been selected as a case study. The research has
shown that the general model of the FMIS provides an adequate basic structure and
the rudimentary functionalities for the development of the concrete FMIS for the
case-study farm.
The additional requirements of the model to be easily adjustable, user-friendly and
simple, whist also being capable of dealing with the special demands of the casestudy farm has been only partially achieved.
Another fundamental benefit of using a FMIS and (non-) linear optimization lies
in the fact that the farmer gains a much deeper understanding and knowledge of how
his farm works, especially if there are numerous internal interdependencies. Also,
scenario analysis and “what if” analysis, which are possible with the new tools, can
substantially contribute to the already mentioned better management decisions.
The optimized results of the case study farm have shown, that this aim has been
attained, albeit the degree of accomplishment might have been expected to be higher.
In fact, compared with Variant 0 an improvement of 17,0% or 49.649 EUR (Variant
1) respectively 16,1% or 47.278 (Variant 2) at a yearly turnover of roughly 800.000
EUR does not look that impressive. An explanation for the relative modest level of
amelioration is the highly professional management of the farm, that existed already
before the optimization process. The farmer of the selected case study has over 40
years of experience and also participates in various training programs on a regular
basis. Furthermore, he keeps most of his machinery and other equipment on up to
date.
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Abstract. In the present study, we examined the development and organization
of a rabbit-keeping unit, taking into account the ongoing economic crisis.
Emphasis was given on the merchandising of innovative meat products and
cold rabbit meat. Literature review and market research, using a questionnaire,
helped us to compile the major elements of the study. The results of the study
revealed a deficit in self-sufficiency of rabbit meat at national level, and a
significant consumer interest in healthy foods, such as rabbit meat. Consumers
prefer products with short preparation time, such as cold meat and meat
products. The business plan is acceptable as to its realization, since it has been
evaluated according to the basic economic methods. Moreover, it is concluded
that there is much room for improvement in the promotion channels of this
carcass. Therefore, this study can serve as a strategic planning guide for
existing companies in the industry.

Keywords: Business plan, rabbit, innovative meat products

1 Introduction – Literature review
Recently, Greece shows a reduction of the overall consumption of animal products.
The economic crisis, the food scandals and the fierce competition in meat imports are
some of the reasons for this problem (Kaditi & Nitsi, 2010).
The livestock businesses suffer because of the aforementioned situation, showing
reduced revenues. The adaptation of these companies to the economics rules is
considered necessary. It is understood that this problem also extends to rabbit
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breeding units. The economic situation of rabbit breeders has been affected more
seriously compared to other animal breeding units. The sale of rabbit meat as a whole
carcass and not in pieces of meat, did not appeal much to consumers, since its
cooking method is complex and time-consuming. Young consumers prefer eating
foodstuff that requires only a short preparation time. Standardized rabbit products are
the ideal solution to meet this consumer need (Petracci & Cavani, 2012).
In addition, consumers care mostly about the quality of agricultural products, which
is reflected in the purchasing trends (Ferreira, 2002). Rabbit meat appears to be able
to satisfy consumers' nutritional needs, because of its high nutritional value.
Specifically, the meat examined is low in fat and cholesterol, thus being ideal for
people with cardiovascular diseases (Wood et al., 2008).
This business plan examines the development of innovative meat products and cold
rabbit meat, in order to improve the efficiency ratio at company and industry level.
Specifically, the company will provide fresh and frozen rabbit meat (whole or in
pieces), cold meat products (sausages, ham and parizaki) and meat products. In the
context of sustainable development, the products will be offered in ecological
packaging. These innovative foods will be first launched in the Greek market.
Based on international literature, the FAO (2007) reports that the global production
of rabbit meat amounts to 1,000,000 tons. First producing country is China, which
accounts for 30% of total production. Egypt, Italy, Spain and France follow.
According to data of the Ministry of Rural Development (2011), the annual
production of rabbit meat in Greece stands at 3,225 tons. Moreover, 3,775 tons are
imported from France, Italy, Spain, Belgium and the Netherlands, in order to meet
the domestic consumption needs (Table 2), which averages at 7,000 tons per year
(ELSTAT 2015; Lebas 2004, FAO 2007; ICAP 2007).
The pricing of rabbit meat in our country is shown in Table 1.
In Greece, rabbit meat consumption is limited to 0.70 kg per capita per year (Colin &
Lebas, 1994).

2 Object
The object of this study was a thorough analysis of both the functionality of the
business and the market trend. A calculation of economic fundamentals of this dipole
was carried out and further parameters that may affect the growth of the company
were examined.

448

3 Material and methods
SWOT ANALYSIS of the company
SWOT ANALYSIS was used as a strategic planning tool.
3.1 Strengths
Less operating cost, due to the utilization of all products of the livestock
unit, the alternative forms of energy and the recycling programs that will be
implemented.
• Elaborated marketing plan. Funds to be spent on advertising.
• Selection of an appropriate location to set up the business, with respect to
distances from urban centers and the slaughterhouse.
• Creation of novel products, resulting in a higher market share. Claiming
prizes in fairs.
• Cooperation with transport companies. In this way, the livestock unit has
the necessary time to carry out its work unhindered and without deviating
from its targets.
• Rabbit, as a farm animal, is characterized by high productivity and less food
consumption compared to other species of animal production.
• Specialized staff for each of the company's works.
• Products certified for their manufacturing process.
• Satisfactory and competitive customer service.
3.2 Weaknesses
• Small capacity of the breeding farm, resulting in less revenue.
• Daily work at the breeding farm.
• Lack of experience in the industry where the business will operate.
3.3 Opportunities
• Cuniculture is eligible for financing by subsidy programs.
• Increasing demand for healthy foodstuff, such as rabbit meat.
• The cuniculture industry is characterized by rapid growth and development
at a global level.
3.4 Threats
• Deterioration of the economic and political situation in Greece.
• Reduced domestic consumption of rabbit meat.
• Limited number of slaughterhouses which are suitable for rabbits.
• The price of imported rabbit meat is lower than that of the locally produced
rabbit meat.
• Increased feed costs.
•
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Structured questionnaire and financial methods
The questionnaire consisted of 22 questions. The first 5 questions concerned the
educational and socio-economic status of respondents. The rest 17 questions
concerned the shopping behaviour of consumers in relation to rabbit meat. The
sample volume was 100 people. The questionnaire was available electronically. For
financial analysis, the cost of starting, the funding scheme, the operating costs and
the revenue from products sold, were calculated in a ten-year estimate. The
evaluation of the investment program was performed according to the method of
present net value and based on the internal rate of return.
Table 1. Rabbit Meat Pricing
Producer price
Butcher price
€5.5/kg
€8/kg
Source: Ministry of Rural Development (2010)

Imported meat price
€6/kg

Table 2. Evolution of rabbit meat imports-exports, Greece
Imports
Country - Year
Price in
Quantity
Euro
in tons
France - 1st Semester 2015
4,704,000
1,568
The Netherlands - 1st Semester
444,000
148
2015
Italy - 1st Semester 2015
2,235,000
745
Spain - 1st Semester 2015
684,000
228
Belgium - 1st Semester 2015
615,000
205
Bulgaria - 1st Semester 2015
Cyprus - 1st Semester 2015
Total
8,682,000
2,894
Source: ELSTAT (2015)

Exports
Price in
Euro
-

Quantity
in tons
-

247,500
2,062,500
2,310,000

45
375
420

4 Results
Structured questionnaire and financial methods
Out of 100 respondents, 47% answered that the price of rabbit meat is "quite"
expensive compared to other types of meat, while the answers "a bit" and "very"
represented 21% and 17%, respectively. Also, research has shown that customers are
mostly interested in the color (46%), taste (55%), packaging (36%) and nutritional
value (36%) of the purchased meat. On the other hand, a large proportion of
consumers consider the specific categories of foods unhealthy (67% of respondents
for cold meat and 70% of respondents for meat products). However, a significant
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proportion of consumers is interested in trying innovative rabbit meat products (30%
"very" and 12% "very much" for cold meat, 30% "very" and 10% "very much" for
meat products (Fig.1 and Fig.2).
As to the results, the methods of the Net Present Value (NPV) and the internal rate of
return (IRR) resulted in positive numbers. Specifically, the NPV: 241,119 and IRR:
0.26. Table 3 shows the key economic elements that characterize the business, as derived
through calculations.

Fig. 1. Consumer interest in the standardization of rabbit meat in sausages
Source: Authors' calculations
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Fig. 2. Consumer interest in the standardization of rabbit meat in meat products
Source: Authors' calculations

Table 3. Key financial data of the business
Start-up costs
Funding scheme
Amount in EURO
Equity
87,570
Bank loan
58,380
Grant
145,950
Production costs
1st year
3rd year
Total
239,192
248,677
Key financial results
Financial
1st year
3rd year
results
Gross income
199,829
254,843
Net profit
- 39,363
6,166
Agricultural
1,455
44,644
household
income
Profitability (%)
-5%
13%
Source: Authors' calculations
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291,900 Euro
Percentage
30%
20%
50%
6th year
274,024

10th

6th year

10th year

305,812
31,788
60,759

440,039
86,540
111,714

31%

112%

year
353,499

5 Conclusions
Considering the trends of consumers as expressed through the answers of
respondents, the company decided to supply the rabbit meat produced, at a slightly
lower price compared to other competitors. The founding members of the company,
aiming at quality assurance in production processes and handling of these goods, will
give attention to the welfare of livestock, particularly in farming and transportation
conditions to the slaughterhouse. Certainly, ensuring some distribution points of the
products, is of outmost importance. In order to optimize meat quality, enriching of
the feeding with essential oils and antioxidants is suggested. Moreover, for adopting
healthier eating patterns, the company will provide meat products and cold meat,
prepared on the basis of traditional recipes, without any preservatives or coloring.
Regarding the packaging of the goods for sale, two types will be selected: a vacuum
packaging for fresh meat and an envelope packaging for frozen meat and meat
products, both from reusable materials.
In conclusion, according to the financial methods applied, the business plan seems
appealing as concerns its realization. Therefore, the production of innovative foods
may serve as an outlet from recession.
It is worth mentioning that the results of this study should be interpreted taking into
account certain limitations. First, the number of studies on the promotion of rabbit
meat is limited, therefore the authors have access only to a restricted volume of data.
Second, the size of the test sample may not be representative. For this reason, it is
necessary to carry out more studies and research on similar subjects. Finally, despite
the immediate and quick gathering of data through the online questionnaire, it was
not possible to establish a feedback mechanism between the researcher and the
respondents.
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Abstract. Yeasts of genera Saccharomyces are efficient biosorbents for heavy
metal ions. The aim of this study was to identify if the free amino acids present
in brewer yeast are involved in metal biosorption due to their capacity to
coordinate metal ions. As biosorbent was used non-living brewer’s yeast type
Saccharomices cerevisae at 0.5% yeast dose. Copper, lead and zinc solution of
1mg/L concentrations were prepared using their salts. The experiments were
conducted at pH=6, which is the most appropriate for amino acids extraction.
The amino acids were identified by HPLC-DAD/-ESI-MS chromatography.
The experiments were conducted by mixing metals solution with yeast and
shaken at a constant speed of 120 rpm at 200C for 120 minute. The samples
were centrifuged at 2500 rpm for 15 minute and the pellet were analysed for
amino acids identification. The amino acids extraction from pellets was
performed using HCl 0,05M/deionized water (v/v) 1/1. The HPLC analysis
was performed on a Agilent 1200 system equipped with a binary pump
delivery system LC-20 AT, a degasser DGU-20 A3, diode array SPD-M20 A,
UV–VIS detector (DAD). Amino acids were identified using an EEZ:Faast Kit
for free amino acids, The amino acids identified by HPLC method were
glycine, glutamic acid, leucine, isoleucine, ornithine, lysine, histidine,
homophenylalanine, tyrosine, glutamine in control brewer yeast (before
biosorption) and their profile differs according with the metal ions types.
According with the peaks area there are differences in the presence of the
amino acids due to the possible coordination with copper, lead and zinc ions.
Keywords: Brewer yeast, amino acids, biosorption, heavy metals

1 Introduction
Biosorption can be defined as the selective sequestering of metal soluble species
that result in the immobilization of the metals by microbial cells. Biosorption is a
process with some unique characteristics. It can effectively sequester dissolved
metals from very dilute complex solutions with high efficiency. This makes
biosorption an ideal candidate for the treatment of high volume low concentration
complex waste-waters (Gadd, 1993; Wang, 2006). The selective sequestering of
metal soluble species that result in the immobilization of the metals by microbial
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cells is defined as biosorption. It refers to physicochemical mechanisms of inactive
(i.e. non-metabolic) metal uptake by microbial biomass (Volesky 2001). Metal
sequestering by different parts of the cell can occur via various processes:
complexation, chelation, coordination, ion exchange, precipitation, reduction (Wang
2009, Alluri, 2007). Immobilization may be the result of more than one mechanism,
for example, metal complexation may be followed by metal reduction or metal
precipitation. These biopolymers, constituents of the cell wall and the other parts of
the cell possess functional groups that have a significant potential for metal binding
(Dakiky, 2002).
Metal uptake by non-living cells is mainly a passive biosorption and consists in an
adsorption of metal ions to the cells surface by interactions between metal and
functional groups displayed on the surface of the cells (Paknikar, 2003).
Brewer's yeast is made from a one-celled fungus called Saccharomyces cerevisiae
and is used to make beer. It also can be grown to make nutritional supplements. The
yeast biomass has been successfully used as biosorbent for removal of Ag, Au, Cd,
Co, Cr, Cu, Ni, Pb, U, Th and Zn from aqueous solution. Yeasts of genera
Saccharomyces, Candida, Pichia are efficient biosorbents for heavy metal ions. A
number of literatures have proved that S. cerevisiae can remove toxic metals, recover
precious metals and clean radionuclides from aqueous solutions to various extents
(Podgorskii, 2004; Tálos, 2009)

2 Materials and Methods
Saccharomices cerevisae biomass was supplied as a lyophilized by-product from
industrial ethanol production. Prior use as a biosorbent, the biomass was pretreated in
order to remove fine particles and to displace any metals already bound to the
sorption sites. The waste biomass as washed with deionized water by stirring
followed by centrifugation at 3000 rpm for 20 minutes. The supernatant was
discarded and the pellet was reslurried in deionized water. The procedure was
repeated for three times until the supernatant was clear. Metals solution were
prepared using the mixture of their salts CuSO4·5H2O, PbNO3·2H2O, ZnSO4 of
analytical reagent grade. The concentrations of metals ions established were 1 mg/L
for Cu2+, Zn2+, Pb2+ and were obtained by dissolving the appropriate salts in
deionized water.
Experimental procedure:
Metal ion binding experiments were performed by incubation of 25 mg biomass
(dry weight) with 50 ml mixture of metals ions-containing solution in 125-ml
Erlenmeyer flask on an orbital rotary shaker at 120 rpm for 120 minutes. The
experiment was conducted at pH=6 and was established by adjusting it with HCl
0.1M or NaOH 0.1M solutions. In order to identify the free amino acids from
biomass by HPLC chromatography the samples were centrifuged at 2500 rpm for 15
minutes, the supernatant was discarded and the pellets were analysed.
The free amino acids were extracted from the pellets using two types of solutions:
HCl 0,05M/deionized water (v/v) 1/1. HPLC analysis was performed on a Agilent
1200 system equipped with a binary pump delivery system LC-20 AT (Prominence),
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a degasser DGU-20 A3 (Prominence), diode array SPD-M20 A, UV–VIS detector
(DAD). Amino acids (100 µl) from control brewer’s yeast and samples provided after
biosorption of metal ions were identified using an EZ:Faast Kit for free amino acids,
provided by Phenomenex (USA). The results are presented in the next table and
figures.

3 Results and Discussions
The absorption mechanisms of metals are different and depend on cellular
metabolism. In non-living brewer yeast this mechanism is one of physical-chemical
interaction between metal ions and some functional groups, especially amino and
carboxyl. The aim of this study was to establish the amino acids from brewer yeast
involvement in metal ions biosorption, as it is known that amino and carboxyl groups
could be responsible for complexation depending on pH intervals and metal:ligand
ratio. In the HPLC chromatograms these involvement could be observed by changing
the absorption intensities between amino acids from brewer yeast control and brewer
yeast charged with metal ions by biosorption.
The standard solutions of amino acids used for analysis were selected according with
the literature data regarding the presence of these compounds in brewer yeast
(Podgorskii, 2004). The main amino acids identified by HPLC method were glycine
(Gly), asparagine (ASN), glutamic acid (GLU), leucine (LEU), isoleucine (ILE),
ornithine (ORN), lysine (LYS), histidine (HYS), homophenylalanine (HPHE),
tyrosine (TYR), glutamine GLN), alanine (ALA), valine (VAL), triptophan (TRP),
phenylalanine (PHE), α-aminobutyric acid (ABA). The separation and identification
of amino acids were performed on brewer yeast uncharged with metal ions (control)
and brewer yeast charged with metal ions after their biosorption at different pH
values. The results are presented in the next table and figures. The profiles of
chromatograms are different between control brewer yeast and samples charged with
metal ions due to the absorption of copper, zinc and lead after incubation. It is
supposed that amino acids from brewer yeast has the capacity to coordinate these
metal ions and the complexes resulted have different retention times and peaks area
than free amino acids as it can be seen in the Table 1. From the data above it can be
presumed that amino acids are involved in metal coordination due to their capacity of
metal binding through carboxyl and amino groups. Another explanation regarding the
changes in amino acids profiles and content is that that it could be affected by
autolysis and fermentation conditions like time, temperature, pH, moisture content
(Cabuk, 2005).

457

Table 1. Amino acids identified in brewer yeast uncharged (control) and charged with metal
ions.
Nr crt

Aa.
control
m/z

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

Aa.
control
area

GLN/275

10704200

ASN/243

1,11E+08

GLY/204

2,93E+08

ALA/218

4,8E+08

ORN/347

6,34E+08

PRO/244

8,99E+08

HIS/370

3,2E+08

VAL/246

1,29E+08

GLU/318

6,34E+08

TRP/333

76783688

LEU/260

3,63E+08

PHE/294

2,4E+08

ILE/260

68063784

ABA/232

23497502

HPHE/189

2,83E+08

TYR/396

7,83E+08

Aa.
Cu biosorption
(area)

Aa.
Aa.
Pb
Zn
biosorptio biosorptio
n
n
(area)
(area)

-

-

-

-

17414728

24690218

34229200

62596676

86537960

59079340

76963752

2,02E+08

18151634

4,06E+08

2,96E+08

2,16E+08

25244664

5,98E+08

7473274

55393300

79203976

-

-

-

31089642

-

59059104

-

23041980

25558244

16612316

38825024

87357976

-

47576664

-

6770684

8980013

25713988

-

-

-

26532408

94582776

2,33E+08

37071216

1,21E+08

2,67E+08

The metal binding capacity differs from an amino acids to other: GLN, Val and AAA
which are present in uncharged brewer yeast sample disappear in the chromatograms
of charged brewer’s yeast with all metal ions; ASN and TRP have good affinity for
copper ions, GLU for lead ions, and PHE for copper and zinc ions. The others amino
acids present different affinity for metal ions according with their molecular structure
and the capacity to coordinate copper, lead and zinc. According to covalent index
Pb(II) ion is classified as a class b ion, while Cu(II) and Zn(II) are classified as
borderline ion, so the behavior of coordination is not full the same and the binding
capacity is different (Iqbal, 2004; Niebeer, 1973).
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Fig. 1. HPLC chromatogram of amino acids extracted from control brewer’s yeast (A), amino
acids extracted from brewer’s yeast charged with copper ions (B), with lead ions (C), with zinc
ions (D).

4 Conclusions
This study represents a first step in elucidation of the absorption mechanism of metal
ions from aqueous solution by brewer yeast. Thus, the preliminary results lead to the
conclusion that free amino acids, above other constituents from yeast, could be
involved in metal biosorption. This process is strongly dependent on experimental
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conditions, especially on pH level, as it is known that each metal ions have
characteristic pH limits for coordination with different organic ligands.
This study reveal the presence of 16 free amino acids in brewer’s yeast and
significant differences in their profile and content after biosorption of copper, lead
and zinc, which could be explained by the coordination of these ions by carboxyl and
amine groups of the ligands.
Acknowledgments. This work was supported by Romanian Ministry of Education
and Scientific Research UEFISCDI - PN-II-PT-PCCA-2013-4-0743
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Abstract. In recent years, a shift has been observed in several countries
towards the exploitation of Renewable Energy Sources (RES) for socioeconomic and environmental purposes. The present research was conducted on
the island of Cyprus, where five wind parks have been in operation since 1992,
with a total annual capacity of 4,740 MW. The data collection was carried out
in 2015 using a structured questionnaire, and involved the residents as
electrical energy consumers. In particular, their views were studied regarding
their disposition towards the installation of RES systems in their island, and its
importance in the protection of the environment. Also they were asked about
the most important means and the level of information they derive for RES,
their willingness to pay more for the production of 20% more RES energy and
the use of energy performance measures for buildings.
Keywords: Renewable Energy Sources (RES), Public perceptions, means and
degree of information, willingness to pay, Cyprus Island

1 Introduction
The economic growth of any country is closely related to the availability, export,
distribution and use of energy (Tsantopoulos et al. 2014; Wolsink 2007). At the same
time, the increased global rate of energy consumption puts development at risk, as
well as any effort to safeguard our living standards into the future. An accelerate
integration of RES is considered to be imperative for Cyprus in order to fulfill its
goals for 2020 which state that 20% of its gross national energy consumption and
40% of its gross electricity consumption must be covered by RES (Kaldellis et al.,
2012). The problem of identifying alternative forms of energy becomes even greater
in the case of island regions, whose connection to the national grid is often either
impossible or very problematic in its operation (Kaldellis and Zafirakis 2007). The
problem of energy efficiency in island regions has two aspects. On the one hand,
most islands present a major population increase during the summer (Tampakis et al.,
2013), thus necessitating an uninterrupted, reliable electricity supply. On the other
hand, the installation of alternative energy forms must not cause any distortion to the
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landscape, which may impact on the development of tourism. As regards the Cyprus
Island, there is a constant and rapid increase in electricity consumption, which in
some cases exceeds 10% on an annual basis. The increase in the demand for
electricity, especially during the summer months, has been addressed to date through
the installation of additional thermal units for electricity generation, in order to avoid
any major failures of the electricity grid, which requires particular support during the
tourist season. The absence of an integrated plan for dealing with the electricity
supply problem results in minimally reliable solutions.
At this point the public positively views the framework ‘Renewable Energy
Sources’ on an individual level, but do not have sufficient information on the topic.
What is noted, is the fact that the public expects more interventions by the State and
more information from the Mass Media, while expecting less from the local
community; another important parameter is the cost and financing of technologies
and investments (Tampakis et al. 2017; Mirza et al. 2012).
The above observations point to the necessity of a national public awareness
strategy in Cyprus, which will include campaigns from the mass media and the press,
along with information on RES technologies that can be applied on an individual,
local and national level. The present survey also has a similar focus, its aim being to
present the views of the citizens of Cyprus, on a series of issues related to their intend
to pay more many in order to product alternative forms of energy.
The conclusions of the survey will comprise an important tool both for its
continuation and for policy-makers in order for them to map out a more effective
policy on a local and national level. The study of citizens’ views in the present
survey can constitute a starting point and an essential tool for authorities, so that they
adapt their decisions to the new state of affairs in accordance with the protection and
development of energy resources.

2 Materials and Methods
The study area was the island of Cyprus, the third biggest island in the Mediterranean
basin (9,251 km²) where live 840, 407 residents. The sampling method used was
simple random sampling. In order to estimate the size of the sample, a pre-sampling
was conducted on a sample size of 50 persons. Thus, the variance or standard
deviation was estimated for each quantitative variable, and the proportion for each
qualitative variable. The size of the sample was estimated according to the formulae
of simple random sampling with replacement. The finite population correction can be
ignored since the sample size n is large compared to the population size Ν (n/N = 50
/10,009 = 0.00499 i.e. approximately 0.5. If the estimated sample sizes are similar
and the size of all lies within the financial means of the sampling, then the sample
size selected is the largest one. In this way, the variable with the highest variance is
estimated with the desired accuracy and the rest with a higher accuracy than
originally determined. Thus, the sample size was set at 385 people. The residents in
the sample were then identified using random numbers we obtained from random
number tables. Face-to-face interviews were carried out. The data collection took
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place in 2016. The specific research was conducted using a structured questionnaire
and face-to-face interviews.
To the group of variables frequency analysis with more than two criteria was
carried out. The hierarchical loglinear analysis was also applied. Prior to the
initiation of the loglinear analysis (in particular of the hierarchical) it is intentional to
examine the size of the expected frequencies in the crossing table. Large number of
the expected frequencies (higher than 20%) with rate lower than 5 – but not lower
than 1, run the risk of leading to the power loss of the applied analysis . This
examination is carried out with control of double-sided crossing tables through the
SPSS program.
The classes of variables were grouped in order to satisfy the above mentioned
conditions. Our data are classified in accordance with 4 criteria and express
frequencies. The assumption Ho is: Ho : 4 criteria are fully independent from each
other. It is unlikely for this assumption to be accepted, but the analysis will allow the
precise level of various interrelations and will be included in a model that expresses
the da-ta interrelations.
Statistic controls of optimum adjustment are used for the estimation of the
correspondence degree between the model and the data. Statistical significance
shows that the examined model does not represent the observed frequencies
perfectly, whereas the statistical non-significance means that the examined model is
adjusted to the observed frequencies respectively. X2 test is applied.
Loglinear analysis forms a special case of multiple regression analysis according to
which one or more variables relate to others, in the framework of a multidimensional
crossing table. During this analysis, all homogrades are considered independent and
any recess of the crossing table dependent.

3 Results and Discussion
First the demographic characteristics recorded and according to the data of the
questionnaire there is predominance of women (52%). The majority is in the age
group of 31-40 years (34%) and has higher education either in University (32%) or at
a Technological Education Institute (15%). Most of them are public servants (25%)
or self-employed (23%) with annual income 15-20.000euros (27%).
The primary data collected and presented in this research related to the sociodemographic characteristics of the respondents and attitudes on the degree of
information regarding RES and willingness to pay more for the production of 20%
RES more energy and the use of energy performance measures for buildings.
Then the respondents were asked about the importance of the installation renewable
forms of energy in their island as a mean to the protection of the environment.
According to the results of the survey 34.2% (sp=0.0237) of the respondents stated
that it is very important and 42.8% (sp=0.0247) important 22.2% (sp=0.0206)
unimportant and 0.8% (sp=0.0043) very unimportant. The above attitude of the
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residents is always correlated to the proper information they must have. So the
respondents were asked then about how informed they were about renewable energy
systems can be used in homes for the production of electricity: 36.0% (sp=0.0239) of
the residents were absolutely informed, while 41.2% (sp=0.0246) were sufficiently
informed. Only 19.8% (sp=0.0197) have adequate information and only 3%
(sp=0.0078) of them were not at all informed. Regarding the evaluation of the
sources of information on RES citizens stated that they are mainly informed by the
Media. More specifically they draw information from internet, TV, radio, leaflets,
newspapers also from their family and friends (Table 1).
Table1. Information about the Renewable Energy Sources

%

Very
important
36.0

sp

0.0240

Variables
Family and friends
Education
TV- Radio
Newspapers
Books and encyclopedias
Internet
leaflets
Personal contact with the companies
Voluntary organizations

important

Mediocre

unimportant

45.8

18.0

0.2

0.0249

0.0190

0.0025

%

26.2

62.5

11.2

sp

0.0220

0.0242

0.0158

%

50.0

41.5

8.5

sp

0.0250

0.0246

0.0139

%

40.0

49.8

10.2

sp

0.0245

0.0250

0.0152

Very
unimportant

%

27.5

54.2

17.5

0.5

0.2

sp

0.0223

0.0259

0.0188

0.0035

0.0025

%

57.8

30.0

12.0

0.2

sp

0.0247

0.0229

0.0162

0.0025

%

49.0

38.8

11.8

0.2

0.2

sp

0.0250

0.0244

0.0161

0.0025

0.0025

%

17.2

21.5

45.8

14.5

1.0

sp

0.0189

0.0205

0.0249

0.0176

0.0050

%

23.5

17.0

39.5

18.5

1.5

sp

0.0212

0.0188

0.0244

0.0194

0.0061

It is important to clarify whether this positive attitude expressed by the
respondents concerning RES involves a general attitude to life. Thus, they were
asked whether they would be willing to pay more in order for 20% more of generated
power to be produced by RES. Fig. 1 shows that with the exception of 12.2%, of the
respondents who do not agree to pay for such an increase, the other respondents
agree to an increment in the price of electricity ranging from 5% to 20%.
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10.1-20%;
24.2%;
sp=0.0214
> 20%; 4.2%;
sp=0.0101
5-10%;
35.0%;
sp=0.0238

Did not
answer;
12.2%;
sp=0.0164

< 5%; 24.2%;
sp=0.0214

Fig.1. Acceptance of increase electricity price for the production of 20% RES energy

In addition, 47.2%, sp=0.0250 agree with the use of energy performance measures
for buildings, i.e. with the need for an energy performance certificate for houses to be
rented out or sold. 27.2% (sp=0.0223) of the respondents are opposite to this and
25.5% (sp=0.0218) of them neither agree nor disagree.
Following the application of hierarchical loglinear analysis to the above variables, we
have interaction per 3 criteria, because the X2 for Pearson’s test is 5.910 with
probability (p)=0.315 and because the X2 likelihood ratio is 7.938 with probability
(p)=0.160. The above-mentioned results are confirmed by the zero/“null” controls for
the interaction of the k terms and the terms of higher degree, as well as the “null”
controls for the interaction of the k terms (Norusis 1994). In fact, for three pairs of
variables there is a statistically significant interaction:
In addition, 47.2%, sp=0.0250 agree with the use of energy performance measures for
buildings, i.e. with the need for an energy performance certificate for houses to be
rented out or sold. 27.2% (sp=0.0223) of the respondents are opposite to this and
25.5% (sp=0.0218) of them neither agree nor disagree.
Following the application of hierarchical loglinear analysis to the above variables, we
have interaction per 3 criteria, because the X2 for Pearson’s test is 5.910 with
probability (p)=0.315 and because the X2 likelihood ratio is 7.938 with probability
(p)=0.160. The above-mentioned results are confirmed by the zero/“null” controls for
the interaction of the k terms and the terms of higher degree, as well as the “null”
controls for the interaction of the k terms. In fact, for three pairs of variables there is
a statistically significant interaction:
The residents stated as very important for the protection of the environment, the
installation of renewable forms of energy in their island, were absolutely or
sufficiently informed about the installation of RES. Also they agree with the use of
energy performance measures for buildings and the increment of the electricity price
more than 10%. Oppositely the residents were of the opinion that the installation of
RES in their houses does not correlate to the protection of the environment and they
were adequate informed about RES. Also they are negative to the adoption of energy
performance measures for buildings and the increment of the electricity price more
than 10%.
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4 Discussion - Conclusions
Renewable energy systems can be a solution to provide dependence for small
communities (Neves et al 2014) and Cyprus Island can be a good application to this.
As revealed by the statistical analysis, the questionnaire constitutes a valid and
reliable tool. Therefore, except for its use in the current research, it can be used as
such or with some modifications or be the basis for the collection, recording and
evaluation of knowledge, attitudes and perceptions of people in other islands of the
Mediterranean region (Ntona et al.2015).
According to the results, the vast majority (36.0% and 41.2%) of the residents of
Cyprus are absolutely or sufficiently informed about the use of renewable energy
systems in their homes).
About one third of the Cypriot respondents (4.2% and 24.2%) are willing to pay
10% or more increment to the electricity price in order for 20% of generated power
to be produced by renewable energy sources. In a similar research (Tampakis et al
2017) conducted in Andros Island in Greece, a more negative altitude recorded (only
9.9% and 5.2%) are of the same opinion.
Regarding the evaluation of the sources of information on RES residents of
Cyprus and the residents of Andros Island have about the same attitudes, more
specifically they draw information from internet, TV, radio, leaflets, newspapers and
from family and their friends. Also the Cypriots and Greek residents are rather
negative to the adoption of energy performance measures for buildings and the
increment of the electricity price more than 10%.
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Abstract. The fungus disease of Apple scab caused by Venturia inaequalis
(Cooke) G. Wint remains the major problems for apple and pear farmers in
Kosovo. In order to find out the best fungicide application timing intervals for
managing of this fungus disease, for the first time in Kosovo it was used the
decision support system RIM-pro (relative infection measure program)
developed in Holland. This cloud services platform simulates the development
of pseudothecia, ascospore maturation, discharge and infection development
based on hourly received weather data and leaf wetness data from
meteorological station sensors which are set up in the orchard. The experiment
work was performed in one experimental apple orchard in region of Gjilan in
Kosovo, during two years of research 2015-2016. Besides the finding of most
appropriate treatment intervals this study emphasizes the importance of
reducing of the number of fungicide seasonal treatments.

Keywords: Severity, RIMpro, apple scab, infection, treatments.

1 Introduction
Apple scab is the most serious fungal disease, affecting apple and pear trees. Its
causal agent attacks foliage, blossoms and fruits, resulting in the defoliation of trees
and making the fruits unmarketable (Meszka 2015). If the disease is not controlled,
over 80% of fruits of susceptible cultivars can be damaged. Depending on the risk of
disease, 10 to 15 or even more fungicidal applications are usually needed for efficient
control (Meszka 2015). The number of treatments depends on cultivar susceptibility,
the amount of source infection and weather conditions, mainly air temperature, leaf
wetness, relative humidity and rainfall (Gadoury et al. 1998, Stensvand et al. 1998).
In the IT software market, there are some software programs for agriculture or cloud
platforms such as APPLESCAB (Blaise.1987), VENTEMTM (Butt. 1992), RIMpro
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(Trapman. 1994), WELTE (Aalbers et al. 1998), A-scab (Rossi et al. 2007) NEWA
(Cornell University), SkyBit (www.skybit.com), AgRadar (University of Maine),
Field-Climate (Pessl Instruments) and Ranch systems (CA, USA) whose provide
information for infection development based on estimation for severity infection of
apple scab depending on climatic conditions in the cultivated zone, development
stages of the pathogen provided by the researcher and the type of apple cultivar being
monitored or cultivated in terms of pathogen resistance. In this research work is used
RIMpro which is cloud services platform developed in Holland (Trapman 1994) and
improved throughout the years with many upgrades and additional disease and pets
models.

Fig. 1. Login session of RIMpro platform for individual user/grower account.

The Relative Infection Measure Program (RIM-pro) as decision support system
estimates the infections caused by ascospores and conidias. This program utilizes the
meteorological data’s received from the weather station and for this work the data’s
are provided by station model i-Metos 200 developed by Pessl Instruments from
Austria. This program also interacts directly with the researcher or farmer for data
inputs such as bio-fix (green tip), cultivars, type of fungicides used, amount of
fungicides used, frequency of treatment times, tree’s height and distance, rows
distance, etc. On the figure 2 is provided a simple scheme of interaction between the
all components of this system.
The aim of this work was to determine the best fungicide application timing
intervals to control the Apple scab on apple Starking cultivar as susceptible cultivar
and to see the possibility for reducing the number of fungicide treatment times.

2 Material and Methods
This research work was conducted in location of Zhegra at region of Gjilan in
Kosovo during the years 2015-2016 at one experimental apple orchard which has
four apple cultivars in cultivation: Starking, Golden delicious, Granny Smith and
Gala. The experiment was designed as one factorial for fungicide treatment timing
intervals with 8 different levels (variants). On the month of August of both years, for
every apple tree which was used in randomized block were picked randomly by 50

470

leaves on all sides of the tree for observation. In the laboratory were analyzed 3200
leaves.
On the month of October of both years, are harvested all the fruits from same trees
for observation. The apple scab severity (Imc %) was evaluated based on leaf/fruit
surface infected area on the Starking cultivar. The infection level was assessed based
on 6-degree scale as per EPPO standard PP1/5 (3).
Table 1. Categories and levels of classification for Apple scab severity assessment
Category
0
1
2
3
4
5

Intensity level

Infection level

Nothing noticed
Light intensity
Medium intensity
Strong intensity
Very strong intensity
Destructive intensity

0 % of leaf or fruit surface infected
0.1 - 10 % of leaf or fruit surface infected
10.1 - 25 % of leaf or fruit surface infected
25.1 - 50 % of leaf or fruit surface infected
50.1 - 75 % of leaf or fruit surface infected
> 75 % of leaf or fruit surface infected

The severity of infection (Imc %) is calculated with McKinney’s index (McKinney
1923), which is modified by B.M Cooke (Cooke at al. 2006).
I=

(ni x ki)
x100
NxK

I = disease severity index; ni = number of leaves or fruits in respective category; ki =
number of each category; N = total number of leaves/fruits analyzed; K = total
number of categories.
Table 2. Treatment timing intervals and used fungicides
Level
L1
L2
L3

Treatment Time Intervals
Phenological phases of apple
Local Farmers treat. times
Control tree's

L4

Program 1

L5

Program 2

L6

Program 3

L7

Program 4

L8

RIMpro time intervals

Fungicides
Copper hydroxide 50WG, Dodine 400SC
Copper hydroxide 50WG, Mancozeb 80WP
No treatment with fungicides
Copper hydroxide 50WG, Tebuconazole
250EW, Captan 80WG
Copper hydroxide 50WG, Propineb 70WP,
Difenconazole 250EC
Copper hydroxide 50WG, Trifloxystrobin
50WG Chlorothalonil 720SC
Copper hydroxide 50WG, Cyprodinil
50WG, Dithianon 700WG
Copper hydroxide 50WG, Dodine 400SC

Level 1 is performed as per Phenological phases of apple. L2 is performed in same
time as local farmers in the zone. L3 had no treatment. L4 to L7 are based on
fungicide manufacturer’s recommendation. L8 is as per timing intervals provided by
RIMpro.
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The weather data’s are obtained from meteorological station i-METOS 200
developed and prepared by Pessl Instruments (www.metos.at), which is set up on the
experimental orchard. Hourly records of rainfall, temperature, dew point, relative
humidity and periods of leaf wetness inside and outside the tree were obtained from
this station and provided to RIMpro, which then analyzes and prognoses the
warnings. RIMpro provides the data’s to the user or farmer every hour within 24hr
period on the situation and is considered by most users to be a very reliable platform.

Fig. 2. The scheme of communication and interaction between i-Metos, RIMpro and farmer.

The statistical data analysis: all data processing for this research work with one
way Anova for averages, variance and standard deviation is used SAS 2013
University edition. The comparison of averages of the disease severity is performed
with Tukey-Kramer test and additional comparison of levels with the control trees is
performed with Dunnett’s test.
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Fig. 3. i-METOS 200 meteorological station and one of the leaf wetness sensors set-up in
experimental orchard in Zhegra, Kosovo.

3 Results and Discussion
One way Anova of disease index shows the statistical differences between the
treatment time intervals used for controlling of the disease severity on the leaves and
fruits for the year 2015 as shown in Fig. 4 with leaves on upper box plot and fruits on
lower box where are presented the standard deviation, average of disease severity per
variant and variations. The variants rings have significant differences for the
probability of p=0.05 as per Tukey-Kramer test as well as per Dunnett’s test
comparing to the control variant with red ring. All variants of treatment times are
below overall average value, which is 24.88% for leaves and 13.27% for fruits,
except for the local farmer’s variant which is above the overall avg.
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Fig. 4. The diagrams of box plots for variance, standard deviation and average of
disease severity for apple scab on leaves (upper box) and for fruits (lower box) for
year 2015.
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Fig. 5. The diagrams of box plots for standard deviation, variance and disease severity average
for apple scab on leaves (upper box) and fruits (lower box) for year 2016.

The statistical differences between the treatment time intervals used for
controlling of the disease severity on the leaves and fruits for the year 2016 as shown
in Fig. 5 with leaves on upper box plot and fruits on lower box, where are presented
the standard deviation, average of disease severity per variant and variations. The
variants rings on same diagrams have significant differences for the probability of
p=0.05 as per Tukey-Kramer test as well as per Dunnett’s test comparing to the
control variant. All treatment times (variants) are below overall average value, which
is 25.49% for leaves and 13.05% for fruits, except for the local farmer’s variant
which has higher average than overall average.
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4 Conclusions
The timing intervals for treatment with fungicides prognosed by decision support
system RIMpro, it proves to be the best treatment plan for controlling of the fungus
of Apple scab (Venturia inaequalis) comparing to other treatment time intervals for
this research work.
The combination of two fungicides such as Copper hydroxide 50WG than
followed with Dodine 400SC, it resulted to provide the best fungicides effectiveness
for controlling of the Apple scab comparing to other variants which have one
additional fungicide in their combination.

References
1. Aalbers P., Balkhoven M.K., van Burg W.L., (1998) The WELTE scab model.
Obstbau 23: 198-202.
2. Assistat 2016, version 7.7. Website http://www.assistat.com by Francisco de
Silva.
3. Blaise Ph., Arneson P.A., Gessler C., (1987) APPLESCAB A teaching aid on
microcomputers. Plant Dis. 71(7): 574-578.
4. Cooke B.M, Jones D.G, Kaye B., (2006) Disease assessment and yield loss. In:
The Epidemiology of Plant Diseases (Eds.) Second edition. Springer.p.61.
5. Gadoury D.M., Stensvand A., Seem R.C., (1998) Influence of light, relative
humidity, and maturity of populations on discharge of ascospores of Venturia
inaequalis. Phytopathol. 88(09): 902-909.
6. i-METOS 200 weather station and Field Climate platform –Website
http://www.fieldclimate.org; Austria.
7. McKinney H. H., (1923) Influence of soil temperature and moisture on infection
of wheat seedlings by Helminthosporium sativum. Journal of Agricultural
Research 1923, 26:195-217.
8. Meszka B., (2015) Folia Hort. 27/2: 107-114 Research Institute of Horticulture
Pomologiczna 18, 96-100 Skierniewice, Poland. DOI: 10.1515/fhort-2015-0020
9. Rossi V., Giosue S., Bugiani R. (2007) A-scab a simulation model for estimating
risk of Venturia inaequalis primary infections. EPPO Bul. Vol. 37. Iss.2.p 300308.
10. Trapman M.C., (1994) Development and evaluation of a simulation model for
ascospore infections of Venturia inaequalis. Norweg. J. Agric. Sci., Suppl. 17:5567.

476

Investigation of Polymorphisms in MC4R and GPX5
Genes in Greek Pigs
Maria Anastasiadou1, Alexandros Theodoridis2, Georgios Michailidis3
1

Animal Research Institute, Hellenic Agricultural Organization Demeter, Paralimni Giannitsa,
Greece
2
Faculty of Veterinary Medicine, Aristotle University of Thessaloniki, Greece
3
School of Agriculture, Department of Animal Production, Aristotle University of
Thessaloniki, Greece

Abstract. Recent studies have reported that gene polymorphisms in
melanocortin 4 receptor (MC4R) and glutathione peroxidase 5 (GPX5) genes
are associated with litter size in pig and can be used as genetic markers in gene
assisted selection programs for the improvement of reproductive performance.
The objective of this study was to investigate the existence of these
polymorphisms in pigs raised in Greece. One hundred pigs raised in Greece
were included in the study. DNA was extracted and genotyping was performed
using RFLP- PCR. For MC4R, genotype GG had a frequency of 0.25, GA 0.55
and AA 0.20, while the frequency of allele G was 0.52 and of A 0.48. For
GPX5, genotype AA had a frequency of 0.22, AB 0.48 and BB 0.30, with
frequencies of alleles A and B being 0.46 and 0.54, respectively. The
molecular results indicated that all genotypes of the two genes were present in
the investigated population.
Keywords: gene polymorphisms, pig, litter size, reproduction

1 Introduction
One of the most important economically traits in pig production is reproductive rate,
and especially litter size, as an increase in the number of pigs weaned per sow will
increase economic returns for pig producers with minimal additional inputs
(Rothschild, 1996). Therefore, the genetical improvement of litter size in swine is of
expanding interest for pig producers. However, most selection programmes, are
almost only based on phenotypical traits, which are laborious, expensive and
especially in pig production time consuming.
During the last years, advances in molecular techniques can now be used to
increase rate of response to selection and marker assisted selection (MAS), employed
in conjunction with traditional selection methods, has been in progress to increase
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litter size in swine. It has been proposed that candidate gene analyses can be used to
identify individual genes responsible for traits of economic importance (Rothschild
and Soller, 1997).
The glutathione peroxidase 5 gene (GPX5) on SSC7 is located in a chromosomal
region in which several quantitative trait loci (QTL) for reproductive traits in swine,
such as uterine capacity, ovulation rate and litter size have been detected. Linkage
analyses of GPX5 showed that this gene is closely linked to the major
histocompatibility complex (MHC), which has been suggested to have an effect on
reproductive traits in swine (Vaiman et al. 1998; Buske et al. 2005).
The melanocortin 4 receptor (MC4R) gene codes for a G-protein-coupled receptor
and it was demonstrated to be important in the control of energy balance in humans
and rodents. Energy balance is maintained by controlling energy intake, i.e. feed
intake, and energy expenditure by physical activity and metabolism. The response of
the melanocortin 4 receptor to leptin signalling can thus be considered as a link
between feed intake and body weight and body composition (Marsh et al. 1999;
Wikberg et al. 2000). Consequently, MC4R is a strong candidate for growth and
body composition in pigs, as well as reproductive performance.
Therefore, the aim of the present study was to establish GPX5 and MC4R genes
allele and genotypes frequencies, in a Greek swine population.

2 Materials and Methods
Population description
The study was conducted in a large commercial pig farm in Greece. One hundred
pigs were included in the study.
Genotyping procedure
DNA was extracted from whole blood samples using the NucleoSpin Blood kit
(Macherey-Nagel, Germany) according to manufacturer’s instructions. The integrity
of the DNA samples was examined by electrophoresis through a 1.5% agarose gel.
For genotyping of the MC4R gene a 483 bp fragment was amplified by PCR using
the
primer
pair:
5′-ACAGTTAAGCGGGTTGGAAT-3′
and
5′CAGGGGATAGCAACAGATGA-3′. PCR amplification was performed using
approximately 300ng of genomic DNA as template, 200 nM primers each, 1 mM
dNTPs and 1 unit Taq DNA Polymerase Recombinant in 25 µl total volume reaction.
PCR conditions were 94°C for 3 min, 35 cycles of 94°C for 30 sec, 56°C for 30 sec,
72°C for 30 sec and a final extension period at 72°C for 10 min. PCR products were
digested using TaqI restriction enzyme and resolved by electrophoresis on 1.5%
agarose gels, visualised with ethidium bromide and imaged under UV illumination.
For genotyping of the GPX5 gene a 501 bp fragment was amplified by PCR using
the primer pair: 5′- TTCATGTAGAACTTATTTCTG -3′ and 5′TGACTTACCCATTCTTCAG-3′. PCR amplification was performed using
approximately 300ng of genomic DNA as template, 200 nM primers each, 1 mM
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dNTPs and 1 unit Taq DNA Polymerase Recombinant in 25 µl total volume reaction.
PCR conditions were 94°C for 3 min, 35 cycles of 94°C for 30 sec, 51°C for 30 sec,
72°C for 30 sec and a final extension period at 72°C for 10 min. PCR products were
digested using Hinfl, restriction enzyme and resolved by electrophoresis on 1.5%
agarose gels, visualised with ethidium bromide and imaged under UV illumination.
Once genotypes were determined, allelic frequencies at each gene locus were
calculated by gene counting. Deviations from Hardy-Weinberg equilibrium were
examined for each locus using chi-squared tests.

3 Results
As illustrated in Figures 1 and 2 (representative of some samples), PCR amplification
of the MC4R and GPX5 genes was successful, using the conditions detailed in
materials and methods. Furthermore, RFLP-PCR analysis performed in the PCR
products, using the restriction enzymes for each SNP, as described in materials and
methods, revealed the genotype of each animal, for each gene locus (Figures 3 and 4,
representative of some animals, for each gene).

Fig. 1. PCR amplification of the MC4R gene locus.

Fig. 2. PCR amplification of the GPX5 gene locus.
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Fig. 3. RFLP-PCR analysis for the MC4R gene polymorphism. PCR products were digested
with TaqI.

Fig. 4. RFLP-PCR analysis for the GPX5 gene polymorphism. PCR products were digested
with Hinfl.

Genotypic and allelic frequencies estimated for the 100 examined pigs, for the two
gene loci are presented in Table 1.
Table 1. Genotypic and allelic frequencies (%) in the two studied gene loci

Allele

Genotypic Frequency (%)

Allelic frequency (%)

Gene Locus
0

+

00

0+

++

0

+

MC4R

G

A

0.25

0.55

0.20

0.52

0.48

GPX5

A

B

0.22

0.48

0.30

0.46

0.54

As illustrated in Table 1, for MC4R, genotype GG had a frequency of 0.25, GA
0.55 and AA 0.20, while the frequency of allele G was 0.52 and of A 0.48. For
GPX5, genotype AA had a frequency of 0.22, AB 0.48 and BB 0.30, with
frequencies of alleles A and B being 0.46 and 0.54, respectively. Both MC4R and
GPX5 gene loci were found to be in Hardy-Weinberg equilibrium in the studied
population.
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4 Discussion
In the present study we investigated the genotypes of the MC4R and GPX5 gene
polymorphisms in pigs raised in Greece. Since these two single nucleotide
polymorphisms have been reportedly associated with reproductive traits such as litter
size it was considered important to determine whether the desired genotypes were
present in Greek pigs.
Allelic frequencies of the two investigated gene locus estimated in the present
study were similar to those reported by previous studies (Buske et al. 2006; Jokubka
et al. 2005). This suggests that the desired genotypes are present in Greek pigs, and
would be very interesting to perform association studies between these SNPs and
reproductive parameters. Therefore, further work is needed in order to confirm these
associations in pigs raised in Greece. Once confirmed, these SNPs could be
incorporated in a larger panel of markers to assist breeders in selecting pigs with
improved reproductive traits, such as litter size.
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Abstract. The Travel Cost Method employed in the present research comprises
one of the most important methods belonging to the wider category of
Revealed Preference Methods. The present study focused on the Pozar
Thermal Springs area, located in the prefecture of Pella, Central Macedonia,
Greece due to the fact that the organized thermal spa tourism in the Spa Center
of Loutraki, Pozar contributes to a great extent on recreation. The purpose of
the present study was to record and analyze the conditions of demand for
thermal tourism regarding the operation of spas located in the area of Loutraki,
in Aridea. The survey was conducted using an Individual TCM employing a
face-to-face questionnaire survey (n = 323 guests). The results are expected to
be used to sustainable tourism management in wider area.
Keywords: Economic
Regression Analysis.
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1 Introduction
It needs hardly be argued that the natural environment offers multiple benefits for
people and their quality of life (Costanza et al. 1997). Among them, an important
service offered by the environment is that it can provide recreational services to
people, having a pivotal role in shaping the tourism development of a region and the
potential for guest satisfaction in the area (Arabatzis and Grigoroudis, 2010). For the
future spatial organization of alternative tourism in Greece, regions with "growth
potential for special and alternative tourism" regarded as "poles of intensive growth
of special forms of tourism" are defined along the lines of the particular spatial
framework for tourism in the country (Greek Ministry of Environment, 2013).
The study offers opportunities for the rational exploitation and management of
tourism in areas that can become poles of special forms of tourism since it provides a
potential for the design and implementation scenarios as well as interventions and
policies with a specific developmental objective. In particular, through the
application of TCM, the tourist recreational value and demand for recreation will
emerge. This demand function is critical to the design of the tourist development of a
region, as it may be used in order to assess the value of various ecosystem services -
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such as the aesthetic value of the landscape, as well as the tourist and recreational
value of the study area (Baseline Scenario). The final objective of this survey was to
estimate the recreational demand function (i.e. the recreational value) for the site
under consideration. Investigating the relevant literature showed that the application
of TCM is deficient in areas of hot springs and thermal natural resources. Therefore,
the present research is expected to provide the principle and basis for the
reconstruction and application of the method to thermal springs and natural resources
of other areas. The results are expected to be used (a) to achieve optimal organization
of the tourism in the study area, based on the principles of sustainable tourism
development and the directions of spatial planning (the Special Framework for
Spatial Planning and Sustainable Development-SFSPSD for tourism) and (b) to
promote the development of appropriate management techniques along with modes
for the protection of the natural environment.

2

Sampling and Statistical Methodology

Questionnaires aimed at the population of visitors to the Pozar Thermal Springs
during the winter period of 2015-2016 were used to conduct the present research. A
valuation study based on primary field research (questionnaires, surveys) was used to
explore the views of visitors to the research area under consideration. More
specifically, the Travel Cost Method (TCM) individual modeling was used. A face to
face questionnaire survey was conducted during the period January 2016 - March
2016. Furthermore, pre-sampling was employed in December 2015.
The Haphazard Sampling Method was used and the definition of the total sample
size is provided by the following formula (Humphry, 2004; Thrusfield, 2005):
! ! ! !(!!!)

n=
(1)
!!
where: Ζ=value from standard distribution corresponding to desired confidence level
(Z=1.96 for 95% CI), P=estimated true proportion (prevalence)=0.3 and e=desired
precision=0.05.Therefore, the Total Sample Size calculated was: n= 323 participants.
The processing of the results and the analysis of the data were realized by using
the statistic program IBM SPSS v.20. The tool used in this research is a structured
questionnaire, which comprised a combination of questions.

3 Field of Research
The selected research area is the Mountain Arc of Almopia (Mount Voras). The
mountainous region of Voras was selected because of its special environmental
significance since vast areas of the region are protected by the network Natura 2000,
while it also includes further protection areas, e.g., the game shelter (Greek Ministry
of Physical Planning and Public Works, 1995). In addition, it presents particular
scientific and research interest being a pole of intensive development of specific
alternative forms of tourism (Mountain-Climbing Tourism, Rural, Cultural, Spatherapeutic, and Wellness Tourism) being both a unique resort and a region with ski
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facilities (Skiing tourism). Tourism is one of the leading local economic
developmental pillars. Thus, the surrounding area becomes a tourist resort which
according to Special Framework for Spatial Planning and Sustainable Development SFSPSD for tourism can be considered as an intensive growth pole of special forms
of tourism. In particular, the area on which the analysis focuses (evaluation research)
is Pozar (Spa Natural Resource).

4 Results and Discussion
4.1 Sampling Descriptive Outcome
To assess the frequency of the visit, guests were asked if it is their first visit to the
area of Loutra or not. All guests of the sample, that is, 100% responded to the
question. However, of the total sample (n=323), 184 respondents, that is, 57%,
reported having visited Loutra in the past while only 139 visitors, that is, 43%, stated
that it is their first visit. Visitors in the sample, who did not come for the first time in
the area, visited the Thermal Springs 127 times last year. The visit frequency to other
Thermal Spas and regions was no visits for 281 respondents, 87% of the sample,
while a total of 42 respondents i.e. 13% visited other medicinal natural resources in
Greece and abroad, in Serres, Xanthi, Thessaloniki Greece, Turkey, Austria, etc. The
weekends seem to be more preferred for their visits for 74.9% of the sample (n= 242)
while the weekdays 25.1% (n=81). The origin and area of residence of the visitors in
the sample includes areas of both Greece and abroad. The duration of the journey
from the home area to the survey area ranged from 5minutes (minimum) and
1440minutes (maximum) with 167,60minutes (mean) and 184,087minutes (Std.
Deviation). All the participants, i.e. 100%, answered the question concerning the
investigation of the modes of transport used by the visitors to access the Thermal
Springs of Pozar. The analysis of the results reveals that in their vast majority, 89.5%
(n=289%) of the sample traveled to Pozar by car while 8.4% (n=27) used the bus,
only 0.9% (n=3) used motorbikes and other means of transport e.g. airplane 1.2%
(n=4). The people who traveled together with the individuals in the sample were in
total 1588 people over 18 years old and 164 less than 18 years old, while the
overnight stays in a village in the wider area were in total 501 for the whole sample.
The settlement, which was chosen mostly, was Loutraki at a rate of 61.30%. The
respondents were asked to reply whether the particular trip included overnights in
other areas as well so as to investigate multiple and thematic trips relating the
journey under consideration as well as the area to other destinations well. Following
the above questions, 82.66% (n=267) answered no while 17.34% (n=56) responded
positively. The areas they had decided to visit and stay overnight in combination with
their particular trip to the Thermal Springs were mostly Thessaloniki and the
settlement of Saint Athanasios in Kaimaktsalan as well as other parts of Greece, with
the number rising to 136 overnight stays.
The response rate concerning the investigation of the reasons for visiting the
Thermal Baths of Pozar reached 100%. The main reasons for visiting the area were
identified in the following 6 categories, and the respondents had the option of

484

identifying more than one reasons for visiting: a) medical purposes b) relaxationmental health c) getting to know the region d) potential for recreational activities e)
sightseeing and tour f) other reasons. Data processing revealed that: 87.6% (n=283)
of the sample visit the Thermal Springs of Pozar for relaxation-mental health
purposes, 7.7% (n=25) for medical uses, 20.4% (n=66) to get to know the region,
16.7% (n=54) for recreational activities, 25.4% (n=82) for sightseeing and touring in
wider area, while only 1.8% (n=6) for other reasons e.g. gatherings of dance clubs,
entertainment-nightlife, seminars, sex. All the guests who participated in the research
(n=326) were also asked to identify the reasons why they had chosen the Thermal
Springs of Pozar (response rate 100%). An analysis of the results shows that 62.8%
(n=203) of the visitors, chose the Thermal Springs of Pozar and not another region
for the beauty of the natural surroundings, 27.6% (n=89) for the healing properties of
thermal water in Pozar, 43.3% (n=140) because it is a short distance from their place
of residence, 28.8% (n=93) for its organized and sufficient hospitality infrastructure
(accommodation, food, entertainment), 15.8% (n=51) for recreational activities, 8%
(n=26) for the climate conditions, and 29.7% (n=96) for the combination with other
nearby travel destinations in the region (e.g. Kaimaktsalan Ski Resort, Agios
Athanasios traditional settlement). The duration the respondents spend in the Spas
facilities for Balneotherapy per trip reached 360minutes (maximum) and 0minutes
(minimum) with 91.89minutes (mean), while the time for massage and spa ranged
from 610minutes (maximum) and 0minutes (minimum) with 36.30minutes (mean).
These results demonstrate that almost all visitors spend time in the thermal water for
physical and mental therapy with massage therapy and spa comprising significant
additional peace of mind and well-being factors for the visitors. Table 1 shows the
financial investigation of the travel costs and daily consumer expenses in the region
(e.g. fuel, purchases, stay).
Table 1. Descriptive Statistics of the Travel Cost Parameters

Cost of Travel

N

Fuel
Food/Drinks
Fuel (in area)
Food/Drinks (in area)
Balneotherapy /
Massage / Spa
Recreational Activities
Further Expenses

323
322
323
322

Ra Maxi
nge mum
399 400
300 300
65
65
150 150

Sum

Mean

15506
13962
4213
13041

48.01
43.36
13.04
40.50

Std.
Variance
Deviation
54.499
2970.143
52.940
2802.667
12.719
161.768
26.014
676.731

322 150

150

7002

21.75

20.500

420.234

321 140
322 110

140
110

3055
9008

9.52
27.98

17.242
26.469

297.275
700.591

Last but not least, the social and economic characteristics of the visitor sample were
recorded, concerning the age of visitors, their family status, their level of education,
their occupation, their gender and their annual net income. Regarding gender as
indicated, women outweigh men slightly, presenting 57.59% (n=186) of the
population while men 42.41% (n=137). Considering an analysis of the results in
terms of age, it appears that 45.8% (n = 148) of the sample is 18-30 years old, 29.7%
(n=96) are 31- 40 years old, 18% (n = 58) is between 41 and 50 years old, 6.2% (n =
20) is 51 to 60 years old, and finally 0.3% (n=1) is> 60 years old. It is noteworthy,

485

that the census included only people older than 18 years. The variable concerning the
family situation of the sample showed that 1/2 of the sample population, i.e. 49.5%
(n=160) of the visitors are bachelors, 44.9% (n=145) are married, 5.3% (n=17) are
divorced while 0.3% (n=1) are widowed. As shown by their family status, 32.8%
(n=106) of the visitors surveyed have children < 18 years old while 67.2% (n=217)
of them do not have children. As to the level of education of the sample, data
processing shows that 21.3% (n=101) are university graduates (Higher Education
Institution-AEI), 23.8% (n=77) are university graduates (Technological Education
Institution-TEI), 14.9% (n=48) have a technical vocational school diploma,
(Vocational Training Institutes), 15.8% (n=51) are senior high school graduates,
10.8% (n=35) hold a Master’s Degree, 2.5% (n=8) are junior high school graduates
while 3 respondents at are at the lowest level of education with a percentage of 0.9%.
The categories of professional status of the respondents received the following rates:
farmer 4% (n=13), household chores 2.2% (n=7), employee 33.7% (n=109), a civil
servant 17.3% (n=56), freelancer 22.3% (n=72), entrepreneur 5% (n=16), university
student 7.7% (n=25), unemployed, 6.2% (n=20), pensioner 1.5% (n=5). Towards the
end of the survey the respondents were asked to answer whether they are members of
an environmental organization - body in order to record their environmental
sensitization. The results revealed that 86.1% (n=278) of the sample do not belong to
an environmental club, whereas only 13.9% (n=45) of the visitors in the sample are
members of such an organization. Completing the anonymous research the
respondents were asked whether they wished to sincerely indicate their personal net
annual income. This question was not answered by 5.6% (n=18) however, a valid
response was provided by the rest of the sample at a rate of 94.4% (n=305).
Specifically, 18.9% (n=61) of the sample stated to have a personal net annual income
<€ 5,000, 28.5% (n=92) 5,001-10,000 €, 24.8% (n=80) 10,001-15,000 €, 11.1%
(n=36) 15,001-20,000 €, 4.3% (n=14) 20,001-25,000 €, 2.2% (n=7) 25,001-30,000€,
and finally, 4.6% (n=15)> 30,000 €.
4.2 Econometric Outcome
In this section, the econometric models, which are used to compute the Consumer
Surplus, are presented. The following tables present the econometric outcome of the
Poisson & Neg. Bi. Models with Log Function. From the tables below, we can
deduce that the intercept term is statistically significant at significance level α=0.05.
Furthermore, total cost, age, sex and the level of education variables are statistically
significant in Poisson Model at significance level α=0.05. The income is not
statistically significant at a standard level of statistical significance α=0.05. What is
more, the total cost and the level of education variables is statistically significant
(Neg. Bi. Model) at significance level α=0.05 and no other variable is not statistically
significant at standard levels of statistical significance. The information's from the
two models exhibits a high sampling adequacy and appropriateness of the model.
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Table 2. Poisson Model-Log Function

Variables
(Intercept)
Total Cost
Income
Age
Gender
Level of Education

β
2.593
-0.003
-0.015
-0.123
-0.193
-0.096

Parameter Estimates
Std. Error Wald Chi-Square
0.1927
181.016
0.0003
55.509
0.0252
0.369
0.0402
9.271
0.0678
8.126
0.0246
15.437

Df
1
1
1
1
1
1

Sig.
0
0
0.544
0.002
0.004
0

Table 3. Negative Binomial Model-Log Function

Variables
(Intercept)
Total Cost
Income
Age
Gender
Level of Education

β
2.373
-0.002
-0.028
-0.093
-0.148
-0.094

Parameter Estimates
Std. Error
Wald Chi-Square
0.3734
40.398
0.0006
12.065
0.0491
0.320
0.0730
1.609
0.1374
1.156
0.0515
3.308

Table 4. Information about the Poisson
Model

Goodness of Fit Test
Pearson Chi1288.694
Square
(df=299)
Log Likelihood
-792.502
AIC
1597.004
AICC
1597.286
BIC
1619.326
CAIC
1625.326
Omnibus Test
Likelihood Ratio Chi-Square 93.645
Df
5
Sig.
0

df
1
1
1
1
1
1

Sig.
0
0.001
0.571
0.205
0.282
0.001

Table 5. Information about the Negative
Binomial Model

Goodness of Fit Test
Pearson Chi300.212
Square
(df=299)
Log Likelihood
-670.802
AIC
1353.605
AICC
1353.887
BIC
1375.927
CAIC
1381.927
Omnibus Test
Likelihood Ratio Chi-Square
20.047
Df
5
Sig.
0.001

5 Conclusions
According to the data emanated from this survey, the Consumer Surplus (CS) was
estimated at 333.333€ (Poisson Model) and 500€ (Negative Binomial Model). These
values are vital in order to calculate the total recreational demand for a tourism area.
To estimate the willingness to pay (WTP) for a visit to the Thermal Springs of Pozar
the actual cost of travel and accommodation at the Spa was used, which was analyzed
into seven components. The Tourist Value of Pozar Thermal Springs was estimated
at 85,650,666.67€ with the Poisson Model and 128,476,000€ with the Negative
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Binomial Model. These estimations are based on the number of tickets per day
during April 2015 to March 2016 according to official visitors’ data provided by the
Municipality of Almopia-Loutra Loutrakiou S.A. (Single Shareholder Municipal
Property Development Public Company Limited). Estimating the tourist recreational
value contributes to the better planning of sustainable tourism development with the
role of economic valuation of environmental resources emerging as the core factor of
management measures to monitor an area.
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Abstract: Biotic stress conditions are the most serious obstacle in bread wheat
cultivation resulting in yield reduction and consumption safety problems
(poisonous toxic production). For this, the identification of resistant cultivars
and their respective genes is the main prerequisite in most breeding programs.
In order to exploit the benefits of molecular technology in studying their
genetic background, eight Hellenic bread wheat cultivars were analyzed to
determine their gene constitution at some important disease resistance loci. It
was revealed that cultivar Elissavet carries genes conferring resistance to tan
spot (insensitivity to toxins A and B), rusts, powdery mildew, and barley
yellow dwarf virus (Lr34/Yr18/Pm38/Sr57/Bdv1 in combination with the genes
on the wheat-rye 1BL/1RS translocation). Cultivar Strymonas has three genes
for resistance to necrotrophic diseases. Cultivar Yecora E carries the genes
conferring resistance to tan spot and rusts (Lr34/Yr18/Pm38/Sr57/Bdv1) but
lacks the translocation. The third cultivar, i. e. (Acheron) which carries the
1BL.1RS wheat-rye chromosome translocation, also has genes for resistance to
tan spot (due to insensitivity to toxin B) and Fusarium head blight but lacks the
resistance allele of the Lr34 gene. It is concluded from the results that cultivar
Elissavet constitutes a remarkable combination of favorable genes and must be
more extensively used as a parental line in breeding programs to developing
novel wheat germplasm.
Key words: resistance, fungal diseases, bread wheat, resistance genes

1 Introduction
Biotic stressing factors and more precisely foliar diseases represent the most serious
obstacle in bread wheat cultivation (Faris et al. 2010). In addition to decreased yields
(e. g. caused by rusts), biotic stressing factors could cause safety problems to
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consumers (e. g. poisonous toxins produced by Fusarium), or, additionally carry
other pathogens in various crops (e. g. viruses transferred by aphids) (Moreno et al.
2012). For all these reasons, identifying resistant varieties and their corresponding
genes is a key goal in many breeding programs (Diethelm et al. 2014). Modern
molecular breeding with very detailed technology available can greatly contribute to
this objective (Abeysekara et al. 2010). It is well established that the
Lr34/Yr18/Pm38/Sr57/Bdv1 gene conferring moderate resistance to biotrophic
pathogens is located on chromosome 7D (Krattinger et al. 2009; Lagudah et al. 2009;
Dakouri et al. 2010), the Tsn1 gene, responsible for sensitivity to the toxins A of the
necrotrophic fungi Pyrenophora tritici-repentis (Died.) Drechesта Stagonos
poranodorum (Berk.) E. Castell. & Germano is located on chromosome 5A (Faris et
al. 2010), and the TDF_076_2D gene conferring moderate resistance to Fusarium
head blight is located on chromosome 2D (Diethelm et al. 2014). The Tsc2 gene
responsible for sensitivity to the toxin B of P. tritici-repentis was mapped on
chromosome 3B (Abeysekara et al. 2010). Biochemical screening of the existing
germplasm could also facilitate this identification (Xynias et al. 2007). In a previous
article we reported the presence of the 1BL.1RS wheat rye chromosome translocation
in Hellenic bread wheat cultivars after applying biochemical analysis (Xynias et al.
2006). This presence was further confirmed by molecular markers (Peros et al.
2014). The 1BL/1RS translocation from the rye Petkus (2x) of the Kavkaz type, is
the most widespread introgression among common wheat varieties (Rabinovich
1998). The importance of this translocation is due to certain important genes located
on the small arm of 1R chromosome. The main advantages of the translocation is
high yield potential of the host cultivar (Kim et al. 2004), and resistance to both
biotic and abiotic stressing factors (e. g. disease, insect and drought resistance,
Anonymous 2013; Peng et al. 2007; Xynias et al. 2007). For this, screening Hellenic
germplasm, to identifying the above and/ or other resistant genes is also important,
because this germplasm could be involved in crosses to transfer all the important
traits to new varieties.
In the present work eight Hellenic bread wheat varieties were studied in order to find
which ones carry resistance genes for some of the most serious biotic stress factors,
such as rusts, Fusarium head blight, tan spot, powdery mildew.

2 Material and methods
2.1 Plant material
Seven commercial bread wheat cultivars produced at Cereal Institute of Thessaloniki
(i. e. cvs. Yecora E, Elissavet, Xenia, Acheron, Strymonas, Louros, and Lydia), one
non commercial cultivar (cv. Chios) developed at the University of Thessaloniki,
Greece and the Russian cultivar KVZ/Cgn were used for the purpose of the study.
The cultivar ‘Chinese Spring’ was used as the control for the “tr” allele of the marker
Xfcp623 (associated with the tsn1 ToxA insensitiveness allele of the gene) (Faris et
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al. 2010), the “tsr” allele of the marker XBE444541 (associated with the tsc2
PtrToxB insensitivity allele of the gene) (Abeysekara et al. 2010) and the allele “+”
of the Lr34 gene (presence of resistance) (Lagudah et al. 2009). The cultivar
‘Katepwa’ was used as the control for the “Тs” allele of the marker Xfcp623
(associated with the Tsn1 toxin sensitive dominant allele of the gene), the “Tss”
allele of the marker XBE444541 (associated with the Tsc2 toxin sensitive dominant
allele of the gene) and the allele “-” of the Lr34 gene (absence of resistance)
(http://wheatpedigree.net/sort/show/31123). For the TDF_076_2D gene, the cultivar
Mironovskaya 808 was used as the control for the allele 2 (associated with moderate
resistance to Fusarium head blight) and the cultivar ‘Chinese Spring’ – as the control
for the allele 1 (Diethelm et al. 2014).The cultivars for the control were kindly
provided by the National Center for Plant Genetic Resources of Ukraine of NAAS
(Kharkiv). The marker Xfcp623 has 2 alleles: 379 bp (associated with sensitivity,
further – “Ts”) and null-allele (associated with insensitivity, further – “tr”) (Faris et
al. 2010).
2.2 Method
DNA was extracted from the sample of 25-30 mg. obtained from grinding 5-7 seeds
with further use of a DiatomTM DNA Prep100 DNA isolation kit (the sales
representative in Ukraine is Neogene® Company) following the standard protocol.
PCR was performed using GenPak® PCR Core Kits (the sales representative in
Ukraine is Neogene® Company) according to the manufacturer’s recommendations.
The PCR was performed in the amplifier 2720 GeneAMP System using GenPak®
PCR Core kits (the sales representative in Ukraine is the Neogene® Company)
according to the manufacturer’s recommendations.
The marker XBE444541-STS has 2 alleles: 340 bp (associated with sensitivity,
further – “Tss”) and 509 bp (associated with insensitivity, further – “tsr”, on the
agarose gel electrophoresis it is masked by nonspecific bands) (Abeysekara et al.
2010).
To determine the allelic state of the Lr34 gene a combination of the gene-localized
marker SNP12 and the closely linked marker ISBP1 were used (Dakouri et al. 2010).
The amplified fragments of 509 and 234 bp in length are associated with the Lr34+
allele and the fragments of 391 bp in length – with the Lr34- allele.
For the TDF_076_2D gene the intron-localized marker INDEL1 was used (Diethelm
et al. 2014). In case of the resistance-associated allele 2 the amplifies fragments of
212 and 221 bp in length were obtained and in case of susceptibility associated allele
– only fragments of 212 bp in length.
The annealing temperature was lowered to 42°С for the primer pair flanking the
marker XBE444541. For the combination of the markers SNP12 and ISBP1 the
condition following conditions: dissociation/activation of the hot-start polymerase at
95°C for 7 minutes then 32 cycles with dissociation phase at 94°C for 30 s, annealing
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phase at 62.5°C for 40 s and elongation at 72°C for 40 s; final elongation – for 5 m.
(Karelov et al. 2014).Besides this PCR was performed according the literature
conditions (Diethelm et al. 2014; Abeysekara, et al. 2010; Faris et al. 2010).
PCR results were visualized by electrophoresis in 2–2.5% agarose gel in 0.5 x TBE
buffer with subsequent staining with ethidium bromide or (in case of the INDEL1
marker) – by 8% the PAAGE with subsequent staining with AgNO3 and use of the
gel- visualization system VISION Gel.
2.3 Genes detected
The resistance-associated allele of the Lr34/Yr18/Pm38/Sr57/Bdv1 gene (Dakouri et
al. 2010) was marked as Lr34+, the allele associated with absence of resistance as
Lr34-; for the Tsn1 gene (the marker Xfcp623), the allele for insensitivity to the toxin
A (Faris et al. 2010) was designated as tr, the allele for sensitivity as Ts; for the Tsc2
gene (the marker XBE444541-STS), the allele for insensitivity to the toxin B
(Abeysekara et al. 2010) was marked as tsr, the allele for sensitivity as Tss; for the
TDF_076_2D gene, the allele conferring Fusarium head blight resistance (Diethelm
e al.2014) was designated as TDF-1, the allele for the absence of such resistance as
TDF-2. The marker INDEL1 of the TDF_076_2D gene was analyzed by the
procedure described in (Diethelm et al. 2014; Karelov et al. 2015).
The presence of the wheat-rye 1BL/1RS translocation and respective resistance genes
was marked as +, and the absence as - (according to Xynias et al. 2006).

3 Results and discussion
The results of the molecular analysis regarding the allele constitution of genes
conferring resistance to biotic factors examined and are expressed in Hellenic bread
wheat cultivars are presented in Table 1.
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Table 1. Allele constitution of genes conferring resistance to biotic stressing factors in
Hellenic bread wheat cultivars.

Cultivar

Tsn1

Tsc2

Lr34

TDF_076_2D

1BL/1RS (Pm8,
Sr31, Lr26,Yr9)

Yecora Ε

Ts

trr

+

2

-

Elissavet

tr

trr

+

2

+

Xenia

Ts

trr

-

1

-

Acheron

Ts

trr

-

1

+

Strymonas

tr

trr

-

1

-

Louros

tr

-

2

-

Lydia

Ts

-

1

-

Chios

tr

-

1

+/-

KVZ/Cgn

Ts

+

1

+

Where for the Tsn1 gene tr is the allele for insensitivity and Ts is the allele for
sensitivity; for the Tsc2 gene tsr is the allele for insensitivity, and Tss the allele for
sensitivity; for the Lr34 gene with (+) is marked the resistant allele and with (–) the
non-resistant; for the TDF_076_2D gene 1 is the resistant and 2 is the non resistant
allele; the presence of the 1BL.1RS wheat rye translocation is marked with (+) and
the absence with (-).
In the majority of varieties, combinations of two or more resistance genes were
revealed at the loci analyzed (Table1). Cultivar Elissavet carries genes conferring
resistance to tan spot due to insensitivity to toxins A and B of P. tritici-repentis,
resistance to rusts, powdery mildew due to the presence of the wheat-rye 1BL/1RS
translocation and the gene Lr34/Yr18/Pm38/Sr57/Bdv1, which confers moderate
race-nonspecific resistance to a number of biotrophic pathogens, including yellow
dwarf virus. Cultivar Yecora E has the gene for resistance to tan spot (insensitivity
to toxin B) and the gene for moderate race-nonspecific resistance to rusts and other
pathogens (Lr34/Yr18/Pm38/Sr57/Bdv1). It should be noted that the important gene
Lr34/Yr18/Pm38/Sr57/Bdv1 is rare among European wheats (Kolmer et al. 2008).
Cultivar Acheron, which also carries the 1ΒL.1RS wheat rye translocation, has
respective resistance genes as well as the gene for insensitivity to P. tritici-repentis
(tanspot) toxin B and moderate resistance to Fusarium head blight. The cultivar
Strymonas is characterized by three genes conferring resistance to nectrotrophic
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pathogenes (tan spot and Fusarium head blight). At least two important disease
resistance genes were detected in cultivars Xenia, Chyos, and KVZ.

4 Conclusion
It can be concluded from the above results that cultivar Elissavet, which carries the
1BL.1RS wheat rye translocation, represents a good combination of favorable genes
and for this it must be extensively used as parental line in breeding programs for
producing new wheat germplasm. Other varieties can also be used as sources of
important resistance genes in marker-assisted selection.
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Quality Monitoring of Natural Water from Southwest
District of Moscow Using Total Reflection X-ray
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Abstract. Pollution of drinking and natural waters is the fundamental
environmental problem. Due to the rapid development of human economic and
industrial activity, monitoring of the environmental situation is necessary.
Total Reflection X-ray Fluorescence Analysis makes it possible to determine
the elemental composition of water quickly and accurately for a large number
of elements simultaneously. The work is devoted to the study of water sources
in the southwest district of Moscow: Ramenka and Rogachevka rivers and the
drinking water source in the park of the 50th anniversary of the October.
During the work, suitable conditions were found that make it possible to
perform the analysis quickly (the analysis time does not exceed 10 min. for one
sample) and to determine a number of elements at the macro-, micro- and trace
levels. The obtained results are compared with the current Russian sanitary
standards.
Keywords: water, quality monitoring, elemental composition, Total Reflection
X-ray Fluorescence

1 Introduction
The human impact on the environment leads to a change in the chemical composition
of water used in everyday life, compared with its natural composition. Water is used
by humankind everywhere, including cooking and drinking, so attention should be
paid to water analysis. One of the most effective modern methods for determining the
elemental composition of water is Total Reflection X-ray Fluorescence Analysis
(TXRF). The method allows to determine small amounts of substance (less pg in
absolute values) with low detection limits (down to ng/l for liquid samples) (Alov,
2011). This method allows investigating a wide variety of objects: water, soils,
geological, mineralogical, technological, archaeological and food samples, it is
suitable in medical industry, art and forensic. TXRF method has a number of
advantages: a small amount of analyzed sample, a simplified procedure for
quantitative analysis due to the use of the internal standard and the elimination of
matrix effects. The TXRF method is characterized by a small amount of reagents and
hence a low cost of analysis (Klockenkämper, von Bohlen, 2013). The method is
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widely used for the analysis of liquid objects, which is facilitated by a very simple
and fast sample preparation procedure. In most papers the sample preparation
procedure consists of the following steps: 1) getting an aliquot, 2) introduction of an
internal standard into aliquot, 3) transfer of a sample drop onto a reflector substrate,
4) drying the droplet in a vacuum desiccator or on a hot plate, 5) measuring the
TXRF spectrum and calculation of concentrations by the internal standard technique
(De La Calle et al., 2013). Similar approach was used for determination of heavy
metals in Mexican Lerma river (Zarazua et al., 2006) and monitoring of water quality
of Toledo river in Brazil (Espinoza-Quinones et al., 2010) by TXRF with
synchrotron radiation excitation.
The purpose of this work is to determine the elemental composition of the natural
waters of the southwest district of Moscow: Ramenka and Rogachevka rivers and the
drinking water source in the park of the 50th anniversary of the October using the
TXRF method, as well as comparing the data obtained with the Russian sanitary
standards.

2 Samples
Several samples from water system of Moscow southwest district were taken for the
analysis. The pond in the flow of Ramenka river (sample 1), Ramenka river itself
(sample 2), Rogachevka river (sample 3), which is a confluent of Ramenka,
Ramenka river after the confluence of both rivers (sample 4), the artesian source of
drinking water (sample 5) and also sample of the snow from a slope of Ramenka
river. The sampling scheme is shown on Fig. 1.

3 Experimental
Water samples were acquired in plastic bottles. The measurements were carried out
on the TXRF spectrometer S2 PICOFOX (Bruker Nano GmbH, Germany) using
quartz reflectors. The excitation was performed by Mo Kα (17.5 keV) radiation. The
time of the spectrum acquisition is 250 s. Gallium solution with the concentration
1000 mg/l is used as an internal standard. This element is easily detected by TXRF. It
does not present in sample and does not cause spectral interference with elements in
sample. The volume of the aliquots was chosen to be 0.5 ml, the volume of the
internal standard solution was 5 µl. The volume of the analyzed solution deposited on
the reflector is 1-2 µl.

497

Fig. 1. Scheme of water sampling from the park of the 50th anniversary of the October located
in southwest district of Moscow.

4 Results and discussion
In water samples S, Cl, K, Ca macroelements, Fe, Cu, Zn, Br, Sr microelements and
trace elements Ti, Mn, Ba, Pb were detected. Analysis results are listed in Table 1.
Analysis of water reservoirs (samples 1-4) shows that water from Ramenka river
(sample 2) has the highest mineralization of all investigated water samples (fig. 2).
The highest concentration of such elements as S, Cl, K, Ca, Cu, Zn, Br was found in
this sample. At the same time the content of same elements is much lower in the
pond from which the river flows (sample 1). It is presumably due to the
sedimentation of water followed by transition of elements to muddy sediment at the
bottom of the reservoir.
In the confluent of the Ramenka river – Rogachevka river, the content of elements
of S, Cl, K, Ca, Cu, Zn, Br is also lower than in Ramenka (sample 3). The
mineralization of water after confluence of Rogachevka to Ramenka decreases due to
dilution.
Waters investigated meet the standards set for a household water (see Table 2),
with the exception of the Ramenka river (sample 2), in which chlorine content is
exceeds the maximum allowed concentration (488 mg/l).
Sample 5 – drinking water sample was also compared with standards for drinking
water. As can be seen from Tables 1, 2, content of (S, Cl, Ca, Fe, Cu, Zn, Ba) is
within the permissible concentrations. In addition to these elements, traces of
titanium and lead were found in drinking water in an amount several times lower
than maximum allowed concentrations.

498

Fig. 2. TXRF spectrum of water from Ramenka river (sample 2).

The results of the analysis of the snow (sample 6) showed that it contains the
minimum amounts of all the elements. This can be explained by the fact that the
snow condenses in the atmosphere and absorbs only volatile and aerosol
contamination. Also a sample of snow was selected in a place that is located quite far
from the roadways. Consequently, the snow did not have time to become
contaminated with additional substances. The melt water, formed during the melting
of snow, also meets the requirements for the purity of water by the parameters
studied.
Table 1. TXRF results of water elemental composition determination for rivers located in
southwest district of Moscow.

S
Cl
K
Ca
Fe
Cu
Zn
Br
Sr
Mn
Ti
Pb
Ba

1

2

9.2±1.5
42.7±3.7
8.8±0.6
56.8±3.9
0.14±0.07
0.012±0.003
0.02±0.01
0.036±0.02
0.33±0.02
0.12±0.01
< 0.02
< 0.002
< 0.05

15.7±5.6
488±132
7.5±1.2
146±54
< 0.03
< 0.002
0.047±0.01
0.10±0.03
0.54±0.21
< 0.005
< 0.02
not det.
< 0.06

Concentraion, mg/l
3
4
15.3±4.6
56±11
10.7±2.3
42±10
< 0.03
not det.
0.013±0.005
0.05±0.01
6.2±1.0
not det.
not det.
< 0.002
< 0.05
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21.5±4.8
154±15
12±1
81±40
< 0.03
not det.
0.04±0.02
0.05±0.01
5.95±0.70
not det.
< 0.02
not det.
not det.

5

6

16.8±3.3
20.3±3.0
1.2±0.3
44.1±15.1
< 0.03
< 0.002
0.015±0.006
0.17±0.02
0.19±0.03
not det.
< 0.02
0.005±0.002
< 0.05

0.22±0.13
1.25±0.19
0.34±0.03
0.66±0.05
0.04±0.02
0.0021±0.0003
0.024±0.004
0.0019±0.0002
0.0011±0.0003
0.005±0.002
0.004±0.002
< 0.002
not det.

Table 2. Element concentration allowed by the Russian sanitary standards for household and
drinking water.
Element

Cl-

Fe

Cu

Zn

Br-

Sr

Mn

Ti

Pb

Ba

Concentraion, mg/l

350

0.3

1

1

0.2

7

0.1

0.1

0.01

0.1
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Alkylresorcinol content in the grains of winter triticale
depending on production technology
Jaśkiewicz Bogusława
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Abstract. Alkylresorcinols (AR) protect cereal grains against pests but they
also belong to the bioactive components of the grains. The aim of the study
was to determine the effect of intensive and integrated technologies on the
alkylresorcinolcontent in the grains of two cultivars of winter triticale. The
study indicates that the increase of the AR content in the grains was promoted
by a favorable distribution of average precipitation and air temperature during
the multi-year period, at the stage of grain formation as well as by intensive
production technologies, and a cultivar. The grains of winter triticale cv.
Pigmej cultivated under intensive technology in 2014 had the highest AR
content, i.e. 358 mg.kg-1 of grain.
Keywords: alkylresorcinols, cultivars, winter triticale, integrated and intensive
technologies

1 Introduction
Triticum grains are mainly used for feed purposes. Alkylresorcinols (ARs), also
called resorcinol lipids, are a group of natural phenolic compounds. They exhibit a
strong antibacterial and antifungal activity and act as antioxidants in the body (Fardet
2010). It is now assumed that ARs in triticale grains as anti-nutrition compounds are
not a problem in animal nutrition (Djekić et al. 2009). Triticale may, however, gain
importance as consumption grain (Boros et al. 2015). AR raises interest also as a
bioactive food ingredient. They are a component of grains, which occurs mainly in
the bran [Ross et al. 2003]. Triticale grain is not yet applied in food, but there are
works on such tritacale use (Jaśkiewicz 2014)It has been shown that the contents of
phenolic compounds or ARs in cereal crops depend on a genotype (Bellato at a.
2013, Boros et al. 2015, Zigler at al. 2015), and environmental conditions (Czaban et
al. 2014, Mpofu et al. 2006, Żuchowski at al. 2011). The aim of the study was to
determine the effect of integrated and intensive technologies on the AR content in the
grains of different cultivars of winter triticale.
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2 Material and methods
A two-year field study was conducted on slightly acidic soil (pHKCL 6,5). Winter
triticale was grown in the cereal monoculture, after winter wheat. The experimental
factors were integrated and intensive technologies and two cultivars: Pizarro (with a
conventional straw length) and Pigmej (a short-straw form). Seeding density was 4
million seeds per ha.
The applied technologies differed in the level of mineral fertilization and
chemical plant protection (Table1). Grain samples were collectedat the full maturity
stage. The contents of ARs in triticale grain were determined with flow
spectrophotometry with p-nitroaniline. The obtained results were statistically worked
out in the software Statistica, with the method of the analysis of variance ANOVA,
and the differences were estimated with Tukey’s test at α = 0.05. The coefficients of
variation in AR content for the experimental factors were calculated. The relationship
of the concentration of ARs on physical and chemical characteristics of grains were
expressed by means of Pearson’s simple correlation coefficients.
Table 1. Agricultural practises of triticale depending of production technology
Production technology
Specification
Integrated
Intensive
Fertilization
(kg . ha -1)
N (ammonium
50 (in spring at BBCH 24)+
60 (in spring at BBCH 24)+ 60 (at BBCH 31)+ 30
nitrate)
50 (at BBCH 31)
(at BBCH 51)
P(superfhosphate)
29
35
K(potassium salt)

59

Herbicides

At BBCH 31
(2,4 D+ dikamba)

Fungicides

At BBCH 45 (difenokonazol+
paclobutrazol

Insecticides

-

Retardants

At BBCH 32 (trinexapaketylu)

76
At BBCH 25 (diflufenican, iodosulfuron-metylsodium, mesosulfuron- metyl) and BBCH 31 (2,4
D+ dicamba) and BBCH 34 (clopyralid)
At BBCH 31 (flusilazol+carbendazim and BBCH
45 (difenoconazole +paclobutrazol)
At BBCH 47
(deltamethrin+dimethylcyclopropanecarboxylate)
At BBCH 32 (trinexapaketylu)

Table 2. Characterization of weather conditions
Month
Year
2011
2014
1981-2010
2011
2014
1981-2010
Temperature (oC)
Precipitation (mm)
March
3,0
6,7
1,6
11
31
30
April
10,7
10,7
7,8
27
58
40
May
14,6
14,3
13,5
60
172
57
June
19,2
16,5
16,8
54
93
70
July
18,7
20,9
18,5
250
68
84
Mean/Sum
13,2
13,8
11,6
402
422
281
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3 Results and discussion
The analysis of variance showed a significant variability of the AR content
among the cultivars and production technologies tested (Table 4). Interactions were
found among the AR content in grains between years and production technologies, as
well as between years and varieties. Interactions was found in content of ARs in
grain between the years and production technologies and winter triticale varieties and
varieties. Significant interaction was also found between production technology and
a cultivar (Table 4).
The correlation coefficients showed that the content of ARs depended on the air
temperature in April and May and rainfall in March, April, June and July (table 3).
Favorable weather conditions in 2014 during the development stage of BBCH 3955 positively influenced AR content in winter triticale grains. In 2014, the mean AR
content was by 13% higher than in 2011 (Table 2,4). Under intensive production
technology in 2014, there was a 24% increase in the AR content in the grains
compared to the integrated technology in 2011.A similar AR content was recorded
for the intensive (2011) and integrated technologies (2014). Under intensive
technology, at the time of the flag leaf roll (i.e. BBCH 47 development stage), a third
dose of nitrogen was applied in order to enhance water use in the soil. The purpose of
this treatment was to increase the protein content of the grains.
Cultivars Pigmej and Pizarro had a significantly varied AR contents in their
grains (Table 4). Cv. Pigmej had a significantly higher, by 14%, content of ARs in
the grains compared to Pizarro. The year of 2011 saw a shortage of precipitation in
the development stages BBCH 30-59 (Table 2,3). Under these weather conditions,
cv. Pizarro contained by 17% less ARs in its grains than in 2014.Also the AR content
of this cultivar was by 29% lower compared to the optimal weather conditions in
2014 in cv. Pigmej. However, the AR content of this cultivar in 2011 was at the level
of the AR content of Pizarro in 2014. Cv. Pigmej made a better use of favorable
weather conditions in 2014, showing a significantly higher AR content, i.e. 358
mg.kg-1 of grains.
Under intensive production technology, there was a significantly higher AR
content in grains than under the integrated technology (Table 4). Probably, applying
plant protection products and nitrogen fertilization in the integrated technology were
not as effective as in the intensive technology. Undoubtedly, weather conditions after
their application might have had a significant impact on the AR content. Under the
integrated production technology, the AR content of cv. Pizarro was by 25% lower,
i.e. 69 mg.kg-1 of grains than of cv. Pigmej grown under the intensive technology,
which scored 353 mg.kg-1 of grains. On the other hand, under the integrated
technology, the AR content of cv. Pigmej was similar to that of cv. Pizarro under
intensive technology. Pigmej tended to have a higher AR content than Pizarro (Table
4).
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Table 3. The relationship between the concentration of ARs in grains and weather conditions
(Pearson,s correlation coefficients).
Month Mean air temperature
Total rainfall
March -0,27
0,53*
*
April
-0,45
0,35*
*
May
0,36
0,23
June
-0,08
0,48*
July
0,24
-0,51*
*-Significant at α=0,05

Table 4. Interactions in the AR content [mg. kg-1] in the grains of winter triticale among the
factors of the experiment
Year/Treatment
Productiontechnology Year /Treatment Cultivar
Mean
Integrated
Year
Variety

Intensive

2011

287b

316ab

2014

327ab

356a

Pizarro

284b

319ab

Pigmej

331ab
307b

353a
336a

Mean

Year
Mean

Pizarro

Pigmej

2011

277b

326ab

302b

2014

325ab

358a

342a

301b

342a

322

Notes: Different letters denote statistically significant differences (α=0,05)

Table 5. Variation coefficient of ARs content in winter triticale grains depending on varieties
and production technology (%)
Productiontechnology
Cultivar
Mean
Intensive

Integrated

Pigmej

Pizzaro

11,8

15,4

9,6

15,8

18,6

Table 6. The relationship between the concentration of ARs in grains, TKW and parametres of
chemical composition.
_
Type of grain component
Total protein
0,38
Crude fiber
0,53*
Oil
-0,47*
Carbohydrates 0,46*
Ash
0,51*
TKW
0,57*
*-Significant at α=0,05

Descriptive characteristics show that the AR content of cv. Pigmej has a
relatively low coefficient of variation (V = 9.6%) (Table 5). This indicates a higher
stability of this feature in these cultivars compared to cv. Pizarro, where the
coefficient of variation was 2-fold higher (V = 15.8%). In the studies of Boros et al.
[2015], cvs. Pigmej and Pizarro contained 475 and 418 mg of AR per 1 kg of grains,
respectively. In our study, these cultivars had a lower content of this compound,
namely cv. Pigmej 342 mg, while cv. Pizarro 301 mg per 1 kg of grains.
Intensive technology tended to have by 30% lower variance of AR content than
integrated technology. In the studies of Kulawinek and Kozubek [2007] and Ross
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[2003], the highest AR content was recorded in the grains of rye, triticale and wheat,
small amounts in the grains of barley, whereas these compounds were not present in
oats
The correlation analysis has shown that the AR content the winter triticale
cultivars was positively correlated with the 100 grain weight, whereas there was no
clear correlation between the grain content and AR content (Table 6). The studies of
Fernandez-Orozco et al. [2010], Mpofu et al. [2006], Żuchowski et al. [2011] found
no significant correlation between the phenolic acid and protein contents. In the
studies of Mpofu et al. [2006] and Żuchowski et al. [2011], wheat grains originating
from Winnipeg, grown under organic farming, had a lower protein content and
higher phenolic acid content than those from theconventional one.Studies conducted
on winter wheat cultivars [Czaban et al. 2015], concerning the content of individual
acids of phenolic compounds under the conventional technology, wheat grain was
richer in the dominant phenolic acids (ferulic and synaptic) compared with the
cultivars from the theintegrated and medium-intensive technologies.The said acids,
similarly to ARs, are located in the outer layer of the grain. In contrast to FernandezOrozco et al. [2010], Mpofu et al. [2006], Żuchowski et al. [2011], and Czaban et al.
[2015] found a positive correlation between the protein and ferulic acid contents. At
the same time, the grains of cultivars grown under the conventional sytems were
suppler and had higher protein content.
We found a positive correlation among the content of fiber, carbohydrates in
grains. However, together with the increase of fat content in winter triticale, the AR
content decreased. Among cereal species, oats are the richest source of fats,
containing 5 times more of these compounds than other species (3.5-8%)
[Pisulewska et al. 2011]. At the same time, ARs were not found in this species
[Kulawinek and Kozubek, 2007, Ross 2003]. The close correlation of the AR content
with ash percentage in cereal grains has also been reported by Ross et al. [2003].
Minerals, similarly to ARs, are mainly found in the outer layer of the grain,
therefore wholegrain products constitute a rich source of fiber. These days, they are
of great interest as an important ingredient in bioactive food and a potential
biomarker for the consumption of whole-grain products.

4 Conclusions
The research shows that the increase in the AR content of grains is positively
shaped by a favorable rainfall distribution, air temperature at the mean level of many
years during the grain formation period, intensive production technology and a
cultivar. The winter triticale grains of cv. Pigmej grown under intensive technology
had the highest AR content, i.e. 358 mg.kg-1 of grains in the harvest year 2014.
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The effects of “mob grazing” on soil organic matter and
dairy cow performance – a case study.
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Abstract. Mob grazing is a management grazing strategy that is characterized
by high stocking densities of livestock, which are moved frequently to a new
paddock with the aid of electric fences, trampling forage into the soil as they
graze. The pasture land is then left, ungrazed until it is fully recovered,
allowing the whole host of plant species to establish in the sward. In this
respect, mob grazing tries to simulate the grazing behaviour of vast herds of
wild herbivores found on the American plains, or in the African savannah. This
study investigated the effect of “mob grazing” on soil organic matter and on
performance of dairy cows in a case-study farm in the UK. The results show
that high stocking grazing of bio-diverse pastures has a remarkable effect on
the build-up of the soil organic matter and that bio-diverse pastures serve as a
viable alternative to conventional pastures as they can maintain animal
productivity at high levels.
Keywords: mob grazing, dairy cows, organic milk, diverse swards, soil
organic matter.

1 Introduction
Farmers are interested in increasing soil organic matter (SOM) because it serves as
a reservoir of nutrients for crops, provides soil aggregation, increases nutrient
exchange, retains moisture, reduces compaction, reduces surface crusting, and
increases water infiltration into soil, which in turn can benefit animal productivity
and maintain good herd health. The build-up of SOM can be influenced by the way
in which the sward is managed in terms of grazing (e.g. increasing the return of
vegetation to the soil). In this respect, the concept of “mob grazing” as a grazing
management strategy has attracted great interest amongst dairy farmers over the last
few years, particularly in the UK.
Under the concept of mob grazing, animals spend a short time in a small area
before moving on from paddock to paddock, trampling forage into the soil as they
graze. It is regarded that mod grazing has its basis on the grazing patterns of some
species of wild herbivores roaming unrestricted over large rangelands, leaving behind
manure concentrated on a small area, and considerable plant residues, above and
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below ground, both of which contribute to SOM and to soil nutrients (Savory and
Butterfield, 1999). Mob grazing is usually applied in diverse swards as these leys are
postulated to promote microbial activity resulting in increased soil carbon levels and
building humus. It has been suggested that trampling of significant quantities of
mixed forage onto the soil surface provides a better environment for microorganisms
and other soil life and increases the soil organic matter (Savory, 2013). Plants with
more above ground canopy are able to grow larger root systems than those that are
grazed more severely; the long recovery time between grazing allows plants to
establish a healthy root system, contributing the increased SOM (Chapman 2012;
Richmond 2011).
The claimed benefits of mob grazing on soil organic matter have not been studied
in scientifically robust experiments/studies and this gap in scientific knowledge is
reflected in the literature. This study investigated the effect of “mob grazing” on soil
organic matter and on performance of dairy cows in a case-study farm in the UK.

2 Methodology and Data Collection
In order to evaluate the effect of mod grazing on SOM and animal performance,
this study gathered soil, forage and animal production data from a case-farm in which
mob grazing on diverse swards is being used since 2007 as a method to increase the
organic matter of soil. The farm is located in the Cotswolds, near Gloucestershire,
UK and converted to organic production in 2005. The herd consists of FriesianShorthorn cross dairy cows that are spring calving, with a lactation period of 300 –
310 days. Full-time housing of the cows is limited to two months (i.e. December and
January). The farmer introduced a mob grazing approach on diverse swards that are
consisted of ten different grass, six legumes and five herb species.
Forage samples and feed intake estimation. Herbage yield of the ungrazed and
grazed paddocks were assessed on a monthly basis in the same field (Big Aero)
which was representative of the type and the age of the swards across the farm by the
the square-metre quadrat method (Harmoney et. al., 1997). This allowed for
estimation of the average DM intake of the cows. Sub-samples of the forage were
separated as grass, clover, other legumes and broadleaves and senescent material in
order to determine forage composition in the grazing plots. Additional herbage
samples were analysed by wet chemistry for metabolisable energy (ME) and Crude
Protein (CP) content.
Monitoring of farm records and additional calculations. At the end of the
monitoring period the farmer provided data and information regarding milk
production and composition, grazing records (i.e. area and livestock numbers grazed
daily) as well as supplementary feeding records regarding forage and concentrate
supplementation, amounts and periods fed. These data in addition to chemical
analysis data were used to estimate the ME intake of the cows over each season from
the given field. Data from the sampled field were extrapolated to provide an estimate
for the whole farm for each year.
Soil Samples. Historic data on the organic matter content of soil from three
different fields are available from 2007, and 2012. At the end of the two years’
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monitoring, soil samples were taken again in spring 2015 from these fields to assess
the change in soil organic matter (changes in SOM are likely to be slow, so
maximising the time will increase the likelihood of detecting a change).

3 Results and Discussion
Pasture productivity and herbage composition. The productivity of the grazed
sward during the monitoring period (i.e. April to September 2014) averaged 10.3
tonnes per hectare. Herbage production increased from April to August while the
composition of the herbage in summer months remained relatively constant (Figure
1). Clover production accounted for about 24% while grass production accounted for
71% of the total herbage production. The productivity of other legumes and “broad
leaves” represented 6% of the total production. The sward had an average of 19.1%
DM, 10.8 MJ of ME, 21.3% of CP and 376 g of NDF indicating a good quality
forage. The average ME content was marginal as normal values for this type of
forage are 11 to 13 MJ of ME per kg DM, but CP content was high and NDF within
the expected levels.

Fig. 1. Monthly pasture productivity (tonnes of DM per hectare) and herbage composition of
the diverse swards.

Gazing data, feed intake and animal productivity. According to the grazing
data 181 milking cows grazed a diverse sward field of total area of 12.5 ha for a total
of 43 days in monthly rotation intervals over a six-month period. The average
stocking density over the grazing period was 115 tonnes of livestock per hectare. The
resting period between consecutive grazings averaged about 21 days with 16 and 25
days the shortest and the longest, respectively. These resting periods do not coincide
with the principles of “mob grazing” where resting periods are of long duration (i.e.
more than 50 days) but the stocking density was relatively high. According to the
farmer, in previous years he was applying a 40 to 50 days rotation management
allowing the pastures to recover for longer. The estimated grazed intake per cow per
day in each month as well as the calculated ME intake are shown in Table 1.
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Table 1. Estimated feed (kg DM) and energy intake (MJ) per cow per day during the grazing
period from April to September 2014.

Month

03 œ 09 April

Estimated grazed
intake
DM
ME
intake
intake
(kg)
(MJ)
14.0
152

Supplementary feed
Intake*
ME
Kg DM
intake
(MJ)
4.3
56

Total ME
Intake

Total ME
requirements

Energy
Balance

208

204

4

05 œ 12 May

22.6

244

3.0

39

283

213

70

02 œ 11 June

13.9

150

3.0

39

189

210

-21

05 œ 23 July

10.9

118

3.0

39

157

195

-37

09 œ 19 August

23.8

257

2.2

28

285

188

96

12 œ 25 September

14.8

160

2.2

28

188

178

11

*Natural Organic Green HDF 18 Nuts (BOCM PAUL LTD), 862g DM, 18% CP, 13 MJ ME.
** Assuming a cow LW of 550 kg

Over the period the average daily grazed intake per cow was 17 ± 1.9 kg DM but
it fluctuated from as little as 10.9 kg DM in July up to 23.8 kg DM in August. The
average daily concentrate supplementation per cow was 2.9 ± 0.29 kg DM ranging
from 4.3 kg DM in April to 2.2 kg DM in September.
The estimated ME intake from the forage in the monitoring field in addition to the
ME Intake from the supplementary feed (i.e. Natural Organic Green HDF 18 Nuts
(BOCM PAUL LTD), 862g DM, 18% CP, 13 MJ ME) covered the daily ME
requirements of the cows in most months, but there was a nutritional shortfall in ME
intake during the grazing periods in June and July as shown in Table 1. This is
explained by the relatively low forage DM intake that is estimated in the monitoring
field for these periods, which is likely attributed to the low forage availability.
Nevertheless, daily milk yield during June and July averaged 25 and 22 kg per cow,
respectively, indicating that productivity was not compromised by the relatively low
intakes estimated for these days which suggests that subsequent grazing in the next
field in rotation allowed for good DM intakes.
Effects of mob grazing on soil organic matter. Despite the fact that monitoring of
the performance of the diverse swards was conducted only in one field (i.e. Big
Aero) soil samples were collected in 2015 from three different fields (i.e. Big Aero,
Lanes Estate, Pinchins) and compared with earlier results from 2007 or 2012. These
data show that soil organic matter increased by 122.7%, 47.2% and 40.4% in Big
Aero, Lanes Estate and Pinchins fields, respectively. The relative higher increase in
soil organic matter in the Big Aero is attributed to the fact that samples collected in
2015 are compared with those collected in 2007 (i.e. 8 years earlier) and not in 2012,
which is the case in the other fields (i.e. 3 years earlier). Yet, this is a marked
improvement with more than double the levels of organic matter reserve. The buildup of the soil organic matter is also remarkable in the other fields as well. The overall
soil analysis data suggest that soil improvement management through rotational high
stocking grazing of bio-diverse pastures appears to have a beneficial impact on soil
organic matter.

511

4 Conclusions
The results of this case study show that bio-diverse pastures are sufficiently
productive to serve as a viable alternative to conventional pastures (i.e. grass / clover
pastures) as they can maintain animal productivity at high levels. Although the
farmer claims that the grazing system he applies in his farm falls within the
principles of “mob grazing”, the average 21-day rotation he applied in his farm
during 2015 is regarded as rather short to allow plants to grow to a desired height that
fulfils the expectations of mob grazing. However, it should be acknowledged that
grazing rotations were longer in the previous years while stocking density always
remains high. This study shows that the build-up of the soil organic matter is
remarkable and suggests that soil improvement can be achieved through high
stocking rotational grazing of bio-diverse pastures.
Acknowledgments. This work was undertaken as part of the SOLID Project
(Agreement no. 266367 (http://www.solidairy.eu/), with financial support from the
European Community under the 7th Framework Programme.
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Abstract. SIGRIAN (National Information System for Agriculture Water
Management) is a web GIS platform developed and managed by the Council
for Agricultural Research and Economics, Centre for Politics and Bio
economics (CREA-PB). This GEOdatabase is operating since 1998 and
recently it has been established by the Italian Ministry of Agriculture
(MIPAAF) as the reference repository for the irrigation data collection at
national scale. SIGRIAN collects both geographical information concerning
the hydraulic network schemes of the national water boards (Consortia and
Water Associations) and information technically and economically related to
the management of water resources in agriculture. SIGRIAN will be used as
database for economic evaluations to address policy related to water resources
in agriculture and to support the assessment of optimal water resource
allocation.
Keywords: Irrigation, Water policy, Water Framework Directive (WFD),
Rural Development Program (RDP), Web GIS, Geodatabase

1 Introduction
“We commit to approaches that improve sustainability of water use in food and
agricultural production while ensuring food security and nutrition in accordance with
our multilateral trade commitments”. This obligation is taken from G20Agriculture
Ministers’ Action Plan 2017 entitled Towards food and water security: fostering
sustainability, advancing innovation [2] and it shows the pressure on water
Governance and water-related policies ensuring the sustainable use and management
of water. The total irrigable area in EU-28 is circa 18.7 million ha, with 10.2 million
ha actually irrigated and the amount of water used for irrigation estimated around 40
billion cubic meters. The highest volume of water used for irrigation in absolute
terms was in Spain, where 16.7 billion m³ is used, followed by Italy with 11.6 billion
m³ (Eurostat1). In these two Mediterranean countries the economic sustainability of
1

Eurostat
2016
http://ec.europa.eu/eurostat/statistics-explained/index.php/Agrienvironmental_indicator_-_irrigation
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farms is strongly dependent on irrigation, due to the scarce rainfalls and its uneven
distribution across the year [2]. Water is critical for economy, food security,
environment, and well-being of citizens. At the same time, water scarcity, pollution
of fresh water sources, and the effects of more frequent and intense floods and
droughts can have severe societal and economic impacts. To prevent these risks,
investment and innovative solutions are essential. In this context IT solutions play a
crucial role in providing support for the optimal water allocation and water saving;
they can also drive the water policies providing the rulers with the impact
assessment. The assessment of policy options provides the water authorities with
socio-economic and environmental analysis impacts for all options.
The 2000 Water Framework Directive (WFD) [3] and other water-related
directives have contributed to improving water protection in the EU. WFD is widely
accepted as the most substantial and ambitious piece of European environmental
legislation to date. The purpose of the Directive was to establish a framework for the
protection of European waters in order for Member States to reach “good status”
objectives for water bodies throughout the EU. Pollution from urban, industrial and
agricultural sources is subject to regulation. The implementation of WFD relies on
Member States taking a range of cost-effective measures (PoMs) in a transparent and
participatory way: the identification of management action (the distance between
current and desired water body state) and the process used to monitor the
effectiveness of PoMs (measures applied to reduce this distance) require a large
amount of information.
Concerning the European Agricultural Fund for Rural Development (EAFRD)
some ex-ante conditionalities (EACs) are set out in the Fund specific rules and reflect
existing commitments or obligations that should be fulfilled as a general rule by
programme adoption. In case applicable ex-ante conditionalities are not fulfilled
(either completely or partially not-fulfilled), Member States need to indicate in their
Programmes and Partnership Agreement the actions to be taken, the responsible
bodies and a timetable to ensure their fulfillment. If the Commission concludes that
the applicable EACs have not been fulfilled, then EACs dependent payments may be
suspended. Compliance with EAC 5.2, on water pricing and cost recovery in the
agriculture sector (implementation of WFD article 9) applies to investments in
irrigation under Priority area 5 A (water efficiency).
In the context outlined above a robust monitoring infrastructure is crucial to
manage the requirements and commitments set up by the EU water policies.
SIGRIAN is at the heart of this data network.
The effective management of water is becoming more and more important as the
world supply of clean, fresh water is steadily decreasing. United Nations [4] and
European Commission [5] recognize ICT as an important enabler to improve the
management of the valuable natural resource.

2 SIGRIAN information content
SIGRIAN (Fig. 1) is the reference database for the irrigation sector identified by the
Italian Ministry of Agriculture. It is a Geographic Information System managed by
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the Council for Agricultural Research and Economics, Research Centre for
Agricultural Policies and Bioeconomy (CREA-PB) and realized in collaboration with
the National Water Boards and the Regions. It contains geographic and alphanumeric
spatial data concerning irrigation features in collective irrigation areas (Irrigation and
Land Reclamation Consortia, Consortia for land improvement, Irrigation associations
etc.), such as:
• Administrative boundaries
• Irrigated and irrigable areas
• Irrigation supply
• Irrigation networks
• Hydrographic network
• Crop type
• Climatic characteristics

Fig. 1. SIGRIAN WebGIS home page

SIGRIAN is a repository and a catalogue, which ensures integrity of data and
information acquired and produced by the Italian irrigation sector. It allows the data
exchange and sharing with appropriate users, including download of data reports and
information for different user groups. It provides facts and figures about the
Irrigation infrastructure compiled from a variety of authoritative sources, it provides
information, diagrams and other pertinent information on hydraulic networks,
irrigation schemes, reservoirs and gauges.
Environmental Information Systems (EIS), are understood as an organized set of
resources (staff, data, procedures, hardware, software,...) for collecting, storing,
processing data and for delivering information, knowledge, and digital products. In
the context of water resources management, these information systems are sometimes
also called hydrological information systems (HIS) [6, 7, 8]. Within this category
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SIGRIAN is a water information system (WIS), which integrates many sources of
information related with irrigation water resources:
• Irrigation projects funded by the National Irrigation Infrastructure Plan
• Meteorological data from the National Agrometeorological Network
(RAN)
• Data on natural disasters and related damage of municipal and provincial
details coming from official acts of the Italian Ministry of Agriculture
(MIPAAF)
• Crops and related irrigation volumes calculated with hydrological models
such as Irriframe developed by ANBI [9]
• Estimated irrigation needs in areas covered by the FATIMA-SIRIUS2
model based on satellite information [10]
• Irrigation volume withdrawn, used and returned both for collective
irrigation and for self-provided irrigation (i.e wells)
• Agronomic information from CAP payments applications (crops, fields
size, irrigation etc..)
Many WIS are available in European countries and all over the world. The Water
Information System for Europe called WISE3 collects information on European water
issues and it comprises a wide range of data and information gathered by EU
institutions to serve several stakeholders. The WISE-WFD database contains data
from River Basin Management Plans reported by EU Members States according to
article 13 of the Water Framework Directive. WISE also provides guidelines and
datasets for the water quantity and quality reporting from countries as part of
implementation of EU directives. SIGRIAN is compliant with the EU WISE datasets.
AQUASTAT is FAO's global water information system, developed by the Land
and Water Division4. It is the most quoted source on global water statistics. It
collects, analyze and disseminate data and information by country on water
resources, water uses, and agricultural water management.
The California Irrigation Management Information System (CIMIS)5, developed
in 1982 by DWR and the University of California, manages a network of over 145
automated weather stations in California and was designed to assist irrigators in
managing their water resources more efficiently.
Orange–Senqu water information System (wiS)6 [11] promotes the equitable and
sustainable development of the resources of the Orange-Senqu River (Botswana,
Lesotho, Namibia and South Africa) and supports data and information sharing
between the ORASECOM riparian States.
In comparison with other platforms SIGRIAN has its strong point in managing
both strategic information about the irrigation networks (like WISE or
ACQUASTAT) and operational seasonal data concerning water volumes, flows and
water usage (like wiS or CIMIS).
2

FATIMA project: http://fatima-h2020.eu/
WISE: https://www.eea.europa.eu/data-and-maps/data/wise_wfd
4
ACQUASTAT FAO: http://www.fao.org/nr/water/aquastat/main/index.stm
5
CMIS: http://www.cimis.water.ca.gov/
6
wiS: http://wis.orasecom.org/
3
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3 Users and platform usage
SIGRIAN is fully web-based and the different stakeholders are able to edit and
update the information operating online. It has been developed using open source
software: PHP as programming language, PostgreSQL as GeoDB and Map Server as
cartographic engine and it is hosted on a Windows server.
SIGRIAN is not a platform open to the public because most of the information has
a strategic significance and includes financial aspects. The registered users are about
350 which are part of the decision makers and planners of the national irrigation
sector:
• Ministry of agriculture MIPAAF
• Ministry of environment MATTM
• Ministry of Infrastructures and Transport MIT
• Regional administration
• Water management boards: Consortia and Irrigation associations
• River basin authorities
In the user group both the final users of the water resource like the water
management boards of the agricultural sector and the authorities in charge of ruling
and planning the resource allocation at regional and basin level together with the
policies makers (Ministries) are represented. Data elaborations are provided on
demand to other public bodies, universities and research centers.
In 2016 the number of logins per month was around 300 and the number of data
report requests was ten per month. The DB size is currently around 700 Mb.

4 Details on the information content
SIGRIAN contains data concerning irrigation features in collective irrigation areas
that are gathered by Water Management Boards (Consortia and Irrigation
associations), with the support of National Association for Land Reclamation and
Irrigation (ANBI), and Regions. Anyhow data integrated in SIGRIAN are validated
by Regions and are available for all Italian institutions with administrative
competence on water management.
Data collected are about administrative boundaries, personnel and concerned
areas, irrigation supply, irrigation network characteristics, hydrographic network,
crops. Data on private irrigation volumes at municipal and water body basis scale
will be available by 2018. The ever-changing system allows the integration of other
information useful for administrative and technical water management and for
analysis, such as: financial and structural data on projects funded at National and
Regional level, types of crops and irrigation water volumes used on collective
irrigation areas (measured or estimated) by decision support models for irrigation
water management applied by Consortia (mainly Irriframe-ANBI platform),
irrigation water abstraction volumes (measured or estimated) and quantitative and
qualitative status of water bodies (Ministry of the Environment).
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Fig. 2. Sample of financial information on collective irrigation in SIGRIAN

Through this GEOdatabase, all stakeholders can easily access to a large amount of
information, both technically and economically related to the water resource
management in agriculture (Fig. 2 and Fig. 3). It will be used as a DSS (Decision
Support System) platform for economic evaluations to address policy related to water
resources in agriculture.

Fig. 3. Sample of district crops and related information on irrigation fees

SIGRIAN is useful to assess the optimal allocation of water resources and is
providing also support to the National Observatories of Water Uses (OWU). During
2016 the Italian Government identified measures to prevent and monitor the negative
consequences of drought. According to Water Framework Directive (WFD), the
OWUs were established. The OWUs were included among the measures provided in
the River Basin Management Plans for each Italian River Basin District. Members of
the OWU are the public water authorities.
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SIGRIAN is also a key tool for data sharing to lead water-saving actions and
economic evaluation of externalities (negative or positive) related to drainage and
irrigation.

5 Conclusions
ICT tools can be used innovatively by water authorities to obtain information in real
time about water use, to track and forecast the water resource availability and to drive
the water polices. The information availability about current situation on a near real
time basis is crucial for decision making in water resource management mainly under
crisis conditions.
In 2015 to answer to ex-ante conditionality on water resources, the Italian
Ministry of Agriculture published the Guidelines for Irrigation Volumes
Quantification and Monitoring related to water pricing (Ministry decree July 31,
2015) that designate SIGRIAN as the reference GEOdatabase to collect the irrigation
volumes data originated from both private and public water users. Also for this
reason in the next years SIGRIAN will become a large repository of seasonal data on
water usage in agriculture. The adoption of smart metering technologies for the main
points of the irrigation network will provide SIGRIAN users with information in near
real-time about water use, thus monitoring water wastefulness and having better
control over the national water demand for irrigation.
Concerning the future development of the platform a new adaptive user interface
will be released in the next year together with a group of REST calls for the system
integration.
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Abstract. Innovation in rural areas depends upon several factors. One of the
most important of those is the technology transfer and how it takes place.
Referring to the “long waves” theory on the technological revolutions, since
the first agricultural revolution to the one we are experiencing today, some
indicators, held together, can establish the relevance of innovations for each
revolution. This approach, based on a comparison between agricultural
systems, starts from a SWOT analysis to make a matrix table created and
inspired to the smart specialization strategies on high technology farming of
European Commission on research and innovation on the Agrofood sector. The
aim of this work was to build a conceptual framework to understand if the
frenzy period of precision agriculture could be a chance mostly in terms of
sustainability. This paper highlights on a first approach to delineate some
guidelines in order to provide feasible technological transferring for every kind
of agriculture system.
Keywords: agricultural revolution, rural social innovation, precision farming,
technology transfer, smart farming

1 Introduction
Nowadays it is possible to make an evaluation of what and how innovation and
technologies in rural areas spread through industrializes centuries. There are different
economic theories that explain the dissemination of innovation through industrial
revolution, but it is difficult to find specific comparisons in the agricultural field.
Organize ideas and innovation and comparing different technologies for the same
kind of agronomic activity, is an essential requirement to understand in this age and
even in the future, where and how precision agriculture could help the agriculture
systems. To deal with this challenge, on the one hand it is necessary to refer to
conceptual framework known as the “Long wave” theory of Kondratiev (neo–
Schumpeterian theory), which stated that radical technological revolutions influence
innovation and markets above social and economic changes. On the other hand, we
need to take into account the “Transition theory”, that try to explain technological

521

revolution emphasizing the spreading of niches. On these frameworks, it can be
resume that the two conceptual frameworks have similar targets and adopt
evolutionary economics with social change as a process of co-evolution of societal
sub-systems but with different historical coverage. Lastly, it is also important to bear
in mind that the Transition theory consider the sustainability, as opposed in the neoSchumpeterian theory, therefore it could be important for future evaluations. In order
to evaluate agricultural systems in their complexity, can be helpful the SWOT
analysis that allows to evaluate ex-ante or ex-post systems or policy programs as
Common Agricultural Policy (CAP) as well as to focalize points of strength or
weakness and to underline opportunity or threats. This methodology is necessary to
defining differences between agricultural systems, characterized by different
innovations, and those which are now developing with the new approach named
“precision agriculture”. In the larger part of agro industrial farms the high tech
farming (HTF) is becoming a reality. The question to be resolved, therefore, is the
following: is it possible to assert the same for other farming system? Farmers will
have initial economical efforts, but for some agricultural operations, there are
immediate effects for environmental and economic sustainability. There are
severalexamples of technologytransferring to farmers in Europe inside
Mediterraneanregionsasproject “Mare, Ruralità e Terra: potenziare l’unitarietà
strategica” MARS + (Tirrò et al, 2013), “Vivaismo sostenibile” VIS (Recchia et al,
2013), “Valorizzazione della filiera vitivinicola attraverso la tracciabilità elettronica e
le applicazioni della viticoltura di precisione.” TRA.PRE.VIT (Sarri et al, 2015) and
“innovazioni per il miglioramento della viticoltura Toscana” IMVITO (Vieri et al,
2013). These projects documented that there are in addition initial barriers as in the
learning in using the software or to understand the usefulness of collecting field data
to deal with precision agriculture. Additionally, it must also be taken into account
that precision agriculture solutions is becoming commercially achievable and is
estimated that from 2014 to 2020 the precision agriculture market will grow every
year by 12%, more less 50% in 4 years (EC, 2016a). Finally, it is important to
measure the differences between old system and new one to let farmers choose
consciously what type of system adopt in order of economic, social and
environmental efforts and sustainability.

2 Materials and Methods
2.1 Technological Revolution Models
A first approach to delineate some guidelines in order to provide feasible
technological transferring to the different kind of agriculture systems requires an
initial reference to the theories that have been point out about technological
revolutions. Kondratiev wave theory describes technology revolutions and how
innovation irrupts through economy and markets. The also called “long wave”
theory, revised and discussed by many economist has many contact points with the
“Transition” theory that mainly analyses processes of radical change in society
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connected with big changes in socio-technical system. Kondratiev theory (neoSchumpeterian theory) is not usually associated with sustainability instead,
“Transition” theory is it and is limited in its debate of how to influence social and
economic opportunity. Within this theory, “the advantages of the new technology
are so great that policy and institution accompany the development of the new
industry” (Köhler, 2012). There are several modern economist which have been tried
to describe long waves as Freeman and Louçã (Freeman and Louçã, 2001) that have
summarized in six phases the life cycle of a techno-economic paradigm i.e. 1, the
laboratory/invention phase, 2 decisive demonstration(s) of radical technical
improvement and commercial feasibility, 3 Explosive, turbulent growth,
characterized by heavy investment and many business start-ups and failures., The
phase 4 refers to continued high growth, as the new technology system becomes the
defining characteristic of economy, with impacts on most, if not all sectors of the
economy. The ‘regulatory regime’ is therefore reconfigured to support the new
technologies and industries’ products. Then the 5 step "Slowdown" as the technology
is challenged by new technologies, finally the 6 stage "Maturity" leading to a
(smaller) continuing role of the technology in the economy or slow disappearance.
Therefore, the innovation trajectories in long waves theory for technological
revolutions defined by Perez (Perez, 2010) are based on the diffusion of the
technological revolution and time and can be identified in four phases defined by a
first irruption phase followed by a frenzy period then by a synergy period and finally
a maturity period (figure 1).

Fig. 1. Graphic of technological revolution, based on Perez (2002).
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Generally, the discussion on technological revolution is on industrial field, but it
can be borrowed also on agricultural revolutions that usually deduce from industrial
ground.
Lastly, if the larger part of economist agree with the “Schumpeter-Freeman-Perez”
paradigm that identify five waves for agricultural sector, innovations that bring new
waves can be compared with industrial revolution waves as showed in the table 1.
Table 1. Comparison between industrial revolutions and agricultural revolutions.

Technologi
cal
revolution

Popular name
for the period

Big-bang
initiating the
industrial
revolution

Year

Big-bang
initiating the
agricultural
revolution

Arkwright’s mill
First theory on
opens in
1771 reversing
Cromford
plough*
Test of the
Rocket
steam engine for
Age of steam
First gasoline
Second
the
1829
and railways
tractor engine**
Liverpool–
Manchester
railway
The Carnegie
Age of steel,
Bessemer
electricity and
Third
steel plant opens 1875 heavy
in
engineering
Pittsburgh, PA
Age of Oil, the First Model-T
Automobile
comes out
Fordsontractor
Fourth
and
of the Ford plant 1908 based on T
Mass
in
model**
Production
Detroit, MI
Fifth
Age of
The Intel
1971 ICT and digital
Information
microprocessor
systems in
and
is announced in
agriculture
Telecommunic Santa
management**
ations
Clara, CA
*
*AA.VV, (2008).
**Zoli, M., Vieri, M. (1998).
*** IstEuropean conference on precision agriculture (1997).
First

The Industrial
revolution

Year

Agricultural
revolution

1774

First

1890

Second

-

-

1915

Third

1997
Fourth

Technological revolutions in the industrial sector and also in the agriculture sector
occurred along the same years. Nevertheless, it must be noticed that for the main tool
of the green revolution i.e. the tractor, and specifically for the T tractor have elapsed
only few years, while it is just a fact to find the first microprocessor on tractor have
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spent many years. Consequently, the first approach with CAN-bus was made only in
1988 (Biondi, 1999).
2.2 SWOT Analysis Method
In order to evaluate each agricultural revolution that generated different agricultural
systems, a SWOT analysis was carried out to assess ex-ante or ex-post the systems
with the objective to focalize points of strength or weakness from internal and to
underlines opportunity or threats from external (Table 2).
Table 2. SWOT matrix model

Internal origin
External origin

Helpful
(to achieving the objective)

Harmful
(to achieving the objective)

Strengths
Opportunities

Weaknesses
Threats

2.3 A Matrix to Compare Technological Revolutions in Agriculture
A matrix that compares agrarian revolution with a system based on the precision
agriculture method was made with the target to make order in this frenzy period and
in order to compare it with other known systems. This system, inspired to the smart
specialization strategies on high technology farming of European Commission on
research and innovation on the Agrofood sector, splits different mechanized/notmechanized field operations divided in technology oriented (eyes, touch, arms, mind)
and in service oriented (memory, experience, identity) (table 3). Under each
operation are shown the unit used (Vieri, 2016).
These operations were defined for the precision farming (but they can be
explained also for the others technological revolution) as follow:
● EYES & TOUCH to monitor the single element on wide area (sensors and digital

●
●
●
●

layer) and recognise the effects in each element treated (on board, proximal and
remote sensors)
ARMS to do huge and precise tasks (automation, robot)
MIND to be aware of what, where and when to act in each single productive step
(Modelling and Decision Support Systems)
MEMORY to be aware on what has been done (telemetrics, traceability, data
store)
EXPERIENCE (Data Management & Prescriptions)
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● IDENTITY of agricultural resources and sustainable use at Local & Regional

level (territorial complexity, TRL of tools & services, Know-how, CoPs).
Table 3. Comparison between agricultural revolutions in terms of field operations technology
oriented

Agricultural
revolution

Operation
EYES
ha/year/man

TOUCH
ha/year/man

ARMS
h/ha/man

First

2-3

2-3

From 800 to 80

Second

scheduled andprescribed application

Third

200-300

200-300

From 10 to 2

farm

Fourth

300-500
(multiparameter)

300-500
(multiparameter)

From 2 to ~ 1

global level

From 80 to 10

MIND
surface
subsistence
farm
levelling
out
methods
and
practices

Table 4. Comparison between agricultural revolutions in terms of field operations service
oriented
Agricultural
revolution
First

Operation
MEMORY
data
oral

Second

EXPERIENCE
farmer
oral/personal experience

IDENTITY
farmer
family

levelling out methods and practices

Third

oral/written/data

local level/farms

farms

Fourth

big data

global level

local level

In the tables 3 and 4, clearly show how technology have influenced since the first to
the fourth agricultural revolution the different operations. Moreover, it is possible to
highlight as in the green revolution, (the second agricultural revolution) farmers did
not carry on decisions on many operations.

526

3 Discussion & Results
In the first agrarian revolution thanks to innovations in the design and efficiency
of ploughs, human strength increased even though there were less people employed
in farming because of industrial revolution and wars. In the second agrarian
revolution mechanization played a key role allowing everyone, more profits and
production. Thanks to this, although the increasing number of people, the born of
agroindustry resolved the hunger problem, with mechanization and chemicals. On the
other hand, the system loses its complexity in terms of territorial knowledge and
peculiarity. In the third agrarian revolution, times of innovation reduced in bias of
more complexity of systems and technologies used. Knowing this, a first approach,
committing the neo-Schumpeterian theory of technological revolutions and applying
the SWOT analysis to the fourth agricultural revolution can be discussed and
resumed as follows: (Table 5).
Table 5. SWOT Analysis on the fourth agricultural revolution
Helpful
(to achieving the objective)
Internal origin

External origin

Harmful
(to achieving the objective)

Strengths
•
knowledge
–
agriculture
•
augmented capacity
•
multidisciplinary

Opportunities
•
innovative value chain
•
circular economy
•
social cohesion
•
empowerment
of
communities
•
antifragility

based

Weaknesses
•
speculative business model
•
digital divide of rural
communities
•
limited access to data and
innovation
Threats

rural

•
•
•
•

business as usual value chain
inequality
exploitation
of
rural
communities
fragility

The table above summarize the state of the art of what is the fourth agricultural
revolution.
Thebiggest difference between the fourth agricultural revolution and the others is
that the former happens during the era of the digital revolution. This opens to the
opportunity of changing radically the value distribution and allows the re-thinking of
the local products (and local producers) as the core of a new value system based on
the triple bottom line approach (people, planet, profit). This paradigm has been
defined “rural social innovation”, and is aimed at investigating the pathways for a
Mediterranean social innovation initiative (Giordano, A. and Arvidsson, A., 2015).
Referring to the SWOT analysis, this means that threats can become opportunities for
medium and small agricultural companies and this represents a challenge for the
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territories in which these companies play a significant role for the social and
economic development of the communities.
Trying to realize it, we should also consider that there are different actors turning
in this system, discovering who exactly they are and how they act.
The main actors of this system are:
- government (local or central), as the actor in charge for the policies
- farmers, as the actor in charge for the supply
- people, as the actor in charge for the final consumption demand
In this scenario, policies should take in consideration the real need of rural
communities, taking care of the important role played by them for maintenance of
landscape, water regulation, traditions, food quality and finally, of all the dimensions
that can generate positive social and environmental impacts.
The last European Policies (CAP) and the Declaration of Cork 2.0 claim this path
well signed (EC, 2016b).
Table 6. Perspective of possible evolution of technological shifting in agricultural contest

Traditional
technology
transfer
Speculative as
usual business
model

Empowerment of
rural communities
CSA
Digital innovation hub

Innovative
value chain
Top- Down
policies

Marketing
of local
products
Exploitation of
rural communities

Furthermore, the SWOT analysis risks realizing a static vision of the reality. In
fact, it is not possible to effect on strengths and weaknesses but it is possible to have
a deeper vision of the SWOT analysis working on and convert treats in opportunities.
In this case, referring to the table 5 there are two key variables, the value chain
(strength-weaknesses related) and the level of empowerment-exploitation of rural
communities and we intend to show how guidelines can influence the evolution of
the new agricultural paradigm, in terms of technological shifting, and their related
effects. This dynamic framework can develop (if the factors on the axis go to the
upside and the right) in a Community Supported Agriculture system (CSA), a digital
innovation hub, or other online and offline networks that fulfil the rural social
innovation approach, which include a digital approach (Lombardo, 2017 in press).
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Every action took by actors, in other directions, cannot realize completely the
innovations needed in rural areas for farmers. In fact, turning threats in opportunities
means that the access to technology allows little and medium companies to use
environmental peculiarities (i.e. biodiversity or landscape) as levers for marketing.
For this reasons instead, those peculiarities can be the lever of a new value
distribution.

3.1 A First Approach to Comparison Between Precision Agriculture and Other
Agricultural Revolutions
Whilst it has been considered the policies and a different innovation approach in
rurality, on the other side arises the necessity to compare operational data in order to
understand that filling the gap of technologies innovation in agriculture is a real need.
As an evaluation example of agricultural working stages, the ploughing was
considered. The reference unit analysed was the working capacity expressed as m3 h1
ploughed considering a soil furrow slice with a 0,2 m deep and 0,4 m width, for a
total surface of 8 dm2 worked by a man with a shovel. The time required was set to
800 hours per hectare as documented by CosimoRidolfi (Faucci, 2008) and further a
yard efficiency of 0,85 was set. In view of these parameters, it follows that the
amount of soil to plow was 2000 m3 per hectare and that a man with a shovel was
able to work around 2,5 m3 per hour. This reference unit yard was compared with the
horse with plough, to the tractor coupled with single plow, a tractor with a five
ploughshare plows and finally with a tractor equipped with a five ploughshare plows
and automatic drive. The yard working capacity was calculated multiplying the
forward speed by the soil furrow slice surface. Then the resulting value was
multiplied by the yard efficiency.
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Table 7. Work needed for a furrow slice of 8 dm2 for different yard typologies representing
diverse technologies revolutions.

Working capacity

Yard
Man +
Shovel
Horse +
Plough
Tractor +
Single Plough
Tractor +
five ploughshare
Tractor +
five ploughshare +
Automatic Drive

m3 h-1
m3 h-1 2,5

Volume/h
Yard efficiency
Forward speed

0,85
mh

-1

mh

-1

mh

-1

mh

-1

Yard efficiency
Forward speed
Forward speed

Yard efficiency

230

6000
0,7

Yard efficiency
Forward speed

3600
0,8

Yard efficiency

2

336

6000
0,7

1680

6000
0,9

2160

The results showed, referring to the unit m3 h-1and taking as reference unit the man
work, the huge differences between the productivity of a tractor (like that one of the
2ndth and 3th agricultural revolution and the more used kind of tractor), compared to
the productivity of a tractor with automatic drive. The difference encountered
between the productivity of the tractor with ploughshare 336 m3 h-1 and the tractor
with five ploughshare 1680 m3 h-1 is attributable to the increasing number of
ploughshares and not to the technology used. It is important to underline, the relevant
difference if the technology used changing. In fact, a tractor with five ploughshare
has a productivity of 1680 m3 h-1, but a tractor with five ploughshare and automatic
drive has a productivity of 2.160 m3 h-1 that is 1,3 times more.

4 Conclusions
Approaching to the fourth agricultural revolution and trying to understand
emerging needs, in both operational and policies it could be a chance to introduce
profitable innovations in agriculture to have a sustainable managing of the natural
resource. The highlight on one field operation, comparing through different kind of
technology used, is the first step to underline the necessity of a technology
introduction also for small and medium agricultural enterprises. In this contest, it is
important to remember the feasibility of a technology and the cost to effort for every
kind of company. The challenge for the policy makers in the framework of a
technological revolution, such as precision farming, is boosting knowledge and
technological transfer also for those farmers who can’t have all the capital needed.
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For this reasons, it is desirable to design and implement an economic and social
ecosystem able in supporting this kind of policy. Only in this way, it will possible to
shift from a extractive business as usual value, to a community supported agriculture
system (CSA), where the value generation and redistribution is coherent with the
effective value contribution given by the actors involved in the process.In
conclusion, these kind of policies allow us to consider a new SWOT analysis that
faces the challenge of the rural social innovation approach.
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Abstract. Center-pivot irrigation systems are highly efficient in terms of the
quality of the watering process and/or the water consumption. However,
several serious problems can occur during the use of such systems, principally
due to the vibrations which are caused either by the wind excitation and/or
other, mainly steep, external loadings, which in turn can be caused by failures
of the roads or fields, such as potholes, cavities etc. For the suppression of
these vibrations, fuzzy and adaptive neuro-fuzzy control can be used. The
application of the control mechanisms can be done on simplified models, such
as beams or trusses. In the present investigation, a Sugeno-type hybrid neurofuzzy controller is implemented and tested on a smart beam model using
SIMULINK, under a triangular loading similar to the one, which can be caused
by a pothole. The numerical results indicate that the control is not only
efficient, but smooth as well.
Keywords: Smart structures, Structural control, Fuzzy control, Neural control,
Adaptive Neural Fuzzy Inference (ANFIS), Irrigation systems.

1 Introduction
Center-pivot irrigation systems, also called waterwheels or sprinkler irrigation
systems are very popular for the watering of crops. Such systems are highly efficient,
as they combine perfect irrigation and maximum water conservation. However, the
use of these systems can confront several problems due to the vibrations, which are
caused by the wind and/or other external loadings.
To study and reduce these vibrations, one can consider smart beam models, as
simplified models of the center-pivot irrigation systems. The smart beams embody
piezoelectric elements along with control mechanisms that provide the intelligent
behavior. Linear systems can be studied by classical control methods, however
classic mathematical theory of control meet many restrictions, as nonlinearity in the
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system or/and the controllers increases dramatically the complexity of the problem.
In this case, fuzzy and hybrid neuro-fuzzy controllers can be used instead.
Several controllers have been developed by our team in previous investigations
(Tairidis, et al., 2009), (Stavroulakis, et al., 2011) etc. Strong computational tools for
the simulation of smart structural systems can be considered among others
MATLAB, SIMULINK or other similar software. Once the controllers are built,
some fine tuning may be necessary and can be based on several concepts, which can
be among others the trial-and-error method or global optimization methods, such as
particle swarm optimization or genetic algorithms (Tairidis, et al., 2015), (Marinaki,
et al., 2011), (Tairidis, et al., 2016). A systematic approach on this topic is the use of
adaptive fuzzy controllers. The fine-tuning in this case can be systematized by
embedding the fuzzy inference controller into suitable neural network architecture
and, subsequently, using adequate training procedures.
The ANFIS system of MATLAB is a well-established implementation of the
adaptive neuro-fuzzy concept. In the present paper, the advantages of the application
of adaptive neuro-fuzzy controllers optimized using the ANFIS method for vibration
suppression are investigated. Namely, a Sugeno-type hybrid neuro-fuzzy controller is
implemented on a given smart beam model and tested using SIMULINK. The
investigation is based on the study of a smart beam with piezoelectric sensors and
actuators, which was carried out by our team (Tairidis, et al., 2009), (Tairidis, et al.,
2013). The system, which is examined here, consists of a cantilevered beam which is
subjected to a triangular external load.

2 Mechanical Model and Control
In this section, the simplified mechanical model with the embedded piezoelectric
components, along with the control system is presented. The beam model is
considered to have similar behaviour in vibrations with each part (right and left) of a
small center-pivot irrigation system (Fig. 1), like the ones used in Greek agriculture.

Fig. 1: A typical small center-pivot irrigation system in Greece
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2.1 Mechanical Model of the Smart Beam
The simplified model of the smart structure consists of a composite beam with
bonded piezoelectric sensors and actuators (see Fig. 2). The cantilevered beam with
the fixed (clamped) boundary condition on one end and the free boundary condition
on the other end is considered. The beam model is derived from the Euler-Bernouli
theory (Thomson, 1981), (Gere, 2012).
The discretization of the model is based on the finite element method. This
investigation considers a simplified beam model, where piezoelectric components,
i.e. sensors and actuators are used for the measurements and application of control
forces, respectively. A cantilevered beam subjected to a vertical time-dependent
loading and equipped with one neuro-fuzzy controller at the free end.

Fig. 2: Schematic representation of the smart beam

After assembling the mass and stiffness matrices for all elements, the equation of
motion is given as:

ΜX!! + ΛX! + ΚX = Fm + Fe

(1)

where M and K are the mass and stiffness matrices, Fe is the control force vector
produced by electromechanical coupling effects, Λ is the viscous damping matrix and
Fm is the external loading vector.
The state space representation of (1) is given by

x! = Ax + Bu
y = Cx + Du

(2)

where x is the state vector, u is the control vector and y are the available
measurements.
The control law is a linear or nonlinear feedback of the form

u = Ky resp. u = f (y)
where K is the unknown controller gain, resp. f (y) is the nonlinear controller.
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(3)

2.2 Structural Control
The control of structures is mainly based on some critical assumptions, such as
linearity hypothesis for both the structural system, as well as the feedback of the
controller. The core benefit of classical control techniques is the availability of the
appropriate mathematical tools, not only for the design of a specific controller, but
for its study as well. However, the lack of information and measurements for the
whole dynamical system degrades dramatically the effectiveness and the feasibility
of these methods.
The nonlinearities can be caused from the presence of smart materials in the host
structure or in other structural components such as the sensors or the actuators.
Another source of uncertainties in the model can be the excitation, i.e. the possible
external loadings. This type of uncertainties is very common in practical applications
at almost every real-life system. Thus, the design and production of efficient and
robust nonlinear controllers, which could be function properly for a wide range of
applications and which will be able to tolerate a certain number of nonlinearities, is
important and desirable.
The design of these nonlinear controllers is mainly based on intelligent and soft
computing tools, such as fuzzy and neuro-fuzzy control, as the tools, which are
provided by the classical control, are not fully developed.
This type of controllers permits us to realize more complex control scenarios
based on different control strategies or mixtures of them (Abe, 1996). More
specifically, fuzzy inference rules systematize existing experience and can be used
for the rational formulation of nonlinear controllers (Driankov, et al., 1996),
however, knowledge or experience on the controlled system is required for the
application of this technique. On the other hand, neural networks can be trained to
approximate almost every nonlinear mapping, which means that they can be used for
fine-tuning.
Hybrid techniques, which combine the best characteristics of the previous two
methods, have also been proposed and tested by our team (Papachristou, et al., 2011),
(Stavroulakis, et al., 2011), (Tairidis, et al., 2013). Adaptive neuro-fuzzy controllers
can be considered as a more systematic approach for smart structural control.
Adaptive Neuro Fuzzy Inference System (ANFIS) of MATLAB is efficient, robust,
as well as a well-established implementation of the adaptive neuro-fuzzy concept
(Muradova, et al., 2017).
2.3 Neuro-fuzzy Control Using ANFIS
The control system consists of a Sugeno-type neuro-fuzzy inference system, which
takes as inputs the displacement and the velocity and returns the control force as
output, thus it is a multiple input – single output (MISO) controller. The training and
the optimization of the controller are achieved via a training process within the
adaptive neural fuzzy inference system (ANFIS) package of MATLAB. Namely, a
representative set of data is used for training, i.e. for the adjustment (fine-tuning) of
the system parameters. In order to collect this data, the model is first simulated
without any control and its vibrations are measured.
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The form of the membership functions of the inputs after the training process is
shown in Fig. 3, while the graphical representation of the rules of the neuro-fuzzy
system along is shown in Fig. 4.

Fig. 3. Membership functions of the inputs (displacement and velocity) of the controller

Fig. 4. Graphic representation of the rules of the Sugeno controller

3 Numerical Results
In the present paper, a problem of a cantilever beam (Fig. 2) is considered, as a
simplified model of a small center-pivot irrigation system (Fig. 1). The beam has a
total length equal to 17.5m and a square cross-section with dimensions 0.1m×0.1m.
The elasticity modulus is 73×109N/m2, while the mass density of the host beam
equals to 2700Kg/m3.
A triangular-shaped external force, concentrated at the free end of the cantilever,
is applied. The beam has been discretized using the finite element method. The
objective of the proposed adaptive Sugeno neuro-fuzzy controller is the reduction of
the vibrations.
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In Fig. 5, one can observe that the reduction of displacements and velocities is
significant after the application of the neuro-fuzzy controller. Note that with the
intermittent line is denoted the vibration of the beam without control, while with the
continuous line are shown the results of the Sugeno controller. In Fig. 6, one can see
the loadings applied on the system. The external force, which has triangular shape
and is applied only for the first two seconds of the simulation, is presented with the
intermittent line, while the Sugeno control force is given with the continuous line.

Fig. 5. Vibration suppression at the free end of the beam in terms of displacement and velocity

Fig. 6. Triangular external loading and control force

4 Conclusions
From the numerical results of the previous section, one can conclude that adaptive
neuro-fuzzy systems can be very useful and effective in the design of smooth and
robust controllers. One systematic approach is the hybrid adaptive neuro-fuzzy
inference system, which is presented here. The vibration suppression, which was
achieved in terms of displacement and velocity of the smart center-pivot irrigation
system, indicates the efficiency of the method. The characteristics of the control can
be further tuned by using global optimization methods.
The main application of the proposed system can be on the irrigation of large
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field crops units, which are mainly encountered at the northern and the central part of
Greece. Center-pivot irrigation systems can be used among others for the watering of
cultivations of cotton, alfalfa (also known as medicago sativa or lucerne), wheat of
the genus Triticum, etc. In Crete, these techniques can be used for irrigation systems
inside greenhouses or even for the control of such lightweight structures due to
extreme wind loadings.
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Abstract. Selection of a good water management plan for the river basin is a
complex decision-making problem because interests of stakeholders are
usually confronted, rarely in complete agreement. If water committee has to
emulate interest and power of key parties, decision-making process can be
organized in many different ways, depending on adopted methodology for
deriving decisions and formalizing setup to implement solutions. Group
context brings individuals with different background, attitude and
(in)consistencies they will demonstrate while evaluating and/or judging
options. In this paper, we show how two methodologically distinct tools can
efficiently support group decision making at a group and sub-group level
within committee. We propose to firstly use analytic hierarchy process (AHP)
to rank management plans, and secondly, to use voting method Borda Count
(BC) for final ranking of plans selected by post analysis of the AHP results.
Illustrative example from Brazil is used to show usefulness of combined
approach.
Keywords: Decision-making; AHP; Borda Count; water management; longterm plan.

1 Introduction
The MCDM (multi-criteria decision-making) method known as Analytic Hierarchy
Process (AHP) (Saaty 1980, 2003) and the SC (social choice) method known as
Borda Count (BC) (d’Angelo et al., 1998; Srdjevic, 2007), are employed to manage a
group decision-making process aimed at assessment of and selection of the best
among five long-term water management plans across five criteria. During one of
multiple workshops related to hierarchical decision-making processes held at the
School of Polytechnic, Federal University of Bahia, Salvador, Brazil, a special
session has been organized to analyze possibility of establishing decision-making
framework related to water management at a catchment scale and within different
group contexts. A group of 21 professionals took part in one of two sessions, which
lasted in four hours, including two half-hour breaks.
AHP is used to support individuals’ and sub-groups’ cardinal assessments and
prioritization of the decision elements and to rank management plans. Participants
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used evaluation sheets and judged decision elements within given hierarchy by
strictly following standard AHP procedure. Once evaluation sheets are collected,
prioritization of criteria and plans is followed by the final AHP synthesis. Values of
weights for plans and decision makers are aggregated by weighted geometric mean
(WGM) method to obtain the final weights and corresponding ranking of plans. Post
analysis of the final AHP results is used to reduce set of five alternative plans to new
set of 3 best ranked plans to be used in the second part of the session.
New set of plans was included in the appropriate evaluation sheet (voting ballot)
according to requirements of the preferential method Borda Count. We selected SC
method as the second part of the decision framework due to its simplicity, easiness to
be explained to participants and as less time and effort consuming than AHP.
Sheets were distributed to individuals to set their preferences by simply ranking
alternative plans considering all criteria as implicitly condensed into unique criterion;
note that this is the case how voters usually do in real-life elections. Collected
preferential opinions of participants, as fully ordinal information (differently from
cardinal information obtained by AHP) are summarized to rank 3 alternative plans as
final group decision.
Worthy to mention is that when applying AHP and BC, awareness is required
because individuals’ background and knowledge are generally very different,
particularly if groups (and sub groups) are large. Also important is that in large riverbasin water committees, a decision-making process related to planning and overall
water management will expectedly be performed with participation of ‘oriented
committee members’ bringing particular background and mostly narrowed interest
from social, political or economic environment they are coming from. These facts
have also been a part of our recent research, but are not discussed in details in this
paper.
In strictly AHP context, reported approach recognizes importance of using equal
weights of individuals, and, at the later stage, different weights of subgroups based
on the number of members in the subgroups (larger a sub group – higher is its
weight). At a committee level, sub groups actually act as a new (virtual single)
individuals and the final preferences are determined by weighted geometric
aggregation.
For the sake of completeness and to justify our methodological choices we
consulted rich literature around group decision-making in agriculture, ecology, etc.
that allow a multiple criteria and multiple participants, multiple evaluation tables
setting, notably a lot of them applying the aggregation-disaggregation paradigm (e.g.
Morais and de Almeida, 2012; Zendehdel et al., 2010; Jonoski and Seid, 2016;
Jonoski and Seid, 2016). More methodological sources (Kadzinski et al., 2013;
Cabrerizo et al., 2014) were consulted to check our ideas related to aggregation
schemes.
Outline of the paper is as follows: after brief description of mathematical bases of
both AHP and BC, illustrative example section contains statement of the decision
problem, description of decision elements and final outcomes of AHP+BC
application. Concluding remarks are given at the end of paper.
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2 AHP and Borda Count Mathematics
2.1 Analytic Hierarchy Process (AHP) – Multicriteria Method
A philosophy of the Analytic hierarchy process (AHP) is easy to understand. Assume
that hierarchy of the decision problem consists only of a goal (G), a set of criteria Cj
(j=1, 2, M), and a set of alternatives Ai (i = 1, 2, N). This hierarchy may be called 3level hierarchy, with levels counting from top to bottom (Fig. 1).

G

C
2

C
1

A
1

C
M

A
2

A
N

Fig. 1. Hierarchy of a decision-making problem

The AHP starts by performing a sequence of Mx(M-1)/2 pairwise comparisons of
criteria with respect to a goal by using the 9-point Saaty’s scale, Table 1 (Saaty,
1980).
Table 1. Original Saaty’s scale for pairwise comparisons
Numerical values
1
3
5
7
9
2,4,6,8

Judgment Definition
Equal importance
Weak dominance
Strong dominance
Demonstrated dominance
Absolute dominance
Intermediate values

This way a judgment matrix (1) of size MxM is created

⎡ a11
⎢a
A = ⎢ 21
⎢ ...
⎢
⎣a M 1

a12

...

a 22
...
aM 2

a1M ⎤
... a 2 M ⎥⎥
... ... ⎥
⎥
... a MM ⎦
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(1)

with entries aij (i,j=1,2,…,M) being numericals given in the first column of Table 1 as
representation of preferences elicited from the individual as judgments defined in the
righthand side of the same table. Reciprocal property of matrix A means that aij=1 for
all i=j (i, j=1, 2, M), and aij=1/aji.
If we assume that entries of the vector w=(w1,w2,,...,wM)T, commonly called
priority vector, are weights of criteria, then it is desired to determine these values so
that matrix (2) is best approximate of judgment matrix (1).

⎡ 1
⎢w /w
⎢ 2 1
~ ⎢ .
A=⎢
⎢ .
⎢ .
⎢
⎢⎣ wM / w1

w1 / w2
1
.
.
.
wM / w2

... w1 / wM ⎤
... w2 / wM ⎥⎥
...
. ⎥
⎥
...
. ⎥
...
. ⎥
⎥
...
1 ⎥⎦

(2)

In standard AHP, for matrix A the maximum eigenvalue λ max is determined, and
related eigenvector is adopted as vector w. This method is generally recognized as
the eigenvector method (Saaty, 1980). There are, however, more than 20 other
methods described in scientific articles for deriving vector w, for instance: additive
normalization (Saaty, 1980), direct least squares (Chu et al., 1979), weighted least
squares (Chu et al., 1979), logarithmic least squares (Crawford and Williams, 1985),
fuzzy preference programming (Mikhailov, 2000), logarithmic goal programming
(Bryson, 1995), evolution strategy prioritization (Srdjevic and Srdjevic, 2013), and
most recently cosine maximization (Kou and Lin 2014). Useful information on these
and many other methods can be found in rich scientific literature (e.g., Golany and
Kress, 1993; Mikhailov and Singh, 1999; Srdjevic, 2005; Ishizaka and Labib, 2011;
Blagojevic et al., 2016).
Next, Nx(N-1)/2 pairwise comparisons of alternatives are performed at level 3
with respect to each criterion at level 2. This way a set of M matrices of size NxN is
created. Local eigenvectors (for each matrix one vector) are computed as before, and
a new matrix (3) of size NxM is created. Computed local vectors represent columns
of this new matrix X. Recall that elements of jth vector are partial ratings of
alternatives with respect to the jth criterion and sum to 1.

w1
⎡ x11
⎢x
X = ⎢ 21
⎢ ...
⎢
⎣ x N1

w1

… wM

x12
x 22
...
xN2

... x1M ⎤
... x 2 M ⎥⎥
.
... ... ⎥
⎥
... x NM ⎦
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(3)

Finally, local priority vectors are multiplied by the weights of related criterions to
obtain matrix (4), which aggregates performance ratings of all alternatives with
respect to all criteria.

⎡ w1 x11
⎢w x
Z = ⎢ 1 21
⎢ ...
⎢
⎣w1 x N1

w2 x12
w2 x 22
...
w2 x N 2

... wM x1M ⎤ ⎡ z11
... wM x 2 M ⎥⎥ ⎢⎢ z 21
=
...
... ⎥ ⎢ ...
⎥ ⎢
... wM x NM ⎦ ⎣ z N1

z12
z 22
...
zN2

... z1M ⎤
... z 2 M ⎥⎥
... ... ⎥
⎥
... z NM ⎦

(4)

Summing the elements in each row of the matrix Z gives the final result (5):
weights for alternatives at fingertips of the hierarchy with respect to the goal at the
top of hierarchy.
M

wi = ∑ zij , i = 1,2,..., N

(5)

j =1

The alternative with the highest weight coefficient value wi should be considered
as ‘the best alternative’, i.e. the best choice in the multicriteria sense.
2.2 Borda Count – Social Choice Method
Preferential voting methods from the SC theory exclusively use ordinal preference
information contained in the preference table (Table 2), created by collecting ballots
(in real elections). A constructed preference table usually has the following
properties. The size of the table is MxN, where M is the number of individuals and N
is the number of possible alternatives (choices). Each row represents the ranking of
alternatives performed by one individual. If j is the best alternative for individual i,
then the rank number is rij = 1; if j is the second-best alternative, then rij = 2, and so
on; if alternative j is the worst one, then rij = N.
Table 2. Preference table

Indiv. 1
Indiv. 2
...
Indiv. i
...
Indiv. M

Alt. 1
r11
r21
...
ri1
...
rM1

Alt.2
r12
r22
...
ri2
...
rM2

...
...
...
...
...
...

Alt. j
r1j
r2j
...
rij
...
rMj

...
...
...
...
...
...

Alt. N
r1N
r2N
...
riN
...
rMN

In Borda Count, each alternative gets 1 point for each last place vote received, 2
points for each next-to-last point vote, etc., all the way up to N points for each first-
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place vote. The alternative with the largest point total wins the election and is
declared to be the social choice.
For each rij in the preference schedule, a number
qij = N – rij + 1

(6)

is assigned by the above procedure, and the total score for alternative j is given as
M

Qj =

∑
i =1

M

q ij =

∑

M

( N − rij + 1) =M ( N + 1) −

i =1

∑r

ij

.

(7)

i =1

The alternative j* with the highest Q value can be selected as the winner, i.e.
social choice:
Qj* = max Q j .
1≤ j ≤ N

(8)

3 Example Application of the AHP+Borda Methodology
3.1 Statement of the Decision Problem
The problem is stated as to select the most desired long-term water management
plan for river basin by authorized institution such as the water committee (WC). The
WC is considered to be a decision body (global group) and what is said hereafter to
be ‘the group choice’ should be understood as ‘the WC choice’. Assuming that
individuals in sub groups will make certain decisions, the final decision should
certainly be made at the WC level in a democratic manner with respect to the
preferences derived by participating sub groups and/or their delegates.
3.2 Hierarchy
A decision problem is stated as a three-level hierarchy with: (1) a goal is at the top of
hierarchy, (2) five evaluating criteria under goal, and (3) five alternative management
plans under criteria level that is at the bottom of hierarchy Fig. 1.
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Fig. 2. Hierarchy of the problem

The hierarchy is adopted after each decision element is briefly described to all
participants at a plenary part of a session. Main decision elements (goal, criteria set
and alternatives) are as follows:
• Goal
Select the best (most desired) plan using given set of criteria
• Criteria set
Political influence criterion is considered as the gradually exposed impact of
various state and in-basin agencies and bodies, representatives of cities/villages,
stakeholders, producers and local leaders.
Economic criterion relates to real possibilities to implement the economical
process, reliability of economical parameters, estimated costs of investment,
operation and maintenance, and expected direct and indirect benefits.
Social issues criterion relates to issues such as infrastructure, demographic
changes (migration), health care and working conditions.
Environmental protection criterion relates to specific environmental and ambient
conditions such as the distribution of pleasant resorts, preservation of historical sites
and cultural values, accessing the objects and facilities, protecting water quality, and
particularly preserving acceptable sanitary conditions.
Technical criterion encapsulates interests in preserving proper spatial distribution
of projects, technical conditions for project operations, technologies involved, and
eligibility for technical improvements.
• Decision alternatives (management plans)
Plan 1 (Balance). High industrial developments are foreseen as well as intensive
irrigation. Electric power production will increase by 20% after certain
reconstructions of the existing hydroelectric objects and facilities. All users,
including big users such as irrigation and hydroelectric production, will have
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approximately equal treatment. However, ecological and urban water requirements
will receive top priority in water allocation.
Plan 2 (Supply). Water supply (municipal and rural, human and animal) will
absolutely get an increased concern from the state agencies responsible for water
management. It will be dominantly realized by means of reservoir management.
Demographic movements from rural areas to cities and state capitals will continue
with an actual increasing trend, but will be significantly decreased by the middle of
the planning period. Irrigation will rise to only 50% of that amount estimated as
maximum by the end of the period.
Plan 3 (Irrigation). Irrigation will have a dominant role with respect to the other
water uses throughout the basin. Priority will be given to large irrigators
(development at a level higher than 80% of the estimated maximum). No water
payments are expected until 2020; only irrigation and industrial uses will be charged
afterwards.
Plan 4 (Payment). Water payments will start progressively by 2020, with revisions
of payment policy every 5 years (2025 and 2030). Pricing will be combined with an
advanced system for obtaining the water rights. Other elements of the plan are the
same as in Plan 3.
Plan 5 (Other users). This plan is a modification of Plan 1 in a way to emphasize
importance of small irrigation users, tourism, eco-tourism and other small users (such
as handmade manufacturers, ceramic industry). Intent is to enable that various users
(other than large ones) will receive a higher priority by obtaining proper water rights
and excluding payments; compensation for their uses of water will come from large
consumers in irrigation, hydroelectric production and industry by proper pricing
policy.
• Decision makers, interest groups and water committee as a global group
Participants were divided to three main interest groups:
(1) Public Authorities
(2) Civil Society
(3) Water Users.
Each participant is an individual decision-maker and fully autonomous. Note that
within the water committee as a global group, sub groups may gather individuals in
different ways for differently organized decision-making processes. In adopted
context, a group is the entire body of a water committee where ‘delegated’ decisions,
made in sub groups, have to be interpreted, justified, aggregated (by consensus or
not) and put in power.
3.3 Remarks
Several main remarks can be given to better describe the decision-making
framework:
Remark 1. WC decides by applying scientifically sound multicriteria (AHP) and
election (Borda Count) methods, followed by common aggregating techniques.
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Remark 2. WC recognizes panel meetings as principal mean of its work where
mediating rules must be adopted by consensus, and where the final decisions are to
be made. WC also recognizes ‘decentralized part’ of the decision process performed
at separate meetings of each entity. Entities are by assumption authorized to make
their own decisions and forward them to be aggregated at the WC level.
Remark 3. Each entity has ‘its own point of view’ while evaluating possible decision
alternatives and ranking them appropriately. An outcome of the decision process
conducted through each entity is forwarded to the WC level (for aggregation) as it is.
That means that no any changes, interpretations or justifications are permitted.
Remark 4. As first part of the decision-framework, the method used by each entity in
assessing criteria and management plans is AHP. Sub group consensus is assumed
where logical and/or appropriate. Although AHP produces cardinal preferences of
decision alternatives, represented by computed weights, only ordinal information is
analyzed, i.e. ranking of the alternatives.
Remark 5. Each entity (individual or specific sub group) assesses the same set of
management plans across the same criteria set.
Remark 6. By applying voting method Borda Count to the reduced set of best-ranked
plans, it is possible to come-up to the final decision: the preferable management plan.
3.4 Procedure and Results
The WC as a global group is divided into three interest groups. After individual
opinions were synthesized for each interest group, the sub-group decisions are
forwarded to an upper level: the WC level is where the final aggregation and
interpretation of result is performed. The decision procedure and obtained results
were as given below.
A total of 21 participants split into three Interest Groups (IG), namely: Public
Authorities (7 delegates); Civil Society (5 delegates); and Water Users (9 delegates).
• First part of the session - AHP evaluation
Delegates individually assessed hierarchy given in Fig. 1 by using AHP within each
IG. Each delegate had to fill-in six pairwise comparison matrices with numbers from
the Saaty’s 9-points fundamental scale. Local weights of criteria vs goal and
alternatives versus criteria are computed by the eigenvector method and standard
AHP synthesis generated the final weights of alternative plans versus global goal
(best plan) for each individual.
Based on the number of individuals in the sub-groups, participation weights of
sub groups in the WC are defined as: 40% for interest sector of water users, 34% for
public authorities and rest of 26% for civil society. By applying these weights, the
final aggregation is performed to obtain the final group decision corresponding to the
WC level, Table 3. The best plan, as the WC final choice, is Plan 1 (Balance), second
ranked is Plan 2 (Supply), and third one is Plan 5 (Other Users). Least desired plan is
Plan 3 (Irrigation). It is easy to see that Plan No. 1 (Balance) is selected as the best by
two IGs: Public Authorities and Water Users. Top ranked by Civil Society is Plan 5
(Other Users), while Plan 1 is ranked as second. Worthy to notice is also that Plans 1,
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2 and 5 are top-3 ranked by all IGs. Notice also that final ranking mostly reflects
preferences of the third interest group (Water Users).
Table 3. Subgroups ranking and the final AHP aggregation at the WC level
IG
weight

IG
Public Authorities

(7)

α1=0.34

Civil Society

(5)

α2=0.26

Water Users

(9)

α3=0.40

Aggregated (WGM)
Ranking

Weights of Alternatives (Plans)
1
2
3
4
0.258
0.249
0.117
0.145
(1)
(2)
(5)
(4)
0.314
0.178
0.037
0.056
(2)
(3)
(5)
(4)
0.309
0.289
0.139
0.119
(1)
(2)
(4)
(5)
0.306 0.254
0.098
0.110
1
2
5
4

5
0.231
(3)
0.415
(1)
0.144
(3)
0.232
3

• Second part of the session - Borda Count evaluation
In the second part of decision-making process, the Borda Count is employed and
within all three sub groups participants individually re-assess reduced set of
alternatives. Result of the AHP application (Table 3) showed that plans 1, 2 and 5 are
most prominent, having much higher weights then plans 3 (weight 0.098) and 4
(weight 0.110), so 21 participants re-assess only those three plans.
This time, however, they did not ranked criterions within criteria set like in AHP.
Rather, all criteria are considered as unique criterion, which describes general desire
and implicitly contains ‘a flavor’ of each criterion from the original criteria set.
Keeping this in mind, each individual ranked by importance alternatives within new
alternative set. Participants are asked to express their individual (ordinal) preferences
by filling-in appropriate boxes with integers 1-3 in distributed evaluation sheet. BC
computations were straightforward afterwards.
Individual and final ranking of alternative plans derived within each interest
group by BC is summarized in Table 4.
Table 4. Final Borda Count assessment at the WC level
IG
Public Authorities
Civil Society
Water Users
Final aggregate
Final ranking

IG
weight
α1=0.33
α2=0.33
α3=0.33

Ranks of Alternatives (Plans)
1
2
2 (15)
3 (12)
1 (6)
3 (14)
3 (21)
1(16)
6
7
1
2-3

5
3 (16)
2 (10)
2 (17)
7
2-3

Assuming that obtained three rankings in interest groups are additionally
aggregated at the WC level (by following the same Borda Count procedure and
associating equal weight to each IGs’ ranking), the best alternative is Plan 1
(Balance), while Plan 2 (Supply) and Plan 5 (Other users) share second and third
place.
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4 Conclusions
The paper presents group decision-making framework that could be applicable as a
part of paradigm decision-making in any water committee responsible for water
management on the river basin scale. The problem is stated as to select the most
desired long-term management plan among several offered plans by assessing plans
across selected more or less conflict criteria. Presented approach illustrates how two
different methodological options in decision-making can be combined for
establishing common professional, social and political environment where people
ought to make decisions by using advanced scientifically sound techniques. First part
of session included more complex, more detailed and time and effort consuming
evaluation of management plans. Thus, we believed that it is more convenient for
participants to use simple voting method in second part of the session where final
decision is to be made.
It should be noted that the final ranking does not necessarily depend on the
number of voters, and on the size of the subgroups. So, in the SC process of voting a
large subgroup has the same power as a small subgroup. This could yield to ranking
that does not satisfy the conditions of social welfare functions, and especially the
principle of majority decision. An issue of number of members in groups or subgroups, importance of individuals (experts) within sub groups and across
representatives on group level, and related problems of preserving fairness,
competence and consistency - is always for discussion in practical applications. And
of course, our approach is not immune of it.
In voting part of a methodology, we imply that only representatives of different
subgroups (one person for one subgroup) within relatively large water committee
should vote. This must not be a rule. A possible new direction of research could be
how to effectively and consistently avoid any early confrontation of individuals and
sub group within WC, i.e. how to define their different weights based on
competences, i.e. expert knowledge, education, attitude, willingness, political
impacts etc.
It is important to mention that involved decision makers found proposed
methodology transparent, easy to understand and implement, and results trustful.
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Education and Science of Serbia under the Fundamental scientific research program
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Session 8: Environmental Design and Policy

Willows in Czech lowlands: variability of density and
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Abstract. The objective of the present study was to determine the variability
of tree-ring width, wood density and shrinkage of white willow (Salix alba L.)
growing in the lowland forest of South Moravia, Czech Republic. Six young
trees were selected from three plots (18 trees in total). Sample logs were taken
at breast height (1.3 m from the ground). All examined parameters i.e., average
tree-ring width, wood density and shrinkage were influenced by the locality.
Moreover, the results revealed much higher variability among trees per plot
than mean values among plots. Average green and dry wood density of white
willow was 753.0 kg·m-3 and 390.8 kg·m-3, respectively. Average radial
shrinkage was 3.59 % and the average tangential shrinkage 8.26 %.
Keywords: Salix alba, tree-ring width, radial shrinkage, tangential shrinkage,
variability of wood properties.

1 Introduction
Genus Salix represents about 450 species worldwide distributed mostly in the
North hemisphere (Argus 1997). White willow (Salix alba L.) is native to Europe
and Asia (western and central). Nowadays, white willow has expanded beyond its
original area, e.g. to North America and Australia. In the Czech Republic, the species
grows in the floodplain forests in warmer regions (Úradníček et al. 2001). Willows
and willow clones are fast growing species preferred for many reasons i.e.,
environmental restoration work, biomass production for energy purposes as well as
timber for wood industry (Kuzovkina and Quigley 2005, Leclerq 1997).
Wood is an exceptional raw material owing to the fact that it is renewable, very
strong and elastic despite the low density, easily shaped, ecologically recyclable etc.
Nevertheless, wood is not homogenous and it is a highly hygroscopic material. Wood
density is a fundamental property featuring the rest of wood properties. Wood
density and shrinkage depend on the genus, the locality type, wood defects and
mainly on position in the stem. Moreover shrinkage manifests the anisotropic
character of wood through different values in the individual directions (Vavrčík and
Gryc 2012, Gryc and Horáček 2007).
Our study aimed at (I) analyzing the variability of density and shrinkage of white
willow (Salix alba L.) among different plots and (II) describing the variability of
density and shrinkage among trees in each plot.

554

2 Materials and methods
The sampling material was taken from white willows growing in three plots in
South Moravia, Czech Republic. All selected plots were located floodplain forest
near Židlochovice (180 m a. s. l.). The plots 1, 2 and 3 were classified as UlmetoQuercetum alluviale (Brachypodium sylvaticum), Saliceto-Alnetum and UlmetoQuercetum alluviale (Aegopodium podagraria), respectively. Six healthy trees were
randomly chosen per plot (mean height 23–25 m, diameter 26–32 cm). Logs (1 m)
were cut at breast height (1.3 m from the ground) from each tree. Tree-ring widths
were measured on transversal section by using Leica S6D stereomicroscope and the
VIAS TimeTable (Vienna Institute for Archaeological Science, Vienna, Austria)
measuring system (with accuracy of 0.01 mm). Samples for density and shrinkage
(20 × 20 × 30 mm) were prepared uniformly from the entire log.
The wood density was analyzed as (I) immediately after cutting (green density)
and (II) at moisture content 0 %, when samples were measured after oven drying at
temperature 103 ± 2 ºC (dry density). The wood density was calculated as:
ρ=

!
!

[kg·m-3] (1)

where ρ stands for green and/or dry wood density, m stands for weight of sample
(kg), and V stands for the volume of sample (m-3).
The total linear shrinkage in the individual anatomic directions was calculated as:
!=

!!"#$ !!!"!#
!!"#$

[%] (2)

where limax stands for size of the tested sample (mm) in the particular anatomic
direction at moisture content higher than the hygroscopicity level, limin stands for size
of the sample (mm) in the particular anatomic direction at moisture content 0 %.

3 Results and discussion
2.1 Variability of tree-ring width
The selected trees showed a very similar amount of tree rings, between 17 and 19
at breast height. The tree rings were wider (10–12 mm) during the first years,
followed by a gradual decreasing of tree-ring width (2–6 mm) along the stem radius
from pith to bark (Fig. 1). The average tree-ring width calculated from all three plots
was 7.51 mm, ranging between 6.62 and 8.03 mm (Table 1). Our results on tree-ring
widths were in accordance with Sacré (1974), who reported similar values (6.6–8.6
mm) depending on the logs.
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Table 1. Descriptive statistics of tree-ring width measured in all three plots.

Plot
Average (mm)
Median (mm)
Standard deviation (mm)
Minimum (mm)
Maximum (mm)
Coefficient of variation (%)

1
6.62
6.40
3.43
1.17
14.70
51.69

2
8.03
7.76
3.34
2.46
17.04
41.64

3
7.71
7.62
3.21
0.91
14.84
41.58

1–3
7.51
7.38
3.39
0.91
17.04
45.05

Fig. 1. Variability of tree-ring width along stem radius calculated per plot. All curves represent
the mean values of six trees.

2.1 Variability of properties – density and shrinkage
We found significant differences in both average green density and average dry
density among plots (Table 2). The differences in case of green wood density among
plots were higher (81.46 kg·m-3) than in case in dry wood density (20 kg·m-3). The
average dry wood density from all three plots was 390.8 kg·m-3 ranging from 278.6 to
631.6 kg·m-3. Kollmann and Côté (1968) reported similar average dry wood density
365 kg·m-3 ranging between 320 and 420 kg·m-3. Nevertheless, Wagenführ (2000)
stated lower dry wood density 270–330–380 kg·m-3 (minimum–average–maximum),
while Wani et al. (2014) stated that basic density in Salix alba growing in Pakistan is
influenced by locality. In our study, we noticed higher variability of dry wood
density among individual trees in each plot than in average dry wood density among
the plots (Fig. 2).
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Table 2. Green and dry density of white willow wood.
2

3

1–3

Average

695.0

750.1

776.5

753.0

Median

682.7

741.6

763.0

749.3

Standard deviation

132.1

92.1

119.3

122.7

Minimum

412.0

499.7

424.2

412.0

Maximum

1044.6

1044.9

1563.0

1563.0

19.0

12.3

15.4

16.3

Average

380.3

400.3

387.7

390.8

Median

384.4

399.7

389.3

392.4

41.3

31.4

30.7

34.3

Minimum

278.6

315.7

306.9

278.6

Maximum

631.6

513.8

461.9

631.6

10.9

7.9

7.9

8.8

Coeff. of variation (%)

Standard deviation

Coeff. of variation (%)

Green density
(kg·m-3)

1

Dry density
(kg·m-3)

Plots

Average shrinkage in the radial and tangential direction was 3.59 % and 8.26 %,
respectively, which coincided with black willow radial and tangential shrinkage i.e.,
3.3 % and 8.7 % respectively (Bowyer et al. 2007) (Fig. 2, Table 3).

557

Average

1
3.41

2
3.86

3
3.51

1–3
3.59

Median

2.99

3.67

3.24

3.31

Standard deviation

1.45

1.59

1.35

1.47

Minimum

1.03

1.17

1.11

1.03

Maximum

7.22

9.03

10.61

10.61

42.62

41.04

38.52

40.78

Average

7.46

8.45

8.41

8.26

Median

7.52

8.54

8.58

8.40

Standard deviation

1.70

1.62

1.58

1.69

Minimum

2.20

3.36

1.03

2.20

Maximum

13.68

13.82

13.17

15.42

Coeff. of variation (%)

22.77

19.20

18.73

20.43

Coeff. of variation (%)
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Tangential shrinkage
(%)

Plots

Radial shrinkage
(%)

Table 3. Radial and tangential shrinkage of white willow wood.

Density, MC = 0 % (kg·m-3)

460460
440440
420420
400400
380380
360360
340340
320320

Tangencial schrinkage (%)

300300
1010

2

3

4

5

6

99
88
77
66
55
66

Radial schrinkage (%)

1

Lokalita
1
Lokalita
2
Lokalita
3

1

2

3

4

5

6

Lokalita
1
Lokalita
2
Lokalita
3

55

44

33

22

1

1

2

2

3

3

4

4

5

5

6

6

Plot 1
Plot 2
Plot 3

Lokalita
1
Lokalita
2
Lokalita
3

Tree No.

Fig. 2. Variability of wood density and shrinkage among trees.

On the contrary, Wagenführ (2000) reported again lower values for radial and
tangential shrinkage (radial: 2.4 %, tangential: 6.3 %) in comparison with our study.
Higher variability of shrinkage was observed among individual trees within the plots.
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4 Conclusions
Our results indicated that white willow trees growing in the Czech lowlands
produce wood of higher average density in relation with the literature, while the
radial and tangential wood shrinkage were found to be in line with previous studies.
We noticed significant differences among the plots. Nevertheless the variability of
the examined properties was high among trees growing in the same plot.
Acknowledgments. We would like to thank to Forests of the Czech Republic, state –
owned company for providing experiment materials and also to all students for their
help during laboratory work.
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Abstract. The aim of this study is to investigate the relation between
ecological sensitivity and renewable energy acceptance. A questionnaire
known as the NEP scale was used to measure ecological sensitivity, by using a
sample of 360 respondents from the area of Evia, Greece. Statistical analysis
revealed the existence of a positive relationship between ecological sensitivity
and willingness to pay more for renewable energy. Furthermore, a statistical
significant relation was found between ecological sensitivity and citizens’
views concerning the contribution of renewable energy sources to
environmental improvement.
Keywords: environment, renewable energy, ecological sensitivity, green
investments, NEP scale

1 Introduction
Public perception towards renewable energy has positively changed during recent
years. People are becoming more sensitive towards environmental degradation
motivated by increased energy consumption, which is linked to economic
development. Also there is a growing concern on the limitation of traditional energy
sources and the climate change phenomenon (Tsantopoulos et al, 2014; Ntanos et al,
2015; Kyriakopoulos et. al 2010a, b; Chalikias et.al. 2010a, b; Kolovos et., al 2010;
Kyriakopoulos et al., 2015; Papageorgiou et al., 2015). These facts make sustainable
development an absolutely essential approach for businesses in order for them to
grow and keep up with new technologies (Tsekouropoulos et al, 2015).
A noticeable shift towards green development has already been recorded, which is
further motivated by broad public access to environmental information (Coburn and
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Farhar, 2004; Vasseur and Kemp, 2015). Ecological sensitivity is in the epicenter of
environmental research during the last 40 years. Moreover, green marketing is of
high importance and plays a crucial role in contemporary societies, since it improves
the quality of products and satisfies the customers’ needs (Skordoulis et al., 2013;
Armira et al., 2016; Tsekouropoulos, 2016). Also, social responsibility towards the
environment and ecologically conscious citizens should be integrated in marketing
and economics policies (Tsekouropoulos et al, 2013). The most widely used
questionnaire to measure ecological sensitivity is the New Environmental Paradigm
scale (known as the NEP scale) suggested by Dunlap and Van Liere (1978) in an
attempt to measure people’s view towards the natural environment. The original tool
includes 12 Likert type questions in an attempt to measure the degree to which
people perceive themselves as part of nature and the degree of awareness concerning
human impact on earth’s ecosystem (ecological worldview). The NEP scale was
conceptualized because of the authors’ recognition that a measurable system of
environmental beliefs exists among other personality characteristics (Dunlap and
Van Liere, 1984). Since then, the original NEP scale was revised several times
(Dunlap et al, 1992; Dunlap et al, 2000). The latest revision was performed in order
to include the idea of “human exemptionalism” suggesting that humans can
overcome natural constrains. The revised scale also includes questions on the
possibility of an ecocrisis (Dunlap et al, 2000). The revised NEP questionnaire
includes a total of 15 items that are set on the 5-point Likert scale. According to
Dunlap et al. (2000), the seven even numbered items (questions 2,4,6,8,10,12 and 14)
are meant to represent statements endorsed by the dominant social paradigm (DSP).
The Dominant Social Paradigm (DSP) is a more anthropocentric view, supporting
the ideas of economic interest, technological progress and self-government (Pirages
and Ehrlich, 1974). The eight odd items (questions 1,3,5,7,9,11,13, and 15) are
meant to reflect endorsement of the new environmental paradigm (NEP), therefore
representing a proactive, increased ecological sensitivity of the respondents.
Moreover, the scale is further broken down into five sub-scales consisting of three
elements per sub-scale. These sub-scales and their respective questions are: the
perception of the limits of growth (q1, q6, q11), non-anthropocentrism (q2, q7, q12)
the fragility of nature, q13), non-acceptance of human supremacy (q4, q9, q14) and
the possibility of ecological crisis (q5, q10 and q15).
The main research aim of this study is to estimate the NEP and DSP subscales for
the island of Evia in Greece, in order to examine if there is a correlation between
ecological views of people and public acceptance of renewable energy investments.

2 NEP scale applications
In a multidimensional study on environmental attitudes, including 14 countries,
the revised NEP scale was used. It was found that the average reliability varied
among countries, with the alpha coefficient to be between 0.47 – 0.81 with an
average reliability of 0.70. The average NEP scale score was reported to range
between 3.67 (United States) and 4.11 (Canada). It is mentioned that personal values
like universalism and tradition influence environmental attitudes (Schultz and
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Zelezny, 1999). In an interesting review paper on the NEP scale, results from 139
studies (58,279 participants) were normalized and compared. It is reported that the
NEP scale may be used in various formats, including 5-point scale, 7-point or 10point and also 12–point versions. It concludes that although the NEP Scale has been
widespread used, this has not been done systematically but in varying ways
(Hawcroft and Milfont, 2010). A recent research review by Krosnick et al. (2005)
suggests that data quality improves when 7–point scales are used. In a study
performed on students a positive relationship was found between environmental
knowledge and environmental attitudes of the students (Pe'er et al., 2007). In another
review paper for the period 1988-1998 reports that women exhibit stronger
environmental attitudes than men (Zelezny et al, 2000). In a recent study using the
NEP scale on urban design professionals, the mean score was 3.68/5. It is mentioned
that age, gender, and profession did not correlate with ecological view (Wallhagen
and Magnusson, 2017). In an interesting study concerning the use of NEP scale in
Nigera, a test of reliability was conducted and Cronbach’s alpha value of 0.61 was
obtained. In the same study, it is reported that a NEP score of 3 out of 5 is the
boundary between an anthropocentric and a pro-ecological worldview (Ogunbode,
2013).

3 Methodology
The survey was conducted in the Greek island of Evia during the period of
September 2016 to October 2016, using random stratified sampling. For the
calculation of the sample size, a pre-study was conducted in the area with a sample of
size n = 50 subjects. By using this pivot sample, the standard deviation (s) was
calculated for each quantitative variable, and the ratio (p) for each qualitative
variable research. Appropriate sample size was estimated at 360 respondents, by
using the proportions equation, with an error e = 0,05. The questionnaire is divided
into two sections. The first section contains the revised NEP scale questionnaire,
under the 7-point form. The mean scores on the subscales of the dominant social
paradigm (DSP) and the new ecological paradigm (NEP) were calculated. The
second section of the questionnaire contains questions about renewable energy
sources. The questions concentrate on the degree of public knowledge and
acceptance for various forms of renewable sources. The questions were drawn from
similar surveys on social acceptance of RES (Arabatzis and Myronidis, 2011;
Chalikias 2013; Chalikias and Kolovos 2013; Kyriakopoulos and Chalikias, 2013;
Arabatzis and Malesios, 2013; Zografakis et al. 2010). Research hypotheses to be
tested include: 1) statistical significance of relationship between willingness to pay
for renewable energy and mean score on the NEP scale and 2) RES contribution to
environmental protection and mean score on the NEP scale. Statistical analysis
includes descriptive statistics, independent samples t-test and one-way ANOVA.
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4 Analysis
The average age of the sample is 38.6 years and the predominant age group
category is 41-44 years, including 30.0% of the respondents. The predominant level
of education is high school (43.3%). A percentage of 48% of the sample declared an
individual annual income up to € 10.000, while it should be noted that about 1/5 of
the sample has an annual income below € 5000. Concerning occupational status,
employees in both public and private sectors account for 51.4% of the sample, while
a percentage of 22.5% is occupied by the categories of unemployed, students and
housekeepers. With regard to the area of residence, the majority of the sample
(40.1%) resides in suburban areas, a percentage of 32.8% in urban areas and the
remaining 27.1% in rural areas. As described in the introduction section, the NEP
scale is used to measure environmental and ecological sensitivity of the respondents.
The scale is divided into two subscales, measuring ecological sensitivity of the
respondents (variable NEP proactive) and the more anthropocentric view of the
dominant social paradigm (variable DSP dominant), supporting the belief of human
superiority over all other species, the belief that the earth can offer unlimited
resources and that progress is an inherent part of human history.
As we can see from the mean scores in Table 1, the sample exhibits a proactive
attitude since the mean score of the NEP scale (5.3 out of 7) is significant higher
then their score on the anthropocentric approach DSP dominant (4.24 out of 7).
Table 1. Mean score on the NEP scale, depicting the subscales of the new ecological
paradigm (NEP Proactive) and the Dominant Social Paradigm (DSP dominant)
Mean score of the two dimensions of the NEP scale (proactive/dominant)

NEP proactive
DSP dominant

N

Minimum

Maximum

Mean

Std. Deviation

360
360

2.63
1.29

7.00
6.57

5.34
4.25

0.78
0.99

Concerning the contribution of renewable energy systems, there is a positive
public attitude as about 51% responded that renewable energy sources contribute to
the improvement of living standards while 65.5% answered that they contribute to
environmental improvement. Approximately 30% of the sample agreed or strongly
agreed on the statement that renewable energy is an economically efficient and
socially acceptable investment area. When asked about factors contributing towards
the spread of renewables, 71% of the respondents agreed on the increasing need for
environmental protection.
To test research hypothesis, the NEP proactive scale mean score was used. Before
the hypotheses tests, a test of normality was performed to variable “NEP proactive”
by using 1-sample Kolmogorov-Smirnov test. Variable “NEP proactive” was found
to be normally distributed. In a dichotomous question concerning willingness to
accept a higher electricity cost for renewable energy, a percentage of 40% of the
sample gave a positive answer (145 out of 356 respondents), while 60% gave a
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negative answer. Those who answered positively, exhibit a higher mean score (5.46
out of 7) in the NEP scale of ecological sensitivity than those who do not want to
share the extra cost, as can be seen in table 2. By using the Independent Samples ttest, this difference between the mean score was found to be statistically significant
at the 99.9 % level, meaning that ecological sensitivity is positively associated with
willingness to pay for more for electricity coming from renewable energy sources, as
can be observed in table 3.
Table 2. Difference of mean score on the NEP proactive scale, for the categories of people
who are willing to pay more for RES (yes) and those who are not willing to pay more (no).
Willingness to pay
more

N

for Renewable

Mean score

Std.

Std. Error

(NEP proactive)

Deviation

Mean

Energy
yes

145

5.46

.69

.058

no

211

5.24

.82

.057

Table 3. Independent samples t-test for the statistical significance of the mean difference on
the NEP scale score between the categories yes/no on variable WTP, as depicted in table 2.

t-test for Equality of Means

Levene's Test for Equality of
Variances

nep_proactive

F

Sig.

t

df

Sig.
(2-tailed)

Mean
Difference

4.889

.028

2.612
2.695

354.0
339.4

.009
.007

.218
.218

On a question about the contribution of renewable energy sources on
environmental improvement, the majority of the sample also answered positively. A
hypothesis test was performed between this question and the NEP scale score by
using the one-way ANOVA. As it can be seen in table 4 and fig. 1, a statistical
significant relation was found at the 95% level. As the score on the ecological
sensitivity scale increases, a person seems to be more positive towards RES
contribution to the environment.
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Table 4. One-way ANOVA hypothesis test for the relationship between the variables of NEP
proactive and public perception on the contribution of RES to environment
Hypothesis test between NEP proactive mean score and RES contribution to environment
Mean

Between Groups
Within Groups
Total

Sum of Squares

df

Square

7.677

5

1.535

174.906

290

.603

182.583

295

F

Sig.

2.546

.028

Fig. 1. Mean plots between the NEP scale and respondents opinion on the contribution of
renewable energy systems to environmental improvement, depicting a positive relation

5 Conclusions
Ecological sensitivity was estimated by using the NEP scale for the region of Evia
in Greece. The results revealed a positive ecological attitude among the respondents
and are comparable to similar samples from other countries as the UK and Turkey
(Pahl et al, 2005; Erdoğan, 2009). Hypothesis tests were performed in order to
investigate the relationship of ecological sensitivity and acceptance of renewable
energy sources. A statistical significant relationship was found between willingness
to pay for RES and ecological sensitivity as measured by the NEP scale. Also a

566

positive relation was found between the NEP scale mean score and public perception
on renewable sources contribution to environmental improvement. It therefore
appears that public attitude towards green investments becomes more positive as
ecological sensitivity increases. The results of this study suggest that an evaluation of
the ecological sensitivity between the residents of local communities, amongst other
personality characteristics, may be useful in order to determine the degree of public
acceptance in the area of renewable energy investments.

References
1. Arabatzis, G. and Malesios, Ch. (2013) Pro-environmental attitudes of users and
non-users of fuelwood in a rural area of Greece. Renewable and Sustainable
Energy Reviews, 22: 621 - 630.
2. Arabatzis, G. and Myronidis, D. (2011) Contribution of SHP Stations to the
development of an area and their social acceptance. Renewable and Sustainable
Energy Reviews, 15 (8): 3909-3917.
3. Armira, A., Armira, E., Drosos, D., Skordoulis, M. and Chalikias, M. (2016)
Determinants of consumers behavior toward alcohol drinks: the case of Greek
millennials. International Journal of Electronic Customer Relationship
Management. 10(1): 14-27.
4. Chalikias, M.S, Kalaitzidis, I., Karasavvidis, G. and Pechlivanis, E.F. (2010)
Relationship between sustainable farming and agricultural training: The case of
Pella prefecture (Northern Greece), Journal of Food, Agriculture and
Environment 8 (3-4 Part 2): 1388-1393.
5. Chalikias, M.S. and Kolovos, K.G. (2013) Citizens’ views in Southern Greece
PART II: The contribution of forests to quality of life, Journal of Environmental
Protection and Ecology 14 (2): 629-637.
6. Chalikias, M.S. (2013) Citizens’ views in Southern Greece PART I: The forests’
threats, Journal of Environmental Protection and Ecology 14(2): 509-516.

7. Chalikias, M.S., Kyriakopoulos, G. and Kolovos K.G. (2010) Environmental
sustainability and financial feasibility evaluation of woodfuel biomass used for
a potential replacement of conventional space heating sources. Part I: A Greek
case study, Operational Research 10 (1): 43-56.
8. Coburn, T. C. and Farhar, Β. (2004) Public Reaction to Renewable Energy
Sources and Systems, In Encyclopedia of Energy, edited by Cutler J. Cleveland,
Elsevier, New York: 207-222.
9. Dunlap, R. and Van Liere, K. (1978) The “new environmental paradigm”: A
proposed measuring instrument and preliminary results. Journal of
Environmental Education, 9: 10–19.
10. Dunlap, R. and Van Liere, K. (1984) Commitment to the dominant social
paradigm and concern for environmental quality, Social Science Quarterly, 65:
1013–1028.

567

11. Dunlap, R., Van Liere, K., Mertig, A. and Jones, R. (2000) New Trends in
Measuring Environmental Attitudes: Measuring Endorsement of the New
Ecological Paradigm: A Revised NEP Scale. Journal of Social Issues, 56: 425–
442.
12. Dunlap, R., Van Liere, K., Mertig, A., and Howell, R. (1992) Measuring
endorsement of an ecological worldview: a revised NEP scale. Paper presented
in the Annual Meeting of the Rural Sociology Society, PA.
13. Erdoğan, N. (2009) Testing the new ecological paradigm scale: A Turkish case,
African Journal of Agricultural Research, 4: 1023–1031.
14. Hawcroft, L. and Milfont, T. (2010) The use (and abuse) of the new
environmental paradigm scale over the last 30 years: A meta-analysis, Journal
of Environmental Psychology, 30 (2): 143-158.

15. Kolovos, K.G., Kyriakopoulos, G. and Chalikias, M.S. (2011) Co-evaluation
16.

17.

18.

19.

20.

of basic woodfuel types used as alternative heating sources to existing energy
network, Journal of Environmental Protection and Ecology 12 (2): 733-742.
Kortenkamp, K. V. and Moore, C. F. (2006) Time, uncertainty, and individual
differences in decisions to cooperate in resource dilemmas, Personality and
Social Psychology Bulletin, 32: 603–615.
Krosnick, J. A., Judd, C. M. and Wittenbrink, B. (2005) The measurement of
attitudes. In D. Albarracín, B. T. Johnson, and M. P. Zanna (Eds.), Handbook of
attitudes and attitude change: Basic principles, Mahwah, NJ: Lawrence Erlbaum
Associates: 21-76.
Kyriakopoulos, G. and Chalikias, M.S. (2013) The Investigation of Woodfuels’
Involvement in Green Energy Supply Schemes at Northern Greece: The Model
Case of the Thrace, Procedia Technology 8: 445 – 452.
Kyriakopoulos, G., Chalikias, M.S., Kalaitzidou, O., Skordoulis, M. and
Drosos, D. (2015) Environmental viewpoint of fuelwood management. In:
Proceedings of the 7th International Conference on ICT in Agriculture, Food
and Environment (HAICTA 2015). Kavala, September 2015. Athens: HAICTA:
416-425.
Kyriakopoulos, G., Kolovos, K.G., and Chalikias, M.S. (2010) Environmental
sustainability and financial feasibility evaluation of woodfuel biomass used for
a potential replacement of conventional space heating sources. Part IΙ: A
combined Greek and the nearby Balkan Countries case study , Operational
Research 10 (1): 57-69.

21. Kyriakopoulos, G.L., Kolovos, K.G. and Chalikias, M.S. (2010) Woodfuel

prosperity towards a more sustainable energy protection, in Lytras et al.,
Communications in Computer and Information Science 112 CCIS (Part 2): 1925.
22. Ntanos, S., Arabatzis, G., Milioris, K., Chalikias, M.S. and Lalou, P. (2015)
Energy Consumption and CO2 Emissions on a Global Level, Proceedings of the
4th International Conference: Quantitative and Qualitative Methodologies in the
Economic and Administrative Sciences (I.C.Q.Q.M.E.A.S. 2015): 251-260.

568

23. Ogunbode, C.A. (2013) The NEP scale: measuring ecological attitudes and
worldviews in an African context, Environment, Development and
Sustainability 15 (6): 1477–1494.
24. Pahl, S., Harris, P., Todd, H. A. and Rutter, D. (2005) Comparative optimism
for environmental risks, Journal of Environmental Psychology,25: 1–11.
25. Papageorgiou, A., Skordoulis, M., Trichias, C., Georgakellos, D. and
Koniordos, M. (2015) Emissions trading scheme: evidence from the European
Union countries. In: Communications in Computer and Information Science.
535: Proceedings of Creativity in Intelligent Technologies and Data Science
Conference, Eds., Kravets et al. Volgograd, September 2015. Switzerland:
Springer International Publishing: 222-233.
26. Pe'er, S., Goldman, D. and Yavetz, B. (2007) Environmental Literacy in
Teacher Training: Attitudes, Knowledge, and Environmental Behavior of
Beginning Students, The Journal of Environmental Education, 39 (1): 45-59.
27. Pirages, D.C. and Ehrlich, P.R. (1974) Ark II: social response to environmental
imperatives. San Francisco: Freeman.
28. Schultz, P. W. and Zelezny, L. (1999) Values As Predictors Of Environmental
Attitudes: Evidence For Consistency Across 14 Countries, Journal of
Environmental Psychology, Volume 19 (3): 255-265.
29. Skordoulis, M., Tsoulfas, A., Kornelaki, E. and Samanta, I. (2013) The effect of
corporate social responsibility (CSR) actions on consumers’ behaviour. In:
Proceedings of eRA-8 International Scientific Conference. Economy Session.
Piraeus, September 2013. Piraeus: T.E.I. of Piraeus: 47-58.
30. Tsantopoulos, G., Arabatzis, G. and Tampakis, S. (2014) Public attitudes
towards photovoltaic developments: Case study from Greece, Energy Policy,
71: 94-106.
31. Tsekouropoulos, G., Andreopoulou, Z. and Misso, R. (2015) Green business,
Integrated marketing communications and green marketing strategy for food
sustainability, Book- GOingREEN –A Strategic Tool for the Green Society in
Campania Region, Franco Angeli s.r.l., Milano, Italy: (3): 123-143.
32. Tsekouropoulos, G., (2016) Green Marketing and Entrepreneurship: The Strong
Environmental Value For sustainable Development, Book of Economics and
Governance of Sustainability Tourism and New Media, 378(9): 37-45.
33. Tsekouropoulos, G., Andreopoulou, Z., Koliouska, C. and Katsonis, N., (2013)
Marketing and organizational evaluation of rural firms in the Internet,
International Journal of Technology Marketing, 8 (3): 272-286.
34. Vasseur, V. and Kemp, R. (2015) The adoption of PV in the Netherlands: A
statistical analysis of adoption factors, Renewable and Sustainable Energy
Reviews, 41: 483–494.
35. Wallhagen, M., and Magnusson, P. (2017) Ecological Worldview among Urban
Design Professionals, Sustainability, 9: 498.

569

36. Zelezny, L. C., Chua, P.-P. and Aldrich, C. (2000) New Ways of Thinking
about Environmentalism: Elaborating on Gender Differences in
Environmentalism. Journal of Social Issues, 56: 443–457.
37. Zografakis, N., Sifaki, E., Pagalou, M., Nikitaki, G., Psarakis, V. and
Tsagarakis, K. (2010) Assessment of public acceptance and willingness to pay
for renewable energy sources in Crete, Renewable and Sustainable Energy
Reviews, 14 (3):1088-1095.

570

Tree-ring widths and wood density variability of nonnative species: a case study of Douglas-fir growing in
central Europe
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Abstract. The aim of the present study was to analyze the wood density
variations along the stem radius of non-native Douglas-fir (Pseudotsuga
menziesii (Mirb.) Franco) growing in Central Europe. Sample logs (0.5 m;
breast height) were obtained from five Douglas-fir trees growing in the Czech
Republic, to analyse the tree-ring widths (TRW) and the oven-dry wood
density intra-species variability. The first 15 tree rings (close to the pith) were
found to be 5.14 ± 1.68 mm wide, while the average TRW gradually
decreased. The average oven-dry density of wood produced by non-native
Douglas fir growing in the Czech forest was 542.9 ± 66.3 kg m-3, which is
notably higher than the home-grown Douglas-fir wood. Along the stem radius,
from pith to bark, oven-dry wood density showed an upward trend.
Keywords: oven-dry wood density; Pseudotsuga menziesii; latewood
proportion; earlywood width.

1 Introduction
Douglas-fir (Pseudotsuga menziesii (Mirb.) Franco) lies among the most
environmentally and commercially promising non-native species in several European
countries i.e., Germany, France, United Kingdom (Gartner et al. 2002, Šindelař and
Beran 2004, Blohm et al. 2016). In the Czech Republic, recent forestry studies has
been focused on partly replacing native tree species with Douglas-fir, mostly
targeting on great biomass yield and high lumber production (Menšík et al. 2009,
Kubeček et al. 2014, Remeš and Zeidler 2014, Podrázský 2015, Podrázský et al.
2016). Within this frame, estimating intra-species wood variability is a handy tool for
the wood industry (Taylor and Wooten 1973).
Wood density varies within the tree from base to top, from pith to bark along the
stem radius, from earlywood to latewood within tree-rings (Jozsa et al. 1989,
Kennedy 1995, Gartner et al. 2002, Acuna and Murphy 2006). Namely, wood density
changes dramatically along the stem radius from the juvenile (close to pith) to mature
(close to bark) wood (Gartner et al. 2002). The distinction between juvenile and
mature wood was developed mostly for practical rather than biological reasons.
Within this frame, the transition threshold was defined around 10–20 years, since the
changes in properties were negligible by this age (Acuna and Murphy 2006). In line
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with this, Blohm et al. (2016) found that mature wood began to form around the age
of 18 in Douglas-fir trees growing in plantations in Southern Germany. Wagenfür
(2000) reported that Douglas-fir oven-dry wood density was 470 kg.m-3 while
according Rijsdijk and Laming (1994) it was higher (492 kg.m-3). Nevertheless, the
homegrown Douglas-fir oven-dry wood density was 419.7 kg.m-3, in the USA (Pong
et al. 1986).
In the Czech Republic, the biggest research interest has been recently focused on
the environmental parameters (drought tolerance, soil quality) and the high
production volumes of the species (Menšík et al. 2009, Viewegh et al. 2014, Kubeček
et al. 2014, Podrázský 2015). Nevertheless, to our knowledge, the quality traits of
Douglas-fir wood currently produced in the Czech Republic still need to be
elucidated. In this study we aimed at outlining the oven-dry wood density variability
along the stem radius of the non-native Douglas-fir (Pseudotsuga menziesii (Mirb.)
Franco) growing in the Czech Republic.

2 Materials and Methods
The research plot was located in the University Forest Enterprise in Křtiny –
Vranov, Czech Republic. The research was conducted on Douglas-fir trees growing
in a mixed forest stand (Norway spruce 6 %, larch 29 %, Scots pine 6 %, Douglas-fir
22 %, European beech 19 %, lime 14 %, sessile oak 3 % and hornbeam).
Five healthy co-dominant 76-year-old Douglas-fir trees were selected and felled.
Logs (50 cm) were cut at breast height (1.3 m) from each tree. A central plank (6 cm
thick) including the pith in the axis was produced from the each log. Tree-ring width
(TRW) were analyzed along the stem radius (from A-pith to J-cambium).
Additionally, the early- and latewood proportions were calculated per tree ring.
Samples of 2×2×3 cm for oven-dry wood density testing were obtained radially
from bark to pith. In total, 336 samples were obtained from all 5 trees. The samples
were dried up to 0% moisture content in a programmed oven (at 103±2 °C). Each
oven-dried sample was measured in three anatomical directions and then weighed.
Oven-dry wood density denotes the oven dried weight (0% moisture content) in
relation with the respective volume, i.e. at 0% moisture content, calculated as:

!! =

!!
!!

(1)

where ρk: oven-dry wood density (kg.m-3), m0: mass of wood (kg) at oven-dry
moisture content and V0: volume of wood (m-3) at oven-dry moisture content.
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3 Results and Discussion
2.1 Tree rings
The close to the pith (1-15 tree-rings) the average TRW was 5.14 ± 1.68 mm,
getting promptly narrower (3.61 ± 1.55 mm) in the next set of 15 tree-rings.
Nevertheless, average TRW gradually decreased and conceivably held steady
approaching to cambium (Table 1, Fig 1). Blohm et al. (2016) reported that juvenile
wood average TRW was 6.2 mm while the respective value for mature wood was 4.8
mm for Douglas-fir grown in Germany. This is not in line with our findings,
considering the mature wood TRWs. Surely, according several studies on Douglasfir, the transition threshold from the juvenile to the mature might vary due to
variability per individual tree (Di Lucca 1989, Fabris 2000), genetic predisposition
(McKimmy and Campbell 1982, Vargas-Hernandez and Adams 1991, Abdel-Gadir
and Krahmer 1993), or just the sampling height (Fabris 2000, Gartner et al. 2002).
Table 1. Average tree-ring widths along the stem radius.

Interval of tree-rings from pith to cambium
Tree rings

1–15

16–30

31–45

45–60

61–76

Average (mm)

5.14

3.61

2.65

2.45

2.24

Standard deviation
(mm)

1.68

1.55

1.32

1.21

1.17

Coefficient of
variation (%)

28.26

42.78

50.03

49.37

52.23
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Fig. 1. Tree-ring widths along the age depicted per tree (1-5) and mean values.

The average width of earlywood behaved similarly to the average TRW along the
stem radius. The average width of the latewood remained almost invariable as the
tree was aging, besides a slight increase noticed around the age of 60. Diametrically
opposed trend showed the proportion of the late-wood which steadily increased with
the age (Fig 2).
In Germany, lower latewood percentage (34%) was reported in the juvenile wood
compared with the mature wood (Blohm et al. 2016). In our study, we found that the
late-wood proportion of the TRW was around 30% in the juvenile wood, whereas it
reached almost 50% in the mature wood (ca. 76 years). This can provide us
information on wood density since Wimmer (1995) reported that in conifers, the treering density was mainly influenced by the radial diameter and cell-wall thickness of
latewood tracheids.
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Fig. 2. Tree-ring widths (TRWs), earlywood and latewood trends and proportions.

2.2 Oven-dry wood density
Lausberg et al. (1995) noticed high density variation among Douglas-fir trees
from the same provenance. Other studies stated that Douglas-fir wood density was
featured by strong inter- and intra-tree-ring heterogeneity (Vonnet et al. 1995,
Rathgeber et al. 2006). We found that the oven-dry density among the trees ranged
from 517.0 ± 49.5 kg m-3 to 596.4 ± 78.7 kg m-3 (Table 2). Furthermore, the average
oven-dry wood density was 542.9 ± 66.3 kg m-3 and ranged between 402.7 and 648.9
kg m-3. This resonates well with Wagenfür (2000) and Rijsdijk and Laming (1994)
and confirms again the higher wood density of non-native Douglas-fir growing in
Europe, in comparison with the home-grown trees.
The oven-dry wood density was found low close to the pith but gradually
increased along the stem radius (Fig. 3). Douglas-fir juvenile wood density was
reported several times to be relatively low during the first 15-20 years of growth,
followed by a rapid increase around 30 years, and eventually resulted in rather
constant or even ascending wood density trend up to more than 50 years (Jozsa and
Kellogg 1986, Gatner et al. 2002, Acuna and Murphy 2006). In horizontal
distribution, from the pith to the cambium, wood density increased, culminating close
to the bark (Gartner et al. 2002, Acuna and Murphy 2006). Our results cast no doubt
on the prevalent reports on non-native Douglas-fir growing in the central Europe.
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Table 2. Average oven-dry wood density per tree and total.

Tree no.
N
Average (kg·m-3)
Standard deviation
(kg·m-3)
Minimum (kg·m-3)
Maximum (kg·m-3)
Coefficient of
variation (%)

1
64
541.6

Oven-dry wood density
2
3
4
75
62
61
517.0
522.0
537.4

5
74
596.4

Total
336
542.9

53.9
407.9
619.3

49.5
415.7
621.6

49.9
392.2
635.8

99.4
396.6
666.1

78.7
400.9
701.9

66.3
402.7
648.9

10.0

9.6

9.6

18.5

13.8

12.8

750750

650650
600600
Hustota (kg · m -3)

Density (kg·m-3)

700700

550550
500500
450450
400400
350

350
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C
C
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D
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E
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F
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II

JJ
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Fig. 3. Oven-dry wood density along stem radius from pith to cambium (A-J).

Nevertheless, wood density can be affected by silvicultural treatments or the
growing site can affect wood density values at a given cambial age (Erickson and
Harrison 1974, Smith 1980, Jozsa and Brix 1989, Cown and Parker 1979, Fabris
2000, Gartner et al. 2002).

4 Conclusions
Douglas-fir is of great interest in forestry as it combines strong productivity and
high wood quality (Rathgeber et al. 2006). To illustrate the quality of the raw
material before use, wood density is a reliable indicator and certainly one the most
determinant wood properties (Gartner et al. 2002, Rathgeber et al. 2006). We found
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that non-native Douglas-fir trees growing in the Czech Republic produce notably
denser wood than the homegrown Douglas-fir trees. Along the stem radius, the ovendry density followed an upward trend, which culminated close to the bark.
Acknowledgments. Special thanks to the University Forest Enterprise in Křtiny –
Vranov, Czech Republic, for providing us with the research material.
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Abstract. Tourism is one of the key factors for regional development while in
combination with alternative forms developed in an area, it can contribute to
the integrated development of economic growth within it. In this line, this
study presents scenarios for the spatial and tourist interventions in the county
of Pella aimed for planning the management of specific alternative forms of
tourism and the development of a new policy and governance. The survey was
conducted using a face-to-face questionnaire survey (n = 323 guests) and it is
based on an analysis of the data which emanated from investigating the
attitudes and opinions of the visitors of the Thermal Springs of Pozar, which
was used as a sampling center, while the parameters considered were the
sustainable management of the wider region and the creation of a tourist
destination package with the purpose of transforming the area into a holiday
resort.
Keywords: Recreational Value, Recreational Activities, PCA, Typology.

1 Introduction
Sustainable management of tourism in Greece is a growth strategy for both
government policies and private businesses and companies, following the Guidelines
set by the European Commission as well as current EU regulations. The (Contingent
Valuation Method) CVM is a recognized methodology in the field of the economics
of the environment, acknowledged by the European Commission for determining
spatial GIS data in areas of special scientific interest (Quintano and Barredo, 2015).
Determining the economic value of a good is described using direct and declared
preferences (Stated Preference Methods - SPM) and indirect methods or disclosed
preferences (Revealed Preference Method - RPM) for the economic valuation of the
environment by dividing its value in use and no use (Fürst et al. 2000). The economic
evaluation applied by the CVM methodology (direct method) can be applied to
natural resources such as forests and aquatic resources for the presentation of new
management policies and the sustainable development of a region. In particular, the
WTP technique was used for the valuation of forest recreation as an economic
dimension at the University Forest of Pertouli, in Greece (Matsiori et al. 2012). In a
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coastal region of Volos, Halkos and Matsiori (2012) applied the CVM to enhance
environmental resources and recreational activities. What is more, they chose a
sample of visitors/tourists in another research with the aim to explore the importance
of water resources and valuate the protection of aquatic ecosystems (Halkos and
Matsiori, 2013). Biodiversity, another environmental parameter necessitating
protection, was the developmental pillar of the CVM for Halkos and Jones (2012).
Also, in many cases, the recreational value of economic valuation of natural
resources of a national park focuses on wildlife, with conflicts identified on the WTP
of/by visitors concerning environmental problems (Zyl et al. 2000).
The purpose of this research is to record and analyze tourism and development
demand conditions with an environmental, social and economic impact on a region.
For this reason, with the help of employing a tool, a map for leisure was formed to
record the tourism value and the importance of a leisure destination in combination
with other ones along with intervention scenarios both in the research area of the
Thermal Springs of Pozar and the wider area.
Investigation of CVM Analysis
The method of Dependent Valuation (CVM) is based on the development of
techniques of Willingness to Pay (WTP) (Jones et al. 2011) Willingness to Accept(WTA) and Willingness to Travel (WTT) using a questionnaire as a tool which
involved both open and closed questions as well as the use of cards (Vakrou and
Parry, 1997). The hypothetical market which is formed through the application of the
method is developed through specific stages of presenting environmental problems
and ways of solving them or rationally managing them (Garrod and Willis, 1999).
The satisfaction of visitors in a recreation area can be expressed and measured by
means of presenting criteria of leisure activities (Arabatzis and Grigoroudis, 2010).
Concerning mountainous regions, many researches presented goods to be evaluated
by applying the WTP for offering services with an environmental, social and
economic impact on a region (Apostolidis and Latinopoulos, 2015). Attitudes and
opinions of the visitors of an aesthetic forest in Greece were investigated by
Papaspyropoulos and Pappas (2008), who developed a guest typology by creating a
hypothetical market and use of ticket with the aim to provide an economic evaluation
of the visiting area by consumers and highlight the importance of multiple-use
forests.
Investigating the literature concerning CVM, most authors and researchers
combine this methodology with additional multivariate analysis such as PCA, Cluster
Analysis, and Cronbach's a, resulting in the development of reliability indicators for
governance policies (Jones et al. 2008; Halkos and Matsiori, 2012; Halkos and
Matsiori, 2014). In addition, in research conducted by Togridou et al. (2006), the
accounting regression model (Logit) and the multiple regression models were used to
indicate the importance of environmental parameters, information sources with
characteristics of visitors of the sample.
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2 Sampling and Statistical Methodology
To conduct the present research, questionnaires aimed at the population of visitors to
the Pozar Thermal Springs during the winter period of 2015-2016 were used. The
sample size is n = 323 guests, which should be considered as representative, and the
use of results should meet the basic statistical conditions. A questionnaire was
drafted and tailored to be filled on site with personal interviews of the respondents guests carried out by the investigator.
The Haphazard Sampling method was used, which is a method applicable to
recreation and yields samples that are not based on probabilities (Matis, 2004). The
definition of the total sample size is provided by the following Formula (Humphry,
2004; Thrusfield, 2005):
n=

! ! ! !(!!!)
!!

(1)

where:
Ζ = value from standard distribution corresponding to desired confidence level
(Z=1.96 for 95% CI)
P= estimated true proportion (prevalence)=0.3
e=desired precision=0.05
Therefore, the Total Sample Size calculated: n= 323 questioners.
The processing of the results and the analysis of the data were realized by using
the statistic program IBM SPSS v.20. The Method of Factor Analysis in Principal
Component Analysis was used to reduce the large number of criteria set on the
respondents and to form new parameters and finally the Rotation Method: Varimax
with Kaiser Normalization was used (Rencher, 2002; Arabatzis and Myronidis, 2011;
Tsiantikoudis et al. 2013; Ntona et al. 2015; Galatsidas et al. 2015). The x2 test was
used to investigate the relationships and strength among the variables (Ntona et al.
2015). Also, Hierarchical Cluster Analysis was used in order to create a typology
(Sharma, 1996; Johnson and Wichern, 2007; Grigoroudis et al. 2012; Galatsidas et
al. 2015).

3 Field of Research
This study focused on the prefecture of Loutraki Arideas, which is situated in Central
Macedonia. The Loutraki region is a mainly mountainous area of 1.146 residents,
according to the Greek National Census of 2011. Tourist facilities are organized in a
small spa town with hotels, swimming pools, changing rooms, restaurants, cafeteria.
In the Spa area, there are guesthouses within a distance of one kilometer, while in
Loutraki and the wider area there are hotels and apartments. In winter, many visitors
combine the thermal spa with the ski center of Kaimaktsalan. Hiking, walks in the
gorge of Loutra, climbing, and visits to the caves of the area are some of the
activities for the visitors.
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4 Results
As regards the question, which focused on creating a new vision or proposal on the
management of the wider region, 83.3% of the sample (n = 269) guests stated that
they have a new vision for the region, while only 16.7% (n = 54) of the respondents
have no vision. Then, visitors who have a new management vision were asked
through prefabricated closed-ended questions to choose proposals that can be
implemented in the region through the technique of willingness to travel (WTT). The
first proposal concerned the construction of a Cable car from the Thermal Springs of
Pozar to the Kaimaktsalan Ski Centre since both recreational areas are located in the
same mountainous area. The results revealed that this scenario would be chosen by
205 guests (63.5%) while it would not be chosen by 64 of the respondents (19.8%).
Regarding the second proposal, which involved developing an Environmental
Education Center, 124 respondents (38.4%) were positive while 145 respondents,
that is 44.9% were negative. Regarding the third proposal, the development of
organized ecotourism leisure activities such as hiking/climbing, etc., 171 of the
sample visitors, that is 52.9% were in favour of it while as a lower rate of 30.3% (n =
98) were not in favour of this vision. Finally, the opportunity was given to sample
visitors to express their opinion through a free and open-ended question which
produced the results presented below. The Alternative Proposals for the Management
of the Wider Area are: Wi Fi ,Wind Surfing – Kite-surfing in Lake Vegoritida,
Sports Facilities, Upgrading the facilities of Pozar, Utilization of Geothermal Energy,
Utilization and renovation of the old hotel, Utilization of Geothermal Energy,
Development of Religious tourism in Monastiraki, Utilization of old accommodation
facilities, Development of an English language site with offers on tourism packages,
Creating a sports and medical center , Designating a special area for caravans
Establishing Sanitary facilities for waste management, Create fauna access sites,
Developing a traditional settlement, Leisure time-Introducing organized centres Clubs, Promoting abroad through advertising, Water resources management,
Activities for children, Horse riding , Casino , Better links among nearby destinations
(roads), Campsite, Construction of a Pool Bar, Cafes for non-smoking individuals,
Transferring and creating Folklore Museum within the Resort, Guided tours in the
Springs area, Guided Tours across Almopia region - excursions, Exploring nature on
horseback and more Spas and baths.
The estimate of the additional frequency of visits to the Pozar Thermal Springs in
case the options related to the visions for the region were realized, has significant
results concerning the positive effects that can arise at the economic and social level.
77.1% of the sample, that is n = 249 respondents, would more often visit the Spa
while only 5.6% (n = 18) would not. The figures for the tourists’ visits based on
response data in terms of visiting the Thermal Springs more times per year are
presented in Table 1. Concerning managing of the Thermal Spring, the respondent
guests were asked indicate whether they have a suggestion/ vision. The majority,
75.2% (n = 243) had an alternative while only 24.8% (n = 80) did not have one. For
the 243 respondents who had a positive alternative option, closed-type scenarios gave
them the chance to choose. The first proposal was to create a hotel complex within
the resort; statistics revealed that 117 respondents (36.2%) would like this vision,
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whereas 126 would not choose this option that is, 39% of 75.2% of the sample who
were positive towards the scenarios. The second scenario involved the creation of
ultramodern spas; the results of the analysis revealed a positive response rate by the
majority of the sample at a rate of 48.3% (n = 156), while this option was not desired
by 26.9% (n = 87). Creating new leisure parks with specific thematic areas in the
resort comprised another vision for the Thermal Springs area; 140 visitors (43.3%)
selected this alternative and wanted to implement this proposal as opposed to 103
(31.9%) who did not choose to implement it. Improving technical infrastructure of
the area (roads, sidewalks, etc.) was selected by 138 of the respondents (42.7%)
while 104 respondents (32.2%) did not select it. Finally, the sample visitors were
given the opportunity to express their opinion on a free and open-ended question
about what they wish to have implemented in the area of Loutra; the results are
shown below. The alternative Scenarios of Managing the Thermal Springs are:
Restoration of the surroundings and developing of new ones, Gym with personal
trainers and Erotic Massage, Creating facilities for the disabled, Creating theme
parks, Establishing a clinic, Creating new changing rooms with lockers, Creating
facilities for the disabled, Advertising campaign of the Thermal Springs and the
region, Cleanliness of the pool and waterfalls infrastructure, Construction of a Pool
Bar, Guides available within the resort, Guides available in the region, Presentation
of the ancient history of the Thermal Springs, More benefits, more cleanliness at the
River and Hydroelectric station.
The WTT technique was also used in the spas management scenarios concerning
the realization of the visions and the proposals selected with reference the visit
frequency in the wider region. 71.5% of the sample (n = 231) responded that they
would more often visit the region while only 3.4% (n =11) would not visit it. The
figures for the tourists’ visits based on response data in terms of visiting the wider
region more times per year are presented in Table 2. The comparative results from
the application of the WTT technique revealed that in case the scenarios concerning
the management of the wider region were applied, the WTT per year would be 1288
journeys compared to the ones to the Thermal Springs area, which are 1125 trips.
Table 1. Willingness to Travel (WTT) to
Pozar Thermal Springs

N

Valid
Missing

Mean
Median
Std. Deviation
Variance
Range
Minimum
Maximum
Sum

248
75
5.19
3.00
11.440
130.877
99
1
100
1288

Table 2. Willingness to Travel (WTT) to
the Wider Area

N

Valid
Missing

Mean
Median
Std. Deviation
Variance
Range
Minimum
Maximum
Sum

231
92
4.87
3.00
8.581
73.635
99
1
100
1125

Furthermore, to investigate the attitudes and opinions of the visitors towards
environmental issues, their opinion for environmental awareness, the Natura 2000
network, etc. was sought. The environmental awareness of visitors to issues related

584

to caring for natural resources (rangeland, forest, water, game) was investigated by
the degree of their interest. The responses of the total sample (n = 323) showed great
environmental awareness 70.9% (n = 229), low environmental awareness 27.6 (n =
89) and no environmental awareness 1.5% (n = 5) respectively. As to their
knowledge of what the protected areas are (e.g. areas included in the network Natura
2000), frequencies and percentages of the sample show that the majority of
respondents, 68.1% (n = 220), know what the Natura 2000 areas are while 31.9% (n
= 103) of respondents do not know. The percentage distribution of information
resources of the protected areas Natura 2000, of the sample who have knowledge of
these areas, showed that the percentage of respondents who draws information on the
protected areas from the media is 32.8%, from friends and relatives 20.1%, from
government agencies/local authorities 12.1%, from the internet 39.9%, from their
studies 19.5%, while only 7.4% of the respondents draws information from seminars
and 1.2% from another source (n = 220). The knowledge of the respondents on the
classification and integration of Voras Mountain area in the Natura 2000 network as
a game reserve cannot be regarded as satisfactory since the majority of the
respondents (n = 204) do not know about the protected area while only 119 guests of
the total sample declared to have some relevant knowledge.
As part of the correlation of the Pozar Thermal Springs with the Kaimaktsalan
Ski Centre, the visitors of the Baths were asked to answer whether they have visited
the Ski resort. Their responses indicate that 225 visitors have visited the Ski Center
in contrast to 98 who have not visited it, a fact that indicates that at a first stage there
is a connection between the two areas.
To construct a new tourist plan with special and alternative forms of tourism
which are developed in the wider area, the tourist attraction areas were presented to
the sample of guests who were asked to choose which of the following destinations
they would choose or have already chosen during their visit. The plan shows that the
visitors will plan or have planned a trip firstly to the Ski Center (n = 214), a result
which indicates that ski tourism emerges first in the preferences of visitors to the
area, then they choose the settlement of St. Athanasios as a travel destination, that is,
cultural tourism (n = 175), eco-tourism on Mt. Voras (n = 83) follows, after that, the
visitors choose the Lake Vegoritida, that is, water sports tourism (n = 56), the
destination of the wetland Agra-Vrytton-Nisi follows by developing agrotourism (n =
44) and finally, the tourist plan of preferences ends with the selection of Panagitsa
airport (n = 36)which offers activities of air sports tourism.
The results of the Factor Analysis show that the analysis is significant for the
research. The KMO has a very high index of 0.927 (sig. = 0), which means that the
exploratory work is almost perfect. Approx. Chi-Square=5161.397 and df:276. From
the 24 eigenvalues, which were exported, only four are located above one and
explain the 64.841% of the variance. The results are shown in the block diagram
(scree plot) in which there is an exact alignment of the curve with the horizontal axis
x. After the final separation and the creation of new factors, the location of the
variables within the dimensions of leisure activities drawing on the elements of
environmental resources, took place as follows: Fly Foxing, Kayaking, Rafting,
Boating-Ecotourism, 4x4 Routes, Horse Riding and Archery, contribute to the first
factor (activities related to water), Moto cross, Snowboarding, Motorcycle Racing,
Aviation - Air sports, Controlled fishing, Professional winter sports, Camping and
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Paragliding contribute to the second factor (activities related to the earth and the air ),
Climbing, Exploration of forest paths, Climbing, Mountain Hiking-Trekking,
Mountain Biking, Adventure games in nature and Cycling contribute to the third
factor (recreational activities related to the forest), while only the Tour of the Chapel
of Prophet Elias and Skiing at the Ski resort of Kaimaktsalan contribute the fourth
factor (activities related to the snow) . Finally, the largest load occurred between the
first and the second factor with a 0.554 index.

Fig. 1. Diagram of Components

586

Table 3. Rotation Matrix

Variables
Fly Fox
Kayak
Moto cross
Rafting
Snowboard
Motorcycle Racing
Aviation – Air sports
Climb
Boating - Ecotourism
4x4 routes
Tour of the chapel of Prophet Elias
Controlled Fishing
Forestry exploration paths
Professional winter sports
Riding
Camping
Climbing
Mountain Hiking -Trekking
Mountain Biking
Adventure games in nature
Paragliding
Cycling
Skiing at the resort of Kaimaktsalan
Archery

1
0.779
0.792
0.314
0.804
0.326
0.410
0.094
0.407
0.758
0.479
0.162
0.312
0.129
0.058
0.756
0.371
0.280
0.148
0.503
0.301
0.161
0.536
0.183
0.726
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Component
2
3
0.237
0.211
0.285
0.223
0.742
0.188
0.310
0.197
0.601
0.049
0.690
0.156
0.534
-0.042
0.471
0.573
0.086
0.244
0.386
0.347
0.243
0.207
0.591
0.241
-0.088
0.659
0.716
0.336
0.200
0.159
0.586
0.480
0.327
0.748
0.145
0.685
0.305
0.536
0.122
0.704
0.732
0.153
0.255
0.545
0.289
0.117
0.237
0.252

4
0.080
0.096
-0.021
0.075
0.319
-0.059
0.193
-0.116
0.250
0.047
0.725
0.194
0.385
0.236
0.231
0.027
-0.060
0.293
-0.032
0.142
0.228
0.050
0.727
0.106

Fig. 2. Scatter Diagram

Cluster1: (the third factor outweighs) = Green Tourists with special motivation for
the mountain. Cluster2: (the second factor outweighs) = Tourists with a motive for
racing sports. Cluster3: (the first factor outweighs) = Tourists seeking alternative
adventure.
Table 4. Typology of Guests

To construct a novel tourist
plan for developing a new
policy and governance in the
region, guests were asked to
answer if they would be
interested in having a combo
ticket for attempting further
leisure activities in the area.
Then, as part of the data collection process, a recreation card was used which
involved all leisure activities at the county level as well as their cost currently. The
results revealed that the 88.9% of the total sample of 323 respondents, that is their
vast majority (n = 287) would choose this combo-ticket, as opposed to 11.1% (n =
36) who would not choose it. For the guests who had selected the common
economical ticket for recreation activities, the descriptive results are presented by
Missing System (n = 36 i.e., 11.1%).
Ward Clustering
1
2
Valid
3
Total
Missing System
Total

Frequency
235
35
52
322
1
323

Percent
72.8
10.8
16.1
99.7
0.3
100
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Table 5. Percentage Distribution for the Combo Economical Ticket

Activity

Frequency (n)

Skiing at the resort of Kaimaktsalan (15€)
Balneotherapy in Pozar (15€ private a la carte)
Riding in Agios Athanasios (20€)
Boating in the Wetlands of Agra (15€)
Kayaking in Lake Vegoritida (15€)
Flights from the Panagitsas Airport (20€)

YES= 228
NO= 59
YES= 270
NO= 17
YES= 157
NO= 130
YES= 140
NO= 147
YES= 121
NO= 166
YES= 102
NO= 185

Percentage
Distribution (%)
70.6
18.3
83.6
5.3
48.6
40.2
43.3
45.5
37.5
51.4
31.6
57.3

From the above table, it is shown that the majority of the sample prefers
Balneotherapy, skiing, riding, boating, kayaking and flights in order of preference.
Pearson x 2 between kayaking and boating activities showed prices equal to 66.015
(df = 1, sig. = 0) and Phi Cramer's V = 0.480 (sig. = 0) is weakly positive and
statistically significant at level (p <0.05). All the results for the control x 2 for the
tour plan are presented in the following table. The minimum total percentage
discount on the selected activities in the combo ticket was requested to encourage
visitors to buy it.
Table 6. Percentage descriptive statistics of total
In addition, 278 of the visitors
Combo-Ticket discount
(86.1%) would like to have
Valid
287 organized visits to the tourist
N
Missing
36 destinations in the region
Mean
13.59 offered, while only a part of the
Median
10 sample that is 13.9% (n = 45)
Std. Deviation
12.058 would not opt for them. Of
Variance
145.397 them, 265 respondents (82%)
Range
59 stated that they would be willing
Minimum
1 to pay for such a service while
Maximum
60 only 22 respondents (6.8%)
would not be willing to pay. The
maximum amount of money that the visitors in the sample would be willing to pay
for such service was identified, as shown below in terms of descriptive statistics.
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The table 8 shows the
correlations and their strength
N
among
the
activities
and
recreation areas which were
Mean
selected in the wider region. The
Median
greatest strength was presented
Std. Deviation
for flying and kayaking (0.604)
Variance
which is statistically significant,
Range
then boating with kayaking
Minimum
followed with index 0.480,
Maximum
which is statistically significant,
Sum
and immediately after that the
boat trip and flying with index 0.440 which is also statistically significant. Positive
weak indicators were presented between skiing and having a spa, skiing and boating,
horse riding and boating, riding and kayaking as well as between riding and flying
from the airport, all statistically significant at a basic level p <0.05 (excluding skiing
and having a balneotherapy).
Table 7. Maximum WTP for organized visits

Valid
Missing

265
58
41,15
30
39.296
1544.162
298
2
300
10906

Table 8. Based on x2 Criterion

Variables
Hydrotherapy-Ski
Riding-Ski
Riding- Hydrotherapy
Boating-Ski
Boating- Hydrotherapy
Boating- Riding
Kayak-Ski
Kayak- Hydrotherapy
Kayak- Riding
Kayak- Boating
Flight-Ski
Flight- Hydrotherapy
Flight- Riding
Flight- Boating
Flight- Kayak

x2 Criterion
x (1)=7.771 p=0.005, Phi & Cramer's V=0.165 p=0.05
x2 (1)=0.924 p=0.337 Phi & Cramer's V=0.057 p=0.337
x2(1)=0.124 p=0.725,Phi=-0.021,Cramer'sV=0.021p=0.725
x2 (1)=14.923 p=0 Phi=-0.228 Cramer's V=0.228 p=0
x2 (1)=0.418 p=0.518, Phi & Cramer's V=0.038 p=0.518
x2 (1)=30.855 p=0, Phi & Cramer's V=0.328 p=0
x2 (1)=0.723 p=0.395, Phi & Cramer's V=0.050 p=0.395
x2 (1)=2.058 p=0.151, Phi=-0.085,Cramer's V=0.085 p=0.151
x2 (1)=54.733 p=0, Phi & Cramer's V=0.437 p=0
x2 (1)=66.015 p=0, Phi & Cramer's V= 0.480 p=0
x2 (1)=2.299 p=0.129, Phi & Cramer's V=0.090 p=0.129
x2 (1)=1.047 p=0.306, Phi=-0.060 Cramer's V=0.060 p=0.306
x2 (1)=30.043 p=0, Phi & Cramer's V=0.339 p=0
x2 (1)=55.681 p=0, Phi & Cramer's V=0.440 p=0
x2 (1)=104.827 p=0, Phi & Cramer's V=0.604p=0
2

5 Conclusions
According to the research findings, the technique of WTT offers future spatial
intervention scenarios in the study area. Heyes and Heyes (1999) developed a series
of economic evaluation tools, contingent valuation method (CVM) - contingent
activity method (CAM) & travel cost method (TCM), evaluating the recreational
benefits from/ of a park with tourist importance. The present study attempts to shape
and define the specific resource needs with the aim of sustainable, effective
management and control of the environment in accordance with the potential of the
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area. After all, it is believed that leisure activities can identify developmental goals
and create tourist standards to ensure the maximum satisfaction of guests.
Moreover, the results of this research propose a different tourist plan compared to the
already existing ones, which involve the development of a new policy, and
governance identified as essential at the local level. The models formed to determine
the quality level of leisure services within this framework of sustainable tourism
development. Last but not least, suggestions for further research can involve the
implementation of the TCM for determining both the recreation value and the
tourism value of the particular region.
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Abstract. An important tool for the evaluation and documentation of a
successful environmental management system is the Environmental
Performance Evaluation (EPE). EPE is generally defined as a continuous
internal process and management tool that using indicators evaluates the
environmental management system of an organization and compares past and
present performance. Relevant international standards such as ISO 1403114032 describe the categories of performance indicators; however they do not
determine a specific framework for the development, measurement and
evaluation of these indicators. The main aim of this study is to present an EPE
methodology based on the fuzzy UTASTAR method. Fuzzy UTASTAR is an
extension of the well-known UTASTAR method capable to handle both
ordinary (crisp) and fuzzy evaluation data. To demonstrate the application of
the methodology, a case study is presented, where fuzzy UTASTAR is used in
the frame of the EPE of a mills industry.
Keywords: Fuzzy UTASTAR, Environmental Performance Evaluation,
Environmental Performance Indicators, Environmental Management Systems.

1 Introduction
Environmental concerns present a high and constantly increasing trend with the
responsibility for its protection to lie not only to public authorities but also to
companies and organizations in general. Irrespective of their size and type of activity,
organizations are nowadays urged by their customers to offer products and services,
which not only comply with their expectations with respect to use, but are also
friendly to the environment. The environmental profile has emerged as a powerful
communication tool, and its importance for all internal and external parts that
comprise the environment of an organization increases continuously. Industry, in
particular, which is responsible for a large part of the pollution and depletion of
natural resources and energy, is called to modify its public image by increasing its
sensitivity to environment-related issues. To this end and in order to clearly
demonstrate their engagement to environmental-friendly policies and respective
activities, organizations are nowadays developing, adopting and maintaining
Environmental Management Systems (EMSs).
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EMSs offer multiple benefits to organizations as, beyond environmental
protection, they cover issues such as compliance to legislation and formal
regulations, prediction of future corrective actions, productivity increase, safety,
employee protection and satisfaction, estimation of required costs and reduction of
operational costs, and promotion of an improved organization image.
As part of their EMS, some organizations introduce formal procedures aimed at
providing them with reliable data and information so as to enable and easy
management decisions concerning their environmental performance. These
procedures, which are collectively known as Environmental Performance Evaluation
(EPE) assists them in identifying their important environmental aspects and in
defining all necessary actions so as to achieve their environmental objectives and
targets in a continuous basis (Kuhre, 1998).
Despite its widely acknowledged benefits, EPE is neither an easy nor a
straightforward task due to the high level of required effort and resources. And
although ISO has developed a standard, ISO 14031 (International Organization for
Standardization, 1999, 2004), specifically aimed at assisting organizations in this
difficult endeavor, EPE still remains an optional task.
The application of the UTA methods in environmental management problems is
rather limited and it is mainly focused on landfill selection, wastewater treatment
evaluation or transportation planning (Siskos and Assimakopoulos, 1989; Hatzinakos
et al., 1991; Demesouka et al., 2013). The presented work is one of the first research
attempts in applying a multiple criteria preference disaggregation approach in the
context of a systematic EPE process. It is, thus, the aim of this paper to outline the
main principles of the original and fuzzy UTASTAR, and to demonstrate via an
example application to a mills industry the use of fuzzy UTASTAR in the context of
EPE.
Fuzzy UTASTAR, initially proposed by Patiniotakis et al. (2011), is an extension
of the well-known UTASTAR method (Jacquet-Lagrèze and Siskos, 1982; Siskos
and Yannacopoulos, 1985; Siskos et al., 2005) capable to handle both ordinary and
fuzzy data, which allows its user to infer fuzzy value functions from a partial
preorder of options, evaluated against multiple criteria. This property offers to the
decision makers (DMs) much flexibility, which is necessary as it is well-known that
the majority of the real-world decision problems include a high level of uncertainty
that prevents the assignment of accurate evaluations (scores) to the available
alternative options. In case of course that the evaluation data are crisp, the method
behaves exactly as the original UTASTAR method (Patiniotakis et al., 2011).

2 Application and Results

2.1 Environmental performance indicators
To demonstrate the application of the fuzzy UTASTAR approach to EPE, a mill
industry certified according to the ISO 9000 standard for quality management has
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been selected (Sbokou et al., 2014). The company produces a wide range of flour
products for home use, professional, as well as for animal feeding. To this end it uses
cereals like wheat, barley, corn, oats and rye as raw materials, as well as energy and
water.
To conduct the EPE, data has been collected via the ISO 9000 quality manual, an
Environmental Impact Study, several control lists, measurements and fieldwork
within the industry’s premises. Significant information has been also gathered
through communication with the top management, as well as the directors of the
different departments. This approach allowed the identification of the industry’s
environmental policy and goals, environmental aspects, environmental impacts, and
the relevant national and European legislation (Sbokou et al., 2014).
The application of the a risk assessment approach reduced the initial set of 36
indicators to a final set including 17 indicators allocated to 5 different categories as
summarized in Table 1. The first three indicators’ categories concern environmental
emissions, while the last three concern management-operational indicators.
It should be noted that the indicators, which are not included in the final set, may
not be less useful or appropriate for the EPE process. The final set just reflects the
current priorities and interests of the industry and should be regularly reviewed and
updated in the future as part of the continuous improvement of the industry’s EPE
process.
2.2 Development and evaluation of scenarios
In order to apply fuzzy UTASTAR, a reference set should be developed including
alternative scenarios involving different combinations of indicator values that can be
evaluated and prioritized by the industry. For each indicator 3 performance levels
were identified to reflect low, medium and high value. To further define the
reference set for each indicator category, a scenarios development methodology was
used, based in the design of statistical experiments taking into account a subset only
of all possible combinations of indicator values.
Following the aforementioned rationale, reference sets were defined as follows: a)
reference set including 4 scenarios for the indicators’ category air emissions
(includes 3 indicators); b) reference set including 7 scenarios for the indicators’
category solid waste (includes 6 indicators); c) reference set including 3 scenarios for
the indicators’ category resources and energy (includes 2 indicators); d) reference set
including 3 scenarios for the indicators’ category environmental education and third
parties (includes 2 indicators); and e) reference set including 5 scenarios for the
indicators’ category recycling and improvement actions (includes 4 indicators).
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Table 1. The final set of indicators.
Category
Air emissions
Solid waste

Indicator
Quantity of CO2
Quantity of NOx
Quantity of SOx
Quantity of production process
biproducts
Quantity of waste from packing of
raw and other materials
Ash quantity
Percentage of well-managed
phosphine packing
Percentage of well-managed used
batteries

Resources and
energy
Environmental
education and
third parties
Recycling and
improvement
actions

Percentage of well-managed used
oils
Average water consumption
Noise levels at the production units
and the borders of the industry
facilities
Number of proposals for the
improvement of environmental
performance
Number of complaints from the local
community
Number of products or packings with
clear environmental guidelines for
use and disposal
Number of emergency exercises
carried out
Time to respond to and complete
corrective actions
Cost allocated to improvement
actions and environmental initiatives
as part of the total budget

Units
tn of CO2 / month
kg of NOx / month
kg of SOx / month
kg of bioproducts /day
kg of packing materials / month
kg of ash / month
% of used phosphine packing
disposed via authorized bodies /
month
% of used batteries disposed via
authorized bodies or returned to
suppliers / month
% of used oils disposed via
authorized bodies / month
m3 of water / month
dB
Number of proposals / year
Number of complaints / year
% of products and packings with
such guidelines
Number of emergency exercises
carried out / total number of planned
emergency exercises
Number of days for response and
completion of corrective actions /
year
Environmental-related costs / total
budget

2.3 Fuzzy UTASTAR results
Given the criteria and the reference sets defined for each environmental indicator
category, the fuzzy UTASTART model is applied to provide (fuzzy) marginal and
global value functions.
Table 2 summarizes the performance assessment of the industries’ current
condition using the previous value functions. More specifically, the first and the
second columns list the considered dimensions and the indicators per dimension,
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respectively. The third column presents the current values of the indicators as
measured/estimated by the industry, while the fourth column shows the value of the
current indicator as estimated (via linear interpolation) using the value functions of
calculated by Fuzzy UTASTAR. The last column presents the same results with the
previous column, which are now normalized in the range [0, 1].
Table 2. Assessment of current industry performance based on fuzzy UTASTAR results.
Category

Indicator

Current Unweighted
value
value

Air
emissions

Quantity of CO2
Quantity of NOx
Quantity of SOx
Overall value of air emissions
Quantity of produced biproducts
Quantity of waste from packing of raw
and other materials
Ash quantity
Percentage of well-managed phosphine
packing
Percentage of well-managed used
batteries
Percentage of well-managed used oils
Overall value of solid waste
Average water consumption
Noise levels at the production units
and the borders of the industry
facilities
Overall value of resources and energy
Number of proposals for the
improvement of environmental
performance
Number of complaints from the local
community
Overall value of environmental
education and third parties
Number of products or packings with
clear environmental guidelines for use
and disposal
Number of emergency exercises
carried out
Time to respond to and complete
corrective actions
Cost allocated to improvement actions
and environmental initiatives as part of
the total budget
Overall value of recycling and
improvement actions

35
75
160

Solid waste

Resources
and energy

Environme
ntal
education
and third
parties
Recycling
and
improveme
nt actions
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Normalized
(weighted)
value
0.667
0.674
0.540

3
25

0.080
0.029
0.452
0.561
0.300
0.119

450
100

0.041
0.100

0.225
1.000

100

0.100

1.000

100

1.000

800
48

0.094
0.754
0.077
0.100

1

0.177
0.083

0.332

1

0.750

1.000

0.806
0.783

0.770
0.111

0.833
85

0.100

0.775

100

0.250

1.000

4

0.198

0.333

2

0.120

0.444

0.668

More specifically, the assessment results of Table 2 transform the current values
of the selected indicators using the estimated value functions. For example, the
industry currently emits 35 tn of CO2 per month and this corresponds to a weighted
value (score) of 0.080. The sum of these weighted values provide an overall
performance score for the EPE dimensions (e.g., 0.561 for air emissions, in a range
of 0.000-1.000). Usually the performance score of the set of indicators is also
presented in an unweighted form, in order to have clear view about potential
improvement actions. For example, the weighted value of 0.080 of the quantity of
CO2 corresponds to an unweighted value of 0.667. The latter is defined in [0, 1] and
reveals the moderate performance of the industry in this particular indicator.
Figure 1 presents the overall EPE using the aggregated value of indicators within a
specific category (fourth column of Table 2). This type of graph provides a general
view of the industry’s EPE. As shown, resources and energy is the environmental
dimension with the lowest performance, while other dimensions may also require
improvements (e.g., air emissions).
The previous findings provide a clear view of the strengths and weaknesses of the
industry’s EPE. Most importantly, it can identify the parts of environmental
management that need improvement, as well as the level of effort that is required for
this improvement. They are very useful as they can display in a simple and
understandable manner to the top management the performance of the industry. They
also allow for comparisons with past performances, as well as for the establishment
of particular goals per indicator, per environmental dimension or globally.

Fig. 1. Overall environmental performance evaluation per dimension.

599

3 Concluding Remarks
EPE is an important tool for the evaluation and the documentation of a successful
environmental management system. The EPE is defined as a continuous internal
process and a management tool that uses indicators in order to evaluate the
environmental management system of a business organization and to compare past
and present environmental performance. International standards ISO 14031-14032
describe the categories of performance indicators; however they do not determine a
specific framework for the development and measurement of these indicators. The
main aim of this study is to present an EPE methodology based on a fuzzy
multicriteria analysis approach.
In particular, the Fuzzy UTASTAR method is applied in order to evaluate the
environmental performance of a mill industry. Fuzzy UTASTAR, as presented
herein, comprises a method that carries all the characteristics of the original method
and at the same time can also handle fuzzy data. With fuzzy UTASTAR, the
estimated value functions are also fuzzy, focusing mainly in taking into account the
ambiguity and uncertainty, which are common characteristics in real-world problems
and situations. Fuzzy UTASTAR is able to handle this vagueness assisting DMs in
their difficult tasks, and at the same time easies the modelling of his/her preferences.
As far as EPE is concerned, the application presented herein showed that fuzzy
UTASTAR is able to identify the weaknesses in relation to environmental issues,
thus allowing organizations to align their improvement efforts and actions based on
their environmental policy. It can also provide a clear view of the distance of the
organization from its goals and targets. Conclusively fuzzy UTASTAR is an
approach that can be adopted by organizations, irrespective of size and type of
activity, and enable them to evaluate their environmental performance in an easy and
straightforward manner.
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Abstract. The latest Common Agricultural Policy reform provides national
authorities with several implementation options for fine tuning individual
goals. Among other, member states can opt for regionalization, i.e. vary the
basic payment unit value between national agronomic or administrative regions
that have been defined at the beginning of the programming period. We
propose a Decision support System that will support national authorities to
implement regionalization in a transparent way facilitating collaboration with
different shareholders. In this paper we present an overview and give a proofof-concept implementation.
Keywords: Common Agricultural Policy, Decision Support System; Basic
Payment Scheme

1 Introduction
The latest Common Agricultural Policy reform (CAP2020) provides national
authorities with several implementation options for fine tuning individual goals. 30%
of the national CAP funding is connected to the farmers’ compliance to a predefined
set of pro-environmental practices. Up to 5% can be devoted to farms of areas with
natural constraints, up to 13% to couple payments, up to 10% to small farmers’
scheme, up to 2% to new farmers’ scheme and up to 3% to the national rights stock.
The rest, called basic payment scheme (BPS) is the main layer of income support
(over 50% of the national budget), based on payment entitlements activated on
eligible land and decoupled from production.
Within this scheme, among other options, Member States (MS) can opt for
regionalization, i.e. vary the BPS unit value between national agronomic or
administrative regions that have been defined at the beginning of the programming
period. Indeed, six MS (Germany, Greece, Spain, France, Finland and United
Kingdom) have enabled this option while the rest have applied a uniform national
BPS unit value (Henke et al., 2015). Among the regionalization countries only
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Greece has used a purely agronomic criterion while the rest used administrative
regions.
The only regulation guideline regarding regionalization is that it should be in
accordance with objective and non-discriminatory criteria, such as their agronomic
and socio-economic characteristics, their regional agricultural potential, or their
institutional or administrative structure (European Parliament, 2013). Practically MS
are totally free to draw the regions and allocate the BPS budget.
This flexibility provides to policy makers numerous different alternatives on how
to form regions and allocate the budget. Additionally the fact that different
stakeholders are affected in a distinct way, call for a transparent design process.
Towards this end we propose a Decision Support System (DSS) that will support
national authorities to implement regionalization in a transparent way facilitating
collaboration with different shareholders. In this paper we present an overview and
give a proof-of-concept implementation.

2 CAP2020 Regionalization
Regionalization is composed of two distinct components:
Drawing the different regions: As already noted, the distinction of regions can be
based on administrative, agronomic or both dimensions.
In the first case, the basic payment of the farm in euro/ha (BP!! ) equals to the basic
!
payment of the administrative region that the farms belongs to (!"!(!)
), as in
equation 1.
!
!"!! = !"!(!)

(1)

In agronomic-based regionalization this equals to the sum of the basic payment for
each crop family (agronomic) weighted by their relative area share to the total
utilized agricultural area of the farm in a baseline year, as in equation 2. In this
second case farms do not form clear partitions, i.e. one farm may be affected by more
than one agronomic region.
BP!! =

!

!
!(!) !"! ∙!!,!
!
!"!

(2)

Allocating the budget between regions: A national basic payment budget (B) has
to be divided among regions. If !! is the percentage of budget allocated to region r,
then the basic payment unit value equals to the total amount allocated to the region
(B ∙ A ! ) divided by the total eligible land of the region as in equation 3.
BP!! = B ∙ A !

!
!(!) TL!(!)
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(3)

3 An Overview of the Decision Support System
National authorities have a great flexibility on how to draw regions and allocate
budget. Consequently they can potentially pursue a wide range of objectives. This
means that the required data in order to evaluate the objectives can only
approximately be determined during the development of the DSS and very probably
new data will be requested during the consultation with other stakeholders.
The DSS shall address this data flexibility requirement by using a Data
Warehouse (DW) solution, which is ideal for gathering and keeping policy data from
many independent sources of information (Malliapis & Kremmydas, 2016). The
underlying DW will contain socio-economic data with spatial and administrative
dimensions attached. For instance the database could contain the current direct
payment allocation per farm size and prefecture from the National Payments
authority; the income indicators per farm size and farm activity from the national
Farm Accounting Database Network microeconomic database (FADN); the regional
GDP per sector from the national statistical authorities; etc.
Nevertheless, given an established strategic goal, the DSS shall provide a clear
picture of how that goal is affected for any selected scenarios. The DSS usage is
expected to be in an iterative mode: policy makers and stakeholders draw regions, try
some budget allocations and observe the effects and then restart the process to fine
tune policy results.
Thus we distinguish three DSS use cases that correspond to the above workflow:
Exploratory region formation use case: Policy makers form a regionalization
scenario, i.e. define regions, by means of exploratory analysis. The definition of
regions is based on some partition variables, e.g. the NUTS nomenclature, the
altitude or some crop classification like arable vs. permanent crops. Thus the user
selects the partition variables, which identify the different regions. The user very
probably will further consolidate those regions to more homogeneous ones. In order
to do so, he will examine certain regions’ property variables, e.g. the prevailed crop
pattern, the importance of agriculture, the current single payment unit value, etc. He
can thus refine initial region creation either manually or through a clustering tool that
will suggest him the regions that are as homogeneous as possible. The activity
diagram of this use case is provided in Figure 1.
Budget allocation effects use case: When the user has concluded to a region
formation scenario he is ready to set budget allocation. This is expected to be a trial
and error exercise where policy makers investigate the effects across different
stakeholders for different allocations. Users can either manually set the budget share
or can use tools of predefined allocations, e.g. budget share proportional to the
number of entitlements or to the gross value of direct payments in each region. Then
the DSS engine will calculate the indicators and present them to the user. Based on
the results the user can save the regionalization scenario and restart the process. The
indicators of the scenario effect will span to different stakeholder classes, e.g. farms
per NUTS administrative level or per type of farming or per farm income class. The
activity diagram of this use case is provided in Figure 2.
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Dissemination and collaboration use case: Due to the different interests of
stakeholders, collaboration is a very important aspect of the regionalization decision
process and thus is incorporated into the DSS. When a user is satisfied with a
scenario (region definition + budget allocation) he can save it and choose to share it,
either with other users of the system or in public. A discussion channel, e.g. a forum
thread, will be automatically created so that other users can comment and discuss
scenarios. Users will also be able to load the scenarios of other users in order to
adjust them to their point of view.

Fig. 1. Activity Diagram for exploratory extraction of regions
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Fig. 2. Activity Diagram for exploring the effects of various budget allocations between
regions

4 A proof-of-concept implementation
We used the R-Shiny web application framework (Chang et al., 2017) for agile
development of a proof-of-concept implementation. The data source was the Greek
FADN database without resorting to a Data Warehouse solution.
For the exploratory region formation stage, we used the following partition
variables: NUTS-2, NUTS-3, Altitude and the Less-Favored-Area status. For
deciding on the region homogeneity we provided the following property variables:
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Farm Gross Income, Farm Gross Income per ha, cereals and permanent crops area,
percentage of subsidies on gross income, Single Farm Payment value, sum of Single
Farm Payments, Irrigated area. A screenshot of this first use case can be seen in
Figure 3. User selects partition and property variables and by clicking GET STATUS
he gets an information table where he can further refine region formation. There is
also a CLUSTER VARIABLES button that triggers a hierarchical clustering of the
regions.

Fig. 3. Exploratory region formation use case

When he is satisfied with the selected region formation scenario he can click
SELECT PARTITION that will take him to the next step (Figure 4). There he can set
the national budget and adjust the allocation to regions. Then by pressing UPDATE
ALLOCATION, the DSS calculates the effects and present him results in various
ways. Administrative level gross income positive or negative effects are shown in a
NUTS-3 map. A table of the effects on different type-of-farming within a NUTS-2
context and on different farm size classes is also given in a different tab.
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Fig. 4. Budget allocation use case

5 Conclusions
In this paper we present an overview of a Decision Support System for assisting in
the design of EU-CAP regionalization scheme. The proof-of-concept implementation
shows that the DSS can greatly enhance the policy design process and provide
insights to policy makers. Furthermore it can serve the cause of transparency to
different shareholders.
The next step is to implement the DSS in a real case study, where in collaboration
with the policy makers and the stakeholders, different regionalization scenarios and
budget allocations will be drawn, the various trade-offs will be revealed and a
consensus will be reached, employing group decision making methods.
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Abstract. Climate variables play an important role in the development and
general activity (diffusion, oviposition etc.) of the olive fruit fly. These
variables can fluctuate from area to area due to the topography of the area and
several other factors. Due to this fluctuations microclimates are created.
Through simulation runs we investigate how the population dynamics of the
olive fruit fly are affected in four distinct microclimates, from an olive grove
area in Corfu, Greece with environmental data collected from environmental
sensors. Finally, we investigate how current spraying practices affect the
population of the olive fruit fly in each microclimate.
Keywords: olive fruit fly, microclimate, simulation model

1 Introduction
Bactrocera oleae also known as olive fruit fly is a widespread pest of olive trees in
many Mediterranean countries, such as Greece, as well as other olive producing
countries around the world. Olive fruits are the growth habitat of all three premature
stages of the insect. Female olive fruit flies oviposit the eggs inside the fruit and the
larva that hatches feeds from it. At the last premature stage the insect pupates either
inside the fruit or in the ground until the perfect adult emerges (Vossen et al, 2004).
The total number of olive fruit fly generations per year varies from region to region
due to changes in the climate. Up to five generations were reported in Southern
California, with the authors stating that under ideal conditions the olive fruit fly
could reach seven generations (Rice et al, 2003). While, in Jordan up to three
generations have been documented (Mustafa and Alzaghal, 1987).
The development and activity of the olive fruit fly is heavily dependent upon
environmental conditions. Both temperature and relative humidity are important
enviromental factors that affect the population dynamics of the olive fruit fly.
Specifically, the development rate of the immature stages increases as the
environmental temperature increases within the developmental thresholds (Tsitsipis
1977 & 1980). When exposed to high temperatures, even for a couple of hours, it
affects all development stages in terms of longevity, reproduction and survival
(Pappas et al, 2010). Furthermore, high temperatures affect the flight performance of
adult olive fruit flies (Xin-Geng Wang et al, 2009). Likewise, low values of relative
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humidity, below 33%, reduces ovarian maturation of female olive fruit flies, as well
as the longevity of the adult flies. For higher values percentages of the
aforementioned parameters increase (Broufas et al, 2009).
Both aforementioned environmental parameters are affected by the topography of
a region. For instance temperature is known to decrease with increasing altitude, also
known as the lapse rate, which ranges from 5.5oC, to 6.5oC, per 1000m gain in
altitude (Hodkinson, 2005). Temporal and spatial variations of solar radiation, cloud
coverage, the presence of shading and proximity to the sea, or to mountains, among
others, can also have an impact on environmental conditions. All these factors
constitute in the creation of a microclimate. Thus, an olive grove field depending on
the topography of its location and size can exist in the same microclimate, or it can
be divided into numerous microclimates.
The population size of the olive fruit fly inside an olive grove if left unchecked
can reach high numbers, infesting the whole grove as a result. Therefore, several
methods are used to monitor and control the population, which can be divided into
two main categories (Vossen and Devarenne, 2006).
The first category is mass trapping, where some type of trap is placed on every
tree inside the grove. Types of traps include the Attract and Kill device, which is a
cardboard, coated with pesticide killing olive fruit flies coming in contact with it.
Other types of traps are the McPhail trap, which is a liquid trap that baits olive fruit
flies and the Sticky panel trap which is a yellow cardboard with a non-drying sticky
coating that lures olive fruit flies. Finally the OLIPE trap which is a plastic bottle
with small holes, filled with the same liquid solution as the McPhail trap.
The second category of population control is spraying. One method of spraying is
the Kaolin clay, which creates a fruit barrier preventing olive fruit flies from laying
eggs inside it. Another method of spraying is the Spinosad bait, which is sprayed
onto every other tree and lures olive fruit flies to feed from it and eventually die.
Aim of this paper is to investigate, via simulation runs, how the evolution of the
olive fruit fly is affected by the microclimate it resides in. As well as, the effect
current patterns of spraying have on the population of the olive fruit fly when the
existence of microclimates is disregarded. In an earlier version of the simulation
model (Voulgaris et al, 2013) a comparison of the spatial distribution of the olive
fruit fly of a good spraying scenario versus a bad spraying scenario was presented.

2 Material and Methods

2.1 Simulation Model
In order for the simulation to be executed, information about the field must be given
as input. Therefore, different layers of information are passed, the first layer provides
the location of olive trees and urban areas, as well as the location of olive fruit fly
traps (Voulgaris et al, 2013). The second layer provides the percentage of olive fruit
that is present at the olive grove locations (Kalamatianos & Avlonitis, 2015). Finally,
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we upgraded the model to identify one or more microclimates that the field is divided
to and attach to each a different temperature set. All areas inside a microclimate have
the same temperature. Given the aforementioned information the simulation model
creates a grid representing the real life field and populates its cells with a starting
population based on olive fruit fly trap measurements.
The population is structured into five transformation stages. Namely, egg, larva,
pupa, sexually immature adult and fully mature adult. All adults are considered
female olive fruit flies and each of them can lay up to three eggs in its lifetime.
The degree-day model (Wilson & Barnett, 1983) is utilized to simulate the
development of the pre-imaginal stages (egg, larva, pupa) of the olive fruit fly. Since,
the time resolution is hourly the following equation is used to compute the
accumulated degree hour units (Kalamatianos & Avlonitis, 2015).
DH(ti) = ((ti – TL) * (1 – (1 / (1 + exp(-10 * (ti – TU)))))) / 24.

(1)

Where ti is the temperature present in the i-th simulation step, TL and TU are the
lower and upper developmental thresholds, respectively, of each olive fruit fly which
differs from one transformation stage to the other.
For the spatial dispersion of the olive fruit fly the first major parameter is olive
fruit percentage. The average speed of an olive fruit fly based on the olive fruit
percentage of its current position is calculated using Equation 2 (Kalamatianos &
Avlonitis, 2017).
AvgSpeed(fx,y) = (-4.513* fx,y + 451.8) / wh.

(2)

Where fx,y is the olive fruit percentage on (x, y) coordinates of the grid and when
the total daytime hours in the current week. The second parameter is temperature,
which affects the final speed of the olive fruit fly. Equation 3 calculates the speed of
the olive fruit fly based on the temperature present at its current position

Fig. 1. Map of the study area in Corfu, Greece. (Map data: Google, TerraMetrics, Data SIO,
NOAA, U.S. Navy, NGA, GEBCO, CNES/Airbus)
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Fig. 2. Study area microclimate division. Blue colored is microclimate A, red colored is
microclimate B, green colored is microclimate C and yellow colored is microclimate D. (Map
data: Google, TerraMetrics, Data SIO, NOAA, U.S. Navy, NGA, GEBCO, CNES/Airbus)

(Kalamatianos et al., 2015).
Speed(fx,y,ti) = AvgSpeed(fx,y) * (1 – (1 / (1 + exp(-10 * (ti – TU))))).

(3)

Where ti is the temperature present in the i-th simulation step, TU is the upper
movement threshold. The upper movement threshold was set to 35 oC, beyond this
temperature the olive fruit flies stop drifting (Avidov, 1954; Johnson et al., 2011).
2.2 Study Area
The study area was the municipality of St. George (Figure 1), which is located on the
northwestern part of the island of Corfu, Greece. High temperatures and almost no
rainfall in general characterize the climate type of the study area and the island
during the summer months. The total area is 9km x 7,5km.
Although the study area may consist of many microclimates, the data we collected
wasn’t enough to distinguish the different microclimates. Thus, for simplicity
reasons we divided the area arbitrarily into four microclimates as they are depicted in
Figure 2. The resulting microclimates from left to right are designated as
microclimate A, B, C and D.
2.3 Data
Figure 3 depicts the locations where environmental sensors were installed.
Microclimates where more than one sensor was installed, the average value was
calculated from all sensors and was used to represent the temperature for all areas
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Fig. 3. Environmental sensors. (Map data: Google, TerraMetrics, Data SIO, NOAA, U.S.
Navy, NGA, GEBCO, CNES/Airbus).

inside the microclimate. For microclimate C, where no environmental sensor was
installed, we calculated the average value from both neighbouring microclimates,
namely microclimates B and D.
The installed environmental sensors recorded temperatures from 19th June 2015
until 9th November 2015 at a 15-minute interval. We choose to use the recorded
temperatures for the time period from 21st June 2015 to 20th October 2015 for our

Fig. 4. Average daily temperatures for each microclimate.
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experiments. Figure 4 depicts the average daily temperatures of each microclimate
for the selected time period.
Microclimate A seems to have a warmer climate, as well as microclimate B which
seems to be a bit cooler than the aforementioned microclimate. On the other hand,
microclimate D has a colder climate than the rest microclimates. While microclimate
C is between microclimate B and D since the temperatures provided are a
combination of the aforementioned microclimates.
2.4 Simulation Scenarios
For both of the following simulation scenarios the simulated field was the former
municipality of St. George (Figure 1) which was divided into four microclimates
(Figure 2). The temperature sets for each microclimate was for the time period from
21st June 2015 to 20th October 2015 and the fruit bearing percentage was set to 75%
for all olive grove areas inside the simulated filed. We run the following two
simulation scenarios, in the first scenario we let the olive fruit flies to develop
without any interference i.e. spraying, in order to observe the temporal evolution of
the population of the olive fruit fly. In the second scenario, a single spray is
conducted, with a mortality rate of 75%, on the 20th July, which is generally the time
when local agricultural authorities commence the first universal spray. Generally,
local authorities conduct three sprays in total. The first spray is conducted between
10th to 20th July, the second is conducted between 10th to 15th August and finally the
last spray is conducted during the last days of September up until 10th October. The
first spray is always a universal spray while the two latter are local sprays, meaning
only specific areas are treated.

Fig. 5. Olive fruit fly evolution in each microclimate without spraying.
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Fig. 6. Olive fruit fly evolution in each microclimate after single spray.

3 Results
Figure 5 displays the evolution of the population of the olive fruit fly for each
microclimate without conducting any spray during the simulated time. It is obvious
that the temperature set of each microclimate has an effect upon the population
dynamics of the olive fruit fly. For microclimate A and B two generations are visible

Fig. 7. Population evolution comparison for Microclimate A before and after spray.
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Fig. 8. Population evolution comparison for Microclimate B before and after spray.

and the 3rd generation starts to emerge at the end of the simulated period. On the
other hand, for microclimate C and D only two generations are visible. In addition,
there seems to be a delay to the development and emergence of the first generation,
and consequently for each following one, between each microclimate. The smallest
delay is seen between the neighboring microclimates A and B of four days while the
biggest delay is observed between microclimates A and D with a delay of the latter
of 19 days.
The effect of a single spray one month after the start of the simulation, namely at
20th July, is depicted in Figure 6. The population dynamics of the olive fruit fly in
the areas corresponding to microclimates A and B are greatly affected. However,
that's not the case for the population in microclimates C and D which seem to be
unaffected by the conducted spray.
The following figures compare the population evolution of the olive fruit fly
before and after spraying for each microclimate. In Figure 7, a comparison for
microclimate A can be seen. It is obvious that the spray had a devastating effect upon
the evolution of the olive fruit fly. It is important to note that, the population size
until the end of the simulation was below the infestation threshold.
The comparison for microclimate B is depicted in Figure 8. The spray that was
conducted seems to have greatly affected the evolution of the olive fruit fly.
Although, the effect is not as devastating as is the case for microclimate A, the
population size of each subsequent generation has greatly decreased. The population
size for the first generation is below the infestation threshold and for the second
generation the population size is almost halved when compared to the population
evolution of the first simulation scenario.
On the other hand, microclimate C (Figure 9) is slightly affected by the conducted
spraying. Since, there is only a minor decrease in the size of the population between
the two simulation scenarios.
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Fig. 9. Population evolution comparison for Microclimate C before and after spray.

Finally, areas belonging to microclimate D seem to be impervious to the spraying
conducted in the second simulation scenario (Figure 10), as if the spraying had never
happened.

4 Conclusions
The effect of microclimates on the population evolution of the olive fruit fly is
investigated. Therefore, we modified our simulation model to be able to divide the

Fig. 10. Population evolution comparison for Microclimate D before and after spray.
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simulated field into one or more microclimates as specified by the user, where each
microclimate has its own distinct temperature set. The study area was the former
municipality of St. George, Corfu, Greece, which we divided into four microclimates
while the temperature sets for each microclimate were provided from environmental
sensors installed in the area.
The results of the simulation scenarios showed that due to the temperature
difference the warmer a microclimate is, within development thresholds, the faster
adult olive fruit flies emerge. The time difference of first adult olive fruit fly
emergence between the warmer (microclimate A) and the colder (microclimate D)
microclimate was nearly a month.
When a singular universal spray, based on local authorities’ practices, was added
in the simulation run the olive fruit fly population in microclimates A and B is
greatly affected, while in microclimate C the population is ever so slightly affected.
Whereas in microclimate D the spray has no effect whatsoever on the overall
population.
In conclusion, based on the results of the conducted simulation scenarios, as far as
universal-spraying practices goes the existence of microclimates should be taken into
account. After all, for microclimates with a colder climate the chemicals used in the
spray as well as the time to apply it go to waste since it will have a slight effect on
the olive fruit fly population or none at all.
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Abstract. This paper presents a new and innovative Internet of Things based
solution for controlling grazing sheep in vineyards. The SheepIT solution
includes a postural control mechanism that prevents animals from eating
grapes and the lower branches of the vines, but allows them feeding from the
unwanted weeds, thus taking advantage of the animal’s biologic need to feed
themselves to have an ecological vineyard weed control solution. Additionally,
a radio-based virtual fence mechanism is used to contain the flock inside the
desired grazing areas, allowing simultaneously to monitor animal’s activity
and to transfer the gathered data to a cloud application, for logging and
analysis purposes. This paper identifies the main requirements and presents the
system architecture. Moreover, the functional blocks that compose the
developed solution are detailed, with special focus on the collar to be carried
by the sheep. The implementation of the solution is also addressed in the
paper, and some preliminary experimental results, concerning the virtual fence
mechanism, are presented.
Keywords: Autonomous herd management, IoT, posture control, virtual fence,
cloud application

1

Introduction

The constant growth of unwanted and undesirable weeds in vineyards, which
compete for soil nutrients, forces the producers to repeatedly remove them through
the use of mechanical and chemical methods (Monteiro and Moreira, 2004). These
methods include machinery usage as plows and brushcutters to remove the weeds
between plant rows, and herbicides on the line between plant feet, in order to kill or
prevent the growth of weeds. Nonetheless, such methods are considered very
aggressive for vines, as well as harmful for the public health, since chemicals may
remain in the environment and hence contaminate water lines. Moreover, such
processes have to be repeated over the year, which entails a significant economic
impact, representing in the case of vineyards, 20 to 35% of total working time, with
costs per hectare ranging from 80€/ha up to 380€/ha (Carlos, 2014).
The use of animals to weed vineyards (Dastgheib and Frampton, 2000)(Bekkers,
2011), usually ovines, is an ancient practice used around the world. Animals grazing
in vineyards, feed from the unwanted weeds and fertilize the soil, in an inexpensive,
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ecological and sustainable way. However, as depicted in the Little Prince story ,
sheep may be dangerous to vines since they tend to feed on grapes and on the lower
branches of the vines, which causes enormous production losses. To overcome that
issue, sheep were traditionally used to weed vineyards only before the beginning of
the growth cycle of grapevines, requiring the use of mechanical and/or chemical
methods during the remainder of the production cycle.
The SheepIT project (SheepIT Project, 2017) aims at developing an autonomous
mechanism to control sheep’s posture and location during vineyard grazing periods.
The project includes an Internet of Things (IoT) based solution to monitor and
control the animals. Data concerning the behavior and physical condition of each one
of the animals are sent, in real-time, to a cloud platform. This cloud platform allows
the human operator to oversee, in an easy and efficient way, the flock, namely
browsing the collected data about animals and equipment. It also permits deploying
algorithms to process the data and detect abnormal situations, such as health
conditions, lost animals or attacks from predators, generating automatically alarms
when one of such events occurs.
The system architecture was designed in order to provide a flexible and adaptable
solution regardless of vineyard’s size and shape. Moreover, the human intervention is
maintained at a low level, being only indispensable for setting up the devices. The
system incorporates: a portable electronic collar, carried by the sheep, responsible for
monitoring and controlling its behavior; fixed devices called beacons, installed in
vineyards, responsible for interconnecting the network devices, define the virtual
fence placement and carrying out collar’s relative localization; a gateway device, that
aggregates data from all the beacons and uploads it to the cloud; and a cloud
application, responsible for gathering all the data collected and make them available
to the user.
This paper presents an overview of the SheepIT project, with special emphasis on the
global system architecture, functional blocks and their interactions. Moreover, and
due to its relevance, a special attention is given to the collars design. This paper
continues in Section 2 with a review of the related work in monitoring and
controlling animals. Section 3 describes the SheepIT architecture and the IoT
network. Section 4 describes the solution implementation and Section 5 presents
some preliminary results concerning the virtual fence, which is a key element of this
solution. Section 6 concludes the paper and presents future work.
1

2

Related work

In the scope of the SheepIT project, there are mainly two issues of interest that must
be explored, namely i) how to control animal’s posture and ii) how to monitor its
behavior, actions and location. For the latter case, many studies and applications can
be found in the literature (Umstatter, 2011), especially concerning monitoring the
location, pastures and welfare. On this, GPS (Global Positioning System), sometimes
combined with accelerometers, is the most portrayed technology found in the
1

Little prince
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literature, being evaluated to be used for locating cattle (Augustine and Derner, 2013)
(Kjellqvist, 2008) (Turner et al., 2000), white-tailed deers (Bowman et al., 2000),
griffons (Nathan et al., 2012), crocodiles ((Hunter et al., 2013) and sheep (Rutter,
Beresford and Roberts, 1997). In the last case, a GPS, together with a jaw and
lying/standing sensors, are used to monitor the grazing areas of domestic sheep.
However, this solution weights almost 2kg, needs to be transported in the back of the
sheep and has an estimated autonomy of 7 days. The relatively short autonomy
highlights one of the GPS limitations, which is its high-energy consumption, that
together with its high cost and usual loss of satellites connection (Nadimi et al.,
2008) makes it unsuitable for animal’s localization, particularly small to medium size
ones.
To mitigate GPS device limitations, new alternatives started to arise, namely through
the use of algorithms to estimate the relative position between nodes. Within those,
and due to its simplicity, the Received Signal Strength Indicator (RSSI) is the most
popular (Umstatter, 2011). In fact, as the RSSI is a common parameter available in
most of the wireless interfaces and many wireless technologies are designed to
exhibit low energy consumption, this method becomes very appealing for carrying
out relative localization in energy-constrained scenarios. Therefore, several solutions
employing that technique come up, particularly using Zigbee Wireless Sensor
Networks (Nadimi et al., 2008) (Huircán et al., 2010). A solution using UHF radio
tags, able to communicate with network terminals equipped with GPS and GPRS
devices, was presented in (Thorstensen et al., 2004). The denominated e-shepherd
solution, aimed at developing a system capable of monitoring the location of grazing
sheep in mountains. However, this solution only allowed a rough estimation of the
flock location and presented many communication problems.
The control and conditioning of animal’s location is typically made using physical
ground-based fences. However, its cost and lack of flexibility, prompted the use of
virtual fences, in which electronic systems control the animal’s behavior (Anderson,
2007). These systems emit cues/stimulus to animals when they adopt undesirable
behaviors (e.g. approaching the defined boundary of the fence). These cues are
mostly constituted by a pair of stimuli, namely a warning tone or vibration, followed
by an electrostatic discharge, if the animal persists on the unwanted behavior
(Tiedemann, A.R.; Quigley, T.M.; White, 1999). Using a warning cue, allows
animals to associate it with an electrostatic stimulation and consequently revert its
behavior. The success of this process depends on a training process in which not all
breeds and animals react in the same way. It is important to stress that the use of
electrostatic cues raises ethical issues, but it is proven (Lee et al., 2008) that the
effects of using low energy electrostatic cues on animals are similar to weighing or
treatment processes, and hence can be considered suitable and safe to be used on
animals. Among the solutions described in the literature to constrain animals, the
ones tested in goats ((Fay, McElligott and Havstad, 1989) and sheep (Jouven et al.,
2012) are the most closely related with the SheepIT project. Both use training collars
for dogs with audio and electrostatic cues. Although both studies show that both
animals are able to be trained with those cues, they are not enlightening in what
concerns to the characterization of the stimuli (e.g. duration, intensity).
Table 1 compares the SheepIT requirements with the most relevant solutions found
in the literature and introduced before. The SheepIT system shall implement a
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virtual fence, confining the sheep grazing inside a predefined area defined by
shepherds/farmers as well as it shall allow to know the localization of each sheep.
Moreover, the system comprises a device, integrated on the animal’s collar, that shall
include a posture control mechanism, in which the neck and head position are
monitored, in order to detect possible undesired behaviors. Additionally, the collar
device shall have small dimensions, similar to the available solutions for training
dogs, in order to be comfortably carried by sheep. The autonomy of collars shall be
at least 4 months, in order to avoid too often battery replacements, thus reducing the
maintenance time and costs. These last two requirements require a highly energyefficient system, in which communications, localization, sensing, actuation and
processing activities must be properly synchronized and scheduled, to attain the
desired functionality, while, at the same time, keeping the collars in low-power
consumption modes as long as possible. The data gathered shall then be delivered to
a cloud service, to be analyzed and presented to the user, using a simple and userfriendly interface. Finally, as the solution is intended to be used in vineyards to
remove weeds, it is expected to have thousands of sheep in few hectares, resulting in
the need of a high scalable network.
Table 1. Comparison between the SheepIT requirements and the similar solutions available
Requirements/Solution
Small Dimensions (0,5Kg-1Kg)
Localization (relative or absolute)
Data Collection
Communication Infrastructure
High Autonomy (~ 4 months)
Virtual Fence
Posture Control
Pasture geographic delimitation
User interface
Network Scalability
Year

3

SheepIT
✔
✔
✔
✔
✔
✔
✔
✔
✔
✔
2017

EShepherd
✔
✔
✔
✔
✘
✘
✘
✘
✘
NA
2016

Nadimi Huircan Jouven Rutter
et al
et al
et al
et al
✔
✔
✔
✘
✔
✔
✘
✔
✔
✔
✘
✔
✔
✔
✘
✘
✘
✘
NA
NA
✘
✘
✔
✘
✘
✘
✘
✘
✘
✘
✘
✘
✘
✘
✘
✘
NA
NA
NA
NA
2008
2010
2012
1997

System architecture

As depicted in Fig. 1, SheepIT follows a typical IoT architecture, with a Wireless
Sensor Network (WSN) layer, a cloud computing layer and an application layer. On
the WSN layer, mobiles nodes, named collars, are carried by sheep and are composed
of a set of sensors and actuators, a microprocessor, a radio link and a battery. Sensors
detect animal’s posture, while actuators apply stimulus when sheep adopt undesirable
behaviours. The radio link reports data sensed by collars and provides support to
relative localization, through the measurement of the link’s RSSI. Carrying out the
localization using the same radio infrastructure used for data collection contributes
significantly to reduce the power consumption, as it can be obtained with minimum
energy expenditure, because it requires only processing the RSSI after regular radio
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data exchanges. Collars move within the range of one or more fixed beacons, which
are nodes that are installed by shepherds in the areas to be grazed, enabling the
implementation of a virtual fence mechanism and the gathering of data transmitted
by collars. The system also contains a gateway node, which collects the data gathered
by the beacons and sends it to a cloud platform. Finally, a web application processes
the data received and makes them available to the user.
The following subsections present in more detail the system, with special focus on
the wireless sensor network layer, collar device, communication infrastructure and
cloud platform.

Fig. 1. Overall system architecture

3.1

Wireless Sensor Network

Confining animals inside the vineyards without continuous human supervision
requires a fence mechanism. In order to allow an easy and flexible definition of
weeding areas, it is adopted a virtual fence approach, supported by an RSSI-based
relative localization mechanism. This one uses the measurement of the RSSI of the
communication between beacons and collars, which are carried out at regular
intervals, to determine an estimate of the distance between them. Moreover, this
relative localization can be converted in an absolute one, as the beacons, which do
not have particular size and weight limitations, shall incorporate a GPS device. To
enable this mechanism, periodic messages are transmitted between beacons and
collars, allowing regular updates of their location as well as providing
synchronization of the network. Moreover, to enhance the localization process,
beacons are installed close to each other to guarantee overlapping of individual areas
of coverage, which in turn allows merging multiple localization data, thus
contributing to improve the accuracy of the relative localization process.
In the general case, beacons have to relay information of other beacons, since it may
be necessary to cover relatively large areas with arbitrary topologies, therefore it is
not possible to ensure that the gateway device can communicate directly with all
bacons. Therefore, the system integrates a routing mechanism to ensure that the data
sent by collars and collected by beacons, are relayed until reaching the gateway and
consequently the cloud application.
As the collars are mobile and beacon’s coverage areas overlap, a collar can, in a short
period of time, be in the range of different beacons or set of beacons. Hence, the data
from a collar can be received by multiple beacons. Relaying replicated data would
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consume bandwidth unnecessarily, therefore beacons follow a data centric approach
(Ghaffari, Jafari and Shahraki, 2013), merging the information received locally and
the information relayed by other beacons.
The existence of multiple nodes competing for the transmission medium, allied to the
system energy constraints, requires an efficient Medium Access Control (MAC)
mechanism. The system incorporates different types of traffic, with different
purposes and specifications, namely: periodic sensor data sent from collars to
beacons, periodic localization messages sent beacons to collars, periodic relay traffic
between beacons and sporadic traffic to allow nodes to register dynamically in the
network. As the overall bandwidth utilization can be relatively high (the system shall
allow the presence of several hundreds or even thousands of animals over regions of
a few square kilometers) and it is important minimize the energy expended by
collars, it is adopted a temporal multiplexing approach combined with a cyclic
structure. This cyclic structure is composed of different micro-cycles (uC), on which
different traffic is transmitted, forming a macro-cycle (MC) that is repeated in a
cyclic way (Kopetz, 2011). A uC starts with a message from beacons to collars that is
used to perform localization, to synchronize collars with the remaining nodes and to
identify the type of uC. Depending on the uC type, the remaining time is used for
different purposes, eventually employing different access control methods. Collars
registered on the network send sensor data periodically to the beacons. To minimize
the number of collisions and the amount of time that the radios have to be active, this
kind of uC adopts a Time Division Multiplexing Access (TDMA) scheme, in which
each node has a non-overlapping individual communication slot. Communication
between beacons is also periodic, and uCs dedicated to this kind of communication
adopt a similar TDMA scheme. On the other hand, there are communications that are
not periodic. For example, when a sheep enters in a protected area for the first time
or after being absent for a long time, its collar must register on the system to get a
periodic communication slot. For this purpose, there is one uC type that has an
arbitration scheme based on Carrier Sense Multiple Access, which allows the
transmission of unscheduled communications such as the one related with
registration.
3.2

Posture control

The posture control mechanism is crucial for the SheepIT solution, since it enables
animals to be used inside the vineyard, without threatening the vine grapes and lower
branches. This mechanism is enabled by collars applied on animals and it is based on
the three main blocks shown in Fig. 3: a set of sensors, to monitor the animal posture
and movements; an algorithm executed by a microprocessor that analyzes the data
gathered by sensors, applies sensor fusion and decides about the necessity of
applying stimuli; and a set of actuators that apply the actual stimulation to the
animal, when commanded to do so.
At this stage the animal's posture is monitored by two kinds of sensors: an ultrasound
sensor, to measure the distance between the neck of the animal and the ground; and
an accelerometer to monitor the neck tilt. These sensors are periodically read and
their inputs are fused, in order to detect incorrect animal postures. The need for using
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more than one kind of sensor and fuse their readings arises from the fact that the
terrain has irregularities (e.g. obstacles and holes in the ground) and animals may
adopt different postures (e.g. laying on the ground or walking), together with the
need for having a reliable detection of undesirable behaviors, as the success of the
animal’s learning process depends on this and it is considered essential for animal’s
comfort. The combination of sound and electrostatic stimuli (Umstatter et al., 2013)
are the most effective, and hence used as the posture control actuators.
3.3

Cloud platform

A cloud platform is proposed with a triple purpose: (i) to store sensor data streams
and perform continuously data mining to extract relevant information about the
location, activity and behavior of animals, as well as about device’s state and
operation; (ii) to provide a user interface through a web interface, allowing shepherds
and/or farmers to use a mobile device to access to the collected data; (iii) to
autonomously generate alarms when problems occur on animals or equipment.
The IoT gateway periodically streams the device monitoring information to the cloud
platform through a broker (Fig. 2). This broker delivers the information within the
cloud platform to entities, on a subscription basis. This allows several entities to
subscribe specific subjects of the stream and carry out data mining of specific
subjects. Moreover, the subscriber entities identify critical values and trigger alarms
(e.g. animal out of bounds, animal’s panic, equipment failure), storing this
information on a database.

Fig. 2 – Cloud platform organization

The alarms are sent by the system to the human operator, notifying him about the
occurrence of critical events, so that he can intervene in the system, correcting the
anomalies as soon as possible, preventing undesirable consequences (e.g. loss of
animals, network failures, damages in the cultures).
Together with the dynamic information generated by the system (e.g. animal activity,
battery state), the system database also contains static information about animals (e.g.
gender, birthdate, vaccines) and equipment (e.g. model, firmware version) that can be
inserted by the system operator. This introduces additional value to the solution,
allowing farmers to correlate information gathered on-line by collars installed on the
sheep with specific information of each animal, as veterinary data.
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4

Implementation

SheepIT collars are a crucial element due to their requirements and features. Its
implementation is based on Texas CC1110 SoC, which includes a microcontroller
with several IO Ports and timers, allowing diverse power saving modes. Moreover,
this SoC also includes a radio module operating at the 433 MHz ISM band. This SoC
was selected because it has a low-cost and low power consumption and the 433MHz
band radio is suitable to be the used on vineyards, considering the radio environment
constraints (e.g. trees, posts, metallic strings and vine relief). In addition to the
CC1110, the collar, whose architecture is illustrated in Fig 3, contains an
accelerometer, an ultrasound-based distance measurement circuit (using a transceiver
similar to the ones used on cars), a buzzer, and a high voltage stimulator.
The first prototype of the collar, shown in Fig. 4, includes all the signal conditioning
circuitry necessary to integrate sensors and actuators, as well as the firmware to
control the circuit peripherals, allowing the complete parametrization of
measurements and actions.

Fig. 3. Collar modules

Fig. 4. Collar prototype

SheepIT beacons are also based on the Texas CC1110 SoC. Regarding
communications, no additional components are required, as the same radio used for
collar-beacon communication is also used for beacon-beacon and beacon-gateway
communication. In the future, a GPS module will be added to the beacon hardware
platform, to enable the deployment of the absolute localization services.

5

Results

The project is still at a very early development stage and, so far, it was only possible
to make preliminary tests of the communications and virtual fence operation. As
such, a scenario test, depicted in Fig. 5, composed of two beacons directly connected
to Linux-based PCs, and a collar, was set up. The collar node moves between the two
beacons, which receive the data from the collar, and computes the RSSI of each link.
The PCs are connected, via a serial link, to the beacons, displaying and storing the
received data. Beacons are placed at a higher position (2m) than collars (50 cm).
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Measured values were captured during 3 minutes, from both beacons, with 5 meters’
intervals.

Fig. 5. Topology of the test

The initial data capture analysis (see Fig 6) allows us to conclude that the RSSI value
decreases polynomially with the distance between the collar and the beacon. Also, a
huge variation of the RSSI can be observed for the same distance. On this basis, it
was implemented a virtual fence mechanism establishing a minimum RSSI value of 55 dBm, which in our case corresponds to a distance around 40 m. A communication
received by the collar with this RSSI, means the detection of a fence infraction which
in turn triggers an audible warning signal. If during the subsequent communications
the RSSI value doesn’t return to values greater than -55 dBm, the system responds
with an electrostatic stimuli.

Fig. 6. RSSI measured versus the distance between nodes

In order to enable the computation of an estimation of the distance of a collar
according to the RSSI measured, the variables from the graphic represented in Fig. 6
were inverted and a polynomial regression executed (Fig.7). As the virtual fence
mechanism is especially crucial at the border of the fence, we evaluated the behavior
of the polynomial for values measured close to the border of the fence (40m). Hence,
for all the values of the RSSI measured at distance equal to 40m, we calculated the
respective distance estimation using the polynomial. Fig. 8 shows that the error
associated to the polynomial regression and RSSI measurements result in situations
on which the stimulators are triggered even if the collar is still in the border if the
fence (red line). However, this limitation can be minimized if the warning sound are
triggered before the collar reaches areas close to the border.
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Fig. 7. RSSI measured versus the distance
between nodes

6

Fig. 8. Distance estimated using the
polynomial

Conclusions

The SheepIT project aims at taking advantage of sheep grazing behavior, to weed
vineyards in a economical and ecological approach, fertilizing the soil and thus
optimizing the wine production. However, sheep presence within the vineyards
creates several challenges, especially the ones related with preserving the integrity of
vines and grapes, to not jeopardize the wine production, and with keeping sheep herd
within a designated region, all of this without direct human supervision. As such,
posture control and virtual fence mechanism are sought in the scope of the project.
Although in the past, sheep have been used to graze in vineyards, nowadays, thanks
to the specialization that the vines suffered, the flock is a foreign element. In order to
facilitate the animal management process by vineyard staff, the project includes
collars and beacons which, combined with a communication infrastructure, feed a
cloud platform with animal data, following IoT-like design principles.
The project still is in its initial period and its development in a very embryonic stage.
This paper presents the project requirements and goals, as well as the proposed
system architecture and a preliminary assessment of the RSSI-based virtual fence
mechanism. Tests have been carried out on a test scenario containing two beacons
and a collar, with a very rudimentary algorithm to control sheep position.
The obtained results show that the relative localization mechanism, despite basic,
offers a precision of around 2m at a 40m distance. This value is of the order of
magnitude of the required one, and can still be improved, thus indicating that this
localization method is suitable for supporting the virtual fence mechanism. It is,
however, important to improve the precision of the localization, namely by
combining the RSSI values of several beacons, eventually adding also dead
reckoning, and evaluate it in a real scenario to check if the mechanism promotes
animal learning.
Beyond assessing the fence mechanism in a real scenario, tests have to be performed
to gather real data in order to learn how to recognize animal posture from the collar
sensory information, and thus to enhance the definition of a suitable posture control
algorithm. Moreover, further work has to be performed in the communication
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infrastructure, in order to validate and adapt its operation to the Douro vineyards
orography.
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Abstract. Assessing the sustainability of small ruminant systems is crucial to
ensure their long-term viability, to identify potential areas of improvement, to
uncover trade-offs between different aspects of performance and to,
potentially, demonstrate benefits of particular management strategies.
However, there is scarce literature and guidance regarding optimal tool choice
and effective practical use of such tools with regards to the evaluation of the
sustainability of small ruminant systems. The overall aim of this work was to
select the most appropriate indicators following the coverage of the
sustainability criteria defined by the SAFA framework and to select or create if appropriate, a rapid, but effective, assessment tool. Ease of tool use and it’s
easiness of adaptation to include new indicators were key criteria. This paper
describes the selection of the most appropriate indicators and their
incorporation into an adapted version of the Public Goods Tool (PG Tool).
Keywords: Sheep, Goats, sustainability assessments, PG Tool, indicators,
ruminants.

1 Introduction
Sustainability assessment can be defined as an evaluation exercise that directs
decision-making to ensure ongoing feasibility of the production system (Bond et al.,
2012; Hugé et al., 2013; Pope, 2006). Indicator-based sustainability assessment tools
and frameworks can either guide or conduct sustainability assessments (Gasparatos
and Scolobig, 2012; Ness et al., 2007) and vary widely in their scope (e.g.
geographical and sector), target group (e.g. farmers or policy makers), selection of
indicators, aggregation and weighting method and time required (Binder et al., 2010;
Marchand et al., 2014; Schader et al., 2014). Scientific evidence on farm
*
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sustainability assessments, as well as the sustainability assessment tools available to
support decision-making, are ever-expanding; however, these assessment tools can
vary enormously in their scope and approach. (Binder et al., 2010; Bockstaller et al.,
2009; Gasparatos and Scolobig, 2012; Marchand et al., 2014; Ness et al., 2007;
Schindler et al., 2015).
Assessing the sustainability of small ruminant systems is crucial as it will help to
ensure their long-term viability, to identify potential areas of improvement and
efficiencies, to uncover trade-offs between different aspects of performance and to,
potentially, demonstrate benefits of particular types of management strategies and the
sector as a whole. Such assessments require physical visits to farms and collection of
data of different nature. However, questions arise on how to navigate between
existing tools, what their key characteristics are and how can one select the most
appropriate tool for this specific purpose. There is scarce literature and guidance
regarding optimal tool choice and the effective and practical use of such tools and
methodologies when it comes to small ruminant systems (De Ridder et al., 2007;
Bernués et al., 2011; Gasparatos and Scolobig, 2012). In addition, the typology of the
sheep and goat sector in Europe consists of a great diversity of farm types in terms of
production aims, farm size, breeds kept, and levels of intensification, including also
organic, Protected Designation of Origin (PDO), Protected Geographical Indication
(PGI), pluriactive farms or breed specific farms (Theodoridis et al 2016). These farm
types are specific to a wide range of environmental and socioeconomic conditions
with local, regional, national or intra-national importance and can vary in
sustainability and their needs for innovation. Therefore, the diversity of the existing
farm types and their production aims across Europe imposes a great challenge for
selecting appropriate indicators and tools to assess the sustainability of the sheep and
goat production systems.
The aim of this work was therefore to identify a) the most suitable indicators and
tools for assessing the sustainability of sheep and goat farms and b) to incorporate the
identified indicators to the most appropriate sustainability tool selected for the
assessments. To do this, we first conducted a thorough review of existing
sustainability assessment tools and frameworks and evaluated the suitability of the
identified tools with the involvement of a number of stakeholders across Europe.
Concurrent to this, specific indicators of sustainability of particular relevance to
sheep and goat systems, focusing on the often under-represented social, economic
and animal health and welfare aspects (e.g. Schader et al., 2014), were identified. The
information collected were analysed in order to select and establish a final tool to be
used for the assessments. The indicators already contained in it and the ease of
adding additional indicators was also taken into account. The methodology followed
is described in detail in the following sections.

2 Review of sustainability tools and indicators
Different terms are used in the literature to describe sustainability assessments,
such as methods, methodological approaches, frameworks, and tools (Marchand et
al., 2014; Schader et al., 2014; Schindler et al., 2015). In this review, we focused on

634

those sustainability assessments that have been developed into tools aimed at
conducting ex-post assessments of the sustainability performance of farms using
indicators. These are called indicator-based sustainability assessment tools.
A range of scientific papers on sustainability assessments relevant to agricultural
systems were identified in the literature (e.g. Alrøe et al, 2016; Alrøe and Noe, 2016;
Olde et al., 2016; Lewis et al., 2010; Marchand et al., 2014; Padel et al., 2015;
Schader et al., 2014; Schader et al., 2016; Smith and Little, 2013). The review of
these and other studies resulted in a long but not exhaustive, list of 103 sustainability
tools; these tools were in turn categorized based on the following criteria: i. the
quantification of sustainability used (functional units; e.g. currency, carbon footprint,
standardised units etc.), ii. farm, product or sector level (spatial scale), iii. whether
the tool was designed for a specific country or region or is more widely applicable
(transferability), iv. Whether it is sector specific (i.e. specific to dairy/crops/etc. or
covers a range of farm types), v. time taken to complete the assessment and vi.
software or platform used. Following this exercise, 21 tools (out of the 103 identified
in the literature) were subsequently selected and prioritised based on their coverage
in view of the FAO’s SAFA (Sustainability Assessment of Food and Agriculture
systems) framework guidelines. A similar approach was conducted by Olde et al.
(2016) for four of the tools included in our analysis (RISE, SAFA Tool1, PG Tool
and IDEA). Their results are shown below, in Table 1.
Table 1. General characteristics of the tools that complied with six selection criteria (Olde et
al. 2016)
Tool
RISE

SAFA

Full name
Response Inducing
Sustainability
Evaluation
Sustainability
Assessment of Food
and Agriculture
Systems

Target group

Reference

Origin

Farmers

Häni et al.
(2003)

Switzerland (Bern
University of
Applied Sciences

Food and agricultural
enterprises,
organizations,
governments

FAO (2012)

Multiple countries
and institutes

Gerrard et al.
(2012)

UK (The Organic
Research Centre)

PG Tool

Public Goods Tool

Farmers, policy-makers

IDEA

Indicateurs de
Durabilité des
Exploitations
Agricoles

Farmers, policy-makers, Zahm et al.
education
(2008)
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France (multiple
institutes)

The FAO’s SAFA guidelines define sustainability in in four domains (i.e.
environmental integrity; economic resilience; social wellbeing and good governance)
and each domain is further subdivided into themes and then sub-themes when
appropriate. Indicator quality is assessed in SAFA based on whether it is outcomebased (e.g. actual measures of performances such as soil nitrogen surplus), related to
individual farm practices or simply a farm target. Being a well-founded and widely
accepted approach in the sector, SAFA provided a sensible framework to use as basis
for the conduction of our own review of indicators. Therefore, any indicators
additional to those suggested in the SAFA framework were identified and where
these indicators did not fit within an existing theme or sub-theme, new classes were
proposed.
2.1 Stakeholders survey on identifying appropriate indicators and
sustainability tool
Following the literature review of the tools and indicators a list of the potential
indicators and sustainability tools was presented by means of an on-line survey to a
number of sheep and/or goat stakeholders representing farmers in Greece, UK,
France, Italy, Spain, Finland and Turkey. These partners were asked to rank the
indicators in view of their experience and knowledge, on the basis of the most
“appropriate” and farmer/industry “commonly used” indicators. Participants were
also asked to rank and give details of any sustainability assessment tools that they
had used in the past or heard details of. The survey was developed using the
Qualtrics survey platform (Qualtrics, 2016) and was web-based. A total of 35
responses were received from 69 potential participants (researches and stakeholders)
while the 35 responses covered 95 % of the participating stakeholders. The results of
the survey were analysed in view of the industry type i.e. sheep vs. goat organisations
and were compared. In addition, preferences of research vs. industry partners were
also evaluated. Interestingly, there was a high level of agreement between different
stakeholder groups. The results of the survey were used to help compile a final list of
sustainability indicators and identify a suitable assessment tool for the purposes of
this work.

3 Selection of sustainability tool and indicators
In addition to the literature review and stakeholder survey, the development of the
assessment approach was based also on workshop discussions that aimed to i.
identify the most appropriate indicators in all dimensions (i.e. social, economic,
environmental, governance), ii. select the best sustainability assessment tool in view
of the European typology (see report by Theodoridis et al., 2016) of the sheep and
goat farms and iii. ensure that all the key indicators identified in step (i) were
included in the tool selected in step (ii) and if not, an additional list of indicators
would be built to be incorporated in the selected tool.
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3.1 Selection of the indicators
The decision on the most appropriate indicators (with starting point on survey
results) was discussed with project partners through workshops and on-line
discussions; these meetings helped also to identify additional indicators that were
particularly relevant in more specialist types of production systems. The SAFA’s
general criteria to the categorisation of indicators was applies and selected indicators
fall within following three categories.
Animal health, welfare and livestock management indicators. The final selection
of the specific animal welfare indicators considered the particularities of sheep and
goat farming systems and their production purposes in view of the existing farm-type
variation (e.g. intensive, extensive, PDO, organic, transhumance, etc.). in addition to
the literature review and stakeholders’ feedback, the selection built upon
recommendations from the AWIN project (AWIN, 2015), DairyCare COST Action
and SOLID project experience, as well as latest EFSA recommendations (2014). The
addition of new indicators was based on a multi-dimensional concept (mental and
physical health in harmony with environment and the ability to cope with likely
changes in the environment due to climate change) following the principles of good
feeding, good housing, good health and appropriate behaviour, and considered both
extensive and intensive systems. In the selected indicators, resource-based and
management-based indicators have been combined with questions associated with
direct observations of animals.
Socioeconomic indicators. As previously, the identification of socioeconomic
indicators considered the specificities of sheep and goat farming systems across
Europe (Theodoridis et al., 2016). For the economic indicators, preference was given
to the “gross margin” approach (goat or sheep income, less variable costs), which is
already used by several farmers and requires less time to evaluate the economic
efficiency of livestock enterprises than the “costs of production” approach. The
selected indicators covered a range of socioeconomic aspects such as product quality,
food safety, product certification, integration in the local economy, vulnerability and
long-term profitability, investments farm succession in addition to indicators related
to the on-farm working conditions, health and safety and interaction of the farm with
the wider social environment.
Environmental indicators. These indicators were mostly selected based on the
SAFA themes of atmosphere, water, landscape, soil quality, biodiversity, and
materials and energy. Individual indicators associated with each area were drawn
from a range of sources including Government guidelines and codes of best practice
(e.g. Defra, 2006, Environment Agency, 2004, Natural England, 2007), industryfacing guidelines (e.g. ADAS and The Organic Research Centre, 2002) and the
SAFA framework itself (FAO, 2012). New indicators were selected in relation to the
use of supplementary feed, on-farm energy efficiency and biodiversity management.

637

3.2 Selection and adaptation of the sustainability tool
The decision on the most appropriate tool was based in principle on its compliance
with the FAO SAFA guidelines, the time taken for the completion of the assessment,
. the scientific rigour of the farm assessment process and the need to adapt the
assessment framework through the inclusion of new indicators identified within the
literature review, stakeholder survey and workshops. It was also apparent such a tool
should be capable of assessing the sustainability of sheep and goat farms across a
range of farm types and will serve the basis for developing a toolbox of assessment
tools and indicators that can be used in future assessments. Additional selection
criteria included the easiness to adapt the tool to include new indicators identified
and the ease of tool use i.e. the expertise and time taken to carry out the assessment.
Following the characterisation of tools according to above criteria it was concluded
that concluded that the Public Goods Tool (PG Tool) provides the best option for a
rapid yet comprehensive framework for assessing the sustainability of the sheep and
goat sector. Amongst other advantages the readily of the PG Tool to be adapted, its
modular structure to follow FAO’s SAFA framework and that fact the tool has been
used successfully in multi-national sustainability assessments within a range of
European projects made it clearly the best choice in view of the aims of the project.
The development of the PG Tool for the specific project involved a) the inclusion
of the indicators identified and b) a comprehensive approach and analysis with
regards to the formulation of the questions to asked, what will be the potential
options for responses, and how each response will be scored. Some questions
required five different answers, given scores 1 to 5, while others required only three
and the scores assigned were 1, 3 and 5. Scores were attributed based on
recommendations for best practice included within guideline documents (e.g. CALU,
and ADAS, 2007) with the higher score representing the best sustainable practice
while some indicators required more than one question in order to be addressed.
Once indicators incorporated in the tool, they were analysed to finalise scoring
criteria. A significant proportion of the new indicators added to the PG tool related to
animal health and welfare, farm livestock management, social sustainability and
governance (the latter area was previously missing from the PG tool). Animal
welfare and social sustainability also tend to be under-represented in sustainability
assessments in general and were therefore given a greater emphasis.
Following incorporation of the new indicators, the PG-Tool underwent systematic
tests in UK, Spain, Greece, France and Italy as part of the WP1, assessing in sheep or
goat farms in these counties, in order to identify possible flaws or errors. Feedback
from farmers was recorded on the applicability and usefulness of the tool and the
time it took to assessment. Results from these assessments suggest the tool provides a
useful framework and identifies areas of poor/good performance. Following farmers’
feedback, considerable attention was paid on the time that the assessment is taking to
be completed. The sustainability assessment using the final version of the tool takes
about 2 to 3 h to be completed.
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4 Conclusions
This work showed that, despite the growing interest in livestock sustainability
assessments, no specific tools that cover all sustainability domains and types of
production systems were developed with focus on the small ruminant sector.
Therefore, we put forward an assessment approach for selection of appropriate
indicators and sustainability tools that lead in the creation of a rapid, but effective,
assessment tool. We therefore consolidated information and data collected through
the industry partner survey, workshop discussions and literature review and the most
appropriate indicators in all dimensions (i.e. social, economic, environmental,
governance) were identified in addition to the best tool for assessing sustainability of
sheep and goat farms ensuring adaptability to a range of farm types. We concluded
that the Public Goods Tool (PG Tool) was the most appropriate framework for
adaptation as it was the first to fulfil all the key selection criteria (i.e. ease of tool use;
the coverage of a range of sustainability criteria as defined within the SAFA
framework and; the possibility and ease of adapting the tool to include new
indicators). The results of the on-line survey highlighted the importance of keeping
the process of the sustainability assessments relatively short (i.e. between two and
three hours) in order to attack farmer’s interest and keep them engaged through the
process. Thus, during the adaptation of the tool considerable attention was payed to
the time that the assessment is going to take on farm.
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Abstract. The European sheep and goat sector is characterized by low incomes
and increased production costs. There is no established farm management
methodology; farmers rely on public subsidies to remain financially
sustainable. Moreover, there is an extremely low level of innovation and
adaptation of technology. This paper proposes Happy Goats, a model-driven
decision support software which helps farmers make annual management
planning decisions by running different what-if scenarios for the future. Happy
Goats takes into account all important farm aspects (flock size, production,
feeding, grazing, prices and cost factors) and produces profit-centric reports
with simple and easy-to-understand charts and projections. Farmers are able to
visualize the impact of their choices and plan for an optimized production. The
app also provides a standalone daily feed calculator for optimal, customized
daily feeding.
Keywords: sheep, goats, web app, sustainability, decision support

1 Introduction

1.1 Current state of the European sheep and goat sector
The European sheep and goat sector faces great challenges, which must be properly
addressed to avoid further marginalization of the sector in the European agrifood
economy (Bernués et al., 2011, Dubeuf & Sayadi, 2014). One of the most pressing
issues is the fact that incomes for sheep and goat farmers are among the lowest in the
agricultural industry and depend heavily on public support (De Rancourt et al., 2006,
Dýrmundsson et al., 2006). Moreover, production costs are continuously increasing;
primarily for feedstuffs; secondarily for fuel, labor and animal health (Massot-Marti,
2008). At the same time the sector is characterized by a low level of innovation and
adoption of smart technologies (Massot-Marti, 2008).
The notion is that the majority of sheep and goat farmers do not follow an
established methodology regarding the management of their enterprises. The latter
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frequently leads to farms, which operate inefficiently and with reduced productivity
and profitability. Sustainability assessments at a Global, Mediterranean and Northern
European level have clearly shown that such farms rely on public subsidies to remain
economically sustainable (Dýrmundsson et al., 2006). These subsidies, provided by
the European Common Agricultural Policy, have decreased both production in
economically less viable areas and the competitiveness of the sector as a whole (ANT
International, 2011). A considerable number of sheep and goat farms, taking
advantage of previous per-head sheep and goat subsidy schemes, have been modeled
to aggressively maximize flock size without accounting for the negative
consequences in business and ecological sustainability (overgrazing, land erosion,
financial inability to sustain the flock on purchased feedstuffs etc.). However, such
schemes have already been phased out and replaced by grants paid to farmers who
own land rights. The above operational model, although viable in the past, cannot
guarantee any more the survival of the sheep and goat sector. Moreover, farmers are
not ready for future challenges such as the adjustments needed for removal of
Common Agricultural Policy payments (Johnson, 2004). The prevailing view is that
only farms which take up innovative solutions to modernize and rationalize their
modus operandi with an emphasis on flock size, management of feeding and grazing
residues are likely to successfully face these hardships and remain in business
(Bernués et al., 2011).
1.2

The current state of art in sheep and goat farm management solutions

In some countries and regions, technology and innovations are widespread in sheep
and goat farming. However, in general, the European sheep and goat sector is
characterized by a low level of innovation. Precision feeding, novel feedstuffs
(Molina-Alcaide & Yáñez-Ruiz, 2008), genetic characterisation of local breeds,
parasites control and farm management (electronic identification; Caja et al., 2014)
are potential innovations which however, have not been tested extensively on sheep
and goats (Dubeuf, 2014).
In terms of farm management, there is notable shortage of suitable tools that
would facilitate sheep and goat farmers to make management planning decisions
based on the analysis of relevant data and information and to apply well proven
methods for production optimization and profits maximization. Such tools include
RISE (Hani et al., 2003), Cool Farm tool (CFT, 2015), MOTIFS (Meul et al., 2008)
and PG tool (Gerrard et al., 2012) as well as a number of Australian tools (THE
FARM TABLE).
Most of the existing sheep and goat solutions are operating offline (the farmer has
to purchase the software once and install it on-farm) and can be characterized as
either:
• Complicated/time-consuming: These herd management solutions offer historical
per-animal records for health, performance and breeding and produce the
relevant reports. Note that regular data entry into such systems takes several
hours and is discouraging for the farmer.
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Specialized/isolated: Many smaller stand-alone solutions have been developed to
address specific needs such as feed formulation, GPS-enabled animal tracking
and stand-alone financial and accounting suites.
However, none of the existing solutions offer tangible decision support
capabilities. They do not focus on planning advice for profitability in terms of
revenues and expenses, while their archaic user interfaces and the financial and time
investment required by the farmer has kept adoption rates extremely low.
•

2 Objectives
Taking into consideration the issues above, our team has designed and developed
Happy Goats (Figure 1), an innovative solution that tackles specific barriers
hindering the evolution of the sheep and goat sector. Happy Goats is a model-driven
decision support web app for sustainable small ruminant farming. It drives impacts
in 3 distinctive dimensions:
• facilitate sheep and goat farmers of all types and sizes to make annual
management planning decisions by running various what-if scenarios: With
Happy Goats, farmers create future scenarios which take into account flock size,
production, feeding, grazing, labour, costs and income based on required and
optional (default values provided) information about their farm. In return, the
model estimates critical information such as energy and protein calculations,
predicted milk production, the effect of different feed practices, subsidies and
profitability. All of the above are illustrated with simple easy-to-understand
charts and projections, which help farmers visualize the impact of their choices
and plan for an optimized production.
• support the optimization of milk and meat production in sheep and goat farms:
Happy Goats offers simple human-readable advice based on energy and protein
balance, yearly animal weight change, milk production change and other
parameters. This way it helps farmers towards optimal production and higher
profitability while also eliminating dependence on public subsidies.
• provide added value to the offerings of consultants who support sheep and goat
farmers: As farmers are not so keen on adopting new technologies, Happy Goats
addresses additional actors of the sheep and goat value chain, mainly
veterinarians, Zootechnics professionals/consultants and co-operatives. These
groups can benefit by offering their clients a new and innovative product, which
can improve the quality of their services and create long-term relationships
between farmers and consultants.
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Fig. 1. Happy Goats website

3 Software development
Data from the database of the Laboratory of Animal Husbandry were used to set
default values and acceptable ranges for those parameters that characterize a farm
(flock size, milk yield, ration, grazing, product prices, costs, etc.). An algorithm was
developed based on energy and protein requirements of different categories of sheep
and goats, according to their production stage, in order to assess nutritional
management and its impact on farm economics. Default values for forage and
concentrate feeds as well as the equations for calculating nutrient requirements of
animals were obtained from existing literature (Alderman & Cottrill, 1993, CSIRO,
2007, McDonald et al., 2010). Based on the above, a web-based application was
developed allowing users to enter data into designated web forms. Data input is
checked for correctness and then compared with theoretical minimum and maximum
limits per category. The data of each farm is centrally collected and stored securely
on the cloud. Thereafter, the latter data are processed with a model algorithm, which
provides results that serve as a guide to management decisions.

4 Software features, impacts and benefits
1: Profit-centric reporting –factors which affect profitability: Happy Goats requires
the user to enter information regarding all important farm aspects such as flock size,
milk production, processing, feeding, grazing, work hours, land size, prices and
detailed cost factors (Figure 2) and with the use of an energy and protein based
algorithm it provides results shown in Euros. In particular, the app estimates the total
farm income, costs and profit as well as profit per ewe in relation to production
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estimates such as milk change and weight change of lactating ewes (Figure 3). It also
provides charts of various income and cost components as well as feed costs and
variable costs per animal category (Figure 4). Therefore, farmers may now
understand their cost structures in depth, identify which factors affect profitability
and be incentivized to utilize additional sources of income. Moreover, it generates
simple to understand projections such as flock size vs profit and concentrate fed to
lactating ewes vs profit (Figure 5). These projections help farmers understand the
dynamics of their farm with a special emphasis on optimal flock size and feeding
practice. Taking into consideration all the above, farmers benefit through tighter
control over revenues and expenses, ability to plan for increased profitability with
similar or lower costs and elimination of dependence on public subsidies.

Fig. 2. Create / edit scenario form. Here, the farmers are asked to enter all of their farm data in
terms of production goals, feeding and grazing, incomes, costs and prices, using an easy and
intuitive web interface.
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Fig. 3. Overview of a farm: Basic farm data: income, costs and profit per animal. Farm
scenarios calculated projected values such as milk production change and weight change of
lactating animals, based on their energy and protein balance.

Fig. 4. Section of the report page; Graphical representation of farm income & costs and costs
per animal.
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Fig. 5. Projections of flock size vs profit and
concentrate fed to lactating ewes vs profit.

2: What-if scenarios: The app provides an action plan by simulating different what-if
scenarios for the future. The users can freely experiment with all important factors
which affect profitability and create/compare many different scenarios until they are
satisfied. Moreover, they are provided with human readable advice which helps them
towards testing more viable solutions. Through this process, farmers are able to make
management planning decisions which will eliminate farm inefficiencies and
optimize production.
3: Daily feed calculator: Happy Goats provides a standalone feed calculator (Figure
6) which can be used by consultants to develop daily feed rations for all animals
(ewes/goats, rams/bucks and lambs/kids). The user inputs information regarding
animal weight, milk production goal and week of pregnancy (for females) and daily
weight gain (for young animals). Based on the above the model calculates energy and
protein requirements. Then, the users experiment with amounts to be fed from a
range of forages and concentrate feedstuffs, taking into account both their nutritional
values and their current costs, in order to develop an optimized and customized daily
feed ratio. Hence, Happy Goats daily feed calculator can help farmers optimize
animal feeding while minimizing feeding costs.

Fig. 6. Standalone feed calculator with results.

5 Development and progress
Happy Goats was developed within EU’s FI-PPP program (SmartAgriFood2
accelerator). In 2015 the development of the original prototype app was completed. It
went through a process of competitive selection and based on its solid functionality
and business pitch made it to the final phase of the EU business accelerator project.
In 2016 Happy Goats underwent several field trials in Greece and Austria and is now
in the go-to-market phase.
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6 Conclusions
Happy Goats is a decision support web application, which introduces for the first
time the concepts of profitability versus flock size optimization and efficient
management for small ruminant farms in Europe. With this concept, the app goes
beyond the few existing competitive products, which focus on finances or animal
breeding, without adopting any comprehensive methodology to come up against the
troubles that have been afflicting the sector. With Happy Goats, farmers will be able
to estimate both financial figures such as income and costs and production related
figures such as required feed for their goals of milk and meat production. Thereby,
farmers will be able to better respond to the sector’s challenges. Furthermore, Happy
Goats can benefit additional actors of the sheep and goats farming value chain by
diversifying and deepening their services offering.
Acknowledgments. In its current evolution, Happy Goats is a collaboration between
the Laboratory of Animal Husbandry, School of Veterinary Medicine of the Aristotle
University of Thessaloniki and Integrated ITDC, a software company. Happy Goats
is based on SSRF-DSS, an EU-funded project through the SmartAgriFood2
accelerator with the collaboration of ZALF (Muncheberg, DE) and the Institute of
Social Ecology (Vienna, AT).
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Abstract. Innovation and innovative practices can improve the sustainability
of sheep and goat sector, however, they are not extensively used, tested or
validated. In this context, iSAGE project aims to explore the potential of key
innovations that may contribute increase the sustainability of sheep and goat
production system in Europe. Key innovations were identified using a survey
and 2 workshops with 18 European industry and science organizations.
Industry partners then selected 35 innovations to test on farms. The main
reason for industry partners to test these innovations was related to economic
sustainability. However, direct and indirect social and environmental benefits
of the selected innovations will also be explored using farm data, surveys and
interviews. Some remarkable innovations were related to the development and
implementation of genomic selection and individual recording technologies,
and to the increase social sustainability of sheep farming by boosting the
generational turnover and support new entrants.
Keywords: innovations, sheep, goats, iSAGE, industry, sustainability

1 Introduction
The sheep and goat sector in Europe is very diverse with different stages of
development and diversity across and within counties and among breeds (De
Rancourt et al. 2006). This diversity applies to many elements such as feed resources
and feeding systems, breeds, types of farming (milk and/or meat), types of products,
production intensity, and importance of the farming to the area. In general, sheep and
goat sector is less developed than pig, poultry and cattle sectors, which are usually
less diverse. Still, innovations are being developed for intensive sheep and goat
systems; however, there is a significant proportion of farms that operate using very
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similar technology and knowledge used in last decades. This lack of technical and
innovative development may be reducing the effectiveness and sustainability of
sheep and goats systems.
Innovations and innovative practices that have helped farming systems evolve
include practices and technology related to feed and drugs, animal breeding, product
marketing, infrastructural and organizational operations. Recent development of
information and precision technology, data management and genetics and genomics,
have led to a whole new set of farming innovation that have been, or are planned to
be introduced into farms (Caja et al., 2014). In many cases these innovations are still
being developed and tested and their potential being explored for sheep and goat
industry (Dubeuf, 2014). In addition, the innovations need to be tested on various
farming systems to understand their relevance, benefits, and trade-offs (Dubeuf and
Sayadi, 2014). However, the testing and spread of innovations on sheep and goat
farms is challenging due to its heterogeneity.
Other challenges for introducing innovation into sheep and goat production
systems are:
1. Relative to other agricultural sectors, sheep and particularly goat technology
has remained relatively stagnant and neglected from the mainstream
research.
2. Low sector incomes. Increasing input costs, combined with inadequate
farm-gate prices and poor monetization of by-products have made incomes
among the lowest in the agricultural industry and heavily dependent on
public support.
3. Lack of skilled workers. The sector productivity is hampered by a lack of
technical services and training. Declining rural populations creates a
shortage of skilled workers.
4. High farmer age and lack of generation transfer. Sheep and goat farmers are
older than farmers in other sectors. Elderly farmers are often reluctant to
make changes and young people are not interested in the business.
Therefore, the iSAGE project aims to identify and explore the potential of key
innovations that may contribute increase the sustainability of sheep and goat
production system in Europe.

2 Methods
We identified innovations that the European sheep and goat industry think are
important to increase sustainability. These innovations were found with help from
the EU funded iSAGE project (isage.eu) consortium which includes 18 partners
representing the sheep and goat industry. These industry institutions are among the
most relevant and representative of sheep and goat farmers in the Finland, France,
Greece, Italy, Spain, Turkey, and UK.
We identified and explored key innovation for sheep and goat sector using two
steps:
1) Identification of key sector innovations. Research and industry partners
identified the most relevant innovations in their countries using an online survey

653

and two project workshops. The online survey asked, which innovations the
partners thought would benefit and impact sustainability of the sheep and goat
sector. All 18 iSAGE industry partners answered the survey. The results of the
survey were shared with all partners and discussed with industry partners in two
project meetings in Thessaloniki in April 2016 and Zaragoza in June 2016. A list
of key innovations for European sheep and goat farming was produced as the
outcome of the workshops.
2) Test and exploration of selected innovations. Industry partners chose, from
the identified innovation, the most interesting and feasible innovations for their
needs and status of their specific industries. Innovation case studies were then
defined and protocols designed to test and explore the potential of selected
innovation. Case studies were designed to understand (i) how and why do farmers
use (or not use) innovations and innovative practices to make their farms
sustainable, and (ii) under what conditions are innovations and innovative
practices applicable.

3 Results and Discussion
3.1 Identification of key sector innovations
The industry partners identified fifty-two innovations and innovative practices. These
innovations fit into different categories: individual recording, animal handling
equipment, pasture and forage management and improvement, drug alternatives,
health and welfare tests, reproduction, breeding and genetics, and marketing. Due to
the diversity of farming system, some innovations were only relevant or applicable in
some countries, while other had a wider relevance. We categorized these potential
innovations into dairy or meat (D/M), sheep or goat (S/G) and intensive or extensive
farm types (INT/EXT). Innovations were also rated according to their applicability
for case studies (Low, Medium and High). The innovations identified cover the
diversity of sheep and goat systems in Europe. Therefore, the benefits of the
innovations potentially apply to all European sheep and goat industries. Table 1
shows innovations which were considered highly applicable and of general interest to
European sheep and goat industries.
3.2 Test and exploration of selected innovations
Industry partners selected 35 innovation case studies about reproduction (8), farm
technology; which included individual data recording (6) and handling technology
(1), breeding and genetics (6), forage and feeds (4), health and welfare (3), pastures
and grazing (2), products and marketing (2), and others (3). The main reason to
choose most of those innovation was to increase economic sustainability of farms.
Therefore, profitability appears to be the main incentive for farmers (and industry
institutions) to voluntarily introduce and assess innovations on their farms.
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Despite economics being the main driver of innovation selection, in many cases
there were indirect environmental (through increased efficiency) and social benefits,
which farmers were also interested in identifying and assessing. To do so, case
studies included the analysis of farm data, and farmer interviews and surveys
Table 1. Potential innovations applicable to the European sheep and goat industries.
Type

Innovation

Dairy or
Meat

Sheep
or Goat

INTensive or
EXTensive

Pasture
management

Improve grazing practices

D/M

S/G

EXT

Improve pasture quality

D/M

S/G

EXT

Better use of by-products

D/M

S/G

INT

Improve meeting animal requirement and supply

D/M

S/G

INT

More sound and scientifically proven use of
antibiotic alternatives in feeding
More regionally integrated plans in place

D/M

S/G

INT/EXT

D/M

S/G

INT/EXT

Use of sensor RFID ear-tags as welfare indicators

D/M

S/G

INT/EXT

Cortisol Hair analysis

D/M

S/G

INT/EXT

Improved fertility through better quality of frozen
semen
Assisted reproduction techniques

D

G

INT

D

G

INT

Better use of rams and reproduction plans

D/M

S/G

INT/EXT

Routine data collection (recording programmes)

D/M

S/G

INT/EXT

Use of elite flocks (link to AI)

D/M

S/G

INT/EXT

New traits to increase resilience and hardness
(longevity, fertility, health)
Development of genomic selection

D/M

S/G

INT

D/M

S/G

INT/EXT

On-farm data collection linked to animal ID

D

S/G

INT

Animals stress automatic sensors

D/M

S/G

INT

Electronic microchip readers and automatic milk
recording systems for individual milk production.
Freeze drying for longer storage and exportation to
China
New dairy products and meat cuts

D

S/G

INT

D

S/G

INT/EXT

D

S/G

INT/EXT

Promote fresh sheep and goats products

D/M

S/G

INT/EXT

Better use of the environmental and social aspects
of sheep farming in the marketing of sheep meat.
Improve labelling and product recognition

D/M

S/G

INT/EXT

D/M

S/G

INT/EXT

New recipe books

D/M

S/G

INT/EXT

Explore alternative markets (Middle East and
China)

D/M

S/G

INT/EXT

Animal health
and welfare

Reproduction

Breeding and
genetics

Farm
technology

Product
processing
Products
marketing
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One case study which aims to increase social sustainability is the assessment of
the UK Ambassador Program. This program aims to boost the generational turnover
and support new entrants to sheep farming. The initiative provides an opportunity for
young farmers from England, Wales, Scotland and Northern Ireland to attend
practical training delivery sessions throughout one year on a number of sheep topics
such as farm/livestock management and business planning. The case study will
collect mostly qualitative data through interviews with present and past participants
in the Ambassador Programme. This is an important case study because lack of
generation turnover is a common problem of sheep and goat industries across
Europe. Therefore, the results of this case study will show the potential of
implementing similar programmes in other countries.
There were two innovations which will be tested across countries:
a) Genomic selection. The across-country case study on genomics will explore
the potential, drivers and constraints of genomic selection in the sheep and goat
sector. The case study involves research and industry partners from France,
Greece and Spain, It has two main aims. Firstly, to evaluate the potential
contribution of genomic selection to genetic gain by simulating scenarios using
real data structures of each population involved and creating scenarios of
implementation. In addition, the case study will also use economic data to
evaluate if the potential benefits of this tool pay off the investment in genotyping.
Secondly, the case study will explore the impact of using genomic selection on
current breeding programmes implementation. This awareness will be recorded
by surveying and interviewing farmers about their awareness of genomic
selection and their perception on the economic and organizational constraints for
its implementation in breeding programmes.
b) Individual data recording technologies are at different stages of
implementation in several countries and their full potential and development of
individual recording has not been reached as compared to more developed
systems (i.e. pig, poultry and cattle). Partners from France, Greece, Spain and
Turkey have designed case studies focusing on different aspects of individual
data recording systems, from technology developments to extension activities.
Partners will work together to find a general overview of the state, needs,
potential and constraints of data recording technologies and systems for sheep
and goat industry in Europe.

4

Conclusion

iSAGE innovation case studies have just started and will be completed across the
next two years. The 35 selected case studies will explore and show the potential
impact that innovations have to improve the economic, environmental and social
sustainability of sheep and goat farms. Case studies of success are expected to be
relevant to the sheep and goat industries in Europe because innovations were chosen
by industry members who are a large representation of the sector across Europe.
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Abstract. Digital elevation models (DEM) are widely used in agricultural
land use planning as a source of information about slopes, aspects, slope
forms and watersheds. Among different DEM products, one of the most
convenient is freely available SRTM. As well as other DEMs based on remote
sensing data, SRTM, actually, represents first reflective surface of the radar
signal such as top of the forest trees and bare-earth only if it is not obscured.
Using of such digital terrain model (DTM) in forested areas can lead to
artifacts in calculation of slopes, aspects, slope forms and watersheds. In the
present study, we provide the results of the quality assessment of SRTM and
different maps calculated from SRTM. We, also, proposed an easy-to-use
approach for adjustment of forest influence on SRTM and tested the approach
on key sites in Moscow, Russia.
Keywords: DEM, Geo-Information Systems, SRTM quality.

1 Introduction
Digital elevation models (DEM) are widely used in agricultural land use planning as
a source of information about slopes, aspects, slope forms and watersheds (Shukla,
2011; Zhogolev & Savin, 2016a). As a rule, remote sensing products representing the
first reflective surface of radar or laser signal are used. Such products represent the
tops of buildings, trees, other objects and the bare-earth if it is not obscured (Hirt,
2016). The influence of forest vegetation and other objects obstructing the bare-earth
can be adjusted.
Of laser illuminated detection and ranging (LIDAR), radar and stereo pair data
(United States National LIDAR Data-set, SRTM, ALOS PALSAR, ASTER GDEM,
SPOT DEM, etc.) one of the most widely used is SRTM product (Farr et al., 2007;
Nelson et al., 2009; Mulder et al., 2011; Du et al., 2015). The SRTM sensor was
launched on February 11, 2000 (Nelson et al., 2009). The mission lasted 11 days.
Since then a few updated versions of SRTM came out, the latest version – 4.1. The
spatial resolution of the SRTM is 1 arc second for the United States and 3 arc
seconds for global product. In 2015, SRTM with spatial resolution 1 arc second
became available globally. However, for many studies, at global and regional scales,
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there is still a lot of interest in 3 arc seconds SRTM because of suitable
generalization and long practice of application. The three arc second product has
improvements that is not available for one arc second data.
The evolution of the SRTM has led to the improvement of the spatial reference,
filling of gaps and other improvements (CGIAR CSI, 2016). So far, there have been
many studies on the impact of noise, anchor errors, gaps in the data, the effect of
sensing at an angle. At the same time, there have been few studies on the problem of
the influence of vegetation, which use widely available spatial data (Hofton et al.,
2006; Shortridge & Messina, 2011; Gallant et al., 2012; Zhogolev & Savin, 2016b).
To assess accuracy of SRTM different data are used: GPS point data of field surveys;
topographic maps and accurate radar or LIDAR (Rodriguez et al., 2006; Ozah &
Kufoniyi, 2008; Karwel & Ewiak, 2012; Amans et al., 2013). In terms of practical
application, it is reasonable to estimate influence of vegetation on quality of SRTM
by a comparison with DSM based on traditional paper topographic maps of
comparable generalization scale. The generalization of topographic maps has been
perfected, taking into account long-term experience in application, so the comparison
can reveal the most significant errors of SRTM. Moreover, DEM based on
topographic maps can be replaced by SRTM for global scale application as betterharmonized data or for local scale application in places where vectorized or up-todate topographic maps are not available (Mulder et al., 2011).
Adjustment of the forest vegetation influence on SRTM can be made using
approaches: replacing SRTM in forested areas with other DEM (Hengl et al. 2009),
reducing altitudes of SRTM in forested areas and smoothing the result with filters
(Hengl et al. 2009), replacing SRTM in forested areas with interpolated values
(Gallant & Read 2009; Gallant et al. 2012; Amans et al. 2013), adjustment of the
SRTM altitudes with the help of regressions model fitted using another DEM (Su &
Guo, 2014).
In this research, we provided the results of a comparison between slope, aspect,
slope form (convex-concave) and watershed maps calculated from original SRTM,
SRTM corrected using the proposed method and cartographic DEM created by
interpolation of isohypses of traditional topographic maps at 1:100 000 scale.

2 Study Area
As key sites, three lowland areas in the Moscow region (Russia) situated near
settlements Chashnikovo, Schebanovo and Serebryaniye prudy were selected (Tab.
1). The sites have different relief conditions and the share of forested area (Tab. 2).
The site "Schebanovo" has the greatest share of forests and the relief is flat. The
share of forested area in the site "Serebryaniye prudy" is the smallest, erosional
highly undulated relief is more pronounced than in other sites. The "Chashnikovo"
site has an average share of forested area and an average pronouncement of the relief.
A part of the Klyazma river floodplain is inside the boundaries of this site. The
dominant tree species on the site "Schebanovo" are pine (Pinus sylvestris L.), spruce
(Picea abies L.) and birch (Betula pendula Roth), with an average height of 24 m; on
the site "Chashnikovo": spruce (Picea abies L.) and birch (Betula pendula Roth),
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average height 21 m; on the site "Serebryaniye prudy": linden (Tilia cordata Mill.)
and oak (Quércus róbur L.), average height 22 m.
Table 1. Coordinates of the key sites.
The name of key site
Chashnikovo

Schebanovo

Serebryaniye prudy

Coordinates Lat/Long WGS84
1: 56005’15.04”N 37008’09.71”E
2: 56000’55.92”N 37008’18.50”E
3: 56005’23.08”N 37017’44.19”E
4: 56001’04.61”N 37017’55.85”E
1: 55040’00.09”N 38029’56.73”E
2: 55036’57.64”N 38029’55.64”E
3: 55039’57.24”N 38046’34.15”E
4: 55036’57.70”N 38046’36.87”E
1: 54035’29.90”N 38037’38.04”E
2: 54030’06.60”N 38037’43.59”E
3: 54035’29.74”N 38046’56.10”E
4: 54030’07.95”N 38046’59.12”E

Table 2. Description of the key sites.
The name of key site
Chashnikovo
Schebanovo
Serebryaniye prudy

Minimum
altitude, m
180
130
130

Maximum
altitude, m
240
160
210

Percentage of
forested area
55
72
24

Total site area,
km2
80
99
100

3 Methods
For preparation and interpretation of satellite images Integrated Land and Water
Information System (ILWIS version 3.3.1) was used. Statistical analysis was carried
out in Microsoft Excel and R (https://www.r-project.org/).
Analysis of influence of vegetation on the quality of altitudes of the SRTM was
performed by comparing with the reference DEM based on traditional paper
topographic maps at 1:100 000 scale (further, “cartographic DEM”). The scale
1:100 000 was chosen because the mean error in the planned position of contours and
various objects lies in the range from 0.5 to 1 mm, i.e. from 50 to 100 m on the
ground (GKINP-05-029-84, 1984) that is close to the spatial resolution of the SRTM
which is 3 arc seconds or 90 m (Hengl, 2006). The analysis described in this article
was performed for three arc seconds void free SRTM v4.1 but it also can be applied
with little changes to one arc second SRTM as the main limitation of SRTM is its
vertical error, not spatial resolution.
Before the analysis, preparation of data was carried out. SRTM v4.1 data were
reprojected into UTM projection zone 37N on an ellipsoid WGS 84 with resampling
from 3 arc second (about 90 m resolution) to 30 m resolution using bilinear
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interpolation. Higher resolution was chosen to maintain the accuracy during the
georeferencing to other data. Georeferencing error was assessed by comparison of
biases between borders of the forested areas on SRTM, Landsat and topographic
maps. The biases between the borders were less than one pixel (30 m resolution) for
all forested areas.
Preparation of cartographic DEM consisted of paper topographic maps scanning,
georeferencing, digitizing of isohypses and the construction of DEM by interpolation
between them. Georeferencing of scanned topographic maps was carried out to the
UTM projection zone 37N for the WGS84 ellipsoid at points of angles and the center
point by the affine transformation method. RMSE value for all maps proved to be
within one pixel, indicating a high quality of georeferencing. Next, digitization of
isohypses and other data on the altitudes for areas of key sites and their surroundings
was carried out. Additional points were placed on hilltops and in the bottoms of
depressions to simplify work of interpolation algorithm. Then, cartographic DEM
was built using linear interpolation algorithm built into ILWIS. The spatial resolution
of obtained cartographic DEM was 30 m. Additionally the georeferencing of
traditional paper topographic maps at 1:50 000 scale was also made for study areas.
The forested areas were mapped by decoding of satellite images LANDSAT
7TM+ acquired in May 2000 and 2001. These images were selected as the closest
date to the SRTM mission. For the recognizing of the forested areas, a training
sample set was built with the following objects: forests, croplands, grasslands,
settlements and water bodies. These samples were used for the automated
classification of the forested areas by maximum likelihood method. The accuracy of
forests classification was assessed by error matrix technique only for “Chashnikovo”
key site because of close spectral characteristics of forests on all key sites (Zhogolev
& Savin, 2016b). Random validation sample set of 642 pixels was used for
classification accuracy assessment. This was based on visual interpretation of
Landsat images with the help of high resolution images Worldview 2 (Zhu & Liu,
2014). The overall, producer’s and user’s accuracies were higher than 97%.
For the analysis of the spatial influence of forests on SRTM, according to DEM,
aspect, slope, slope form (convex-concave) and watershed areas maps were built. For
this purpose, we used algorithms described in the manual of ILWIS 3.31 (52North,
2016). They are based on using a sliding window of 5 × 5 pixels for the analysis of
surface curvature. Calculation of aspect and slope maps was done in the original
resolution for the SRTM of 90 m (UTM projection) to avoid the use of interpolated
altitude values. 8 points of the compass were used for aspect map. Slope maps were
built in increments of 1 degree.
Estimation of the forest influence was done according to the following method. At
first, SRTM was deducted from the cartographic DEM. Then statistical analysis was
performed separately for the altitude differences across forested areas and areas
without forests and settlements. Hypothesis of a normal distribution of DEM
differences was tested using the Kolmogorov-Smirnov test; histograms, arithmetic
means and the medians, extreme values, and the standard deviations of altitude
differences were analyzed. In addition, linear regressions were fitted, where the
independent variable was the altitude of cartographic DEM and dependent - altitude
of SRTM. The slope, aspect, and slope form maps were compared by calculating the
proportion of pixels with the same value to the total number of pixels. For a
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comparison of the watershed maps, the numbers of recognized watersheds were
calculated. The difference in number of watersheds was calculated as the number of
watersheds for SRTM minus the number of watersheds for cartographic DEM.
We offer an easy approach for SRTM adjustment that can be implemented in most
GIS. Improvement of SRTM in forested areas can be made using a method of
altitude reduction and smoothing with the help of bilinear interpolation. The idea is
to resample the altitudes of the forested areas to a lower spatial resolution for
catching the main profile curvature and for smoothing influence of the tree heights
heterogeneity. Under the forest mask, we reduce median overestimation of altitudes
due to tree heights. Then, the forested parts of SRTM are returned to the original
spatial resolution also by using bilinear interpolation.
At first step, SRTM with spatial resolution 90 m was resampled to 30 m resolution
(as it is of Landsat satellite images). From altitudes in the forested areas, median
value of overestimation of altitudes was subtracted. Then smoothing was carried out
by resampling of the SRTM to a lower resolution (180 m) using bilinear
interpolation. After that, the SRTM was resampled to 30 m resolution and nonforested areas of the SRTM were replaced with the original data (not resampled to
low resolution). At last step, the SRTM was resampled to the original 90 m
resolution (UTM). To assess the quality of the corrected DEM SRTM an analysis
similar to describe above was carried out.

4 Results
Median altitude differences between SRTM and cartographic DEM within the
forested areas were 3-4 times less than the mean height of the forest according to
topographic maps (Tab. 3). This is due to a systematic error of the SRTM vertical
positioning, the overgrowing of clearings with shorter trees, different distances
between the trees, different influence of various species of trees and other factors.
The greatest influence, presumably, is caused by the systematic error of the SRTM
vertical positioning.

662

Table 3. Descriptive statistics of the difference between DEMs.
Key site
“Chashnikovo”,
(forest height–
21m)

“Schebanovo”,
(forest height–
24m)

“Serebryaniye
prudy”,
(forest height–
22m)
General
information for
all key sites

whole site
forest part
without
forests and
settlements
whole site
forest part
without
forests and
settlements
whole site
forest part
without
forests and
settlements
whole site
forest part
without
forests and
settlements

Mean,
m
0.8
5.4

Median,
m
1.3
6.0

St.Dev.,
m
7.5
6.8

-6.5
4.9
7.8

-7.0
5.9
8.0

-2.5
-2.1
5.4

Min., m

Max., m

-17.2
-16.0

29.1
25.5

4.8
7.0
5.0

-16.9
-14.5
-11.5

17.1
22.3
22.1

-3.5
-4.0
6.0

5.8
6.3
6.8

-14.5
-16.0
-16.0

18.8
25.5
25.5

-4.5
1.2
6.8

-4.9
0.3
7.1

3.5
7.5
5.4

-16.0
-17.2
-16.0

21.3
29.1
25.5

-4.5

-5.0

4.4

-16.9

21.3

As the systematic error of the SRTM vertical positioning the median altitude
differences between DEMs in territories without forests and settlements can be
considered (Table 3). Consequently, for all key sites median overestimation of
altitudes due to the influence of forests is about 0.5 of the mean height of the forests
from topographical maps, which is consistent with other studies (Hengl et al., 2009).
So, this value of mean height can be used for the correction of SRTM and as an
estimation of maximum variation of tree heights in forested areas.
In addition to portions of images with positive difference between the altitudes on
SRTM and cartographic DEM, caused by the forests influence, there are vast areas
with high negative values of the differences. The biggest negative differences
between DEMs (up to -17 m) are observed in the floodplain of the Klyazma River in
the key site "Chashnikovo" (Tab. 3). Comparison with the topographic maps at
1:50 000 scale showed that large in magnitude negative values are usually caused by
the generalization of topographic maps at 1:100 000 scale. For example, in the
floodplain on the site "Chashnikovo" on maps at 1:50 000 scale there is an additional
contour, which lies close to the main contour, in comparison with maps at 1:100 000
scale, which leads to a bigger difference between SRTM and cartographic DEM
based on maps at 1:100 000 scale. In accordance with the values in table 4, the
SRTM DEM without correction has the same quality as DEM based on topographic
maps at 200 000 scale.
The proportion of coincidences of aspects and slopes constructed from SRTM and
cartographic DEM, were very low (Tab. 4).
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Table 4. Comparison of maps calculated from SRTM and cartographic DEM.

Key site
“Chashnikovo”

“Schebanovo”

“Serebryaniye
prudy”

whole site
forest part
without
forests and
settlements
whole site
forest part
without
forests and
settlements
whole site
forest part
without
forests and
settlements

31
29

Slope
form
matches,
%
37
37

Difference
in the
number of
watersheds
-15
-

32
16
15

35
32
28

38
40
38

-48
-

15
37
29

35
37
27

43
42
30

11
-

39

40

45

-

Aspect
matches,%

Slope
matches,%

31
30

For the forest part, the share of coincidences is always lower than for open areas.
Biases of 1 degree on cartographic DEM often correspond to slopes of 2 degrees on
SRTM, which is typical not only for the forests, but also for open areas, although to a
much lesser extent. The proportion of such slopes for the site "Schebanovo" is more
than the proportion of matched, while there are more coincided slopes on the site
“Serebryaniye prudy”, and on the site "Chashnikovo" an intermediate situation is
observed. Decrease in the severity of the effect described above and increase of
altitude differences show that the SRTM does not convey the slope relief very well.
Similarly, differences in aspects decrease with the increasing of altitude differences.
Smaller proportion of matches in the forested areas is probably due to the influence
of SRTM by varying density and height of the trees. This effect can be adjusted by
isolating the total curvature of the relief and interpolating the intermediate values.
The adjustment of the effect of forest vegetation on the SRTM using bilinear
interpolation algorithm has led to an increase of the correlation with the data based
on the cartographic DEM. All parameters improved, the increase was quite moderate:
Spearman's correlation coefficient between the altitudes of DEMs increased by 0.05 0.14, the percent of coincided aspects by 1 - 4%, and the percent of coincided slopes
by 2 - 8% (Tab. 5). However, on the altitude map of adjusted SRTM, the forests
became hardly visible.
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Table 5. Comparison of original SRTM and corrected SRTM.
Key site
“Chashnikovo”

“Schebanovo”

“Serebryaniy
prudy”

Statistics

Original

2

R
(linear regression between
altitudes)
p - the level of significance of the
linear regression
aspect matches, %
slope matches, %
slope form matches, %
difference in the number of
watersheds
R2 (linear regression between
altitudes)
p - the level of significance of the
linear regression
aspect matches, %
slope matches, %
slope form matches, %
difference in the number of
watersheds
R2 (linear regression between
altitudes)
p - the level of significance of the
linear regression
aspect matches, %
slope matches, %
slope form matches, %
difference in the number of
watersheds

Corrected

0.83

0.90

< 2.2 × 10-16

< 2.2 × 10-16

31
30
37
-15

35
38
46
-12

0.47

0.61

< 2.2 × 10-16

< 2.2 × 10-16

16
64
40
-48

17
72
60
-46

0.88

0.93

< 2.2 × 10-16

< 2.2 × 10-16

37
37
42
11

39
39
45
11

The correction led to severe improvement in slope values on the edges of forests,
the sharp drop on the slope maps became hardly noticeable (Fig. 1). For the aspect
and slope form (convex-concave) maps, the difference between SRTM and adjusted
SRTM is not evident, but these maps visually became slightly smoother that is more
consistent with cartographic maps. The number of watersheds slightly increased,
which is more consistent with cartographic DEM. The correction was performed by
resampling the SRTM to the spatial resolution of 180 m and 360 m, however, for
most cases, filtering using a spatial resolution of 180 m was more effective, so the
table 5 shows data only for filtering with the resolution of 180 m.
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Figure 1. Maps calculated from cartographic DEM, SRTM and adjusted SRTM (maps are
arranged in the following order from the top to the bottom: cartographic DEM, SRTM,
adjusted SRTM).

After adjustment of the SRTM, areas with the highest values of altitude
differences between the adjusted SRTM and cartographic DEM were analyzed. The
visual analysis of borders of the highest difference between DEMs using Quickbird
high-resolution images and topographic maps at 1:50 000 scale showed that the
greatest differences are confined to areas of maps at 1:100 000 scale with a
significant generalization. It could and did lead to the difference in altitude between
SRTM and cartographic DEM of more than 12 meters in the key site “Chashnikovo”.
Against the background of such large errors the influence of forest vegetation of
varying density and species composition on altitude of the model delineated from
Quickbird images proved to be insignificant. Thus, the quality of the DEM SRTM in
some forested areas is probably better than the quality of cartographic DEM based on
maps at 1:100 000 scale.

666

5 Conclusions
The influence of boreal forests on the SRTM in the studied region is clearly seen
visually and by statistical analysis when comparing with the DEM based on
traditional topographic maps at 1:100 000 scale. According to our data, the quality of
SRTM is comparable to DEM based on traditional topographic maps at 1:200 000
scale. If forest influence is completely removed, the quality will be close to the DEM
based on topographic maps at 1:100 000 or even 1:50 000 scale.
Maps of slopes, aspects, slope forms and watersheds calculated from SRTM
differ significantly from the same maps built from cartographic DEM at 1:100 000
scale. After the correction of SRTM using the proposed method, based on smoothing
DEM by the bilinear interpolation, the quality of aspect and watershed maps slightly
improved. The quality of the slope and slope form maps improved significantly. On
the slope maps, after adjustment, there was only little increase in the slope value on
the border of the forests, when before correction there had been the large jump in
slope value. After adjustment, the number of recognized watersheds increased which
is more consistent to the DEM built from topographic maps. Therefore, the changes
in SRTM after the correction would lead to the changes in land use planning, e.g. in
distinguishing lands with a high risk of soil erosion or located in different watershed
areas.
Proposed method based on bilinear smoothing of altitudes under the Landsat
forest mask allowed moderately improving the quality of SRTM. The method is
better to be applied to flat areas with forests which height varies little (less than a half
of their average height). The advantage of the proposed method is the simplicity of
its application and the opportunity for using in almost all GIS supporting bilinear
resampling. The further improvement of the method is required to consider trees
heights more accurately and to reduce noise on the forest edges associated with big
difference in tree heights. Such noise can be ignored in case when the forest edge
length is one pixel or less as the calculation of slopes, aspects, slope forms and
watersheds usually use five pixels and will not be affected significantly.
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Abstract. Recently, the area of passive remote sensing of agricultural fields
has been developing fast. The prices of RPAS (remotely piloted aircraft
system) equipment has gone down and new suitable sensors are coming into
markets while simultaneously new and free relevant satellite data has become
available. One of the most used applications for these methodologies is to
calculate the relative biomass as a basis for additional nitrogen fertilization. In
this work, we study the difference of biomass estimations based on Sentinel-2
imagery, tractor implemented commercial measurement system, a low-cost
RPAS equipment with commercial software and a hyperspectral imaging
system implemented in a professional RPAS system in fertilization planning.
Our study revealed that while there was a 23 % spatial variation in our test
field’s yield, the relative biomass estimations for fertilization planning during
the growing season varied 22 % on average although they were visually very
alike.
Keywords: Sentinel-2, RPAS, variable rate application (VRA), fertilization

1 Introduction
The core idea of precision farming is to spatially and timely optimize the farming
inputs to maximize the farming outcomes while reducing the environmental stress.
Nitrogen fertilizers are one of the core inputs in plant production. An insufficient
dosage of the nitrogen fertilizer for cereal crops can decrease the yield and quality of
the yield. Excess of nitrogen causes a risk of a flattening of the growth causing yield
losses. Also unused nitrogen in the soil leaches to the environment throughout the
growing period and after.
Already developed precision nitrogen application methods for crops utilize an
optical sensing of the growth status during the growing season to determine how
much additional nitrogen is needed in different areas of a field. Sensing may take
place from satellites, aircrafts, RPAS’s (remotely piloted aircraft system), working
machinery or handheld devices. Recently there has been a fast development in this
area of passive remote sensing and the productization is in progress. The prices of
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RPAS equipment have gone down and new sensor technologies are coming into
markets. Also new, free and relevant satellite technology has become available for
the environmental mapping. In Europe, the new Sentinel-2 satellites are providing
useful data several times per week with up to 10 x 10 meter accuracy.
One of the most common applications for these methodologies in agriculture is to
calculate relative biomass as a basis for additional nitrogen fertilization. Typically,
these sensing systems compare a red and near infrared wavelengths by measuring a
normalized difference vegetation index (NDVI) or its variants. Then an implemented
decision support system (DSS) produces an estimate for the required nitrogen
fertilization need. This DSS system requires calibration information about crop’s
remaining nitrogen needs and responsiveness according to the predicted yield
potential (Raun et al., 2005, Lukina et al., 2001) being important factor for the
nitrogen fertilization. Data from other sources are usually combined with remote
sensing as inputs to decision support systems for determining nitrogen application
rates (Shanahan et al. 2008; van Evert et al. 2012, Kaivosoja et al., 2013).
Hyperspectral imaging for example was found to be a promising method for
agricultural purposes (Bareth et al. 2015) and obtaining separate biomass and
nitrogen content (Honkavaara et al. 2013, Pölönen et al. 2013) for additional
fertilization need determination.
In practice, the basic NDVI maps indicate the amount of green mass in the field.
However, the method is not able to differentiate situations of a low growth density
with high nitrogen content from those of high growth density and a low nitrogen
content. Thus, generating nitrogen fertilization plans based only on NDVI map might
not be the best solution in all of the cases so many supporting optical methodologies
has been developed. Pena-Yewtukhiw et al. (2015) found out that even the sensor
output difference of 0.05 NDVI units could strongly affect the resulting nitrogen rate
prescription, depending on the selected algorithms. Also image mosaics that are
mandatory with RPAS sensing may create large radiometric errors that effect on
spectral vegetation indices (Rasmussen et al. 2016).
Dong et al. (2015) presented 28 chlorophyll-related vegetation indices suitable to
be applied with Sentinel-2 data and by simulation studies; they found out that
incorporating red-edge reflectance (around 700nm) improved the estimates for
assessing vegetation growth rate and predicting crop productivity. Also, Hunt et al.
(2017) noted that assessing red-edge detection could make a difference in
determining nitrogen applications to potato. In their study, they did not found RPAS
beneficial to the WorldView-2 satellite data. The case is similar with the Sentinel-2
imagery in Europe since the resolution of the red edge is coarser.
That is also what current commercial solutions support. The tractor implemented
YARA N-Sensor five spectrometer detects the wavelengths of 550nm, 650nm,
700nm, 710nm and 840nm (Varco, 2010). The gained economic benefits of this
tractor implemented solution have been around 5 % (Nissen, 2012). Typically drone
installed Parrot Sequoia multispectral camera measures the wavelengths of RGB,
550nm, 660nm, 735nm, 790nm. The most accurate wavelengths of Sentinel-2
satellite are 490nm, 560nm, 665nm, 842nm with 10 meter spatial resolution and
705nm, 740nm, 783nm, 865, 1610nm, 2190nm with 20 meter spatial resolution. In
Finland, the average field size is less than 4 hectares which makes it difficult to
exploit coarser data efficiently.
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Many new technologies are coming available, but since the productization for
agricultural purposes is continuously developing, the farmers are somewhat left alone
on how to really apply them and how to get the best benefits out of them and which
methods would be the most suitable for their purpose.
This paper has three research questions: 1) how much there is typically variation
in a Finnish field, meaning that how much we should typically adjust the amount of
fertilizers? 2) How much there is variation of relative biomass estimations based on
different remote sensing data obtained for the same purpose? 3) What is the effect of
the determined variations in contrast to experimental but logical precision
fertilization application variations? The main goal is to demonstrate in real
conditions, how much difference there are in biomass estimations in contrast to
actual fertilization task variations.

2 Material and methods
The test area was about 20 ha cereal crop field in southern Finland in Vihti, sowed at
29 May 2016. The overview picture of the field during the 2016 crowing season is
presented in a Fig. 1. The field was evenly treated although a 12 meter wide not
treated stripe was left in the middle of the field to have a bare soil reference.

Fig. 1. A slant view of the test field showing the high biomass area in the left size and the not
seeded stripe in the middle, (date 16.7.)

First, to have a concrete knowledge about variations in our field, we analyzed our
combine harvester data to measure the yield variation in the selected test field and in
the fields nearby. We analyzed the yield data of barley and wheat from the years
2015, 2014, 2013. In total, 20 harvestings with an average field plot size of 6.4 ha.
Those fields were evenly threated (no precision farming) and the harvesting was
done with Sampo Comia C4 combine harvester with Ceres 8000 yield monitor,
which logged position and filtered yield data with 5 Hz interval. We filtered out less
than 900kg/ha measurements and exceptionally high yield values from the yield data.
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Next, we calculated a variance for each harvesting operation. To study the effect
of combine harvester measurement system effect, we added a separate moving
average of five for the logged data.
Next we studied different remote sensing data. Fig. 2. presents relative biomass
maps based on different remote sensing technologies: a professional UAV
(unmanned aerial vehicle) with FPI (Fabry Perot Interferometer)-hyperspectral
camera, consumer level Phantom 4 UAV with RGB-camera, a tractor implemented
Yara N-sensor and Sentinel-2 satellite image. More detailed descriptions of data
processing of these data are presented by Näsi et al. (2017). These maps represented
the starting point of this work. The middle part in the N-Sensor map (Fig. 2.) was not
measured due to low amount of biomass.

Fig. 2. Relative biomass estimations based on professional UAV with FPI-camera, consumer
level Phantom 4 drone with RGB-camera, tractor implemented Yara N-sensor and Sentinel-2
satellite image.

Our next step was to use the different source data to produce precision nitrogen
fertilization tasks without additional data. We used farmer knowledge to heuristically
adjust the tasks in a similar manner. All remote sensing data that was used with our
calculations are presented in the following list, including a name of data,
measurement instrument and platform, classification type and imaging date in 2016.
•
•
•
•
•

•
•
•

Tractor: Yara-N-sensor measurements, internal classification, driving, date
16.7.
Satellite1: Sentinel-2 satellite, NDVI classification, image date 2.6.
Satellite2: Sentinel-2 satellite, NDVI classification, image date 9.7.
proUAV FPI (Fabry-Pérot interferometer) hyperspectral camera, NDVI
classification, imaging date 4.7.
rgbUAV1: Phantom 4, stock RGB camera, classification VARI Visible
Atmospherically Resistant Index (G-R)/(G+R-B) (Gitelson et. al 2002) with
DroneDeploy software, 16.7.
rgbUAV1task: rgbUAV1 data classified with DroneDeploy, 16.7.
rgbUAV2: 16.7. Phantom 4, stock RGB camera, VARI classification with
DroneDeploy software, 16.7., constantly changing cloud cover
Yield Map: Yield map based on combine harvester point data and surface
fitting by using inverse distance weighting (5 m circle search distance and
weighting power of 1), 23.9.
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All the different tasks were planned in order to have three different fertilization
levels: 20 kg/ha, 30 kg/ha and 40 kg/ha according to farmer’s understanding of the
additional fertilization need. Three levels were selected to be practical with present
farm machinery: there are always some delays and inaccuracies with precision
adjustments, so it is not practical to adjust the machinery continuously. These
fertilization tasks were calculated as 1 m grid maps. Then we compared these maps
to accurately located biomass samples taken during the growing season (Näsi et al.
2017). We used 18 samples out of total 36 samples having the most homogenous
surroundings around them. Then we also calculated the correlation between biomass
amount and nitrogen content from the vegetation samples to see their correlation.
To evaluate the effect of the usage of other data sources, we demonstrated possible
task variations by applying previous yield maps, vegetation samples, farmer’s knowhow and commercial software for data. We selected four different cases which were
as follows:
1.

2.
3.

4.

Previous yield maps and Sentinel-2 data 9.7. First, we evenly balanced and then
summed three consecutive yield maps. Next we scaled the final map values by
using farmer’s heuristic knowledge. The parameters were: min 0.4, Max 1.6,
Mean 1.07, Std. deviation 0.19. Then we used this to multiply the Sentinel-2
NDVI-map. Then we applied contouring method to generate four application
rate levels, and finally farmer decided the actual fertilization amounts.
Consumer UAV with RGB-camera (Phantom 4), Dronedeploy vegetation
classification (VARI) and farmer estimates for actual fertilization amounts.
NDVI classification from professional UAV with FPI camera. We used
supervised K-means teaching based on vegetation samples (nitrogen content)
including 36 samples from all around the field (Näsi et al. 2017) and categorized
into four classes by the farmer (none-now-med-high. We used it to supervise
proUAV data to four classes. Then actual fertilization amounts were decided
according to farmer’s knowledge.
Consumer UAV (Phantom 4) with RGB-camera, VARI calculated with
DroneDeploy software, added with farmer teaching (polygons drawn by the
farmer including wanted nitrogen input) by using K-means methodology. In this
study, the farmer drew the wanted fertilization amounts on top of a plain RGBmap. Then these areas were used to teach the VARI raster map. Finally, the
contouring method was applied as in other cases.

We used 0-10-20-30 kg/ha fertilization steps for these data, because these other
data suggested lower fertilization rates and it would not have be reasonable to
compare these with the first classification results.
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3 Results
The average of the yield amount variances in our fields was 32.7 %. Our test field
yield had a variance of 23.3 %, the histogram is presented in Fig. 3. By applying the
moving average, the variance was lowered only by 0.5 percentage points. This is
indicating at least a 30 % variance in yields on average in our test fields in Finland.
The total yields of our fields were 4.6 t/ha on average and the average variance was
1.8 t/ha. During the summer 2016, our test field had an exceptionally low yield on
average.

Fig. 3. Test fields yield histogram (yield amount and number of measurement points)

The different fertilization tasks based only on the remote sensing data are
presented in a Fig. 4. Together with a relevant yield map that was harvested more
than two months later. Table 1. compares these different maps by showing the
average difference between application rates: if A=20kg/ha and B=30kg/ha, A
compared with B is 10/20=0.5 different and B compared with A is 10/30=0.33
different. On average, the difference between calculated application rates was 22%.
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Fig. 4. Fertilization tasks based on remote sensing data and the final relative yield map
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Table 1. Difference between calculated application rates

rgbUAV2
Satellite2
Tractor
proUAV
rgbUAV1task
rgbUAV1
Satellite1

rgb2
0.00
0.18
0.30
0.17
0.19
0.19
0.24

Sat2
0.17
0.00
0.28
0.19
0.19
0.17
0.21

Tractor
0.41
0.39
0.00
0.33
0.30
0.28
0.23

proU
0.18
0.20
0.25
0.00
0.16
0.16
0.24

rgb1t
0.21
0.21
0.25
0.17
0.00
0.17
0.17

rgb1
0.22
0.19
0.23
0.17
0.17
0.00
0.19

Sat1
0.29
0.26
0.21
0.28
0.19
0.21
0.00

The correlations between biomass samples (18 spots) and calculated application
rates with different methods are presented in Fig. 5. The tractor data had the highest
correlation of 0.63. The correlation between biomass and nitrogen based on
vegetation samples is also presented being -0.19.

Fig. 5. Correlation between vegetation sample biomass and determined application rates

Next we present the demonstrative task maps, which combined other data to
remote sensing, with the following early presented methodologies:
1.
2.
3.
4.

Previous yield maps and Sentinel-2 data
Consumer UAV with RGB-camera, Dronedeploy classification and
farmer’s nitrogen level estimates
NDVI classification from professional UAV with FPI camera, teaching
with vegetation samples
Consumer UAV with RGB-camera, RGVI-index and farmer teaching
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The nitrogen fertilization tasks were clearly deviating. The following Fig. 6.
illustrates the different generated tasks.

Fig. 6. Different fertilization tasks based on remote sensing and external data

4 Discussion and conclusions
Our test fields had the 30% yield variation in average so there is huge potential in
precision farming activities. All the tested remote sensing methods managed to
estimate the relative differences of biomass. The optimal timing for the additional
fertilization would have been in the middle of July, and even the Sentinel-2 NDVImap in early June estimated visually correctly the relative biomass. However, when
developed into precision fertilization tasks, the relative biomass estimations produced
a 22 % variation in an average, when the planned fertilization was 20kg/ha - 30kg/ha
- 40kg/ha in all the cases, including the aim to produce similar looking maps.
Similarly, Pena-Yewtukhiw et al. (2015) stated that even a slight difference in the
single task generation parameter could produce a remarkable difference in the end.
Also in our measurements, the correlations to the biomass samples were low.
When other parameters were used for task generations, the differences were large
even when based on visual estimations. The main difference between images 2 and 4
in Fig. 6 is that in image 4, the farmer decided the effective area for the fertilizer,
while in the image 2 the area was decided by the RGVI difference. The optimistic
attitude of the farmer can be seen as the application rate is higher in the image 2
(Fig.4.).
The visual study of Fig. 4. shows that Sentinel-2 data from 2.6. and 9.7. are giving
very similar information. This is indicating that these NDVI-level differences can be
spotted even in a very early stage of growth.
The N-sensor values in Table 1. Were lower than others and were suggesting less
fertilization. This was true according to our true vegetation samples and the yield
map, there were mostly enough nitrogen resources for the plant. The N-sensor data
(Tractor) had the highest correlation to the biomass samples. So without concrete
relations, the RPAS and satellite data were exaggerating the nitrogen need.
When the hyperspectral imagery was used only for the biomass estimations as we
did, there were no significant advantages seen. We assume that the usage of a
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multispectral camera would have similar results here. In both cases, additional
estimations such as vegetation nitrogen content estimations would be essential.
As the main conclusion of this work, there is a large variation within cereal fields
in Finland, the relative difference was easy to determine with different remote
sensing methods, but there is huge step needed to use these biomass variations in a
consistent way. Just picking up a drone or a free satellite image would possibly not
give a sufficient knowledge for additional fertilization.
We should also note that the yield of our test field was low and the areal
differences between crops were very similar during the entire growing season. These
factors can be very different in different years when there is for example lack of
water, so the very generalizing conclusions of the goodness of the relative biomass
estimations cannot be drawn.
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Abstract. It is generally agreed that the choice of the most suitable uses based
in soil and climatic factors, complemented with socio-economic criteria,
promotes sustainable use of rural land. There are, however, different
methodologies for defining soil suitability to agroforestal systems or natural
and seminatural ecosystems, including agricultural uses, forest plantations,
agroforestry areas and priority areas for conservation. Many of these methods
rely on decision support systems based on multicriteria spatial analysis. In this
study it was intended to determine the different levels of suitability for the
most representative forest species in the central region of Portugal. For that
purpose a set of climatic, soil and topographic variables based in a geographic
information system, soil and biogeographic mapping were used. A stochastic
approach was undertaken in order to estimate several bioclimatic indices and
the associated spatial uncertainty. Results were duly discussed and addressed
in this framework. In the end, forest species suitability evaluation was
performed using the Analytic Hierarchy Process (AHP), methodology that
allows the exploitation of natural fitness of the territory, contributing to a
reflection on the adequacy of current and future occupations face the carrying
capacity of the environment. The use of this methodology will be important as
a supporting tool to public administration agents that work in forestry planning
and management.
Keywords: suitability, forest management, GIS, AHP.
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1 Introduction
Understanding the spatial relationships between the different territorial functions
through the establishment of relations of continuity and connectivity between the
elements under consideration, together with geographical and alphanumeric
information allows the realization of spatial analysis to determine the degree of
functionality of each element in analysis (Guiomar et al. 2007).
Multicriteria analysis is an alternative assessment tool, particularly interesting
when you explore the various possible combination of criteria, allowing consider
different scenarios assessment. To Roy (1996) it is a mathematical tool that allows
you to compare different alternatives or scenarios, based on various criteria, in order
to help decision-makers choosing an alternative.
The Analytic Hierarchy Process (AHP) is one of the methods of multi-criteria
spatial analysis more widely used, developed in the 1970s by Thomas L. Saaty
(Steiguer et al., 2003). This process is based on mathematics and psychology and
provides a comprehensive and rational framework for structuring a decision problem,
allowing the representation and quantification of its elements, in order to relate these
elements with general objectives and evaluate alternative solutions (Saaty, 1980).
The AHP decomposes a problem, question or decision, in all the variables that
constitute it, in a scheme of criteria and sub-criteria, then making pairwise
comparisons between them (Antunes, 2012). The comparison between criteria is
made using a scale of 1 to 9, wherein 1 is equaly preferred and 9 to highly preferred
(Saaty, 1980).
The AHP reverts comparisons on numerical values that can be processed and
compared to the full extent of the problem. The weight of each factor allows the
evaluation of each of the elements within the defined hierarchy. This conversion
capability of empirical data in mathematical models distinguish the AHP other
decision-making techniques (Saaty, 1980).
The Multicriteria Spatial Decision Analysis has been widely applied in various
studies in different fields, many of which are published and are cited by many
authors as processes of relevant decision-making. This is the case of Kangas et al.
(2000) referring to the use of GIS in the decision-making process through the
multicriteria analysis in the planning of forest resources conservation actions,
allowing actions are directed by the determination of the priority areas.
Quinta-Nova and Roque (2014) developed a model based on multicriteria spatial
analysis AHP in order to determine the suitability levels for agroforestry uses of the
sub-region of Beira Interior Sul. The criteria used were the soil potential, slope and
aspect. The authors note that this analysis identified the areas where the use of land
shall be subject to a conversion and/or a change of management. Thus having
endogenous variables such as soil, climate and terrain elevation was intended to
determine the suitability of various forest species based on an AHP model to evaluate
the different levels of agroforestry suitability in the Centro region of Portugal.
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2 Materials and methods
2.1 Study area
The study area is the center region of Portugal (Fig.1a), which is divided in six
forest management regions (CL – Centro Litoral; DL – Douro e Lafões; PIN – Pinhal
Interior Norte; PIS – Pinhal Interior Sul; BIN – Beira Interior Norte; and BIS – Beira
Interior Sul) (ICNF, 2015). Forest area in the center region of Portugal (Fig. 1b,c) is
mainly composed by maritime pine (Pinus pinaster Aiton) (544.585ha; 51%),
eucalyptus (Eucalyptus globulus Labill.) (357.805 ha; 34%), oaks (e.g. Quercus
pyrenaica Willd., Quercus faginea Lam. e Quercus robur L.) (52.585 ha; 5%) and
cork oak (Quercus suber L.) (45.221ha; 4%). The remaining forest area is ocuppied
by holm oak (Quercus rotundifolia Lam.), stone pine (Pinus pinea L.), chestnut
(Castanea sativa Mill.), acacia (Acacia sp.), other broadleaved and other coniferous
(AFN, 2010).
For each one of the six management regions referred to above there is a
correspondent Forest Management Regional Plan (FMRP) (ICNF, 2015) that propose
forest composition goals for 2010, 2025 and 2045. Additionally, the National
Strategy for Forests (FNS) (DR, 2006) proposes also forest composition goals for
2030 by forest management region. In that view, for the study area these official
documents propose an important decrease of eucalyptus area, a slightly decrease of
maritime pine area and a strong increase of oaks areas (Fig. 1d). Therefore, having in
consideration both the current distribution of forest species over the study area and
forest composition goals for the future, six forest species were selected, namely:
maritime pine, eucalyptus, Pyrenean oak, cork oak, Portuguese oak and holm oak.
Afterwards, these species biogeophysical suitability was assessed in order to support
future landscape planning.
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Legend: Forest species - Pp – Pinus pinaster Ait., Ec – Eucalyptus sp., Qs – Quercus suber L., Qr –
Quercus rotundifolia Lam., Qx – Quercus pyrenaica Willd., Quercus faginea Lam. and Quercus
robur L Forest management regions - CL – Centro Litoral; DL – Douro e Lafões; PIN – Pinhal
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Fig. 1. Study area: a) Forest management regions (ICNF, 2015); b) Forest area (ha) in 2005 by
forest management region (NFI – National Forest Inventory) (AFN, 2010); c) Forest
composition (%) in 2005 (NFI) (AFN 2010); d) Forest composition goals (FMRP – Forest
Management Regional Plans and FNS –National Strategy for Forests) for 2010, 2025, 2030
and 2045 by forest management region and for the all study area (DR, 2006; ICNF, 2015).

2.2 Bioclimatic analysis
For the development of bioclimatic maps were used climatic data (Pp, Tp, Tmax,
Tmin, T, M e m) calculated from temporal series corresponding to climatological
normal of the period between 1981 and 2010 referring to 32 stations, located in
Portugal and Spain (Figure 2).
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Fig. 2. Location of weather stations used in the preparation of the mapping of bioclimatic
indices.

The methodology now proposed results from the development of maps at the
national level, corresponding to each of the attributes to be used in the calculation of
bioclimatic indices (Figura 3).
Since the study variables can be assumed to be regionalized variables (Matheron,
1970), we began the study of the attributes by variogram analysis. The variogram is a
vector function, applicable to regionalized variables (Matheron, 1970), whose
argument is the distance vector h, which quantifies the variance of the increments of
the first order function (Soares, 2000). Experimental estimation function from the set
of experimental data carried out by applying the formula:
1
! ℎ =
2! ℎ

!(!)

! !! − ! !! + ℎ

!

(1)

!!!

Where Z(xi) and Z(xi + h) are the numerical values of the observed variable at the
points xi and xi + h, and N(h) is the number of pairs for a distance h. It is therefore
the average of the squared value of the differences between all pairs of points
existing in the geometrical field, spaced a distance h (Journel and Huijbregts, 1978).
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The study of the variogram graphic behavior provides a description of the
structure of the spatial variation of the variable (Chica, 2005). The nugget effect
(Co), summarizes the behavior at the origin (Co), that is, the farther away from zero
the more random is the behavior of the variable. The other two parameters are the
platform (C1) and the amplitude (a) that define the area of influence and the
percentage of the total variance that will be used in the subsequent process of
interpolation or stochastic simulation.
The variogram study made to the study variables, did not allow to modeling
possible geometric anisotropy, and so were set omnidirectional models whose
parameters are summarized in Figure 5.
For the next step of interpolation was used ordinary kriging - KO (Journel e
Huijbregts, 1978; Soares, 2000).
The KO estimator of the found value is a linear weighting of experimental values
Z(xi) by unknown λi coefficients (Chica, 2005):
!

!!" ! =

λ! ! !!
!!!
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(2)

Fig. 3. Representation of cartography at a national level, of the attributes used in the
calculation of the bioclimatic indices (Pp, Tp, Tmax, Tmin, T, M e m). It is also showed the
omnidirectional variogram, and the corresponding adjusted theoretical models in geostatistical
modeling by Ordinary Kriging.
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Subsequently we calculated the following indices using map algebra:
continentality index (Ic = Tmax-Tmin); termicity index (It = 10*(T+M+m) and
ombrotermic index (Io = Pp/Tp). The SpaceStat 4.0.14 software (Biomedware) and
ArcMap 10 (ESRI) were used in the calculation process. The bioclimatic map was
obtained by the combination of three indices (Ic, It and Io) in a geographical analysis
function which groups the different ranges of each climatic domain in a new entry
that group in different combinations.
2.3 Diagnostic features of soil to the forest tree species
The species studied were the maritime pine (Pinus pinaster Ait.), eucalyptus
(Eucalyptus globulus Labill.), cork oak (Quercus suber L.), holm oak (Quercus
rotundifolia Lam.), Portuguese oak (Quercus faginea Lam. subsp. broteroi (P. Cout.)
A. Camus) and the Pyrenean oak (Quercus pyrenaica Willd.). Based on the
methodology developed by Ferreira et al. (2001), the soil units present in the study
area were classified in “diagnostic features” according to the soil conditions for the
development of forest species considered (Table 1). To each soil family was assigned
the corresponding diagnostic feature according to the limitation on forest
development.
Table 1. Species soil diagnosis characteristics (Correia and Oliveira, 2003; Dias et al., 2008).
Species
Pinus pinaster Ait.
Eucalyptus globulus Labill.
Quercus pyrenaica Willd.
Quercus suber L.
Quercus faginea Lam. subsp.
broteroi (P. Cout.) A. Camus
Quercus rotundifolia Lam.

Superior
(3)
Expandable depth

Reference
(2)
Textural
discontinuity

Inferior
(1)
Rocky outcrops
Unproductive areas
Rocky outcrops
Unproductive areas

Expandable depth
Textural discontinuity

_

Expandable depth

Textural
discontinuity

Rocky outcrops
Unproductive areas

Expandable depth
Textural discontinuity

_

Rocky outcrops
Unproductive areas

The development of soil interpretative maps and bioclimatic maps for each species
relied on the definition of three suitability classes, considering a reference class. In
the case of soil, the reference class is characterized by no constraints to the
development and growth of the tree species. Compared with the reference class, the
upper and lower than the reference classes have respectively less and more
restrictions for the survival, growth and development of forest species (Dias et al.,
2008).
The themes of diagnostic features and bioclimate were reclassified following the
methodology defined by Ferreira et al. (2001) and Dias et al. (2008) into three
classes: higher than the reference (3); reference (2); lower than the reference (1),
giving the most limiting classification.
The interpretative model of methodological procedures performed is presented in
Figure 4, where we present the working lines: i) Interpolation and geoprocessing for
determining slope, to ii) Spatial analysis to determine the diagnostic features
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regarding forest use and iii) stochastic modeling using KO to calculate It, Ic and Io
indices.

Fig. 4. Geographic analysis and AHP methodology.
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2.4 AHP pairwise comparison
Determination of criterion weights is crucial in multicriteria analysis. The AHP is
a mathematical method for this purpose when analyzing complex decision problems
(Saaty, 1980). It derives the weights through pairwise comparisons of the relative
importance between each two criteria. Through a pairwise comparison matrix, the
AHP calculates the weight value for each criterion (wi) by taking the eigenvector
corresponding to the largest eigenvalue of the matrix, and then normalizing the sum
of the components to a unity.It is necessary to verify the consistency of the matrix
after obtaining the weight values.
The consistency is judged on the basis of a consistency ratio CR. The
determination of CR value is critical. In our case study, we adopted a standard CR
threshold value of 0.10, which has been widely used as a measure of the consistency
in a set of judgments of AHP applications in literature. If CR <0.10, it deems that the
pairwise comparison matrix has acceptable consistency and the weight values
calculated are valid and can be utilized.

3 Results
3.1 Bioclimatic Indices
The aim of Bioclimatology is to determine the relationship between precipitation
and temperature values and the geographical distribution of species and plant
communities. The water availability in soil determines the distribution of plant
species within the limits defined by air temperature, and water is the factor that most
influences the physiology and plant morphology. The mapping of the calculated
bioclimatic indices - Ic Io It - are presented in Figure 5, showing the zoning
consistent with the Portuguese Centro region.

a)

b)

c)

Fig. 5. Modeling (Climatic normals 1981/2010): a) continentality index; b) ombrotermic
index; c) termicity index.

691

The contribution of the altitude in calculating the indices proved unpromising
since the correlation coefficients (r) were not very significant (Figure 6). The
continentality index shows a value of r of -58 %. Therefore in future works will be
used methods of stochastic simulation using altitude as auxiliary variable, in order to
characterize the associated spatial uncertainty.

Fig. 6. Correlation coefficients: a) continentality index; b) ombrotermic index; c) termicity
index.

3.2 Multicriteria Spatial Analysis using AHP
Figure 7 shows the input variables for the analysis of the diagnostic features and
bioclimate that were reclassified following the methodology defined by Ferreira et al.
(2001) and Dias et al. (2008) into three classes: high suitability (3); reference
suitability (2); Low or no suitability (1).
The result of AHP analysis in the studied species, together with the bioclimatic
and geomorphology characteristics indicate that the bioclimatic influence is
determinant in the development of these species, since the weighting of the AHP
analysis is 64.9 %, followed by the soil factor (diagnostic features) 27.9 %.

Fig. 7. Input data for multicriteria spatial analysis: a) bioclimatic map; b) diagnostic features
map; c) slope map.

The AHP process is completed by determining the relative importance of each
criteria/subcriteria and the validation of the consistency of these operations. If the
consistency ratio (CR) is less than 10 % (CR < 0.1) means that there is consistency in
the pairwise comparison matrix. In the following cartograms show the results of the
hierarchical analysis (Figure 8).
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a) Pinus pinaster

d) Quercus suber

b) Eucalyptus globulus

e) Quercus faginea

c) Quercus pyrenaica

f) Quercus rotundifolia

High suitability
Reference suitability
Low or no suitability

Fig. 8. Representation of cartography, with the forest suitability levels for the tree species: a)
maritime pine; b) eucalyptus; c) Pyrenean oak; d) cork oak; e) Portuguese oak; f) holm oak.

4 Discussion
In this study it was developed a spatial model of spatial multicriteria evaluation in
GIS environment to determine the natural suitability for forestall tree species in
Centro region of Portugal (NUT II).
In this particular case it should be noted that despite having resorted to a limited
number of criteria in AHP analysis, this proved to be extremely important, since by
exploiting the land suitability and based on a set of biophysical factors, it is possible
assess the degree of importance of each criterion and identify the suitability of forest
species.
The AHP proved to be also suitable in assessing the suitability of the study area, to
allow the integration of the various criteria studied depending on the assigned
weights, being a very useful interactive tool in the analysis of the territory, which
enables decision-making and resolution problems.
This methodology allows the exploitation of natural territory suitability, based on
a set of biophysical factors contributing to a reflection on the adequacy of current and
future occupations due to the carrying capacity of the land.
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The instrumental point of view, the use of this methodology may take an interest
to stakeholders and other persons with roles in the planning and land management.
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Abstract.One of the most relevant issues of planning in the most landscape
valuable locations, especially along the coastal ones, is to define the
assessment support to be performed in order to balance the preservation of the
main landscape aspects, and the local economic development. By referring to
the case of the water front of Syracuse (Italy), this contribution aims at
defining a semiotic pattern of accounting and assessment concerning the main
topics of the Sustainable Development Plan currently in force. The assessment
process takes into account the connection of the multiple thematic layers
grouping the different functional/symbolic land units that are characterised by
a semantic link, within an assessment pattern working as a syntactic field, by
highlighting the inner interactions between them. In fact, the main concern of
the pattern, is to outline the axiological layout of this landscape unit by making
the “facts of nature” and the “narrations of culture” worth together.
Keywords: Landscape unit; semantic pattern; syntactic pattern; qualitative
assessment; landscape assessment

1 Introduction
The water front of Syracuse is a unitary landscape identity comprising the Islet of
Ortigia, the old town of Syracuse, and the peninsula of The Maddalena; they face
each other closing the large inlet of the “Porto Grande” (big harbor) of Syracuse and
represent, as a whole, the fair integration between culture and nature.
Due to this complexity and uniqueness, some concerns arise about the foreseeable,
and partly in progress, structural and irreversible transformations, which the wide
economic opportunities encourage. In order to arrange individual pressures (interests)
and collective instances (values) of resilience (Davoudi, 2012; Folke, 2006),
assessment typically supports the heuristic process of transforming observations into
valuations and valuations into decisions (Blanksona and Greenb, 1991; Giuffrida,
2017). This process needs a robust approach based on a shared recognition and
accounting of the landscape units (Tieskens K. F. et al., 2017), in order to reduce the
uncertainty of the non-structured observations (Dandy N. et al., 2011) Tempesta and
Vecchiato, 2015; Haara A. et al., 2017) and especially in order to lead back to unity
the cultural, physical and perceptive landscape components (Zagaria C. et al., 2017).
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The planning tools regulating the improvement processes are the Master Plan, the
Detailed Ortigia’s Masterplan, the Sustainable Development Plan (SDP). Some of the
supposed changes of the coastline – the extension of the port area, for the mooring of
two cruises at the Sant’ Antonio pier, the enlargement and commercial exploitation
of the Foro Italico dock, etc. – arise some concerns claiming the definition of the
landscape quality in this area. As a consequence, the northern part of the old town,
the one located in mainland, is expected to record a significant real estate market as
well as Ortigia, due to its uniqueness from the landscape, symbolic and architectural
value (Giuffrida et al. 2014; Gabrielli et al. 2016). In the Plemmirio park area no
transformation is supposed, exceptforthe accessibility and accommodation.
Referring to theprescriptions of the SDP, we propose a general landscape
assessment pattern referring to the identification of “natural structures, technological
infrastructures and cultural superstructures” (Rizzo, 1999).

2 Materials. The Landscape Context and the SDP of Syracuse
The peninsula of Maddalena, located South of the city of Syracuse at the closing
end of the large area of the “Porto Grande” (big harbour), is a calcareousMiocene
plateau of tectonic Horst origin, extending up to 50 m above sea level, and lowering
slowly toward the sea as far as the edge cliffs, with a coastline characterised by a
various and discontinuous morphologic structures: from Capo Castelluccio to Punta
Traversa it isfeatured by short beach strips, with a shallow and uniform sea bottom in
some parts, and very deep in some other parts; from Punta Taverna point to Capo
Murro di Porco cape, it is high and bevelled, with important geologic features (caves,
cavities, siphons, abrasion pools, deep networks ofcarsick origin conduits),
archaeology features, like the prehistoric site Grotta Pellegrina, and the bronze age
Punta della Mola necropolis, anthropologic features such as the six Latomie, linked
to the ancient and no longer existing Plemmyrion sub-urban district, or the extensive
underground tunnels of Punta Mola, used as anti-aircraft base during the second
world war, the network of the dry stone masonry walls of the local agriculture
tradition, the “masserie” (old farmyards) and the Barone Beneventano del Bosco
villa.
Many archaeological finds have been discovered here, and they are safeguarded in
the Paolo Orsi museum in Syracuse. In the area between Punta Castelluccio point and
Caladelle Rive Bianche bay some phenomena of erosion and collapsing of the cliff
occurred, with rock crops sliding to the sea, and the danger of further subsidence.
The central and southern areas of the peninsula are characterised by an intense
holiday homes and farmyards building activity; moreover, it has a footpath and road
network on dirt or stone ground, that may be redeveloped for tourism or leisure
purpose (fig. 1). The SIC called “Saline di Siracusa e fiume Ciane” – ITA 090006 is
located South of the estuary of the rivers Anapo and Ciane; the one called “Capo
Murro di Porco, Penisola della Maddalena e Grotta Pellegrino” - ITA090008
(79/409/CEE e 92/43/CEE directives) is located in the eastern side of the Maddalena
peninsula; here, the Natural Reserve of Plemmirio (1435 ha) was established by
Decree of the Ministry of the Environment on 15/09/2004.
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Fig. 1. Landscape systems and landscape units.

The urban and monumental scenario of Ortigia and Maniace Castle – that is the
architectural background in front of which the natural contest of Plemmirio increase
its landscape value – works as counterpoint to the naturalistic dimension of the
Maddalena. A heterogeneous set of landscape units in conflict is located alongside
the coastline between them: the Pantanelli industrial area progressive dismantling,
extending from the seaplane base to the estuary area of Ciane and Anapo rivers; the
Anapo-Ciane Oriented Natural Reserve, comprising the EU interest site of the
“Pantanidelle Saline” South of the estuary of the two rivers; the southern part of the
gulf (via Lido Saraceno – via La Maddalena), dotted by sprawling cottages,
extending along the system of promontories and small bays between Punta Faro and
Punta Castelluccio, where large hotel is located. The eastern coastline of the
peninsula, extending from Punta Mola to Capo Murro di Porco, is preserved free of
constructions in an average 350-meter width belt.
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The Strategic Sustainable Plan (SSP) (2006) includes five Strategic Projects:
SP 4: Urban Center and the Research and Environmental Education Centre within
the former Enel buildings to be renovated;
SP 5: improvement of the Pantanelli water front, supposing the removal of some
inappropriate buildings, roads, pavements, furniture and street lighting;
SP 6-7: cycling lanes, the first from Ortigiato the Anapo-Ciane Reserve; from
Anapo-Ciane Reserve to the Maddalena peninsula.
SP 8: Maddalena Natural Park, a 236 hectare area extending from Castelluccio
Cape to Milocca Cape, including the CommunitarianInterestSite ITA A090008
“Capo Murro di Porco, Penisola Maddalena e Grotta Pellegrino”.

3 Methods
As a landscape unity, this area works as a semantic chain, i.e. a set of semantic units
(signs) interpreting each other, so that the modification in significance of a single
item affects the significance of the most similar or close ones.
This textual structure is characterised by tensions due to the typically consonant or
dissonant, constructive or destructive, convergent or divergent signs. These tensions
can be assessed by referring to many criteria of structural (natural), infrastructural
(technological), super-structural(cultural) type.
The proposed model establishes:
- semantic relations, defining the internal consistency of signifier (LU) and
significance(valuation)based on causal or intentional correspondences;
- syntactic relations, defining the external consistency of LUs, based on
motivational and conventional correspondences.
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Fig. 2. General valuation pattern scheme

The pattern works as a set of impact coaxial matrixes composed of the Lus in rows
and some blocks of columns: the syntactic and semantic modules, the set of actions,
and the calculations-results one. The semantic module associates a value to each LU
according to the well-known method of the value functions. The syntactic module
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links the signs to each other, individuating the (positive/negative) interactions
between the values of the Lus.
The model is composed of the vector of the valuations the 52 Lus: an impact
matrix with 15 columns (5 actions x 3 impact types) and 52 rows; an interactive
matrix with 52x52 elements that quantifies the influences between the Lus (fig. 2)
3.1 Semantic Module
The semantic module defines the relation between the LUs as described by their
characters (indicators) and their values. The module:
- identifies the Lus as potential impact bearers (extension!, importanceI,
700dentifies) grouped in five systems (Blackstone and Greenb, 1991): 1. Coastalgeomorphologic, 2. Vegetation, 3. Functional, 4. Residential, 5.
Cultural(Davoudi, 2012; Folke 2006; Gunderson et al. 2010);
- attributesof a weighing system w, where !!! , !!! and !!! are the weights of
!"! − !ℎ, for !, I, andR criteria and such that !,!,!
!! = 1;
!
- 700dentifies value for each !"! − !ℎfunction of !!"! , !!"! and !!"! in a
dimensionless scale ranging from 1 to 5;
- defines “the level of axiological participation” for !"! − !ℎ, namely !! ,
where!! = !!"! !!! + !!"! !!! + !!"! !!! ;
- characterises of Lus in regarding its belonging to the natural structures!! , to the
technological infrastructures !! and to the cultural superstructures and !!! ;
- identifies of a weighing system t , where !!! , !!! and !!!! are the weights of
!

-

!

! ! !!

!

!"! − !ℎ, for!! , !! and !!! criteriaand such that ! ! ! ! !! = 1;
identifies a value for each!! − !ℎfunction of !!! , !!! and !!!! in a dimensionless
scale ranging from 1 to 5;
evaluates!! the value for each Lus by the formula!! = !!!! !! !! !! , and where ! is
their number. This value is modified by the actions included in the plan, as
explained in paragraph 5.2.

3.2 Syntactic Modul
The syntactic module formalises the horizontal relations, (communication), binding
between themselves several signs, LUs, representing the axiological interactions
activated by the foreseen modifications. It is the last passage of the whole valuation,
and reanalyses the judgments assigned to the single components, considering their
complementarity with all the others; therefore, it provides a different valuation
according to the type of connection and the entity assigned to it. It is articulated in
three activities, the first organizational, the second instrumental, the third of
verification.
Individuation of the interactions. The organizational activity consists of the
description of the interactions between the landscape units, starting from their
aggregations in systems (Weinstoerffer andGirardin, 2000) in one double entry
matrix where the LUs are put in line and in column. The cells contain a-dimensional
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scores, x!" (from 0 to 2), that quantify the syntactic connections between the different
systems by means of the description of the interactions between each LUs component
of one system and those of another one. When there is no interaction the coefficient
will be 1, if the i unit has a positive impact on the j unit the multiplier will be > 1,
and in the opposite case it will be < 1.
Connection with the semantic model. The instrumental activity consists in the
definition and choice of the most suitable algorithm to take into account the relations
described by the coefficients. In the present case the model of the Interactive Matrix
proposed by F. Rizzo (1989, 2003) was chosen. In this case the connection between
the system of the interactions and the values placed on the main diagonal of the
matrix, !!" ! = ! , called levels of action of the criteria, is provided !" !! = ! !!" ,
where v! is the “total level of action of the criterion”, and therefore, in this case, the
semantic value of the landscape unit, which is influenced by the interactions with all
the other ones.
Analysis of sensitivity and of scenario. The verification activity includes: analyses
of sensitivity, concerning the variation of the interactions, performed through a
multiplier that modifies them, in order to individuate the LUs that are more
influenced by the system effect; scenario analyses, consisting in the implementation
of the different “axiological strategies” through the variation of the λ! weights
associated to the different landscape units and integrating those calculated in the
semantic analysis. The λ! weights have a higher project intentionality, and are utilised
in the phase of choice between options, participating in the calculation of the “total
assessment level”, ! = ! !! !! .
3.3 Regulatory Aspects
The synthesis of the two modules converging to the proposed model (SSM), fulfils in
the framework of the European and national legislation, as follows:
- according to the European Landscape Convention (ELC) (2000), art. 131 of L.D.
no. 42, Italian Code of Cultural Heritage and Landscape (2004), art. 1a of L. no 9.
(2006); art. 3 of L. D. no. 157 (2006); art. 2.1.a) of L.D. no. 63 (2008) the SSM:
1. defines a landscape complex as a semantic field, i.e. a set of signs linked to
each other by consistent and resilient communicative relations;
2. evaluates the landscape complex by integrating the signification-value of the
individual (natural/human) items that make up it, within an internal and
external communication-values system;
3. allows us to: a) appreciate the value of the different combinations of LUs; b)
identify the differences between the individual evaluations; c) provide the
valuation of the landscape complex as a whole;
- according to the ELC (2000)and the L. n. 9/2006, the SSM:
1. supports public administrators in implementing general principles, strategies
and guidelines by means of scenario analysis (art. 1.b);
2. supports valuators in outlining sustainable development patterns inasmuch
as it allows them to recognise the most sensitive and resilient items that can
be differently affected by the actions (art. 1e);
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3.

supports decision making in identifying strategies for an efficient land
government by integrating the values of the single items(ib.);
4. takes into account natural, rural, urban and peri-urban spaces, terrestrial
landscapes, inland and marine waters – typically: 1. Coastalgeomorphologic systems, 2. Vegetation, 3. Functional areas, 4. Residential
settlements, 5. Cultural/symbolic units – by distinguishing the LUs as
exceptional, of daily life and degraded (art. 2):
5. promotes the conservation, management and planning of landscapes (art. 3);
6. promotes global objectives according to the principle of subsidiarity, taking
into account the European Charter of Local Self-Government (art. 4)
7. promotes the legal recognition of the landscape as an essential component of
the context of people’s lives, an expression of the diversity of their common
cultural and natural heritage, and the foundation of their identity (art. 5a);
8. supports the analysis and implementation of policies for protection,
management and landscape planning through the adoption of the specific
measures referred to in art. 6 of the ELC (art. 5b);
9. supports the integration of the landscape into the planning land, urban,
cultural, environmental, agricultural, social and economic policies (art. 5d);
10. fosters the implementation of: Awareness, Education, Identification and
Evaluation, Landscape Quality Objectives, Application (art. 6).

4 Implementation and Results
4.1 Semantic Module
The value map given by the semantic analysis highlights a heterogeneous framework
of the landscape disunity due to the juxtaposition of excellence and decay. The
valuation model highlights the highest quality areas and the criticalities, their
absolute or intrinsic value, and the relative or extrinsic value they acquire by the
different records of weighing and scoring.
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Fig. 3.The value map: graphical/numerical representation

The map represents the prevalence of the cultural features in Ortigia, of the
functional and environmental disvalues in the industrial and harbor area, the building
parasitism of the zone underlying the salines, the seizure of the highest quality area,
the system of inlets between Punta Castelluccio and Punta Mola; the latter closes the
large inlet of Porto Grande harbor, and faces Maniac Castle, claiming the function of
natural counterweight. Compared to this wound to the potential best combination of
the whole unity, the Reserve of Plemmirio, despite being appropriate and even
necessary, becomes a mere alibi. The value map partly indicates the forms of
axiological non-congruity of the different systems compared, and the conflicts of the
different, sometimes divergent development lines as well. A graphical/numerical
representation of it (fig. 3) may be attempted, indicating with a different colour for
each of the five systems the value (y axis) of each landscape unit (x axis) (Trovato
and Giuffrida, 2014).
4.2 Syntactic Module
The results of the interactions’ analysis highlight the value system of the landscape
complex, and allow us to assess the difference between the valuations of the single
elements and those of their combinations in unities (Giuffridaet al., 2016). Among
the examples of LUs integration, the one between ManiaceCastle and Punta
Castelluccio-Punta Mola is the most significant: considered separately they assume
respectively the residential and symbolic functions, while in the syntactic context of
the territorial unity they acquire the maximum landscape tension (geographical,
historic and symbolic), at the top of the constructive opposition “nature vs culture”.
As a consequence the building activity on Punta Castelluccio turns out
incongruous, as it attenuates this opposition. In a context in tension even punctual
modifications can break the semantic chain compromising the significance of the
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context (Naselli et al. 2014). The comparison of the two assessments without project,
no-interaction (Vninp) and with-interaction (Vwinp) is shown in fig. 4, where all the
landscape units are displayed in the x-axis, and the valuations in the y-axis.

Fig. 4. Comparison of the with-interaction and no-interaction assessments

The graph highlights in grey the effect of the interactions as difference in terms of
landscape value: in a positive sense, an advantage of the residential and symboliccultural system of the less fine areas, (47-50) that anyway are beneficiaries of a
favourable context; in a negative sense a disadvantage: of the natural,
geomorphologic and vegetation system, due to the urbanization of the coastline area
comprised between the seaplane base at the estuary of Anapo-Ciane rivers, and the
streets Sacramento-Maddalena (4-6; 9-11; 18-23); of the symbolic-cultural system of
the monumental southern area of Ortigia, as a consequence of the building activity
and of the seizure of the naturalistic system comprised between Punta Faro and Punta
Castelluccio from public use.
The sensitivity analyses concern the variation of Total Action Degree (TAD) as
effect of the variation of the weights in order to select the most influential criteria,
while the analyses of scenario concern the TAD variation regarding the modulation
of strategies, that value from time to time the natural structures, the technological
infrastructures and the cultural superstructures. The results are reported in fig. 5.
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Fig. 5. Syntactic assessment module: results and sensitiveness analysis

5 Application, Results and Discussion
The implementation of the five projects, articulated in the different actions that
turn out relevant for the modification of the landscape value, produces the impacts
represented in the graph of fig. 6 that highlights the different characteristics of the 52
landscape unities as above described.
The modifications of the different actions on the landscape units are represented,
in terms of percentage value variation, by three viewpoints, the one of the impact
intensity, the one of the impact reversibility (or duration), and the one of the impact
ramification (space-time extension of the indirect forecasted or expected effects).
The combination of these assessments gives the value of the impact for each
landscape unit, calculated by taking into account the interactions (!!"! ) or not (!!"! ):
!!"! = !!"#$! − !!"!#! ; !!"! = !!"!#! − !!"#$!
Due to the types of action, the total impact on each landscape unit is mostly
positive. The main impact concerns the actions supposed for: the area of the Urban
Center, which some positive effects are expected from, all over the S. Antonio
neighborhood, especially in terms of real estate increase in value; the area of
Plemmirio Natural Park, where both naturalistic and cultural interventions and
initiatives are envisaged. Although positive, the impacts, due to the small dimension
of the interventions, are irrelevant, and a comparison between with and without
project statuses is scarcely significant.
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Fig. 6. Impact for each landscape unit, calculated with and without interaction

The difference between “with-interaction impact” and “no interaction impact”
valuations highlights: the negative effects of the Pantanelli industrial area on the
nearest Ciane-Anapo CIA area (18), the negative effect of the enhancement of the
Darsena area (26); the modifications needed by the improvement of some naturalistic
areas of the Park (33); the impact of the modification of the waterfront in the area of
the Foro Italico; the effect of an improvement of tourism on some natural areas (4547). The valuation of these areas is higher if interactions are not considered.

6 Conclusions
The proposed model works as a platform for an analysis finalised to orientate
“landscape regeneration strategies”, identifying, on the one hand, their most sensitive
elements, that are influenced negatively by the interactions, on the other hand the
most capable ones, that are influenced positively by the latter.
Basing on the performed valuation, we deduce that the actions envisaged by the
planning tools don’t deal in depth and extensively as necessary with this territorial
complex in its most peculiar aspect, the landscape one, and propose instead punctual
and linear interventions with a scarce engaging capacity, considering the inertia of a
territory whose invasive human settlements would demand, in some of its large areas,
consistent reconversion actions. As a consequence, relevant criticalities persist:
- the large Pantanelli area, apart from the semantic poverty and the syntactic
strangeness to the context, arises physical, environmental and functional necrosis;
- the increasing pressure of the large scale harbor activities in the area of S.
Antonio pier and Foro Italico;
- the building aggression in the part of the coastline suitable for bathing.
In the articulation of the valuation path, the semantic analysis allowed to start a
reflection on landscape in terms of value instead of elements, while the syntactic
analysis allowed, in extensive sense, to reason on the landscape in terms of relations,
and to consider it, therefore, as form instead of image of the territory.
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Despite operating in the folds and shadows of a structural information
incompleteness, the model allowed to keep the process of attribution of the value
judgment in a general level useful to compare heterogeneous territorial aspects, and
to perceive the coalescence to an aim: the landscape as substance of the value of the
inhabited territory.
Acknowledgments. The paper must be equally attributed to these authors.
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Session 12: Diseases Diagnosis and Health Monitoring
Systems
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Abstract. Although professional agriculture engineers are responsible for the
recognition of plant diseases, intelligent systems can help in their diagnosis in
early stages. Using such systems, low cost continuous plant monitoring can be
applied. Some expert systems have been proposed in the literature for this
purpose that are based on user descriptions and image comparison. The
symptoms of a disease include lesions or spots in various parts of a plant. The
color, area and the number of these spots can determine to a great extent the
disease that has mortified a plant. Higher cost molecular analyses and tests can
follow if necessary. In this paper, a Windows Phone application capable of
measuring the plant lesion features is described. The accuracy in the plant
disease recognition is higher 90% according to the experimental results
performed using grape diseases as a case study.
Keywords: plant disease, lesions, image processing, agricultural production.

1 Introduction
Plant diseases can increase dramatically the cost of agricultural production if they
are not detected and treated in their early stages. The plants have to be monitored all
the time in order to detect the first symptoms of a disease before it is spread to the
whole crop. Professional agriculture engineers may not be available to continuously
monitor a crop especially if its size is small or medium and the cost for such a
process is high, or if the crop resides in a distant rural region. Remote monitoring
through machine vision can offer an alternative option. For example, the user can
send photos to professional agriculturists and ask opinions based on the visible
symptoms. Several additional tests may have to be performed in order to confirm if a
plant is affected by a specific disease.
The plant disease diagnosis can be based on several symptoms that are described
in detail in (Riley et al., 2002). The symptoms can be grouped as follows: a)
Underdevelopment or, b) Overdevelopment of tissues or organs and c) Necrosis or
death of plant parts and alteration of normal appearance. The progression of the
symptoms can vary significantly and it is associated with problems caused by biotic
agents. The symptoms can be classified as primary and secondary. For example, the
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initial stages of a disease can include decayed roots of a tree, while the secondary
symptoms may include the toppling over of the tree. The invaders of the later disease
stages may also obscure the original disease symptoms misleading the diagnosis. The
improper herbicide usage can cause symptoms similar to spots caused by an
infectious agent. The sudden appearance of the symptoms and the absence of
progression can be an indication that the cause is the herbicide usage. Moreover, new
leaves are generally free of symptoms. More than one pathogens can often infect a
plant and the symptoms associated in this case may be significantly different from
the symptoms shown by each of the different pathogens when they act separately.
The symptoms of a pathogen can be often expressed as fungal or bacterial leaf
spots. Vein banding, mosaic and ringspot can also appear. The leaves can be
distorted or a powdery mildew can appear. Spore structures may be present. The
needles may drop in conifer trees. The plants can be injured by chemical spray or air
pollution or by soil/air chemicals. Cankers can appear at the branches of a tree. The
fruits can have decays and rots or discoloration. Abnormal wilts or dying branches
can appear. In most of the cases listed above, an image processing technique could
have been used to locate the lesions and quantify them by estimating the number of
spots, their area, their color, etc.
Several image processing techniques and molecular tests are reviewed in
(Sankaran et al., 2010). The sensitivity of molecular tests, depends on the detectable
minimum amount of microorganism. The ELISA is a popular molecular diagnosis,
based on the use of a microbial protein associated with the plant disease. The
antibodies are produced by an animal after this protein is injected to it. Another
popular technique based on DNA analysis is PCR (Schaad et al., 2002). The author
of this paper has been recently involved in the development of a portable low cost
equipment capable of performing molecular tests (Georgakopoulou et al., 2016).
Observation (non-destructive) techniques like spectroscopic and image processing
can be used for plant disease diagnosis based on its symptoms. Spectroscopic
techniques can identify water stress levels, nutrient deficiency, measure the fruit
quality after the harvest, etc. Infrared spectroscopy is described for example in
(Purcell et al., 2009). Reviews of image processing techniques in visible light for
plant disease detection can be found in (Kulkarni et al., 2012). In that paper an image
segmentation takes place in the CIE L*a*b color scale, then a Gabor filter is used to
generate the input of a neural network that achieves a disease recognition with 91%
accuracy. A plant part shape, its texture, fractal dimensions, lacunarity, dispersion,
grey levels, grey histogram discrimination and the Fourier descriptors have also been
taken into account in disease diagnosis.
A quantification technique for fruit traits is presented in (Mix et al., 2003). An
expert system based either on graphical representation or a step-by-step descriptive
method is discussed in (Abu-Nasser et al., 2008). Step by step description is based on
a questionnaire answered by the user. In graphical representation, the user compares
manually photos stored in a database to find the disease that matches his case. A
customized solution for corn diseases has been presented in (Lai, 2010). The most of
the image processing and spectroscopic techniques require the analysis to be
performed by high cost equipment or computational intensive software packages.
In this paper, a mobile application is presented that is based on a low complexity
image processing technique that isolates the normal leaf area from the sick lesions.
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The described image processing technique can be used in the framework of a scalar
system that can operate in standalone mode as a single smart phone application or in
cooperation with remote clouds or databases or with a portable molecular analysis
equipment like the one described in (Georgakopoulou et al., 2016).
In the present version, focus is given on the lesions that can appear at various parts
of a plant like the leaves, or the fruit. The lesions will also be called “spots” in this
paper and the developed application counts the number of these spots in the part of
the plant that appears in the photo, their area, their gray level and extracts color
histograms. The spot color Red-Green-Blue (RGB) features or their CIE L*a*b scale
can be extracted since a map of the spot positions is available. This allows the
support of other referenced techniques like the one presented in (Kulkarni et al.,
2012).
In real time operation, the producer would use a smart phone with the application
installed, in order to take pictures of mortified plant parts. Then, the application
would ask him to provide some additional information that is useful for a more
reliable diagnosis. The application in its current form has been tested for a number of
plant diseases and can be easily extended for several other cases.
In this paper we use the proposed application to measure the features of the spots
that appear in pear, orange, tangerine tree or grapevine leaves. The application can
successfully discriminate between pear tree diseases like Venturia Pirina, Septoria
Pyricola, Erwinia Amylovora, etc., orange/tangerine tree diseases like fungus
Capnodium oleae. Grape diseases like Powdery or Downy Mildew, Esca, etc. are
used in this paper to extract experimental results. The experimental results also show
that the measurement of the number of spots, their gray level and area in any plant
part photo can be achieved with higher than 90% accuracy.
The image processing technique used for the characterization of the spots is
described in Section 2. The implementation of the Windows Phone application is
presented in Section 3 and experimental results are discussed in Section 4.

Fig. 1. Measurement of the leaf and spot size (Petrellis, 2015).
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2 Plant disease recognition method
The developed application operates on a smart phone that has to be equipped with
a camera. The mobile phone should be capable of connecting to the Internet only if a
richer plant disease database or cloud has to be accessed in order to support a
diversity of plants. Moreover, this would be useful if the photos taken by the phone
camera have to be accessed by an agriculture engineer for approving the final
decision of the expert system. Otherwise, the application can be used offline and this
is useful especially if it has to be used in distant fields where the 3G/4G coverage
may be weak. In this case the application installed on the smart phone can support
only the specific plants, that the producer is interested of. He can take photos of plant
parts with lesions like leaves and fruits and then run the plant disease recognition
application using the captured images. The application asks him some additional
information like the kind of plant, its part that has been photographed (e.g., upper or
lower leaf surface), the draft distance the photo was taken from the leaf, an
estimation of how many leaves have been affected in a single plant or how many
plants of the field have been affected. The producer can also be asked about the time
the symptoms appeared. Environmental conditions (history of temperatures,
moisture, etc) can be retrieved by using the GPS locator of the smart phone.
The image processing algorithm incorporated in the application extracts the lesion
features like number of spots, their grey level and area using an algorithm that has
already been described in (Petrellis, 2015). The present version is extended to extract
the color features of the normal leaf parts and the leaf spots too. These results can be
exploited by the decision module of the application in conjunction with the
information given by the user in order to draw a conclusion on the condition of the
plant. In future versions the decision module can be an advanced neural network. The
recognized disease here is the one that gets the higher score in a grading system that
will be defined below. In a more advanced setup, the mobile phone can cooperate
with a molecular analysis module like the biosensor readout circuit described in
(Georgakopoulou et al., 2016) that has been developed for the Corallia/LabOnChip
project. The communication with this module can be performed in a wired or
wireless manner (USB, Wi-Fi, Bluetooth, etc.). In this paper, we will focus only at
the stand-alone smart phone application.
If the absolute spot dimensions have to be taken into consideration, the following
estimation method has to be followed. The spot detection algorithm assumes that the
photo with the plant part of interest has been captured from a known distance D (see
Fig. 1) e.g., one palm between the camera and the leaf. However, if the relative leaf
area is important instead of the absolute spot area, then the distance D and the
following estimations are not important. If the camera angle φ is also known then,
the half leaf length L is estimated by:
L=D·tan(φ).

(1)

The length L can be estimated if the photo is taken from a known distance D and it
corresponds to P pixels. The ratio S=L/P can be used to estimate another distance or
area from the number of pixels. For example, if the length of a spot in an axis is L’
and corresponds to P’ pixels, it can be estimated as:

712

L'= L

P'
P

(2)

Moreover, if the two points do not reside on the same vertical or horizontal axis,
equation (2) can also be used to estimate their distance if P’ is the number of pixels
in the shortest diagonal distance between them.
In a plane, if the dimensions of the covered area are Lx, Ly in the horizontal and
vertical axis respectively and they correspond to Px and Py pixels, then each pixel
occupies an area Ap that is estimated as follows

Ap =

1 Lx Ly
S 2 Px Py

(3)

Using equation (3), a spot of any shape that consists of P pixels will correspond to
an area that is equal to P times the area of a single pixel Ap.
In order to apply the spot recognition algorithm, the plant part should be initially
separated by its background. This task could be implemented by a complicated
segmentation procedure or a dedicated image processing library that would consume
valuable smart phone resources. In the present version, it is assumed that the
background is much brighter than the plant color. For this reason, a leaf for example
is placed on a white sheet of paper as its background before it is captured by the
smart phone camera. In this way, no background separation algorithm is needed at
all. Moreover, it is also assumed that the photos have been captured under a canopy
or during a cloudy day so that the shadows are not important. The pixels with a grey
level higher than a configurable threshold BG are assumed to belong to the
background. More sophisticated algorithms for the separation of the background and
the leaf shadows will be implemented in future versions of the application.
The three color components of an image (Red, Green, Blue) can be easily handled
to extract detailed image features but they are ignored initially, handling the image in
grey scale. The captured image is converted into a grey image separating the
background, the normal leaf surface and the spots. The pixels belonging to the leaf
are used to estimate an average grey level Ag. Then, the matrix of the image is
scanned to check if there are leaf pixels i with a grey level Gi that fulfil the following
condition:

Gi − Ag > Th

(4)

If the difference between the grey level of a leaf pixel and the average Ag is higher
than the threshold Th, the specific pixel is assumed to belong to a spot. A matrix
BGW1 is constructed with the same dimensions as the original image. Each cell in
BGW1 can be one of the following three grey levels: white for background (255),
grey for normal leaf surface (e.g., 120) and black for spot (0) as shown in Fig. 2. The
BGW1 is scanned again to group neighboring pixels belonging to the same spot. The
resulting matrix BGW2 has an integer number in each one of its cells. This number is
the identity of the spot that it belongs to. If a position in BGW2 is 0, then the
corresponding pixel does not belong to a spot.
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(a)

(b)

(c)
Fig. 2. Original photograph (a), visualization of BGW1 matrix (b). Color histogram generated
from the spot pixels (c).

The following algorithm is used to construct the matrix BGW2: a) the rows are
scanned from left to right and the neighboring pixels are assigned with the same
identity, b) if the previous pixel on the left does not belong to a spot, the neighboring
pixels at the row above are checked and if one or more of these has been assigned to
an identity different than 0, this identity is also used for the current pixel, c) the
scanning of the BW2 matrix is repeated merging spot identities until no changes are
performed. All of the desired features of the spots are made available through the
BGW2 matrix: the maximum spot identity is the number of spots. The area covered
by the spots is estimated by the non-zero cells of BGW2 and equation (3). The
fraction of the plant part that is occupied by spots is estimated as the number of nonzero cells divided by the total number of cells (excluding the background). The
average grey level of each spot can be estimated by the non-zero cells. The
coordinates of each spot and its dimensions can be estimated by the BGW2 matrix
cells with the same identity. A filtering can also be applied discarding spots
consisting of very few pixels (less than a threshold: MinArea) because either they are
noise or they are too small to be considered.
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Using either BGW1 or BGW2 matrices the spot pixels in the original image can
be isolated. The Red-Green-Blue (RGB) values for each spot pixel are used to
construct three histograms, each one with 256-positions. These histograms are
displayed by the application as shown in Fig. 2c. Each position of the Red the Green
or the Blue histogram corresponds to the number of pixels that have the exact color
level. For example, if the position 100 of the Red histogram is equal to 150, this
means that 150 spot pixels have Red level equal to 100. As can be seen from Fig. 2c,
each color histogram of the spot consists of a single lobe. The starting point (s), the
ending point (e) and the peak position (p) of each lobe is checked to see if it resides
within predefined limits: (smin, smax), (emin, emax), (pmin,pmax) respectively. These limits
have been extracted statistically by observing a number of photographs with plant
parts infected by the same disease when the disease parameters are defined. A
disease matching score Gr is extracted:

Gr = ∑ X sWs + ∑ X eWe + ∑ X pW p
s

e

(5)

p

Where Ws, We, Wp are the weights of each condition (if a condition should not be
taken into consideration, then the corresponding weight can be 0) and Xs, Xe, Xp are
binary values indicating whether a parameter s, e, or p is within the predefined limits.
For example, Xs is defined as

⎧1, if ( smin ≤ s ≤ smax )⎫
Xs = ⎨
⎬
⎩0, otherwise
⎭

(6)

Similar conditions and score weights can be derived by the color histograms of the
healthy part of a plant as well as from the global parameters like the number of spots,
their area, the average grey level of all spot pixels and the average grey level of all
the pixels that belong to healthy plant part, the compliance of weather conditions, etc.
The disease with parameters like (smin, smax), (emin, emax), (pmin,pmax) that lead to the
highest score Gr is selected as the one that matches the symptoms of the plant.

3

Smart Phone Application

The smart phone application described in this paper was developed for Windows
Phone platform using Visual Studio 2015 and Silverlight. In our future work, it will
be ported to Universal Windows Platform in order to support more Microsoft
Windows platforms. It will also be ported to Xamarin in order to support smart
phone platforms different than Microsoft Windows like Android. The initial screen
of the developed application is shown in Fig. 3a where the supported plant parts are
displayed according to the plant disease database used. The user selects the plant or
tree that he is interested in. The selection can be implemented by Combo boxes if the
number of supported plants is small otherwise a List box or Long List Box can be
used. Then, the user selects the photo that displays the mortified plant part. The
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photo is displayed in the same page as shown in Fig. 3b that has been captured when
the application runs on a real Lumia 535 device. BGW1 images and histograms like
the ones shown in Fig. 2 are also displayed in this page. The next page (Fig. 3c) asks
the user to determine the part of the plant that the selected photo displays.

(a)

(d)

(b)

(c)

(e)

(f)

.

Fig. 3. Pages of the developed application. Initial page (a) and initial page after the photo
selection (b). Selection of the plan part the photo displays (c). Additional Information entered
by the user (d). Geolocation for retrieving statistical and weather information about the area (e)
and the results page (f).

In the next page (Fig. 3d), the user is asked to give additional information and
calibrate the image-processing algorithm. Some general questions that would make
easier the disease recognition would concern the number of the leaves and the
number of trees that are mortified, how long ago did the producer notice that the
symptoms appeared, age of the plants, etc. Calibration can concern the parameters
MinArea, BG and Th described in the previous section. Additional information like
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current date and the geographical position of the plant can be defined in the next
page (Fig. 3e). The local weather statistics (moisture, temperatures, etc) can be
retrieved automatically if the specific date and the geographical position of the plant
are known.
The last page (Fig. 3f) shows the results of the analysis described in the previous
section. The analysis results include the number of spots and their relative area as
well as their grey level. The diagnosed disease of the plant is also listed. Moreover,
advice can be given that includes some practical actions like cutting the sick
branches and leaves and burning them away, or some prevention actions that can
restrict the spreading of the disease. The application could even suggest appropriate
herbicides, fungicides, etc, for the treatment of the disease if it is certified by the
appropriate authority.

4 Experimental Results

(a)

(b)

(c)

(d)

Fig. 4. Original image of a pear tree leaf (a), and the isolation of the spots (in white color) with
Th=60 (b), Th=80 (c) and Th=40 (d).

In this section, the ability of the described application to accurately estimate the
spot number and area is investigated. Some cases where the application fails to
isolate the lesions are also discussed. Finally, experimental results from the use of the
proposed application in recognizing grape diseases are presented.
The spot recognition method described in Section 2 has been applied to several
photos of leaves from pear and citrus trees, and grapevines. The number of spots and
the area they occupy on the leaf are significant inputs for the decision module of the
mobile disease recognition application described in the previous section. The
accuracy in estimating the features of these spots depends heavily on the value of the
parameter Th. For example, in Fig. 4b, Th=60 and using this value, the number of
estimated spots is 49. The number of real spots in the photo of Fig. 4a, is 45 or 50 if
some quite smaller ones are taken into account. The real area of the spots is 14% of
the leaf. The spot area may be a more credible measure than the number of spots
since the algorithm may split some spots or may consider multiple spots as one
depending on the value selected for Th. The estimated spot area of Fig. 4b is 12.34%.
The MinArea parameter for this case was selected equal to 4 pixels i.e., spots
consisting of fewer than 4 pixels are not considered. In order to understand the
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importance of the appropriate Th value selection, two additional images are included
in Fig. 4. Fig. 4c shows the spot recognition result if Th=80. The number of spots and
their area in this case is 51 and 7.6% respectively. Although the number of spots
recognized is quite close to the actual number, the estimated area is far from the real
spot area. Fig. 4d shows the spot recognition result if Th=40. The number of spots
and their area in this case is 77 and 20% respectively. The visualization of BGW1
matrices like the one displayed in Fig. 1b can be used to calibrate the spot
recognition algorithm by selecting an appropriate value for Th in real time.

(a)

(b)

(c)

Fig. 5. A grape leaf in inverted grey scale (a), spot isolation with Th=80 (b) and Th=75 (c).

The spot recognition will be difficult in some cases even if the Th parameter is
tuned well. Such a case is demonstrated in Fig. 5 where a vine leaf is displayed. The
problems of this case are the following: a) the background is not bright enough and
has some spots that are confused with the leaf spots (difficulty in selecting the
appropriate BG value), b) the color of the spots is the same as the one of the leaf
veins and c) the area of each spot is surrounded by a halo brighter than the leaf color
and an internal spot that is darker. As can be seen in Fig. 5, the current algorithm
cannot be applied in this case since the spots are not recognized for any Th or
MinArea value. Supporting these cases will need a more sophisticated but still simple
algorithm. Current development focuses on isolating also the halo of the spots and
their perimeters.
Table 1. Average error in the estimated number of spots and their area for Pear, and Citrus
tree leaves.
Tree

Part

Th

Pear
Citrus

Lower surface of the leaf 60
Upper surface of the leaf
110

Error in the
estimated
number of spots

Error in the
estimated spot
area

7%
7%

11%
12%

The spot recognition method was tested on spots like the ones shown in Fig. 4 for
several Pear, Orange and Tangerine tree leaves that have been mortified by diseases
like fungus Capnodium oleae, Erwinia Amylovora, etc. The accuracy in the
estimation of the number of spots and their area is demonstrated in Table 1. In all
cases MinArea=4 which seems to be a proper global value for the spot dimensions in
these specific diseases. The errors could have been further reduced by choosing more
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accurate Th values but they have been selected as multiples of 10 since the user will
be difficult to do a finer tuning in real time.
The developed application was also evaluated using grape leaves infected by the
following diseases: Downy Mildew, Powdery Mildew, Esca, Phomopsis. The
grading method defined by equations (5) and (6) was used taking into consideration
the color histogram lobe starting/ending points and the peaks, the number of spots,
their area, grey levels and the compliance with weather data. A training set with 20
leaf photographs was used to define the limits. After using such a small number of
training samples to define the disease recognition rules, the application was tested
using a benchmark of 100 photographs. These photos were classified in diseases by
the application, based on the higher grade that they received for each disease. The
success rate of the disease classification is shown in Table 2.
These experimental results show that the proposed low complexity disease
recognition method achieves an accuracy that is comparable or better with state of
the art disease classification methods. For example, in (Kulkarni et al., 2012) the
success rate in the disease recognition is 91%.
Table 2. Grape disease classification results.
Grape Disease

Successful
Classification

Downy Mildew
Powdery Mildew
Phomopsis
Esca

90%
98%
88%
98%

5 Conclusions
An image processing technique that can be easily implemented on smart phones,
capable of recognizing plant lesion features and diseases has been presented. The
number of spots and their area on plant leaves showed accuracy higher than 90%.
The disease recognition was tested with grape leaves with an accuracy in the
classification between 88% and 98%, depending on the disease.
In our future work, more diseases will be tested and the application will be ported
on different mobile phone platforms.
Acknowledgments. This work is protected by the provisional patent 1008484,
published by the Greek Patent Office, May 12, 2015.
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Abstract. This paper demonstrates the application results of an integrated pest
control framework for the olive-fruit fly [Bactrocera oleae, (Gmelin, Diptera:
Tephritidae)]. The automation, optimization and thus finally the assurance of
optimal pest management including both the remote insect’s population
monitoring and the controlled application of bait-sprays are presented. The
proposed framework consists of a novel “smart” McPhail-type e-trap for
remote monitoring the insect’s population, a prototype gun sprayer providing
precise adjustment and control of the sprayed quantity and full spacial and
quantitative spray recording and a web-based application offering monitoring
and real-time decision making for the surveillance authority. The results
indicated its reliability, endurance and capability to provide on-time and
reliable monitoring of the insect’s population, optimal application of baitsprays and rational use of insecticides. The proposed framework was found
capable to minimize the dependence of the bait-system’s effectiveness upon
human intervention. The analysis of the produced olive oil indicated excellent
qualitative characteristics.
Keywords: Pest control, bait-sprays, McPhail trap, B. oleae, olive-oil.

1 Introduction
Olive-fruit production is of crucial importance for olive growers all around the world.
The olive-fruit fly [Bactrocera oleae (Gmelin) (Diptera: Tephritidae)] (Figure 1 on
the left) is the main inimical pest of olive-tree cultivations worldwide. It causes both
quantitative and qualitative damage to table olives and olive-oil production with
enormous economic impact thus necessitating annual management. Yet, economic
loss in Greece due to the fly is ranged from 30% up to 35% (Pavlidi et al., 2013)
although control is almost universally applied.
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Fig. 1. The olive-fruit fly Bactrocera oleae (Gmelin) (Diptera: Tephritidae) (on the left) and a
classic glass McPhail-type trap (on the right).

B. oleae control methods mainly include: cover sprays applied from the ground,
sterile insect techniques, mass trapping, biological control and bait-sprays applied
from the ground. The protein-based bait-spray method was mainly developed due to
issues related with serious side effects on the environment and on human’s health
caused by cover sprays. The bait system is an Integrated Pest Management (IMP)
method as it manages to reduce pesticide levels with simultaneous beneficial results
for predators, parasitoids and pollinators (Varikou et al., 2016). With this method,
only a small part of the tree’s canopy is sprayed with the insecticide solution
(approximately 300 cc/tree, one tree after another or even one row after another of
the orchard).
As far as it concerns Greece, B. oleae control is centrally managed and funded by
the Ministry of Rural Development and Food and Regionally/locally supervised by
the Directorates of Agriculture and Veterinary, and includes both the monitoring of
the insect’s populations and the application of bait-sprays (only) from the ground. Its
annual cost approaches twenty (20) million euros (Pavlidi et al., 2013; Varikou et al.,
2016). However, despite the profound potential of the method, its application is
characterized by a series of drawbacks and limitations, as it is practically unchanged
for decades, without any adoption of technological solutions for its improvement.
These limitations include, but are not limited, to the following:
• The insect’s population monitoring frequency (every 5 or 7 days) is a rather
expensive and frequently biased procedure,
• The sprayed quantity per tree is practically unknown due to the catholic use of
conventional spraying equipment,
• Safety and health at work issues arise due to improper use of the conventional
equipment and/or due to the use of improper equipment,
• Bait-sprays is not a certified procedure, thus its proper application is totally
based upon the sprayer’s experience, reliability and ethics,
• The actual monitoring of the whole process necessitates the use of specialized
personnel and is currently applied by sampling,
• The sprayers generally cover large areas. Thus, it is difficult to memorize
them and their borders. Their route is not recorded and/or monitored, often
leading to large areas left without treatment.
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Efforts to automate the process may be found in the literature. The use of GIS
techniques for mapping olive fly populations – captured in glass-type McPhail traps
– has been presented (Papafilippaki et al., 2007), applied in a manual manner though.
Recently, an electronic McPhail trap – not tested in the field yet – was presented in
(Potamitis et al., 2014). A novel web-based information system for monitoring the
Bactrocera dorsalis population was proposed in (Jiang et al., 2012), but without
accounting for pest control. A location aware (expert-base) system was proposed in
(Pontikakos et al., 2012) and a sensor controlled sprayer was presented in (Chueca et
al., 2008) for citrus orchards. Yet, the existing studies did not present any impacts on
the final product.
This paper presents a novel prototype integrated system, which offers – for the
first time – a complete and optimized pest management framework. It provides realtime remote monitoring of the insect’s population, assists the expert entomologists to
take on-time decisions concerning the application of sprays, and further pursues the
sprayers to apply bait-sprays with an optimal manner. The core components of the
system are:
1. A “smart” McPhail e-trap presented in (Doitsidis et al., 2017),
2. A gun sprayer enabling the application of very specific amount of spray
solution at each single spray,
3. A device for fully recording the bait-spray procedure in terms of both space
and quantity, and,
4. A novel web-based platform for mapping, remote monitoring and control of
bait-sprays allowing real-time decision-making.

2 Methods and Materials
2.1

The “Smart” McPhail e-Trap

The “smart” McPhail e-trap consists of a proper modification of its conventional
plastic counterpart. A dedicated embedded system providing automatic monitoring of
B. oleae population in the field was developed. Further details regarding the
electronic design, development and evaluation of the smart e-trap may be found in
(Doitsidis et al., 2016). The main advantage of such an e-trap is the ability to provide
unbiased and real-time remote monitoring the fly’s adult population (through a series
of captured pictures) at any desired frequency. Its final version – after a series of
modifications and improvements – installed in the olive-grove and a sample photo of
its interior are shown in Fig. 2.
2.2

The Automatic Spraying Subsystem

The proposed spraying device consists of an advanced extension of an ordinary
spraying mechanism. A magnetic switch is installed beneath the trigger of a common
spraying gun. An electromagnetic valve (solenoid) is installed at the tractor’s pump
output. After the solenoid and before the spraying gun, an extremely accurate AISI-
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316 stainless-steel flow-meter sensor is installed. Its complete installation on a
typical small-scale tractor used for bait-sprays – applied form the ground – in Crete,
Greece, is shown in Fig. 3.

Fig. 2. The “smart” McPhail e-trap installed in the field and a picture of its interior.

Fig. 3. The developed spraying subsystem installed on a typical small-scale tractor.

2.3

The Recording Subsystem

The aim of the recording device is twofold: (a) To fully control the spraying duration
by appropriately handling (open/close) the solenoid, thus precisely adjusting the
spraying quantity and (b) to fully record both the tractor’s path and route within the
olive grove and the sprayed quantity for each single spray. A dedicated embedded
system was designed using a GPS module, a mosfet driving the solenoid, and a GSM
module for real-time data transmission (see Fig. 4.). The tractor’s path and route
(geographical position, and time) was recorded once a second (fs = 1 Hz) and at each
single spray.
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Fig. 4. The PCB layout of the recording subsystem (on the left) and its final implementation
(on the right).

2.4

The Web-Based Platform

The aim of the developed web-based platform was to provide the ability of a
complete representation of all the information, which are, images acquired by the
McPhail traps, as well as spraying details (position, time, sprayed quantity). For this
purpose, a suitable information system was developed witch may be accessed at:
http://edakos.chania.teicrete.gr. Its usage may significantly facilitate the work of
specialized agriculturists as they can easily monitor the insect’s population evolution
via “smart” e-traps in an unbiased way, being proactive and thus on-time order baitsprays when required (see Fig. 5). Additionally, they can monitor the tractor’s route
within the olive-grove and control its potential coverage during the spraying
procedure (see Fig. 6).
2.5

System Evaluation Under Field Conditions

Experimental Area
A large-scale field trial was conducted on the island of Crete, Greece, in olive-groves
(cv. Koroneiki with small fruit, an oil-producing olive variety) of Vasilopoulo village
during the summer of 2015. The olive trees of the orchard were not irrigated and
were 30-50 years old, 5-7 m tall and 6-7 m apart from each other. The tree density at
the time of the study was approximately 200 trees/ha, and the orchard consisted of
(approximately) 8,000 olive trees. The mean olive-fruit production per tree was
estimated at approximately 70% of the normal yield (approximately 60-70 kg/tree) in
2015, see Fig. 7.
Evaluation of the Automated Trap
The proposed Autonomous e-Trap (AT) was evaluated for its effectiveness in
monitoring the olive-fruit fly (adult) populations. It was also compared with the
yellow Plastic-type Trap (PT). The typical Glass-type McPhail Trap (GT) was also
used as a reference trap. Further details may be found in (Doitsidis et al., 2017).

725

Fig. 5. The trap’s web interface.

Fig. 6. Bait-spray details such as geographical position, time-instant, single and total sprayed
quantity, represented on properly modified digital maps.

Evaluation of the Spraying System
Bait-sprays were implemented after considering the olive fly population density and
distribution and the alive and total fruit infestation levels. The total number of baitspray applications for achieving an acceptable crop-protection level throughout the
summer period was also considered, following the EPPO (2012) standards.
Design and Layout of the Experiment Field
The experimental design used in the present study consisted of a randomized block
with two treatments and four replicates, resulting to a total of 8 sectors during 2015.
Each sector comprised of approximately 1,000 trees, see Fig. 7.
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Fig. 7. The test olive-grove comprised by eight (8) sectors with their boundaries also depicted.

Insecticides
A hydrolysed protein (2%) was mixed with the registered insecticide in tractor
containers (500 lt) for the implementation of bait-sprays. The liquid hydrolysed
protein was 75% (“prot”; Entomela 75SL, 25% w/w urea and its conciseness
percentage was equal to 75% w/w; Stavrakis Company, Greece). The tested
phytosanitary product was thiacloprid + deltamethrin (“th+dlt”; class: Neonicotinoid
and pyrethroid; Proteus 110 OD; 300 ml/hl; Bayer CropScience AG). The selected
insecticide solution quantity (300 ml/tree) and the way of its application followed the
EPPO (2012) standards.
Timing of Bait-Spray Applications
The total number of bait sprays and their timing were scheduled based on the
captured olive flies following both the numerical threshold of 5 flies/trap/week and
the prevailing climatological conditions within each experimental sector. Bait-sprays
were applied only when the temperature and the wind velocity were both lower than
28οC and 5 bf (or equivalently 20-28 km/h or 5.5-7.7 m/s), respectively.
The proposed practice of “Automatic” Bait Sprays (ABS) was compared to the
Conventional practice of Bait Sprays (CBS, using conventional equipment). An
interval of approximately 14 days with no spraying activity between two successive
applications has been held, as indicated by the insecticide’s regulations. Sprays were
applied very early in the morning. Sprays stopped about a month before harvesting
time, which for the Koroneiki variety is the end of October (Table 1).
Olive-Fruit Infestation Estimation
To estimate the olive-fruit infestation level, which is expressed as infestation (live
eggs, L1, L2, L3, pupae and exit holes) and total infestation (live and dead eggs; L1,
L2, L3; pupae), fruit sampling was carried out twice per month from August till
October 2015. The acceptable empirical infestation threshold was set to 8-10% for
the variety of Koroneiki.
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Olive-Oil’s Qualitative Evaluation
To evaluate the qualitative characteristics of the produced olive-oil, 5 kg of olivefruits from each experimental sector were randomly collected by hand, during
harvesting period (a specific date of November 2015). The collected fruits were then
immediately transported to the Laboratory of Food Technology of the IOSV. Oliveoil was extracted at the same day using a laboratory scale olive mill (Callis
Company). A number of qualitative characteristics have been evaluated including: (a)
Free Fatty Acids (FFA) expressed as oleic acid, (b) peroxide value measured in
milliequivalents of active oxygen per kg of olive-oil, (c) the coefficients of specific
extinction at 232 and 270 nm (K232 and K270), (d) the variation of the specific
extinction (∆K), (e) the fatty acid composition, and (f) the oil content in dry olive
paste according to EC Regulation 2568. Polyphenols were also determined as the
total polyphenols evaluated by the colorimetric method using Folin-Ciocalteu reagent
as described in (Gutfinger 1981) with a UV spectrophotometer at 725 nm.
Table 1. Treatments, testing periods and dates of bait-sprays applications during 2015.

Test
ABS

CBS

Bait
Spray #
Sector
1
4
6
7
2
3
5
8

1st
15/Jul

2nd
11/Aug

3rd
27/Aug

th+dlt
th+dlt
th+dlt
th+dlt
th+dlt
th+dlt
th+dlt
th+dlt

th+dlt
th+dlt
th+dlt
th+dlt
th+dlt
th+dlt
th+dlt
th+dlt

th+dlt
th+dlt
th+dlt
th+dlt
th+dlt
th+dlt
th+dlt
th+dlt

4th
9/Sep

th+dlt
th+dlt
th+dlt
th+dlt
th+dlt

5th
27/Sep
th+dlt
th+dlt
th+dlt
th+dlt
th+dlt
th+dlt
th+dlt
th+dlt

Spraying solution of protein 75% plus thiacloprid+deltamethrin
“th+dlt”, ABS: Automatic Bait-Spray
CBS: Conventional Bait-Spray
Analysis of the Olive-Oil’s Residues
Pesticide residues of deltamethin were determined in the olive-oil’s samples
according to the AOAC Official Method 2007.01, using Liquid–Liquid Extraction
(LLE) followed by dispersive Solid Phase Extraction (dSPE) (QuEChERS technique)
with the use of Gas Chromatography with Electron Capture Detector (GC-ECD).
Meteorological Data
A number of meteorological parameters such as: mean daily temperature, relative
humidity, wind speed and precipitation were recorded on the day of each spray
application. The data were acquired using the weather station of the IOSV, which
was located close to the experimental olive-grove.
Data Analysis
The number of adult olive-fruit flies (B. oleae) captured in all-types of McPhail traps,
the number of olive fly individuals recorded in the olive samples, the qualitative
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parameter values and of the chemical residues were analyzed separately using oneway ANOVA. The mean values were separated using Tukey’s honestly significant
difference (HSD) test. Data analysis was conducted using the statistical package JMP
(SAS Institute, 2008). The mean values were considered to be significantly different
at the 5% level (P < 0.05).

3 Results and Discussion
3.1 Evaluation of the Autonomous McPhail Trap
The monitoring of the olive-fruit fly population was implemented by three different
type of McPhail traps, i.e. the classical Glass-Type (GT), the yellow Plastic-type
(PT) and the proposed Autonomous Trap (AT), for comparison purposes. The
number of captured flies within the AT and GT traps were found significantly lower
than that of their PT counterparts. Nevertheless, there was not found a significant –
from a stati-stical viewpoint – difference between the AT and the GT traps (Doitsidis
et al., 2016).
3.2 Evaluation of the Automated Spraying System
The results of the present study indicated that the Automated Bait-spray System
(ABS) was as effective as the Conventional Bait-spray System (CBS). It is important
to be stated that the tractor’s driver and the sprayer who implemented all the sprays,
were particularly experienced and reliable, thus ensuring that even the conventional
bait-sprays were performed following the protocol at a maximum point. The two
spraying systems (Automated and Conventional) were compared in terms of olivefruit fly population, infestation and total number of bait-sprays applied in all
experimental sectors treated by either method. The captured flies/week/trap and the
recorded infestation level were found not to significantly differ from each other (Fig.
7 and Table 2, respectively).
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Fig. 8. Mean number of captured adult flies per trap and week for each applied spraying
method during 2015. Bars with the same letter are not significantly different at P < 0.05. ABS:
Automatic Bait-Spray; CBS: Conventional Bait-Spray.

3.3 Analysis of the Produced Olive-Oil
Olive-oil tests were performed to samples acquired from all sectors for both
treatments. The tests were performed according to quality indices of free fatty acids,
peroxide, etc. All samples were classified as extra virgin oil according to the
International Olive Oil Council (IOOC, 2001).
Insecticide residues on olive-oil were also examined and they were found
extremely low for all active ingredients and not significantly different between
treatments (Table 3). No significant differences were detected among the samples
obtained by the two applied treatments (ABS and CBS). The results of this study
indicated that the active ingredients applied by either automatic or the conventional
sprays, were not transferred into the produced olive-oil.
Table 2. Fruit infestation for each treatment during 2015. For each type of infestation (alive,
total), percentages followed by the same letter are not signiﬁcantly different at P < 0.05. Alive:
Alive infestation, Total: Total infestation.
Date
ABS
CBS
Date

3/Aug/2015
Alive
Total
0.30±0.13a 4.10±1.96a
1.25±0.81a 9.35±4.43a
21/Sep/2015
Alive
Total
0.35±0.12a 6.70±1.34a
0.33±0.16a 5.85±1.24a

24/Aug/2015
Alive
Total
0.00±0.00a 2.30±0.88a
0.15±0.15a 7.05±2.09a
5/Oct/2015
Alive
Total
0.25±0.19a 3.30±0.30a
0.38±0.28a 4.43±2.35a

ABS: Automatic Bait-Spray, CBS: Conventional Bait-Spray
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7/Sep/2015
Alive
Total
0.35±0.10a 8.40±1.24a
0.35±0.24a 9.65±4.93a

3.4 Discussion and Future Work
Despite the obvious and pronounced benefits gained by the potential introduction of
modern ICT’s, olive-fruit fly control in Greece is practically unchanged during the
past decades without adopting new technological solutions. The experience gained
thus far clearly shows that the method’s efficiency and success highly depend upon
human intervention, i.e. by the people who apply and monitor the process.
The main objective of this study was to explore the effectiveness of introducing
technological solutions in a way to assist the people who involve with the olive-fruit
fly control, to apply both the population monitoring and the application of bait-sprays
in an optimal manner within the “sense-act-monitor” framework, thus minimizing the
dependence of its success on human intervention. By introducing modern ICT
technologies, all the acquired information including adult fly captures and spraying
data, were remotely and securely transferred to the main computer and via a suitably
designed user-friendly web-based platform, they were provided to the authorized
personnel using properly modified digital maps, for on-time, accurate and reliable
decision making.
Despite the fact that both the spraying systems (automatic and conventional) were
proven to provide equivalent efficiency, it should be stated that the ABS can ensure
and guarantee that bait-sprays will be implemented with an optimal manner. The new
spraying device was found to be reliable, robust, and not complex in terms of
technological equipment thus offering tremendous ease of use, providing the
possibility to any potential sprayer to spray in an optimal way. Further improvements
may include the addition of extra sensors for continuous monitoring outside
temperature and wind velocity during the spray process and a fast focus camera for
picturing the specific tree’s canopy part being sprayed.
The web-based platform was also proved to be a powerful tool for the supervising
authority and its personnel. For the first time, all the necessary information – trap’s
captures and spraying data – were all collected in an unbiased manner and
subsequently depicted on digital maps offering the possibility for real-time
monitoring and decision making. The deployment of extra sensors in the field and the
development of the necessary (desktop and/or mobile) applications, for providing
targeted information to various groups regarding the prevailing conditions in the
cultivation, available agricultural practices and necessary actions have been also
considered as future actions and improvements of the system.
Table 3. Mean values for various olive-oil qualitative parameters and insecticide residues.
Free fatty acids (% w.w. oleic acid)
Peroxide (% meq O2/kg)
K232
K270
Phenols (mg/kg expr. gallic acid)
Thiacloprid residues (mg/kg)
(Report limit: 0.01 mg/kg)
Deltamethrin residues (mg/kg)
(Report limit: 0.01 mg/kg)
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ABS
0.31 a
5.73 a
1.61 a
0.17 a
446.48 a

CBS
0.21 a
5.35 a
1.49 a
0.15 a
421.10 a

0.0168 a

0.0160 a

0.0087 a

0.0072 a

4 Conclusions
In this study, the results of the design, development and evaluation of technological
solutions for the optimization of pest control for the olive-fruit fly were presented. A
holistic precision agriculture framework comprising a complete Integrated Pest
Management system was presented for the first time. The proposed IPM system was
tested in a large-scale experimental olive-grove and the results, though at a relatively
preliminary stage were found to be encouraging and promising. The study indicated
the system’s potential to minimize the dependence of the bait-system’s effectiveness
upon human’s intervention. Its main benefits are the increased environmental
protection through the rational use of insecticides and the improvements of human’s
health and safety at work by reducing laborious and tedious tasks.
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Abstract. West Nile Virus (WNV) first time appeared in 2012 in the Regional
District of Xanthi in Greece in Northern Eastern Greece and in total 63 cases
were reported between 2012-2014. The Region of Eastern Macedonia and
Thrace (EMTh) conducted a mosquito and vector control program. In this
study, we apply three different data mining techniques to data about 314
households and concerned 2014. They were analyzed using the classification
algorithm PART, the clustering algorithm k-means and the association rule
mining algorithm, Apriori from the WEKA data mining package. The results
indicate that the infected persons have some common characteristics.
Hopefully, this aims to generate detailed knowledge of household use of
insecticide consumer products to kill mosquitoes, the factors that affect the use
of these products. The findings indicate that there is room for improvement
towards the self protection methods against mosquitoes.

Keywords: Mosquitoes, Protection, Classification, Clustering, Association
Rule Mining.

1 Introduction
Mosquito borne diseases are major public health problems in many countries in
all over the world. Regions in countries such as India, Mexico, Thailand, USA
reported many different diseases caused by mosquito bites (Rosendaal, 1997;
Raghavendra et al., 2011; Pandit et al., 2010). In recent years, Greece suffered by
WNV which was responsible for many serious diseases and even deaths which
reported during the period 2012-2015.
West Nile Virus (WNV) is a widespread disease mainly transmitted by
mosquitoes. In particular, West Nile Virus (WNV) outbreak occurred in the Region
of Eastern Macedonia and Thrace in 2012-2015. WNV infection can be
asymptomatic or symptomatic in humans, with 4:1 ration (Center of Disease Control
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and Prevention, 2015). This virus is transmitted by mosquitoes and can cause illness
which can me mild resulting in influenza – like symptoms or severe affecting the
central nervous system causing encephalitis (Lorono-Pino et al., 2014; Jones et al.,
2014). In many WNV outbreaks reported deaths (Jones et al. 2014; He et al., 2014).
While humans are considered dead-end hosts once infected, birds have been
documented to produce high enough levels of the virus to spread WNV to
mosquitoes. Thus, bird populations produce a significant impact upon the growth of
the disease. Approximately 80% of cases in humans show no noticeable symptoms,
and the infected recover on their own. Another 20% develop mild symptoms similar
to a flu. A serious neurological illness occurs in less than 1% of the infected
population. Currently, there is no cure or preventative shot for this disease.
Preventative measures, including killing off mosquitoes and minimizing personal
exposure to mosquitoes, are the most effective ways to combat WNV.
WNV not only posses risk to health but diseases in endemic areas place a burden
on households, on health services and the economic growth of the local communities
(Koenraadt et al., 2006; Tyagi et al., 2005). Therefore, citizens’ protection against
mosquito bites is very important for public health.
Whilst several studies demonstrated the efficacy of mosquito management in
response to WNV, Carney et al. (2005), Barber et. al. (2010) mainly suggested a
reduction in human WNV cases associated with the application of mosquito control
programs. Nowadays studies have revealed that citizens' knowledge, attitude, and
practice of various methods of personal and household protection against mosquito
bites vary in different endemic regions of tropical countries (Pandit et al., 2010).
Various methods for protection from mosquito bites are used globally including
repellent oils, smoldering coils, vaporizing mats, repellent creams, liquid vaporizer
(Raghavendra et al., 2011). The market in these products worldwide is worth about 2
billion USD per year (WHO, 1998). Effectiveness of these methods lasts between
five to seven hours with 60-80% protection (Curtis et. al., 1989; Ansari et al., 1990).
The motivation is the effective control of the infectious diseases transmitted by
the inset particularly mosquito (Pandit et al., 2010). The use of personal or household
protection methods are indicators of socioeconomic status, which has been reported
as an important factor associated with diseases transmitted by mosquitoes and more
particular with malaria (Tyagi et al., 2005). They also argued that the high usage of
mosquito repellents by urban respondents and the low usage in rural respondents is
explained the impact of socioeconomic conditions on the selection of protection
means in communities (Tyagi et al., 2005). Moreover, education and knowledge of
protection from mosquito bites, the promotion of health education and the positive
role of women and family members in community interventions must be emphasized,
is associated with less malaria infection (Tyagi et al., 2005; He et al., 2014). Another
study aimed to identify the association between demographic characteristics
(including age, sex, education, occupation, sub-district), knowledge of the population
on symptoms of dengue, vector and prevention against mosquitoes; and practices
such as container protection and mosquito reduction (Koenraadt et al., 2006).
The common household use of insecticide consumer products to kill mosquitoes:
aerosol spray cans with insecticide were used to kill mosquitoes in 70% of homes,
and insecticide emitters were used in 10–20% of homes (Lorono-Pinoet al., 2013).
This heavy use of insecticide consumer products is not surprising in light of our
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previous reports of large numbers of Ae. aegypti and another human-biting mosquito,
Culex quinquesfasciatus, being present in homes in Merida City (Garcia-Rejon et al.,
2008; Lorono-Pino et al., 2013). Other studies have reported use of insecticide
consumer products for 28–89% of households in dengue endemic settings in Asia
(van Benthem et al., 2002; Itrat et al., 2008; Syed et al., 2010; Naing et al., 2011; AlDubai et al., 2013; Mayxay et al., 2001) or the Americas (Shuaib et al., 2010). This is
unfortunate because, as shown by a recent study from a malaria-endemic area in
Africa, much can be learned from in-depth assessments of household use of pest
control products (Nalwanga and Ssempebwa, 2011). Moreover, there are potential
negative health effects, particularly for asthma and respiratory diseases, from
inhalation of pesticide aerosols or vapors (Hernandez et al., 2011). Improved
knowledge of the extent of household use of insecticide consumer products is
important not only to determine the willingness of households to invest in the use of
domicile-targeted insecticide-based products – to kill mosquitoes, cockroaches, and
other indoor pests – but also to help assess the overall insecticide exposure in the
environment stemming from household use, vector control program applications to
suppress mosquitoes or other arthropods spreading pathogens to humans or domestic
animals, and agricultural applications to protect crops.
On the other hand, 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
(Kantardzic, 2003). Data mining methods are divided into three major categories
(Witten & Frank, 2005). 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.
Data mining techniques have already been applied for analyzing swarms. Swarm
Intelligence is quite an emerging area of research (Timmis et al., 2010). A swarm is a
large number of homogenous, simple agents interacting locally among themselves,
and their environment, with no central control to allow a global interesting behaviour
to emerge. Example of swarm is considered the population of mosquitoes. An early
warning system for West Nile virus (WNV) outbreaks provides a basis for targeted
public education and surveillance activities as well as timelier larval and adult
mosquito control (Mostashari et al., 2003). They adapted the spatial scan statistic for
prospective detection of infectious disease outbreaks, applied the results to data on
dead birds reported from New York City in 2000, and reviewed its utility in
providing an early warning of WNV activity in 2001. Data mining techniques were
applied for dengue infection in order to correctly classify the patients since these
classes require different treatment (Thitiprayoonwongse et al., 2012). Dengue
infection is an epidemic disease typically found in tropical region. Decision trees was
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the main technique for the prediction of day0 date which is the critical date of dengue
patients that some patients face the fatal condition..
The present study was conducted to assess the awareness and practices of
mosquito bite prevention methods among households of REMTH by using data
mining techniques. Total 314 households have participated in the study from
REMTH area. Telephonic interviews using a structured questionnaire performed to
all households. The study was conducted in the month of August 2014. The pilot pretested structure questionnaire was used to collect the data. Study respondents were
57% male and 43% female. Almost 99% had knowledge about breeding places of
mosquito, but poor knowledge about biting time (20%). 71% of participants knew
that mosquito bite causes WNV. 39% of households were using mosquito net as
protection against the bite, but only 10% were using insecticide treated bed net.
There is need of increasing use of insecticide treated bed nets and continuous
updating of knowledge about various aspects of mosquito bite.
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 mosquitoes data are explained and
analyzed.
2.1 The Dataset
The dataset was collected from the Directorate of Public Health and Social
Welfare of Xanthi. The data were collected during 2014 and involve 340 households
from REMTh. The data are originally in ASCII form. Each household is described by
7 variables. The seven variables which are used in the analysis described in the
methodology section are Infected, Age, No_Children, Family_Members, Occupation,
Education, Exp_Selfprot_Program. Table 1 describes each variable in detail.
Table 1. The variables used in our analysis
Variable Name
Infected

Description
If there was an infected by WNV person (0: No, 1:
Yes)
Age
The age of the respondent
No_Children
The number of children of the respondent
Family_Members
The number of family members of the respondent
Occupation
The occupation of the respondent
Education
The education level of the respondent
Exp_Selfprot_Program The expenses of the respondent for self-protection
measures
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Type
Nominal
Numeric
Numeric
Numeric
Nominal
Nominal
Numeric

2.2 Data mining techniques
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

Fig. 1. WEKA environment

There are various classification methods implemented in WEKA, like ZeroR,
OneR, PART etc. In the classification step, the algorithm PART (Witten & Frank,
2000) was applied to our data. It generates a decision list by using the separate-andconquer method and builds a partial C4.5 decision tree in each iteration and makes
the "best" leaf into a rule. PART can parsimoniously discover and represent simple
relationships between the real data (Cunningham and Holmes, 1999). In our case the
variable “Infected” is used as a class and shows whether a person was infected or not
by WNV.
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
similarity for the items of the same cluster and a large difference of items, which
belong to different clusters, are achieved. The variable “Infected” is used in order to
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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 (Agrawal et al., 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 (Agrawal & Srikant, 1994) is used for finding association
rules over the discretized LMS data table in Appendix 1. Apriori 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., 2007).
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. (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 filter NumericalToNominal was applied to the data in order to convert
numeric variables and their values to nominal. For example, number 0 and 1 in
variable Infected are converted to nominal, where 0 signifies not infected and 1
infected. Fig. 2 depicts all the variables used in our analysis. The two colours
correspond to Infected (Red) and not Infected (Blue).It is noteworthy that only 16
respondents were infected by WNV.

Fig. 2. Visualization of the attributes with class variable “Infected”

It is worth mentioning that all the sixteen infected persons belong to the same Age
group, have the same Education level and the same Occupation but they have spent
different amount of money for self protection. These findings are depicted on Fig3a,
Fig3b, Fig3c and Fig3d.

Fig. 3a. Visualization of the attribute Age with class variable “Infected” (the 16 infected
persons correspond to the older people)
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Fig. 3b. Visualization of the attribute Occupation with class variable “Infected” (the 16
infected persons correspond to the farmers)

Fig. 3c. Visualization of the attribute Education with class variable “Infected” (the 16 infected
persons correspond to the people of low education)

Fig. 3d. Visualization of the attribute Exp_SelfProt_Program with class variable “Infected”
(most of the 16 infected persons correspond to the people who do not expend money for selfprotection against mosquitoes)

3.2 Classification
In the classification step, the algorithm PART is applied which generates a
decision list. It uses separate-and-conquer method and builds a partial C4.5 decision
tree in each iteration and makes the "best" leaf into a rule. The attribute “Infected” is
used as a class.
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Table 3. Classification results using variable “Infected” as class.
PART decision list
Occupation = 7: 0 (90.29/1.0)
Age = 2: 0 (62.0)
Age = 3: 0 (56.71)
Age = 4: 0 (34.0)
Age = 1: 0 (30.0)
Age = 5: 0 (22.0/2.0)
Occupation = 6: 1 (16.0/3.0) : 0 (3.0)
Number of Rules : 8

The results indicate that the attributes, which describe the classification, are the
variables Age and Occupation. This means that variable Infected is more closely
related to the variables Age and Occupation than the other variables and therefore in
some Ages (Old people) and some Occupations (Farmers) there are more infected
persons than in other categories. A possible explanation for these results is that the
older people are more vulnerable and farmers have more probabilities to be bitten by
mosquitoes. Table 4 presents the overall accuracy of the model computed from the
training dataset and is equal to 97.13%.
Table 4. Stratified cross-validation.
Summary
Correctly Classified Instances
Incorrectly Classified Instances
Kappa statistic
Mean absolute error
Root mean squared error
Relative absolute error
Root relative squared error
Coverage of cases (0.95 level)
Mean rel. region size (0.95 level)
Total Number of Instances

305
9

97.1338%
2.8662%
0.7278
0.0421
0.1526
42.229%
69.3346%
99.0446%
55.8917%
314

Table 5 presents that the worst performance based on the F-measure that
combines precision and recall is for the class Infected and equals 74.3%, whereas the
best performance is for the class Not Infected and equals 98.5%.
Table 5. Detailed Accuracy By Class
TP Rate

Weighted
Avg

0,980
0,813
0,971

FP
Rate
0,188
0,020
0,179

Precision

Recall

0,990
0,684
0,974

0,980
0,813
0,971

F-Measure
0,985
0,743
0,972

MCC
0,731
0,731
0,731

ROC
Area
0,939
0,939
0,939

PRC
Area
0,994
0,607
0,974

Class
0
1

Table 6 presents the confusion matrix for the two classes, a:infected and b: Not
infected.
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Table 6. Confusion Matrix
a

b

<-- classified as

292

6

a=0

3

13

b=1

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
“Infected” was used to compute the accuracy of the clustering and inspect the impact
of the Infected to the other variables.
Table 7. Clustering results. Variable “Infected” is used for assessing the clustering.

Final cluster centroids
Attribute
Age
No_Children
Family_Members
Occupation
Education
Exp_Selfprot_Program

Full Data
(314)
2
2
2
7
1
1

0
(182)
2
2
4
5
2
1

Cluster#
1
(132)
6
2
2
7
1
1

Table 7 shows the results of the clustering. The incorrectly clustered instances
(farmers) are 36.94% based on variable “Infected”. It is also evident from the cluster
centroids that not infected, represented as cluster 0 in the results, contains households
that have not persons infected by WNV compared to cluster 1 (persons infected by
WNV).

3.4 Association rule mining
The Apriori algorithm (Agrawal et al., 1993) 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 14 rules
(Table 8) 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).
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Table 8. The Apriori algorithm results based on the confidence metric.

1. Education=2 105
Education=2
2. Exp_Selfprot_Progra
m=1 100
3. Occupation=7 90
Occupation=7
4. Exp_Selfprot_Progra
m=1 87
Infected=0
5. Family_Members=2
81
Infected=0
6.
Education=1 98

Best rules found
Infected=0
105 <conf:(1)> lift:(1.05) lev:(0.02) [5] conv:(5.35)
=>
=> Infected=0 100 <conf:(1)> lift:(1.05) lev:(0.02) [5] conv:(5.1)
=> Infected=0 89 <conf:(0.99)> lift:(1.04) lev:(0.01) [3] conv:(2.29)
=> Infected=0 86 <conf:(0.99)> lift:(1.04) lev:(0.01) [3] conv:(2.22)
Exp_Selfprot_Program=1 79 <conf:(0.98)> lift:(1.05) lev:(0.01)
=> [3] conv:(1.89)
Exp_Selfprot_Program=1 95 <conf:(0.97)> lift:(1.04) lev:(0.01)
=> [3] conv:(1.72)

7. Occupation=7 90

Exp_Selfprot_Program=1 87 <conf:(0.97)> lift:(1.04) lev:(0.01)
=> [3] conv:(1.58)

8.

Infected=0
Occupation=7 89

Exp_Selfprot_Program=1 86 <conf:(0.97)> lift:(1.04) lev:(0.01)
=> [3] conv:(1.56)

9.

Exp_Selfprot_Progra
m=1 292

Infected=0 280 <conf:(0.96)> lift:(1.01) lev:(0.01) [2]
=> conv:(1.14)

10.

Family_Members=2
90

Exp_Selfprot_Program=1 86 <conf:(0.96)> lift:(1.03) lev:(0.01)
=> [2] conv:(1.26)

11. Occupation=7 90

Infected=0 Exp_Selfprot_Program=1 86 <conf:(0.96)> lift:(1.07)
=> lev:(0.02) [5] conv:(1.95)

12. Education=2 105

Exp_Selfprot_Program=1 100 <conf:(0.95)> lift:(1.02)
=> lev:(0.01) [2] conv:(1.23)

13.

Infected=0
Education=2 105

14. Education=2 105

Exp_Selfprot_Program=1 100 <conf:(0.95)> lift:(1.02) lev:(0.01)
=> [2] conv:(1.23)
Infected=0 Exp_Selfprot_Program=1 100 <conf:(0.95)>
=> lift:(1.07) lev:(0.02) [6] conv:(1.89)

The application of the Apriori algorithm for association provided some
interesting outcomes for the attributes regarding the protection of households against
the mosquitoes. Table 8 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.
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.
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Summarizing the results from the classification, the clustering and the association
rule mining methods we can conclude that:
(i) The attributes which best describe the classification are the variables Age and
occupation. The attribute “Infected” is used as a class.
(ii) Using “Infected” as class attribute in clustering, namely if there is a person
who was infected or nor, the results show that the two clusters have only two
attributes with the same value (No_Children and Exp_Selfprot_Program).
(iii) In association rule mining, although there are some trivial rules, namely
expected and previously known, like rules 2 and 4 that show that are mutually
dependent, there are also rules like 1, 3, 8, 9 and 10, which offer a lot of
actionability.
Overall, the infection by mosquitoes depends on Age, Occupation and Education
and surprisingly not on the expenses for the protection against them.

4 Conclusions
The application of three different data mining techniques towards self-protection
methods against mosquitoes is presented in this paper. The results show some
interesting outcomes.
This study investigated the main demographic characteristics that affect the
buying behavior of people towards the self – protection measures against
mosquitoes. It showed that the amount consumers’ spend for buying goods for selfprotection against mosquitoes is mainly affected by the existence of children, age,
number of family members, education and occupation. Hence this study supports the
arguments of other study that socioeconomic conditions are associated with selfprotection measures against mosquitoes. Furthermore, this study indicated that the
people expenses towards self-protection methods against mosquitoes are
significantly related to their infection from WNV. Besides, people who have been
infected from WNV have different demographic profile in comparison with people
who have not been infected.
According to the results of the current study, most of the people who spend less
than 20 euro per month per household for self-protection against mosquitoes are
mainly old (more than 61 years old, low educated, retiree, with two people in their
family) and these people mainly consist of the population who are mainly infected by
WNV.
Further investigation is still required since the results are based on only region. In
the future we plan to extend the study to other regions.
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Abstract. Local breeds are endowed with numerous advantages in terms of
adaptability to specific conditions and the sustainable utilization of resources.
Nonetheless, their role is neglected when their multiple societal, economic and
environmental contributions are not properly acknowledged and interest is
focused only on productivity issues. This paper explores the role of local
breeds and the development of effective conservation strategies and relevant
policy measures. The paper focuses on the reasons behind the underestimation
of the values with which local breeds are endowed and discusses how
economic development, policies and market competition have rendered many
of these breeds in danger of extinction. The development of a new paradigm of
conservation strategies, which could also be extended to breeding programs, is
presented here, which incorporates ICT, new technologies and innovations. It
is concluded that using proper measures and achieving synergies between
actors and measures, local breeds can be protected in order to continue
supporting multifunctional production systems and local short value chains.
Keywords: Rural development, Agricultural policies, Livestock farming
systems, Innovation, Animal breeding

1 Introduction
Genetic diversity is an issue of particular importance at the country level but also at
European level. In 1992, it was reported that 28% of livestock breeds had already
disappeared or had become threatened or rare during the last 100 years (World
Conservation Monitoring Centre, 1992). After then, the recognition of the problem is
reflected in scientific and political discussions. In the context of the Interlaken
Declaration in 2007, the main objective was the development of a World Plan of
Action on Genetic Resources of Farm Animals (conservation, sustainable use and
development of genetic resources of farm animals for food and agriculture, global
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food security, improvement of human nutrition and rural development). This
Declaration calls for registration, monitoring, characterization, sustainable use,
development and conservation of the genetic resources of farm animals. The
European Association for Animal Production (EAAP) has developed a genetic
material bank of animal breeds, by encouraging, inter alia, the use of breeds that
contribute to the protection of genetic diversity.
This loss of genetic material entails the loss of traditional farming and jeopardizes
the viability of local production systems (Rege and Gibson, 2003) where the
prevalence of local/autochthonous breeds plays an important role in sustainable land
management. Lacking local breeds, farmers do not always have access to animals
well-adapted to the local climate conditions, which are often very harsh. This
situation highly burdens the production costs and the operation of local short value
chains and also imposes severe threats on local ecosystems: genetic diversity is
threatened by massive imports of foreign breeds which are reared either as purebreds
or to improve the milk and meat productivity of farms.
The declining populations of local breeds are mainly due to information
deficiencies to the general public as well as to a lack of training of farmers. When it
comes to consumers, they are usually unaware of the environmental benefits of
supporting genetic diversity or of the good quality characteristics of products from
autochthonous breeds. Farmers, on the other hand, are not always trained to
understand the indirect benefits of rearing autochthonous breeds and insist on
imported breeds of higher yields, which nonetheless incur significantly more costs
(feeding, illness treatment etc.), thus being detrimental to the profitability of farms.
The purpose of this paper is to discuss and propose potential measures and
remedies to protect local animal breeds from their declining trends. Firstly, the paper
endeavors a discussion of the reasons behind this reduction and seeks to find whether
this trend is justified or whether there are factors, which are disregarded, thus leading
to this situation. Based on this, the paper proposes assessment methodologies for
these factors. Then, potential policies and strategies to support the protection of these
'valuable' resources are discussed, especially based on the use of modern
technologies, ICT and novel socioeconomic approaches.

2 Local Breeds: "Victims" of the Development Process?
The adverse situation that many local animal breeds face nowadays is mainly due
to the under-estimation of their real values. This is directly related to the economic
development process, the agricultural policies in force for decades but also to market
competitive conditions.
The economic growth process in the agricultural sector of most European Union
(EU) countries, including Greece, was characterized by a transition from extensive
labor-intensive to modern capital-intensive systems. New modern farms started to
emerge some decades ago, which adopted novel technologies and developed an
entrepreneurial organization model. Farms stopped to pursue subsistence and geared
towards strategies to reduce production costs, including the achievement of
economies of scale. The average farm size increased and this was accompanied by
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specialization in the production of one or a few livestock products, signaling the end
of the era of 'economies of scope'. In order to improve their economic performance,
livestock farms were in need of animals which would be pertinent to a holistic
management approach, so as to facilitate workers to include a new lifestyle, with less
work on the farm and more free time to enjoy other non-rural activities. At the local
level, the economic development pattern led to specialization in non-farming
activities as a result of rural diversification procedures. Under these circumstances,
livestock systems were geared to market requirements, where the demand for
products of animal origin has been ever-increasing. The increased productivity of the
improved breeds was thus a particularly desirable feature for farmers, who further
increased the import of such animals into their livestock farms. For all these reasons,
traditional local breeds were gradually substituted by others, fewer in number, of
foreign origin and of lower resilience.
Apart from economic growth, the policy framework favored a productivist model
through the provision of subsidies, which has contributed substantially to the
devaluation of animal genetic resources. EU price policies, especially in livestock
production, encouraged high milk yields, thus leading to an increase of dairy breeds
at the expense of dual-purpose local breeds. At the same time, high subsidies to crops
altered the competitive relationships between crop and livestock production
substantially: the former became more profitable thus several livestock farmers
abandoned livestock production. In addition, the alternative cost of grazing increased
due to the increased profitability of crops and the cultivation of fodder plants was
substituted by other highly subsidized crops, burdening the production costs of
livestock farms and further reducing its competitiveness in relation to agriculture.
The farms that ceased to operate as a result of these issues were mainly those that
reared local breeds. Policies also encouraged increased productivity at the national
level also for political reasons, related to the consolidation of national sovereignty
and the treatment of market uncertainty, non-cyclical market fluctuations and
unexpected extreme conditions. Surprisingly, in livestock farming, productivity
growth was pursued in many countries through the introduction of improved genetic
material from abroad, ultimately increasing the reliance on imported genetic material
and partly counter-balancing the advantages of self-sufficiency in domestic markets.
Market conditions combined with the characteristics of modern livestock farming
intensified threats to local animal breeds. Companies marketing the genetic material
of breeding animals often supported intensive production systems that require
improved genetic material at the expense of genetic diversity. In this context, private
consultants in rural areas, without the operation of a central Extension service in
many countries, often favored the expansion of improved breeds, without reassuring
first that they are adapted to local conditions or are suitable for semi-extensive
traditional production systems. So, although these breeds were inappropriate in
numerous contexts they displaced local ones in several cases. In addition, this trend
limited the focus of breeding programs on only a small number of primary traits,
with a direct and observable effect on farm economic performance (dairy production,
prolificacy), thus increasing the demand for breeds with such characteristics and
shifting interest from local breeds with desirable secondary traits (e.g. durability).
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3 Values of Autochthonous Breeds: How Can They Inform
Targeted Protection Strategies?
The values of animal breeds, particularly of local ones, can be divided in two
broad categories, use values and non-use values (Turner et al., 2000, Bateman et al.,
2003, Roosen et al., 2003, Ragkos 2008a). Use values derive from characteristics,
which directly or indirectly affect the economic performance of farms. According to
relevant literature, local breeds are better adapted to local conditions (Legarra et al.,
2007), exhibit higher resistance to disease (Mpizelis, 2013), adaptability (Ragkos and
Lagka, 2014) and have relatively low requirements for purchased inputs (mainly
feedstuff) (Roustemis, 2012, Ragkos et al., 2014). Also, the quality characteristics of
the products of these breeds are very satisfactory (high fat and protein content)
(Vafeiadakis, 2013), but these are not always remunerated to their true potential
because in many cases the pricing policy of food companies is based only on
quantity (Roustemis, 2012). With these characteristics, local breeds are suitable for
traditional farms that formulate multifunctional production systems in many
European settings (OECD, 2001, Lankoski and Ollikainen, 2003, Rege and Gibson,
2003, Ragkos and Lagka, 2014). These systems play multiple roles beyond
production of market goods (social, economic environmental, developmental) thus
contributing to sustainability (Ripoll-Bosch et al., 2013).
The non-use values of genetic material, on the other hand, are neither reflected in
the economic performance of farms nor in the market prices of products and are
generally not linked to tangible benefits (bequest value, existence value,
philanthropic value, quasi-option value). The sum of use and non-use values is
referred to as the "Total economic value" (TEV) of local breeds (Pearce and Turner,
1990, Pearce, 2001), which reflects their overall contribution to the economy,
environment and society and points towards the need to protect them.
The estimation of the TEV is necessary for the design and implementation of
integrated protection programs for local breeds, but also for any genetic improvement
program. Indeed, when society recognizes and values genetic diversity, an important
argument is provided in favor of funding improvement programs. On the contrary, if
society is not interested in the protection of genetic resources there is no justification
for 'sacrificing' funds for genetic improvement. In addition, through a valuation
process, all values of genetic diversity can be recognized and be used in the design of
integrated protection policies, the selection of the most important genetic resources
and the efficient allocation of scarce financial resources. The valuation process is
also necessary for the definition of proper policy measures, especially in order to
determine the "optimum" level of financial compensation for those who rear them - a
model close to Payments for Ecosystem Services (Villanueva et al., 2015, CaroBorrero et al., 2015).
The design of genetic improvement programs itself requires such an assessment.
By recognizing the heterogeneous preferences of potential consumers of genetic
material, which are volatile over time especially in relation to functional traits, it is
possible to identify the role of actors involved and to improve the overall operation
of the breeding system. The systematic recording of these preferences allows critical
questions to be addressed in the design of breeding goals: what are the characteristics
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of the animal, the producer, the farm and the territory (natural, economic, social) and
what are the marketing and information channels which influence the producer's
decision to "consume" a particular animal. This is the first step towards designing
better-oriented genetic improvement programs, which meet the needs of livestock
farmers.

4 Evaluation Methodologies for Genetic Diversity
The methods conventionally used for the valuation of genetic diversity presuppose
competitive market conditions, the application of market valuation techniques (for
example, profit functions (Legarra et al., 2007) and linear programming (Theodoridis
2008)) allows for the evaluation of traits with use values such as milk production and
prolificacy and for the examination of competitiveness based on purely economic
criteria. However, such conditions are not always met for transactions made by
farmers when purchasing animals for their farms. The demand for local breeds (from
the point of view of producers who are "consumers" of genetic material) and for their
products (from the perspective of consumers who buy dairy products and meat) is
distorted. Asymmetric information (Rousseau and Vranken, 2013), the distance
between buyers and sellers, and the importance of local breeds only for specific
territories are the main causes of market failures (Ragkos and Abas 2015, Ingersent
and Rayner, 1999). In this context, the market fails to attach monetary values to
characteristics with indirect contribution to economic performance, such as resistance
to disease and adaptability to grazing, which are of particular importance to extensive
systems. Regarding the consumption of products of animal origin, these methods do
not allow the evaluation of their non-use values as described above (Arrow et al.,
1993), leading to a potential underestimation of their true value by consumers.
Given these problems, the estimation of the TEV of local breeds and of their
products requires the application of non-market methods, especially of stated
preference techniques (Arrow et al., 1993, Haab and McConnell, 2002, Roosen et al.,
2003, Bateman et al., 2003, Ragkos, 2008b). The main characteristic of these
methods is the formation of a hypothetical market and the elicitation of the
Willingness to Pay (WTP) or of the Willingness to Accept Compensation (WTA) of
the hypothetical consumers (in the case of genetic diversity, the market can comprise
livestock farmers, who are potential "consumers" of genetic material). The Choice
Experiment (CE) method (Adamowicz et al., 1998, Hensher et al., 2005) is quite
pertinent to the particularities of such a valuation task. The outcomes of CEs can
effectively provide orientation to protection and conservation policies for local
breeds. Indeed, identifying the values of particular traits of local breeds will provide
additional arguments for the protection of breeds, which exhibit these traits, because
their overall economic value will justify the mobilization of more funds. Moreover,
higher WTP for products from local breeds is an important argument for their
protection as it demonstrates that an expansion of their rearing would entail positive
market outcomes.
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5 Novel Approaches and New Technologies for the Protection and
Promotion of Local Breeds
The loss of animal genetic diversity indicates that protection and conservation
policies have not been successful. A key argument towards a new paradigm of such
policies and strategies is the recognition of the multifunctional nature (OECD, 2001,
Lankoski and Ollikainen, 2003) of traditional livestock systems. Indeed, goods and
services with non-market values are emerging from the operation of these systems, in
addition to their market outputs. These include the formation of the agricultural
landscape that often identifies the countryside and local history, tradition and
intangible cultural heritage (www.unesco.org/). Also, these systems are a major
source of income in marginal and less-favored areas and play an important role in
rural development. Traditional livestock systems and the protection of local breeds
also entail environmental benefits for local grazinglands. In any case, rearing breeds
which are adapted to specific local conditions is an integral part of sustainable
livestock systems.
In this framework, the overall objective of protection and conservation strategies
should be to save, protect and valorize existing populations of local breeds by
employing interdisciplinary approaches and novel tools addressing all aspects of
these multifunctional systems. These goals have been pursued through public genetic
improvement programs, but also through private initiatives by Cooperatives,
businesses and non-government organizations. Whatever their form, the success of
these actions is highly dependent on the mobilization of all actors through multiactor approaches. Wider stakeholder involvement is key to successful conservation
programs, as they should be designed with a bottom-up approach, which should
address the real problems of all actors.
The genetic improvement process, which will enhance the overall state of the local
breeds populations, will need to utilize modern tools, methodologies and
technologies in order to achieve rapid, sound and sustainable results. Considering
that ICT continuously penetrate rural and urban societies, they are some of the basic
tools to be incorporated in effective strategies of the sort. In what follows, some of
these tools are briefly presented.
• Introduction of holistic farm management in farms rearing local breeds,
especially in nucleus farms. This approach is rather a philosophy, which will allow
farmers to make the best of the animals they rear and adopt innovation, without,
however, altering their predominantly traditional production practices.
• An integrated reproduction strategy in farms. This includes the use of ICT
tools for data recording, which will assist controlled mating and choice of animals,
combined with Artificial Insemination and other modern technologies such as
embryo transfer.
• Integrated databases with population statistics and historical, socioeconomic
and on-site measurement data, including productivity and quality characteristics.
These data should be complemented with genotyping results, using cutting-edge
genomic approaches. Such databases could inform current and future conservation
and improvement efforts.

754

• Multimedia campaigns for the general public, in order to get them closer to
the benefits that local breeds may bring to society. The internet and social media
constitute low cost alternatives to contribute towards this way.
• Information and training are necessary also for farmers. More and more ICT
techniques are included in curricula for farmer education and they are useful also for
this purpose. E-learning and the use of multimedia are important for providing aware
farmers detailed information about the benefits of local breeds.
• Such methods are also important for establishing meaningful networks of
farmers rearing such breeds. There are examples of Organizations supporting local
breeds at the local level (there are actually more than ten in Greece) many of which
work on the genetic improvement of specific breeds. There also regional or even
national Organizations (e.g. the CORAM (http://www.races-montagnes.com/) in
France) and efforts are currently in force to support even supra-national
organizations (such as the European Shepherds Network - ESN). E-networking
provides an ideal means of constant communication among them, in order to shape
concrete linkages, also considering that these organizations usually operate with
minimum funding and other means. E-networking can also be induced at the vertical
level establishing food value chains (e.g. farmers - dairies - other SMEs - retailers special interest tourism businesses (restaurants, visitable dairies etc.) - consumers
etc.).
• The implementation of these strategies could be further enforced by a
branding scheme and/or the certification of products (e.g. Protected Designation of
Origin). This way, local breeds will favor the local short value chains, thus
promoting sustainability and providing significant opportunities for innovation and
development. All these could be contextualized by ICT applications such as ecommerce and e-sales platforms.
The strategies whose principles were described above can also be imprinted in
policy measures. The new Rural Development Program of Greece (RDP) 2014-2020
is an example of the sort, as it clearly favors endangered animal breeds (M10.1 and
10.2). The protection of local breeds and genetic diversity is also in accordance with
other RDP measures (M01 concerning cooperation for training, M03 about quality
certification, M07 about cultural identities, M14 about animal welfare, M16.4 about
short supply chains etc) but also with various local, regional, national and supranational policies concerning animal welfare, dairy products, public health etc, which
have emerged through times in various EU settings. Strategies of this sort are also in
line with Europe 2020 strategy for SMART growth: smart (investments in education
and innovation), sustainable (a low-carbon economy) and inclusive (emphasis on job
creation and poverty reduction in rural areas).

6 Conclusions
This paper proposes an interdisciplinary strategy to encourage collaboration and
networking based on a holistic approach, which will embed the necessity of
protection of local breeds among all relevant actors. Overall, the approach described
in the previous sections is expected to valorize systems rearing local breeds and add
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value to their products, signaling a territorial development process with wider
economic, social (aversion of depopulation, protection of cultural heritage) and
environmental (restoration of degraded rangelands, production of high quality food)
implications. The benefits of such an approach will affect actors in the whole value
chain. Farmers will have direct access to animals with beneficial characteristics;
stakeholders in the value chain (dairy producers, retailers, other manufacturers etc)
will benefit from increased and efficient primary production and better
communication and networking with other actors; consumers will benefit from the
availability of local, safe and potentially certified dairy products but also from the
protection of genetic biodiversity, which entails environmental benefits.
Interesting conclusions can be drawn regarding the future prospects of systems
rearing local breeds. Relevant programs must incorporate the sustainability of the
production systems to which the genetic material is addressed. Indeed, rearing local
breeds can be environmentally, economically and socially sustainable and this should
be addressed by every conservation initiative. Thus, a bottom-up approach is
proposed, favored by a common forum for communication and exchange of views
between actors. Bearing these in mind, a conservation strategy, more even than a
'mainstream' breeding program, should include
1. the identification of the willingness of farmers and other stakeholders to
participate, e.g. by performing SWOT and stakeholder analyses,
2. economic values for animal traits by combining market and non-market
valuation
3. cost-benefit analyses to demonstrate the feasibility of the program
4. identification of priorities and directions
The proposed interdisciplinary approach will generate additional opportunities
and indirect benefits for primary sector entrepreneurs and local agri-businesses (job
creation and income) and for actors related to the primary and secondary sector in
general.
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Abstract: The main objective of this paper is to propose a systematic approach
for measuring the environmental performance of supply chains in the food
sector and specifically in canned tomato paste production based on Lean
thinking techniques so as to identify sources of waste in the selected supply
chain.
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1 Introduction
Lean thinking tools have recorded significant successes resulting in a worldwide and
across sectors recognition including both products and services. Some of the
available and known tools used are: Takt Time, Kaizen, Statistical Process Control,
Poka-Yoke, 5S, Value Stream Mapping (VSM), Total Quality Management, Kanban,
and Jidoka, among many others. In the literature there is a number of research
initiatives that propose the deployment of lean methods and tools in the agrifood
sector aiming to reduce the environmental emissions. For example, Simons and
Mason (2002) examined the emission characteristics of a generic food supply chain
which includes both transportation and cold storage, while Venkat and Wakeland
(2006) investigated the environmental performance of lean supply chains using
carbon dioxide emissions as the key performance indicator. Tanco et al. (2013)
discussed the applicability of lean manufacturing’s body of knowledge to a seasonal
food industry and Folinas et al. (2014) propose an approach for measuring the
environmental performance of a supply chain in the food sector based on lean
thinking techniques so as to identify sources of waste. In the recent years a number of
researches have focused on the application of Value Stream Mapping, which is one
of the lean think techniques for supporting the greening efforts. The proposed
approach aims at determining waste, in terms of measuring the non value-added time
of production and logistics processes, as well as water and energy usage across
organizational boundaries. United States Environmental Protection Agency (USEPA)
when at 2007 first introduced the Environmental Value Stream Mapping (EVSM)

759

method, which has all the characteristics of its parent -Value Stream Mapping- but
additionally environmental issues and the usage of material or energy.
This study introduces the application of the VSM tool so as to determine the
waste that have environmental impact in a specific agrifood supply chain; the
production of the canned tomato paste. The main objective of this paper is to propose
a four-step approach for measuring the environmental performance of supply chains
in the food sector based on Lean thinking techniques so as to identify sources of
waste in the selected supply chain.

2 Deployment of VSM in Canned Tomato Paste Production
In this study we propose the use of Value Stream Mapping (VSM) diagrams to
develop visual representations of the canned tomato paste production. First, the
Current State Map (CSM) is developed to represent the production “as-is” in order to
identify the highest sources of waste (non-value added activity) in the value stream of
the examined process, as well as, to develop an implementation plan for lean
techniques with the development of the Future State Map (FSM).
We are following a four-step process based on relative studies (Rother and
Shook, 2003; Lasa, Laburu and Vila, 2008; Belokar, Kumar and Kharb (2012):
• Step 1: Selection of agrifood supply chain processes to be value-streamed.
• Step 2: Development of the Current State Map (CSM) of the selected processes in
the agrifood supply chain.
• Step 3: Development of the Future State Map (FSM).
• Step 4: Development of the Action Plan (AP).
Step 1: Selection of agrifood supply chain processes to be value-streamed
A typical process for the production of canned tomato paste is illustrated in Figure 1
(SuperPro Designer, version 9.0; Intelligen, Inc., Scotch Plains, NJ, USA was used,
to document, model and simulate the examined canned tomato paste production line)
and consists of the following stages:
A typical process for the production of tomato paste is depicted in Fig. 1.
Initially, the tomato fruits are placed in wooden crates with 17-20 kg capacity and
then transferred to the tomato processing plants by lorries.Upon arrival, the fruits are
weighed and then samples are taken from each load to ensure the quality is suitable
for processing; thisbasically determines the price of the tomato fruits. Once tomatoes
are introduced in the production lines, they are washed with water. Washing is
carried out at two stages: during the first washing the foreign materials like insects,
leaves and soil are being removed, while during the second washing any chemical
residuals (i.e. pesticides) are removed. After washing, the tomato fruits are subjected
to screening, which is performed manually under specific lighting conditions and
aims at removing the fruits that are not suitable for further processing. Following
screening, the tomatoes are crushed and transferred with a pump to a heat exchanger.
The temperature of the pulp is kept at 92 oC and aims at the deactivation of enzymes.
The heated pulp is then subjected to refining, where the peels along with fibers and
seeds are removed. Then, the pulp is transferred with a centrifugal pump to an
evaporator in order to increase the solids’ content. Evaporation is carried out until a
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30 Brix tomato paste is produced. The condensed tomato paste is then sterilized at
108 oC for 1.5 min and cooled at 35 oC. Aseptic bags are filled with the sterilized
tomato paste, the bags are then sealed and placed in cartons. The final product is
stored for 10 months, which allows the content of the bag to reach equilibrium.
For the production of tomato paste, the most energy and water consuming stages
are the initial stages of tomato fruit washing, essentially carried out in two stages, as
well as the stages of hot break and evaporation. In order to decrease water usage,
water recycling is proposed after the first stage of washing as well as the second
wash, as described in the flow chart, and reuse it during the initial washing step.
Regarding the concentration of the tomato paste, a three-way evaporator is used
which employs the steam produced by the first and second stages of evaporation to
heat the concentrated tomato paste in the second and third stages, respectively.
Therefore, the steam produced is almost fully utilized to concentrate the tomato paste
with the exception of the condensate produced by the evaporator, which exhibits a
temperature of about 50 oC. This water may be used to raise the temperature of
tomatoes prior or after crushing, therefore decreasing the energy requirements prior
to preheating. However, it is necessary to insulate the tanks and pipelines in order to
reduce energy losses due to temperature differences with the environment. Finally,
the peels and fibers produced during refining can be used as animal feeds, creating an
extra revenue for the tomato processing industry.
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Fig. 1. Flow chart for the production of tomato paste using hot break (SuperPro Designer v.
9.0; Intelligen Inc., Scotch Plains, NJ, USA).

Based on the above description of the canned tomato paste production the
following discrete processes are identified: tomato reception, hydrotransport (first
washing), second washing, screening, pulping, pre-heating, refining, holding,
evaporation, holding, sterilizing/cooling, packaging and storage. But, are all these
processes potentially waste sources?
In order to identify the processes to be value-streamed the following six criteria
are applied (Folinas, Kelemis and Manikas, 2011):
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1. Processes that require significant amounts of inputs / resources, such as pounds of
materials used, pounds of hazardous materials used, gallons of water used,
gallons of water consumed, watts of energy used, etc.
2. Processes that emit significant amounts of outputs, such as pounds of solid waste
generated, pounds of hazardous waste generated, pounds of air pollution emitted,
etc.
3. Processes requiring environmental permits or reporting to environmental
agencies, and
4. Processes that include special pollution control equipment and/or specialized
infrastructure.
5. Processes that potentially affect the environmental consciousness and
sensitiveness of the producers.
6. Processes that potentially affect the environmental consciousness and
sensitiveness of the consumers.
Based on the proposed six criteria we used both primary and secondary data
analysis to evaluate the level of the environmental impact of the processes that were
emerged by the description of the canned tomato paste production. These approaches
were applied in one of the biggest canned production company in Northern Greece
that follows the typical production of the targeting product (The main facts and
assumptions are presented in the Appendix – Table 3). First, a number of interviews
were arranged with key persons in the Production and Quality Assurance
departments. Respondents took into account the effects, causes and environmental
impact of the seven wastes as depicted in Table 1 and evaluated the processes using
four values: Not significant, Low, Medium and High (significance). Data extracted
from both departments and referred to the production line of the last 3 years were
collected and analyzed. A number of reports were created and given to employees /
respondents to make a more reliable evaluation. Table 1 presents and evaluates the
processes that were identified with the above criteria according to the responses
(modes values are presented).
Table 1. Identifying the processes to be value-streamed
Criteria
Process
Reception
First Washing
Second Washing
Screening
Pulping
Pre-heating
Refining
Holding
Evaporation
Holding
Sterilizing/cooling
Packaging
Storage

Inputs /
resource
s
M
M
M
M
L
M
M
L
H
L
M
M
L

Outputs

Agencie
s

M
L
H
M
M
M
M
M
H
L
M
M
L

M
L
L
M
L
M
L
L
H
L
M
M
L
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Equipm
ent need
H
L
L
L
L
M
L
L
H
L
H
M
L

Producer
s
consciou
sness
L
L
L
L
L
M
L
L
M
L
M
M
L

Consum
ers
consciou
sness
L
L
L
M
L
M
L
L
M
L
M
M
L

According to the above findings all the above processes were selected for the
development of current and future stream maps (Steps 2 and 3).
Step 2: Development of the Current State Map (CSM) of the selected processes. In
order to develop the CSM of the examined product, a number of calculations were
made in every process that was identified in the previous step. In general, through
this step both qualitative and quantitative data were collected for the identification of
waste. The data were categorized into two groups: 1) General information including
the following issues: cycle time, change over time and up time, processing time for
each of the production and logistics tasks performed, reliability of equipment used
and availability of such materials as packaging, average waiting time for each order,
number of operators, etc., and specific information, which according to
www.greensuppliers.gov (n.d.) include the following: pounds of materials used,
pounds of hazardous materials used, gallons of water used, gallons of water
consumed, watts of energy used (watt-hour per pound of output), BTUS of energy
used, pounds of solid waste generated, pounds of hazardous waste generated, pounds
of air pollution emitted and gallons of wastewater treated. This study was focused on
the environmental aspects of the targeted procedure and was referred to litres of
water and energy used (electricity and steam).
Since, the production is already automated no further improvement of the total
process time could be achieved. Additionally, since the last 5 years the company
have successfully used the make-to-order policy there hasn’t been any stock
remaining. The company receives the orders from June to August and produces in
September the required quantities. Much effort has been applied in practice by
cooperatively working with the tomato producers so as to establish a smooth deliver
procedure.
Therefore the study focuses on CO2 emissions and water usage. First, regarding
the water usage there are two stages where there is significant water consumption:
washing for removing foreign materials (leaves, insects, etc.) and then to remove any
residual chemicals from the tomato fruits. In both cases a fixed and predefined
quantity of water based on the needs and it is estimated straightforwardly and in an
ad-hoc basis. Manufacturer maintained and used a specialized instrument for filtering
the water in the above two stages so as to clean the shop-floor areas.
Second, regarding the energy the following table presents the steam and
electricity usage.
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Table 2. Estimating water and energy used

Reception
First and Second Washing (P2)/(P-5)
Screening (P-8)
Pulping/Pre-heating (P-10)/(P12)
Refining (P-13)
Holding (P-14)
Evaporation
Holding (P-19)
Sterilizing/cooling
Packaging (P-22)/P-23)
Storage

Electricity used
production line)
5280

(kWh/per

Steam used (% of the
total use)
-

5280
19800

30.94

145200
7260
7260
11880
-

63.39
5.67
-

Figure 2 in the Appendix presents the Current State Map (created with MS
Visio).
In the bottom of the map there are three lines that represent: 1) Total lead time
and value added time, 2) Amount (litres) of water used (top line) and amount (litres)
of water needed (bottom line) per day and per process, 3) kWh’s of energy used (top
line) and kWh’s of energy needed (bottom line) per day and per process: for
measuring energy consumption a power measuring device (the power consumption
of a machine for machining a part or a batch over a particular time in 24 hours) and a
data logger were used. Since the examined production process is fully automated and
especially from Storage to Packaging, Total Lead Time and Valued Added Time are
not considerably different.
Therefore, and based to Table 2, Inventory, Transportation and motion waste, as
well as, the Waiting waste are not critical. Furthermore, according to the historical
data maintained by the Quality Control company’s department, the Defect level
(caused by scrap rate, design error, machine setup, wrong process production and
quality protocol assessment) is very low (~0.5% per lot) so this waste is also not
critical.
In contrast, there are two processes that have significant environmental impact in
terms of water and energy used: Peeling and subsequent washing and pasteurizing.
Based on the above the Current State Map (CSM) is created for the examined
production process as depicted in the Appendix (Figure 1).
Step 3: Development of the Future State Map. The main objective of this step is
the identification of processes with main environmental, health, and safety
opportunities on the CSM. But most of all, this step includes the identification of the
appropriate practices, technologies and tools in order to minimize waste. According
to the findings of the previous step, authors and the two managers of the
manufacturer have focused on one waste (S-121), which includes fibres, peels and
tomato seeds and three processing steps as follows: the initial stages of tomato fruit
washing, essentially carried out in two stages, as well as the stages of hot break and
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evaporation. Based on the above, the following practices were proposed (Figure 3 in
the Appendix).
Among the various stages of a typical production line of canned tomato paste, hot
break and evaporation are the most energy consuming. The steam condensate
produced by process P-16 along with the steam produced by the evaporator may be
used to pre-heat the tomatoes, thus partially covering the energy requirements of the
tomato paste production line. Another point to be made is that most of the holding
tanks and piping, in the tomato paste canning industries in Greece, are lacking
insulation and this is of significant importance for minimizing the energy losses,
especially in the stages where heating and cooling are involved. Finally, the byproducts generated after refining (P-13).
Step 4: Development of the Action Plan (AP). This step involved the design or
drafting of an action plan based on the Future State Map that was created at the
previous step. An AP in general includes the following information: 1) First,
information regarding the project of the application of the suggested improvements,
such as the title and description of the action, its goals and objectives, the responsible
process managers / supervisors and the timeframe / scheduling, and 2) Second,
information regarding the examined business (production and logistics) processes,
such as the title, description, status (not started, in progress, completed), impact, and
priority. Table 5 (Action Plan Management of actions) in the Appendix presents the
above information.

3 Discussion - Conclusions
This paper provides a perspective of the application of the Lean thinking tools to
support the green supply chain and logistics management initiatives. Authors argue
that the VSM analysis can be an effective and efficient tool for a number of
improvements not only for the identification of the wastes but for the determination
of the greening of the agrifood supply chain. It suggests a systematic (four-step)
approach that consists of specific tasks and activities.
A number of to-do (improvement) practices are proposed. Each of the improvement
activities aimed at either eliminating non-value adding steps in order to reduce on the
length of the value stream which subsequently would contribute to the reduction of
the total process, lead and customer query cycle times and consequently the energy
consumption and water usage. The proposed systematic approach was deployed in
the canned tomato paste production. After the deployment of the Action Plan (AP)
the following achievements have been realized:
• Insulation of piping and vessels, where heating or cooling is involved can further
reduce steam consumption and therefore energy usage.
• The steam condensate produced during evaporation along with the steam
produced can be used to partially cover the energy requirements during the preheating process.
• Finally, the wastes (peels, fibres and tomato seeds) that derive after refining can
be used for animal feed.
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Considering the findings that were observed following the implementation of the
pilot project at the examined company, the research project provided viable evidence
that these Lean techniques and principles have a positive impact on and that VSM
was a workable technique in the production and logistics operations. There are also
many challenges that need to be considered for future study regarding the examined
sector. Introducing global supply chain management into the green and lean equation
increases the potential conflict between the green and lean initiatives. So as
companies begin to implement lean and green strategies in supply chains, especially
large and complex global supply chains, manufacturers need to explore the overlaps
and synergies between quality-based lean and environmentally based ‘green’
initiatives, and understand the various trade-offs required to balance possible points
of conflict. Finally, there is a need to evaluate and possibly improve this tool, based
on practice and the applicability in other sectors as well.
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Appendix
Table 3. Facts and assumptions:
• Focus on canned tomato paste production
• There is no IT system for designing and managing the materials in the production line
• Start/End of canned tomato paste production: July – End of September / Working hours: 23 h Approximately 10,500 cans/production
line/h are produced. Each can weighs 1 kg
• Factory operates: 60 days x 23 h/day = 1380 h
• Assuming that all engines have an average performance of 80%
• Reception: 45 lorries / 21 tn on a daily basis / packaging materials are procured from local producers
• 90% of the total orders are exported / no problems associated with over-production
Processing step
Number
of Processing
Installed
Energy consumption (per tn)
Scrap (%)
employees
time (min/tn)
capacity
Oil and electricity
Reception
4
10-15΄
N/A
First washing
3
1΄
4 kW
Soil, leaves, insects
Second washing
3
1.5΄
4 kW
N/A
Screening
4
2΄
4 kW
Ν/Α
Pulping
1
2.5΄
15 kW motor
N/A
Pre-heating
1
1.5΄
30.94% of steam consumed
N/A
Refining
1
1΄
4 Kw
Peels, fibers etc.
Holding
0
6΄
N/A
Evaporation
1
5΄
63.39 of steam consumed
N/A
Holding
0
10΄
N/A
Sterilizing/cooling
1
1.5΄
5.67 of steam consumed
N/A
Packaging
2
1΄
6,4 kW
N/A
Storage
1
N/A
Total
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Production Schedule

Order-by-Order
(Pure Pull philosophy)

Make to order practices
Customers /
retailers

Farmers

~1000 tn / month
Via lorries

D

ai

ly

sc

he

du

le

700 tn / month
(via 25 tn silo vehicles)

Receipt

Final product Warehouse

Tomato
Reception
Empl.: 4
Time:
10-15'

Electricity needed

Hydrotransport
Empl.: 3
Time: 1'

2,600 kWh

Electricity used

Second
washing
Empl.: 3
Time: 1,5'

Screening
Empl.: 4
Time: 2'

Pulping

Preheating

Empl.: 1
Time: 2,5'

Empl.: 1
Time:1,5'

19,800
kWh

[19,800
kWh]

30,94%

[30,94%]

2,600 kWh

5,280 kWh

5,280 kWh

Refining
Empl.: 1l
Time: 1'

Evaporation

Holding
Empl.: Time: 6'

82,600 kWh
145,200
kWh

Holding

Empl.: 1
Time: 5'

2500 kWh

Empl.: Time: 10'

6,000 kWh

7,200
kWh

Sterilizing /
cooling
Empl.: 1
Time: 11,5'

2,500 kWh

7,200
kWh

11,880
kWh

Steam used
Steam needed

60,39%

Fig. 1. Current State Map
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Packaging
Empl.: 2
Time: 1'

5,67%

Storage
Empl.: 1
Time: 0

Total Electricity used
(kwh/per production line)
Total Electricity needed
(kwh/per production line)
Total Steam used (%
of the total use)
Total Steam needed
(% of the total use)

Production Schedule

Order-by-Order
(Pure Pull philosophy)

Make to order practices
Customers /
retailers

Farmers

~1000 tn / month
Via lorries

D

ai

ly

sc

he

du

le

700 tn / month
(via 25 tn silo vehicles)

Receipt
Recycling of
water

Utilization
Insulation

Recycling of
water

Tomato
Reception
Empl.: 4
Time:
10-15'

Electricity needed

Hydrotransport
Empl.: 3
Time: 1'

2,600 kWh

Electricity used

Second
washing
Empl.: 3
Time: 1,5'

Screening
Empl.: 4
Time: 2'

Pulping

Preheating

Empl.: 1
Time: 2,5'

Empl.: 1
Time:1,5'

19,800
kWh

[19,800
kWh]

30,94%

[30,94%]

2,600 kWh

5,280 kWh

5,280 kWh

Final product Warehouse

Insulation

Refining
Empl.: 1l
Time: 1'

Evaporation

Holding
Empl.: Time: 6'

82,600 kWh
145,200
kWh

Holding

Empl.: 1
Time: 5'

2500 kWh

Empl.: Time: 10'

6,000 kWh

7,200
kWh

Sterilizing /
cooling
Empl.: 1
Time: 11,5'

2,500 kWh

7,200
kWh

11,880
kWh

Steam used
Steam needed

60,39%

Fig. 2. Future State Map
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Packaging
Empl.: 2
Time: 1'

5,67%

Storage
Empl.: 1
Time: 0

Total Electricity used
(kwh/per production line)
Total Electricity needed
(kwh/per production line)
Total Steam used (%
of the total use)
Total Steam needed
(% of the total use)

Table 4. Action Plan Management of actions

Title / Area

Description

Action

Impact
L=Low
M=Medium
H=High
L

Priority
1=Low
2=Medium
3=High
1

Supervisor

Production

1st and 2ndWashing

Recycling of water recovered after
the first washing and hydrotransport

Production

Refining

M

2

I

H

3

Production
Manager
Production
manager

First holding

Utilization of peels, fibers and tomato
seeds for animal feed
Utilization of steam and steam
condensate in the pre-heating process
to minimize the energy requirements
and develop and energy efficiency
production line
Insulation of holding tank and piping

Production

Evaporation

Production

H

3

C

Second holding

Insulation of holding tank and piping

H

3

Production
Manager
Production
manager

Production
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Production
Manager

Time
scheduling

Status
N=not started
I=in progress
C=completed
C

I

C

Effect of Ozonation on the Essential Oil Composition of
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Martha Kazi1, Paschalina S. Chatzopoulou2, Lykas Christos1
1

Department of Agriculture Crop Production and Rural Environment, School of Agricultural
Sciences, University of Thessaly, Volos, Greece, e-mail: chlikas@uth.gr
2
Hellenic Agricultural Organization-Demeter, Plant Breeding and Genetic Resources Institute,
Thessaloniki, Greece, e-mail: chatzopoulou@ipgrb.gr

Abstract. Ozonation as an alternative method for the disinfection of dried herb
material shows promising results concerning the microbial load reduction.
However, there is not enough data about the effect of the method on the
essential oil quality. The aim of this study was to investigate the effect of
ozone on the essential oil content and composition of dried oregano, thyme and
lemon verbena. Quantitative and qualitative essential oil measurements were
performed before and after ozonation. The results showed that in cases of
oregano and lemon verbena, no statistically significant difference was
observed either in total essential oil content or on any of their compound
concentration. However ozonation may affect the concentration of some
components since in the case of thyme the concentration of 8 compounds
decreased.
Keywords: oregano, thyme, lemon verbena, volatile components

1 Introduction
Aromatic plants and essential oils are widely used by food, cosmetic and
pharmaceutical industry due to their organoleptic characteristics and effective
bioactive compounds (Arraiza Bermudez-Cañete et al., 2010). Pre- and post- harvest
conditions may affect the quality of the dried aromatic plants and therefore their
market value (Tanko et al., 2005). According to European Spice Association (2013),
among other indicators of quality, the microbial load, the color and the composition
and concentration of aromatic plants essential oil play an important role.
Ozone application seems to be the most promising technique since it leaves no
residues and it is environmental friendly, in comparison to other methods developed
for the microbial load reduction of aromatic plants (Brodowska et al., 2014; Torlak et
al., 2013; Rice, 2002). However, ozone as a highly oxidizing agent (Greene et al.,
2012) could possibly cause the deterioration of the essential oil of dried herbs when
used for a long time period and/or in high concentrations. This work aims to the
investigation of the effect of ozone application on the essential oil content and
composition of three dried aromatic plants.
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2 Materials & Methods

2.1 Dried Plant Material
Εfficient amount of dried plant material, namely oregano (Origanum vulgare ssp.
hirtum), thyme (Thymus vulgaris) and lemon verbena (Aloysia triphylla syn. Lippia
citriodora) was provided by local producers of Magnesia (Thessaly, Greece). The
plant material was harvested during spring and summer of 2015, dried naturally
under shade and was stored under ambient conditions until the experiments
implementation.

2.2 Ozone Treatment
The ozonation device used for the dried plant material disinfection, consisted of the
oxygen tank, the ozone generator and the airtight chamber. Inside the chamber a
sensor was placed in order to measure the O3 concentration. To avoid the
accumulation of O3 above the treated plant material, a fan was placed in the upper
side of the chamber. Three samples of 100 g from each plant species were placed
inside 1 mm mesh sieves (27 cm diameter). Sieves were placed inside the chamber
and ozone was produced by providing dry oxygen to the ozone generator. The ozone
concentration was adjusted to 4 ppm for a time period of 30 and 60 min. These
values were set in accordance to Torlak et al. (2013), who stated that ozonation with
less than 3 ppm O3 (even for 90 min period) was ineffective for sufficient microbial
reduction, whereas a higher concentration of 5 ppm O3 for 120 min was effective but
color degradation was observed.
2.3 Essential Oils Extraction
The essential oils of the above mentioned plant material, were extracted by watersteam distillation using Clevenger type apparatus. The distillation time and
respectively the amount of plant material for each species are shown in Table 1. The
volume of the essential oil yield was measured, and stored at 4˚C after the addition of
the proper quantity of anhydrous Na2SO4.
Table 1. Weight of plant material samples and distillation time.

Plant Species
Origanum vulgare ssp. hirtum
Thymus vulgaris
Aloysia triphylla

Weight (g)
20
40
50
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Distillation Time (min)
50
60
100

2.4 Gas chromatography/mass spectrometry (GC-MS) analysis
The essential oils were analyzed by GC-MS on a fused silica DB-5 column, using a
Gas Chromatograph 17A Ver. 3 interfaced with a mass spectrometer Shimadzu QP5050A supported by the GC/MS Solution Ver1.21 software, using the method
described previously (Sarrou et al., 2013). The identification of the compounds was
based on comparison of their retention indices (RI) relative to n-alkanes (C7-C22),
with corresponding literature data and by matching their spectra with those of MS
libraries.
2.5 Statistical Analysis
The data were statistically analyzed by analysis of variance (ANOVA) using
Statgraphics Centurion XVI. Duncan’s multiple range test was used at a significance
level of 0.05.

3 Results and Discussion
Essential oil content of each plant material was measured before and after O3
treatment. Ozonation for 30 min, was an adequate period to reduce the microbial load
of oregano samples, whereas a period of 60 min was needed for lemon verbena and
thyme samples. Distillation was performed only to the samples where the ozonation
was effective in microbial load reduction. The essential oil content of the above
mentioned aromatic plants was within range according to Goliaris et al. (2002),
Kokkini (1997), Marzec et al. (2010) and Kizil et al. (2016). As shown in Table 2,
the essential oil content of oregano and lemon verbena before and after treatment did
not show a statistically significant difference. However the content of thyme essential
oil was increased. This may be attributed to the reduction of the water content of the
samples during ozonation, since the relative humidity inside the chamber was
increased. This probably indicates that an amount of water was removed from the
plant material to chambers atmosphere (Table 3). Accordingly, 40g of thyme plant
material taken during sampling after the treatment possibly had lower water content
and therefore higher content in essential oil. Consequently, ozonation does not seem
to affect negatively the total essential oil yield of the treated plant material when
applied under the above mentioned conditions. In order to verify this assumption,
water content measurements of the samples must also be taken before and after O3
treatment.
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Table 2. Essential oil content before and after ozonation.

Plant Species
Origanum vulgare ssp. hirtum
Thymus vulgaris
Aloysia triphylla

Essential oil content (% dry weight)
0 min
30 min
60 min
3.30±0.13
3.30±0.18
0.92±0.04a
1.35±0.02a
0.61±0.03
0.66±0.02

The results obtained were expressed as Mean ± SD, n = 3.
Mean values followed by the same letters at the same row denote statistically significant difference at a
probability of P < 0.05.

Table 3. Temperature (T, ˚C) and relative humidity (RH, %) in the chamber during ozonation.

Plant Species
Origanum vulgare
ssp. hirtum
Thymus vulgaris
Aloysia triphylla

Ozonation Conditions
0 min
30 min
T
RH
T
RH

60 min
T

RH

33.0

36.0

37.2

27.0

-

-

35.1
31.2

28.6
36.3

36.5
34.7

32.6
32.5

37.0
35.4

29.8
30.7

The results concerning essential oil composition revealed that ozonation of dried
lemon verbena material did not affect its essential oil chemical composition (Table
4). The major constituents were β-citral ranged from 25.91 to 26.73%, α-citral ranged
from 18.55 to 19.22% , limonene ranged from 12.29 to 13.31% and 1,8 cineol
ranged from 8.32 to 8.07%, before and after the application respectively. However,
no statistically significant differences were observed between the above mentioned
values before and after treatment. Citral a and citral b contributed more than 40% of
the total essential oil content which is in agreement with Vogel et al. (1999) results.
As stated by Kizil et al. (2016), different essential oil composition, is probably due to
the different geographical and ecological factors effect. Growth stage and cultivation
methods may also affect the essential oil composition (Argyropoulou et al., 2007).
Moreover, the statistical analysis of the concentration of the total identified
compounds (12) of Aloysia triphylla essential oil, did not indicate any significant
difference.
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Table 4. Essential oil composition of Aloysia triphylla before and after ozone treatment

No

Compounds

1
2
3
4
5
6
7
8
9
10
11
12

sabinene
6-methyl-5-hepten-2-one
limonene
1,8-cineol
linalool
α-terpineol
α-citral
β-citral
β-caryophyllene
ar-curcumene
spathulenol
caryophyllene oxide

Concentration (%)
0 min
1.41±0.21
1.54±0.32
12.29±0.64
8.32±0.78
0.67±0.05
1.40±0.06
18.55±0.42
25.91±0.57
1.55±0.29
5.08±0.77
3.43±0.48
4.89±0.61

60 min
1.36±0.10
1.02±0.08
13.31±0.70
8.07±0.69
0.61±0.04
1.29±0.05
19.22±0.74
26.73±0.80
1.68±0.14
5.24±0.90
3.73±0.55
5.06±0.79

The results obtained were expressed as Mean ± SD, n = 3.

As shown on Table 5, the main components of thyme essential oil where pcymene ranged from 31.97 to 32.01%, thymol ranged from 30.65 to 31.5%, carvacrol
ranged from 13.11 to 14.5% and γ-terpinene 6.05%. These components contributed
more than 80% of the total essential oil content. However, the concentration of none
of these components showed significant difference after the ozonation. The
composition of thyme’s essential oil presented in this work was in accordance to that
referred by Raal et al. (2005). Consequently, this essential oil could be classified as
thymol chemotype and specifically to the subgroup p-cymene> thymol> γ-terpinene
(Marzec et al. 2010). Nevertheless, statistical analysis of the rest of the components
concentration showed that 8 compounds out of 23 in total, decreased significantly.
This decrease can be attributed to the high ozone oxidation efficiency. As stated by
Brodowska et al. (2015) high ozone doses among with long treatment time, resulted
in 50% reduction of α-pinene compared to control samples of berries. Same as αpinene, all of the compounds of thyme that where reduced (1,8-cineol, cis-sabnene
hydrate, linalool, borneol, thymol methyl ether, carvacrol methyl ether, βcaryophyllene and γ-cadinene) contain 3 or more -CH3 groups that could be alkylated
after long contact with ozone. Also, linalool, β-caryophyllene and γ-cadinene
contain 2 or more double bonds, which can be broken. In addition borneol, which is
secondary alcohol, can be easily oxidated to the ketone camphor. Despite that these 8
components were identified at low concentration, there is not scientific indication
that this can affect the quality of the essential oil.
Verbena also contained at some percentages 1,8-cineol, linalool and β-caryophyllene
while oregano contained cis-sabinene hydrate, linalool, carvacrol methyl ether and βcaryophyllene. In contrast to thyme samples, no reduction was observed for these
compounds. This might be attributed to the low ozonation time of oregano samples
and to the differences of the plant material (leaf surface and size) among verbena and
thyme samples that were treated for the same time.
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As a consequence, more studies need to be conducted in order to identify the
appropriate O3 concentration and ozonation period so that the high quality of the
essential oil can be maintained.
Table 5. Composition of essential oil of Thymus vulgaris before and after ozone treatment

No

Compounds

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23

α-pinene
camphene
β-pinene
β-myrcene
α-terpinene
p-cymene
β-phellandrene
1,8-cineol
γ-terpinene
cis-sabinene hydrate
linalool
camphor
borneol
terpinen-4-ol
thymol methyl ether
carvacrol methyl ether
thymol
carvacrol
β-caryophyllene
β-bisabolene
δ-cadinene
γ-cadinene
caryophyllene oxide

Concentration (%)
0 min
0.46±0.27
0.40±0.20
0.44±0.04
0.63±0.26
1.02±0.29
31.97±0.90
0.52±0.12
0.85±0.04 a
6.05±0.67
1.19±0.07 b
2.24±0.01 c
0.39±0.02
1.31±0.03 d
0.56±0.00
0.31±0.02 e
0.83±0.04 f
30.65±1.32
13.11±0.90
3.39±0.38 g
0.36±0.08
0.39±0.14
0.25±0.10 h
0.53±0.21

60 min
0.85±0.00
0.68±0.00
0.28±0.12
0.81±0.01
1.20±0.01
32.01±0.37
0.60±0.01
0.76±0.02 a
6.05±0.16
0.92±0.48 b
1.92±0.08 c
0.34±0.01
1.18±0.05 d
0.55±0.03
0.24±0.00 e
0.65±0.02 f
31.50±0.60
14.15±0.24
2.44±0.09 g
0.25±0.00
0.24±0.02
0.00 h
0.38±0.01

The results obtained were expressed as Mean ± SD, n = 3.
Mean values followed by the same letters at the same row denote statistically significant difference at a
probability of P < 0.05.

Essential oil analysis of oregano (Table 6), showed a typical composition of
carvacrol chemotype oregano, as referred by Vokou et al. (1993). The main
constituents before and after the ozone treatment were two isomeric phenols namely
carvacrol ranged from 63.26 to 64.55% and thymol ranged from 5.06 to 4.58%, and
their precursors namely p-cymene ranged from 13.11 to 11.9% and γ-terpinene
ranged from 8.15 to 8.37%. These components contributed more than 80% of the
total essential oil content. The statistical analysis did not point out any difference
among the constituents before and after treatment. These results show that probably
ozone treatment did not affect the chemical composition of oregano’s essential oil.
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Table 6. Composition of essential oil of Origanum vulgare ssp. hirtum before and after ozone
treatment

No

Compounds

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21

α-thujene
α-pinene
camphene
β-pinene
1-octen-3-ol
3-octanone
β-myrcene
α-phellandrene
α-terpinene
p-cymene
β-phellandrene
γ-terpinene
cis-sabinene hydrate
borneol
terpinen-4-ol
carvacrol methyl ether
thymol
carvacrol
β-caryophyllene
α-humulene
β-bisabolene

Concentration (%)
0 min
0.40±0.19
0.61±0.30
0.14±0.10
0.10±0.07
0.33±0.05
0.13±0.01
1.45±0.53
0.19±0.06
1.49±0.42
13.11±0.13
0.48±0.13
8.15±0.08
0.32±0.04
0.29±0.05
0.34±0.03
0.29±0.01
5.06±0.48
63.26±0.03
1.73±0.26
0.32±0.25
0.62±0.05

30 min
0.37±0.26
0.53±0.37
0.14±0.10
0.09±0.07
0.33±0.03
0.13±0.01
1.30±0.68
0.15±0.10
1.34±0.56
11.90±0.38
0.42±0.16
8.37±0.09
0.34±0.01
0.26±0.02
0.32±0.03
0.29±0.02
4.58±0.40
64.55±1.04
1.75±0.22
0.17±0.03
0.69±0.13

The results obtained were expressed as Mean ± SD, n = 3.

4 Conclusions
The results of the present study revealed that O3 application for the disinfection of
oregano and lemon verbena dried plant material did not reduce the essential oil
amount and the concentration of the main constituents. In contrast, ozonation may
affect the amount of some components, since in the case of thyme the concentration
of 8 compounds was reduced. However, there is not enough scientific evidence that
this reduction can affect the essential oil quality. More studies need to be conducted
in order to identify the appropriate O3 concentration and ozonation period in order to
maintain the high quality of the essential oil.
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Abstract. In recent years, the agrifood sector has experienced many societal,
economic and technological changes. Such transformations significantly
influence the entire food processing chain from agricultural production,
through food processing to the distribution of food to customers. As Supply
Chain Management (SCM) emphasizes on seeing the whole supply chain as
one system, Decision Support Systems (DSSs) are used to define the influence
of strategic issues on logistics and to identify the most effective processes to be
performed because of the strategic issues with the highest either positive or
negative impact on the logistics. Managers try to deal with the current complex
environment using the Strategic Information Systems Planning (SISP) process.
The purpose of this paper is to propose a strategic DSS framework, which
combines both the strategic management process and the SISP process to
provide a holistic approach to effective decision-making in logistics in the
agrifood industry.
Keywords: Decision Support Systems; Strategic Management; Business
Strategy; Strategic Information Systems Planning; Logistics; Agrifood

1 Introduction
During the last decade or so, there has been an increasing attention of researchers
in the strategic role of logistics. The strategic significance of logistics is conceived in
businesses that place special emphasis on customer service as the output of their
business (Korpela and Tuominen, 1996).
As the business environment is getting more and more complex and competitive,
an effective and timely decision-making is necessary. The implementation of
decision support technology is becoming significant and calls for reduced complexity
along with improved efficiency. Many researchers have studied the efficiency of
Decision Support Systems (DSSs) (Alalwan, 2013). DSSs are used to define the
influence of strategic issues on the logistics and to identify the most effective
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processes to be performed because of the strategic issues with the highest either
positive or negative impact on the logistics (Korpela and Tuominen, 1996).
Previous studies in this area were focused on the importance of Information
Technology (IT) to boost decision makers to make more efficient decisions.
Especially, previous researchers highlight the benefits of using computer-based
systems to support logistics management, especially in transportation and
warehousing (Accorsi et al., 2014; Moynihan et al., 1995).
In recent years, the agrifood sector has experienced many societal, economic and
technological changes. Such transformations significantly influence the entire food
processing chain from agricultural production, through food processing to the
distribution of food to customers. The innovation is a crucial factor for firms in this
sector and plays an important role in sustaining and enhancing their competitiveness
(Baregheh et al., 2012).
The development of technology and the use of computer networks have changed
production processes, access to, transfer and use of information in the agrifood
sector. The easiest access to knowledge and the easiest sharing of information can be
achieved through the spreading of communication technologies (Sturiale and
Scuderi, 2011).
Despite the fact that Small and Medium Enterprises (SMEs) are considered the
main pillar of contemporary economies and have a key role to play particularly in
rural economies, few studies have focused on examining the innovation practices of
the agrifood sector SMEs (Baregheh et al., 2012). This sector is the largest one
within the EU and is one of the key drivers of the EU economy, contributing to both
economic output and employment (Baregheh et al., 2012; Gold et al., 2017). As
Supply Chain Management (SCM) emphasizes on seeing the whole supply chain as
one system, current research examines mostly how to improve the position of
agrifood actors in developing countries (Gold et al., 2017). Furthermore, the
literature focuses on the specific challenges of smallholder farmers in accessing
global chains due to market constraints, deficient infrastructures and lack of
resources (Gold et al., 2017).
The purpose of this paper is to propose a strategic DSS framework, which
combines both the strategic management process and the Strategic Information
Systems Planning (SISP) process to provide a holistic approach to effective decisionmaking in logistics in the agrifood industry.
The structure of this paper is the following: A theoretical framework based on the
literature review about strategic planning and DSS, as well as, strategy and DSS
models in logistics are initially analyzed in Section 2. In Section 3, the steps for a
framework linking the DSS and SISP process in logistics in the agrifood sector are
discussed, whereas the final section summarizes the concluding remarks of the paper.

2 Logistics Strategy
Researchers have recently focused on the strategic role of logistics. The strategic
significance of logistics is conceived in businesses that are interested in customer
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service as the output of their business. Logistics is a holistic approach which includes
the management of material and information flows and it is important so as to satisfy
customers' demands. Logistics strategy must be aligned with business strategy
because it identifies the selection of products, services and markets and determines
the goals of the logistics system of the company (Korpela and Tuominen, 1996). The
Sustainable Supply Chain Management is significant because it allows businesses to
permits supply chains with sustainable goals (Shi et al., 2015).
As managers in strategic planning define the key goals for the company in order to
compete businesses in a turbulent environment, the logistics strategic planning
process starts with situational analysis which contains the formulation of the vision,
strategic goals, objectives, strategies and action plans. The aim of this analysis is to
identify the strengths, weaknesses, threats and opportunities by analyzing both the
logistic system and the business environment. Moreover, an analysis of strengths and
weaknesses provides results in logistical structure and logistical costs, inventory
management, transportation, Information Systems (IS), organizational structure, cooperation with other corporate functions and materials handling and transportation.
The scanning of both the environment and the resources are significant to identify the
long-term direction for the logistics function.
Specifically, the vision, describes a desired future situation identified for the
logistics organization. The vision and the strategic objectives present the direction of
the implementation of the logistics activities and the logistic vision that must both be
aligned with business vision. The goals and strategies support the translation of
logistics vision in specific performance measures and operating models such as
customer service, transportation, order processing, inventory management,
warehousing, IS and organization. The definition of goals and the formulation of
strategies are aligned with other business functions such as marketing and production
to increase business advantages. Moreover, action plans constitute a detailed
description of the operational and short-term activities that are required for the
implementation of the strategy.
Organizations use the strategic management process scan the environment, which
significantly influences the logistics function. The logistics strategic management
process contains three phases. The first phase is the definition of the trends and the
evaluation of the impact and urgency of the identified trends, the next phase is the
evaluation of priorities and the last one the development of a plan with responses to
the issues.
The logistics strategic management can form strategic decision outcomes or
environmental forces. Responses to the issues may require changes in the vision,
objectives, strategies or action plans, as a result strategic issues management process
supports the periodic planning process. The process of strategic management forms
aligns the advantages of strategic planning with the flexibility of continuous strategic
management. Furthermore, it combines the business's logistics processes with the
capability to be strategically oriented and to face the external and internal
developments (Korpela and Tuominen, 1996).
The impact of innovation on business success in the agrifood sector seems to be
very much comparable to that in other industries. In the past, agrifood businesses
tended to pay attention on reducing production costs rather than delivering benefits to
the final customers. Recently, pressures arising from globalization, the need to ensure
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food safety, nutritional quality and customers’ demand for convenience, variety and
quality, combined with new opportunities offered by the biotechnology revolution
have all led to a changing attitude. Hence, the agrifood sector is increasingly oriented
toward developing products that take into consideration customers’ demands (Fortuin
and Omta, 2009).

3 Strategic DSS Models in Logistics
Strategic decisions imply the design of a distribution/logistics network is complex
because it involves significant commitments in resources over several years.
Strategic logistics planning, including required customer service levels, aims to
minimize the inventory-related costs which are combined with producing and storing
products from manufacturers to customers (Moynihan et al., 1995). As a result, the
logistics strategy is significant for long-term competitive advantages in business,
especially in a logistics distribution network which is important in transportation and
inventory cost. Furthermore, it is crucial to customer satisfaction regarding logistics
response (Kengpol, 2008).
Previous researchers in this field focused on the importance of IT to support
decision makers to achieve more efficient decisions and to enhance their
effectiveness. Specifically, previous surveys focused on the benefits of using
computer-based systems to support logistics management, especially in
transportation and warehousing (Kengpol, 2008; Salam and Khan, 2016; Songbai et
al., 2010). Limited surveys have been conducted in the areas of inventory and
product forecasting (Accorsi et al., 2014; Moynihan et al., 1995).
A DSS is defined as “an interactive, flexible and adaptable Computer Based
Information System which uses decision rules, models and model base as well as a
database and the decision makers apply decisions in solving problems which would
not be willing to manage visualization models per se” (Waxlax, 1993).
Another definition is based on the view that a DSS is “an interactive and
adaptable Computer Based Information System which helps non-organized
management problems” (Alyoubi, 2015; Moormann and Lochte-Holtgreven, 1993).
Table 1 summarizes different DSS and their functionalities in logistics. Then, the
similarities among them are discussed in the next paragraphs. These findings are a
basis for the suggested DSS model.
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Table 1. DSS in logistics.
DSS
DSS for operational
and
tactical
decisions in logistics

DSS Functionalities
Data used is related with
products and services prices,
resource and budget allocation,
payroll cost, cost per product
Simulation events such as
demands,
departures
and
arrivals
of
means
of
transportation at terminals and
acquisitions and releases of
resources by vehicles
Identification the performances
of the systems
Evaluation
the
selected
parameters which can improve
the performance indices
DSS
model
for Demand analysis
vehicle routing
Analysis of data (number of
drivers, strength of vehicle,
mileage per vehicle)
Decision analysis for the
transportation
personnel
requirements, vehicle demands,
path choosing optimization and
resource
transportation
information
Logistics
Preliminary
analysis
distribution network (information such as GMS
locations, transportation costs
of listed distribution centers
and customers)
Evaluation of the alternatives
for the logistics distribution
network
Estimation of the delivery time,
quality, unexpected demand
Calculation
of
the
transportation cost
The
implementation
and
feedback

Reference
Fanti et al. (2015)

Songbai et al. (2010)

Kengpol (2008)

The first step in the strategic management process comprises the scanning of the
external and internal environment. The second step involves the estimation of the
effect and urgency of the issues, the evaluation of priorities for the previous problems
and the identification of the type of response for these issues. Finally, the last step
contains the planning of the required responses for the strategic issues. DSSs are used
to define the impact of strategic issues on the logistics and to identify the most
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effective processes to be performed in coordination with the strategic issues with the
highest either positive or negative effect on logistics (Korpela and Tuominen, 1996).
Some basic features have to be considered for the development of the systems.
DSS involve many basic components as follows. Firstly, the data component usually
contains a Database Management System (DBMS). The DBMS involves modeling
tools and general programming languages. Data used can either be internal or
external, either cross-sectional data or time series. Internal data come from
organization’s internal functions and concern products and services prices, financial
data, resource allocation data, data related to costs such as payroll cost or cost per
product. The external concern is about competition market share, government
arrangements and anything that comes from external sources such as market
research, government agencies, the web. The data stored in the DSS database are
used as input to the optimization processes associated with models. The DSS
information is provided by other data files, which could be business’ internal or
external files. The next module is the model component, which includes a simulation
model, a mathematical model as well as optimization algorithms to support the
analysis of the impact of the selections on the system performances (Fanti et al.,
2015; Yoo and Digman, 1987). Precisely, several methods, models, theories, and
algorithms are implemented to develop and analyze the alternative decisions in DSS.
Examples of these techniques are the intelligent analysis of data, the simulated and
fuzzy modeling, the use of genetic algorithms and neural networks, the decisionmaking theory and fuzzy theory (Kondratenko et al., 2014).
A significant area of DSS in Logistics has been applied to perform an evaluation
of supply chain. Current changes in global production had intensified supply chain
complication and increased the argument that logistics strategies are significant
aspects of business strategy. Recent business environment highlights the need for
supplier relationship development to improve businesses sustainable management.
The purpose of the supplier selection and assessment process is to limit risk and
increase overall value to the customer. As supplier selection is considered to be a
multiple criteria decision-making process, this process signifies an even more
complicated problem. The decision-maker needs to analyze a large amount of data
considering multiple factors to apply a more effective evaluation. Businesses have to
pay attention to each factor to reduce the costs and to increase their profit, because of
the increased globalization of trade and the expansion of competition. Businesses
formulate strategies concerning the supplier selection process paying attention to the
sustainability and environmental responsibility requirements, to deal with the higher
level of competition. Several researchers argue that sustainability is a significant
aspect which has to be considered by managers in supplier selection and performance
evaluation.
Thus, the criteria taken into consideration for the supplier selection and
assessment can be categorized as follows. The first category concerns quality, the
second one is the price, the next category is related to the capability of
supply/delivery, and the fourth type involves factors about the service. Another
category sought by decision makers take into consideration for the supplier selection
and assessment is the Environment Protection. In conclusion, management system,
corporate social responsibility, and performance are the last categories (Karthik et al.,
2015).
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4 Conceptual Model

As the agrifood sector can rely on the principles of innovation management,
developed in high-tech sectors (Fortuin and Omta, 2009), the proposed model (Figure
1) is based on previous SDSS and combines the phases of SISP process in order to
suggest a completed model for strategic decisions in logistics in the agrifood sector.
More specifically, Yoo and Digman (1987) proposed a DSS model for strategic
management. This model involves four subsystems. The first one, named
“Environmental Analysis Subsystem”, is used for gathering information related with
inventory, production, R & D, marketing, industry, raw materials, human resources,
financial resources, market, technology, economic conditions, government and
culture necessary for forecasting and projecting both the external and internal
business environment. This information is gathered by the staff, customers,
managers, consultants as well as literature. The second subsystem is the “Goalsetting Subsystem” which involves a model base which generates alternatives
models. One or more of them are selected according to identified goals and
objectives as well as business’s mission and purpose. In the Goal-setting subsystem
the results of the control phase should be used as an input as well as in the strategy
operating subsystem. Furthermore, the results of each phase of the strategic
management process can be used as an input in the strategy operating subsystem for
reparative actions and future effectiveness. Moreover, the Decision Support
Subsystem includes a DSS database, a DSS model base and application programs
which maintain the flow of information within the system. The DSS database
contains files of historical, managerial and environmental data as well as files on
various transactions. The DSS model base includes models which are useful for the
solution of strategic problems. The last subsystem is the “Strategy Operating
Subsystem”, in which the decision maker identifies, evaluates and selects alternative
strategies. Then, he implements the selected strategy, and evaluates based on
information provided by the decision support subsystem. This subsystem maintains
each phase of strategic management process as it has been previously presented.
The model includes four categories of subsystems, named; Environmental
Analysis Subsystem, Goal Determining Subsystem, Decision Support Subsystem and
SISP Subsystem (Figure 1).

Fig. 1. Proposed SDSS for Logistics in the agrifood sector

The first subsystem includes the identification of the problem, for the business to
make the appropriate decisions. The Situation Analysis is the first phase of SISP
process and it is contained in this subsystem. Generally, in the current phase, existed

787

business, organizational and IS are analyzed. Moreover, businesses analyze the
current external IT and business environment to determine new trends in IT.
Managers analyze strengths and weaknesses concerning economic conditions,
logistical structure and logistical costs, inventory management, transportation,
warehousing, IS and materials handling.
In times of globalization and increasing competitiveness, the determination of
threats and opportunities in the business environment is crucial for the sustainable
economic success of every company. It becomes even more important in the agrifood
industry because companies are highly interdependent. The awareness of
developments in markets, products, business partners and competitors considers as a
significant factor in economic success for businesses. The analysis of the information
needs a systematic scanning and a linkage with the needs of network companies
(Fritz, 2009). Innovation contributes to organizational success, performance and
survival. It is often driven by pressure from the external environment, and especially
from competition, deregulation, isomorphism, resource scarcity and customer
demand. In the agrifood sector it is of particular interest as it aims to support or
improve the performance (Baregheh et al., 2012).
Information about distribution channels, economic situation of suppliers, relation
demands to product characteristics, market segments where competitors are active
and buying power, quality of suppliers are required (Fritz, 2009; Manthou et al.,
2004). Other information required includes data such as rural economy, the
environment, food production, healthy eating and consumer values (Volpentesta et
al., 2013). However, the efficient use of the information sources for competition
monitoring in the agrifood businesses requires a focused, systematic and automated
analysis of their content. Also, each company aims to integrate this information with
the results of the business and the analysis of its environment (Fritz, 2009) (Figure
2).

Fig. 2. Environment Support Subsystem
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In the second subsystem, the Strategic Awareness phase of SISP is involved.
Strategic Awareness includes key planning issues concerning the identification of
goals and the development of the team which will participate in the implementation
phase of the process. The main objectives which have to be identified are related to
customer service, transportation, order processing, inventory management and
warehousing (Figure 3).

Fig. 3. Goal Determining Subsystem

Next, the Decision Support Subsystem includes the Database, Data Model and
Application programs. The previous two subsystems provide information to the
Decision Support Subsystem. Next, this subsystem generates an output, which is
used as input for the interacting subsystems. Thus, managers can gather, store and
reclaim the necessary information about external and internal environment and
historical data (e.g. about transportation or supplier selection and evaluation), which
will help them to create alternative scenarios. Then, managers will evaluate this
information and they will select the best choice, which will be developed in the next
subsystem. The output of this subsystem includes alternative decisions about drivers’
and vehicle transportation, KPIs, cost rate, cost per unit of material flow (Zviran,
1990). Other indicators which are used are responsiveness and agility, cost and
efficiency, food quality and sustainability (Gold et al., 2017). Data can be stored for
further working out and sensitivity analysis. They can also be categorized in external
files if further processing is required. The user interface helps this process by
providing a set of menus and question/ answer dialogues (Zviran, 1990). Once the
problem is determined, mathematical models based on the problem are implemented
that support the development of alternate solutions. Furthermore, the models are
created to analyse the alternatives. Next, the selection of the most suitable alternative
follows.
Overall, several methods, models, theories and algorithms are implemented to
develop and analyze the alternative decisions in DSS. Examples of these techniques
are the intelligent analysis of data and the fuzzy theory (Figure 4).
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Fig.4. Goal Determining Subsystem

The SISP Subsystem includes the last three phases of SISP process; Strategy
Conception, Strategy Formulation and Strategy Implementation Planning. In Strategy
Conception the identification of important IT goals and objectives for
implementation are applied. The organizing team evaluates them and formulates the
technological strategy, which will be applied in the next phase. Then, there is
Strategy Formulation through which the definition of new IT architectures,
processes, projects and the priorities over them are implemented. Finally, Strategy
Implementation Planning involves activities concerning changes in management
process, such as the implementation of the opportunities, the goals, the plans and the
new processes, the action plan, its evaluation and control (Brown, 2010; 2004;
Dooley and O'Sullivan, 1999; Kamariotou and Kitsios, 2017a;b; 2016; Kitsios and
Kamariotou, 2016a;b; Maharaj and Brown, 2015; Mentzas, 1997; Mirchandani and
Lederer, 2014; Newkirk and Lederer, 2006; Newkirk et al., 2008). Results from the
Strategy Implementation Planning phase should feedback into the Goal determining
subsystem as well as each phase in the Strategy Information Planning subsystem for
corrective action and future effectiveness (Yoo and Digman, 1987) (Figure 5).

Fig.5. Strategic Information Planning Subsystem

The proposed model has few advantages in comparison with the previous ones,
which have been presented in Table 1. Those models have been implemented for
specific logistics functions such as distribution, vehicle routing and tactical decisions.
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The proposed framework (Figure 1) is based on the strategic process of DSSs and it
involves the phases which are based on the formulation of business and IT strategy,
which are excluded from the previous models. The identification of objectives, the
analysis of business and IT environment, the organization of planning team, the
evaluation of opportunities, the improvement of business processes and the
assessment of the process, are significant phases when managers formulate IT
strategy. So, the proposed framework can be implemented by decision makers in
each function of logistics in agrifood sector.
The proposed model gives some benefits to decision makers. First, various
strategic decision variables and steps can be considered comprehensively. Second, it
can be considered as an effective strategic management system which makes easier
the decision making process. Next, the system provides updated information to
managers as they can scan the business and IT environment. So, the environmental
uncertainty is minimized and company risk under dynamic change. Another benefit
is that the evaluation process is implemented in order to examine whether the
strategy is being implemented and whether the goals are being achieved. If not,
corrective action may be necessary to change the implementation activities or even to
change the strategy itself. Finally, system includes various levels of managers, so
their participation enhances the increased use of the system and the effectiveness in
decision-making.

5 Conclusions
The combination of strategic planning with DSS is a new research area. It can
significantly improve the strategic decision making effectiveness. Careful design is
critical to obtain the advantages of SDSS. Further expansions in DSS research area
and IS will provide new motivations for successful SDSS developments (Moormann
and Lochte-Holtgreven, 1993).
DSSs are based on the needs for information of the existing organizational
functions. In the future, DSS will try to involve tools based on environmental
changes and information needs, which will facilitate decision makers so as to adapt
their working practice for future demands (Salmela and Ruohonen, 1992).
A framework which combines SISP process and DSS in logistics is suggested.
The suggested framework contributes to the agrifood sector and enhances the
communication among producers and consumers, enhancing a redistribution of value
for primary producers. Furthermore, if agrifood producers use the DSS, the latter can
give customers insight into sourcing and production methods, enable producers to
monitor their customer base closely and make supply chain visibility and
transparency a sustainable competitive advantage (Volpentesta et al., 2013).
This paper research contribution is two fold. Firstly, it aims to bridge the gap in
the literature regarding the connection between SISP processes and DSS.
Furthermore, it suggests a new framework for decision making with general
applicability to various industries, including the agrifood sector.
By defining the phases that support managers’ decision making, implications for
future research are presented. Academics and managers should expand, visualize and
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test this model, to evaluate the effectiveness of SISP phases in the process of decision
making. As the framework has not been tested yet, the results of an exploratory study
will be summed up in an expanded conceptual model for future research.
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Abstract: Recent developments in UAV (unmanned aerial vehicle)
engineering have pushed the usage of the so-called “drones” into the
mainstream. The omni-purpose nature of these vehicles has caused increase in
customer demand across various fields. Mass production has resulted in drop
in prices, especially for less sophisticated recreational vehicles. However, in
order to capture quality imagery for further processing the technical
sophistication of the mounted camera is the deciding factor, not the UAV
itself. Many researchers are looking for options to exploit this technology in
different fields, one of which is wildlife monitoring. This paper aims to present
basic overview of knowledge in the area of aerial wildlife censusing and the
progress made during a research conducted at Czech University of Life
Sciences Prague.
Keywords: Image recognition, UAV, wildlife, drones, thermal imaging.

1 Introduction
Efforts to accurately estimate numbers of wildlife animals are around for centuries.
Nowadays, these census results are the basis for determining the amount of hunting
needed to ensure stable populations. In most European countries, including the Czech
Republic, the population of hoofed wildlife has increased in recent decades, causing
more and more damage to forest and field cultures (Bartoš et al., 2010). In order for
the number estimates to help fulfill a control function, results must roughly
correspond to reality. Nowadays, commonly used methods in the Czech Republic
affect only 10-33% of the actual population. However, the accuracy of estimates of
game conditions is eloquently evidenced by a comparison of the spring basal state
with the number of animals being hunted (Kotrba et al., 2005). According to statistics
from some countries, occasionally more animals were hunted than the amount of
animals that should be present according to the census, which is sometimes also the
case for the Czech Republic. Another common method is to use data from camera
traps, but the results from such a survey can often be very unreliable (Claridge and
Paull, 2014; Foster and Harmsen, 2012). That is why new alternative and more
efficient methods are being sought.
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Better results can usually be achieved using a powerful technology, but its use
alone does not guarantee the quality of the outputs. The first findings on aerial census
have been published more than forty years ago (Graves et al., 1972). Censusing of
game from an aircraft or a helicopter is practiced for example in the Scandinavian
countries (Liberg et al., 2010). Thermal vision is often also used (e.g. Gill et al.,
1997; Focardi et al., 2001 and others), but mostly for surface based deployment. In
contrast, mainly in the US and Canada, thermal imaging is expanding not only in
ground censuses, but in aerial imaging also. There are many published results of
monitoring of various animal species in various environments (Wyatt et al., 1980;
Bayliss and Yeomans, 1989; Wiggers and Beckerman 1993; Focardi et al., 2001;
Garel et al., 2010; Fuentes et al., 2015).
The current development of drones and artificial intelligence tools for image
evaluation brings a new dimension to the use of aerial counting and game monitoring
methods. Unmanned vehicles are nowadays, mainly due to the massive expansion of
the so-called multi-copters (multiple motor helicopters), known mainly by the term
"drones". Officially, they are called by the term UAV - Unmanned Aerial Vehicle.
Unmanned vehicles offer different ways of imaging by combining imagery from
varying flight altitudes. This at the same time presents new options for retrieving data
from selected areas in real time. Some UAVs are capable of covering an area of
several square kilometers, making them a cheaper and more affordable alternative to
conventional aircraft. Because of the lower scanning height, it is also possible to
obtain very detailed images from an unmanned vehicle (Eisenbeiss, 2011). In
addition to capturing images, monitoring can also be performed “on-the-fly” without
recording, but only transmitting the video to the operator screen.

2 Data acquisition
In order to obtain imagery data for developing the most precise image processing
methodology, our research team has conducted several preliminary flights. In
cooperation with employees of Military Forests and Farms (state company) two
enclosed areas were selected that contain a known number of animals. First area is
without any significant vegetation apart from few trees around the borders (see
Figure 1). It is basically a small outdoor livestock confinement area. Second chosen
area is larger with few dozen trees and some bushes and more closely resembles a
game reserve park.
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Fig. 1: Ground photo of first testing site

2.1 Equipment
Drone DJI S900 (see Figure 2) was used to conduct the preliminary data acquisition.
It was equipped with standard camera as well as thermal camera Flir Tau 2. GPS
module was also installed in order to help with navigation and to provide the ability
to mark obtained data with location coordinates.
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Fig. 2: DJI S900 multi-copter used to obtain preliminary testing data

The drone was used in compliance with all current legislation regarding use of
UAVs in Czech Republic.
2.2 Flight specifications
Before the actual data acquisition, it was necessary to determine flight height, speed
and pattern to obtain best possible data for analysis. The maximum possible flight
height for drones in Czech Republic is 300 meters. Such distance might however
result in video recording that due to its resolution will not provide sufficient detail for
the image recognition algorithms to function properly. If the flight height was set too
low, it would result in better quality imagery, but it would take considerably more
time to conduct such flight and cover entirety of given area. Also low flight height
has higher risk of animals noticing the drone and running from it. As a compromise a
flight height between 50 to 60 meters was selected.
In order to cover an entire area where the measurements will be taking place a
standard “zig-zag” or “lawn mower” pattern was selected as most efficient. In case
the area is not convex it is possible to divide it into smaller convex polygons. Second
option is to circumscribe the area with smallest possible bigger convex area. This
may result into capturing imagery of areas that is not of importance, but if the cut-out
area is not very large, it might be more efficient than flying several smaller paths
over several polygons. Flying in this pattern (along the longer side) will minimize the
number of turns the UAV has to make.
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Another issue is the selection of overlap throughout the pattern. Movement of
animals is to be expected and it is possible that a herd might move from one section
of given area onto another, therefore avoiding being captured by the UAV camera on
both passes. Or the opposite might happen – that same animals will be captured two
or more times in different sections of the flight path. Even if we assume that animals
will be stationary, a certain overlap is necessary to prevent issues of animals being
captured by the camera only on the edges of the screen, because image recognition
algorithms generally work better if the objects being searched for are in the center
area. Since the testing sites are both relatively small, we opted for high overlap
during the preliminary data acquisition. For further flights we plan to adjust the
actual overlap based on the extent of observed animal movement.
Lastly it is necessary to determine the camera angle. If the camera is positioned
too much to the side (more horizontally than vertically), the actual distance to the
ground would increase and also any obstructions like trees and terrain would have
more significant impact on the imagery. If the camera is positioned fully vertically
however, the captured images of animals would be fully top-to-bottom, therefore
missing the animals’ extremities. A picture without limbs might drastically reduce
successful object classification by the image recognition algorithm as suggested by
the research results by Chrétien et al., (2015). For the testing we selected a relatively
high angle of depression - approximately 55 to 65 degrees.
2.3 Initial flight results
The testing flights on both chosen sites provided several crucial insights. First of all,
that the sound of multi-copter engine as well as its presence above the area scared the
animals into running away from it. Since it was fenced area, once the herd reached
the edge the animals clumped together and stood still waiting (see Figure 3). This
may affect the monitoring both positively and negatively. If the herd is approached
by the UAV from unfavorable angle it may cause them to run aside therefore
avoiding being captured by the camera. However if the herd runs away in the
direction of the flight and is therefore “chased”, it may prove incredibly useful. If
that were to happen, there would be more images available providing more data for
image recognition. Also in case of areas with higher vegetation this may cause the
animals to significantly move, increasing the chances of capturing an image with
unblocked view when chasing the animals through a clearing.
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Fig. 3: Aerial photo of first testing site

The importance of getting a clear view of the animals became apparent during test
flight over the second chosen testing site (see Figure 4). Even though the amount of
trees is not very high (average Czech forests are much denser), they provided
significant cover for the animals to hide. This along with the effect of terrain shadow
(can be seen in both Figures 3 and 4), can make obtained imagery unsuitable for
accurate processing.

Fig. 4: Aerial photo of second testing site
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3 Data processing methods
In order to determine the best suitable methods for image processing our team has
conducted the following overview of current state of the art:
Image processing of a recognized object consists of a series of steps. First, you
need to capture and digitize the image, and then use the image preprocessing method
to improve the image, which is especially focused on grayscale, brightness and
contrast adjustment, histogram equalization, image sharpening, and various filtration
methods. Another important step is to use segmentation methods to distinguish a
recognized object from the background. It is primarily segmentation by thresholding,
image dyeing algorithms, edge detection and linking methods and various algorithms
for filling objects. The next image-processing phase is the object description. The
most well known methods of object description include the momentum method,
Fourier descriptors and chain codes that can also be used for so-called structural
description of objects. The final stage of the image processing process is the object's
classification (recognition). The task of classification is to classify objects found in
the image into a group of previously known classes (Parker J.R., 2011). Custom
object recognition can be accomplished using artificial intelligence or statistical
analysis. Typically, the acquired description of the object will be presented to the
classifier, which can determine with certain degree of accuracy, which object it is.
The classifier is familiar with the objects that can be submitted to it. This process is
called learning.
An example can be the SIFT (Scale-Invariant Feature Transform) method, which
was first used to detect objects in the image scene. According to Noviyanto and
Arymurthy (2013) for the identification of bovine animals, SIFT method achieves the
best results. From the training set of images, vector object vectors are calculated,
which are subsequently searched in test pictures. If the vectors obtained during
training and testing were sufficiently matched, the object was detected and
recognized at the same time. This principle can, however, be equally well used in
classification. From the training sets (one for each class), the signifier vectors are
obtained by the algorithm and are then compared with the vectors counted for the test
set. In the next step, using the selected classification method, it is decided to divide
the elements of the test set into individual classes.
SIFT consists of four main steps (Lowe, 1999 and Lowe, 2004):
1. detection of extremes within scale-space
2. refinement of the location of significant points
3. assigning orientation to significant points
4. compiling a descriptor of significant points
Yu et al., (2013) have published an analysis that shows that the combination of
SIFT and CLBP (Compound Local Binary Pattern) can serve as a useful technique
for recognizing animals in real complex situations. They use enhanced spatial
pyramid matching (ScSPM), which extracts dense SIFT descriptors and mobilestructured LBP (or CLBP) as a local function that generates global functions via
weighted sparse encoding and max pooling using the multi-scale kernel pyramid, and
sorts images according to the linear support vector machine algorithm.
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4 Conclusions
The two test flights conducted to obtain initial data for further analysis provided
several key insights. Even though the UAV flies at relatively high altitude, the engine
noise is still loud enough to startle or scare animals and cause significant movement
of the entire herd. Images taken by a regular camera show that unless animals are
captured on top an area with little to no vegetation, the imagery might be unsuitable
for deployment of image recognition algorithms. Trees and larger bushes provide
cover to the animals and are a significant obstruction. The effect of terrain shadow
also reduces the perspicuity of captured images. Overall the test flights suggest that
for monitoring in forest environments use of regular CCD camera might be
insufficient.
Our research efforts will therefore shift more towards the use of thermal imaging
or night vision imaging using the dynamic light spot method. Both of these
techniques are more likely to provide quality data suitable to be used as an input for
image recognition algorithms. As for the image recognition itself, we are planning to
use the SIFT method as our first option, since it has proven as highly suitable for
successfully recognizing and classifying images of wildlife hoofed animals by other
researchers. The issue is that so far the SIFT method was mainly used for ground
based imagery gathered by regular camera traps. Images taken from aerial view at a
high depression angle may not result in accurate assessments. In case we do not
succeed with this approach we will either adjust the flight specifications (flight
altitude, camera angle etc.) to better suit the SIFT method or look for a different
algorithm altogether.
Acknowledgments. The results and knowledge included herein have been obtained
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Abstract. Rapid development of mobile devices and the emerging trend of
ubiquitous computing has evolved technologies that are always and
everywhere available. Augmented Reality and Internet of Things (IoT) are
such technologies, which either enrich the real-world environment with useful
information or receive from the real-world environment useful information.
The agricultural sector is an area where those technologies can be applied with
tremendous benefits. In this paper, we combine Augmented Reality, IoT with
Semantic Web in order to support the development of knowledge bases and
intelligent applications regarding crops. The ontology in the knowledge base
will be used by our innovative application, in order to advise farmers for the
optimization of their cultivations and at the same time will provide them with
useful information whether the effort to maximize the yield of a particular crop
is economically acceptable in their area.
Keywords: Augmented reality, Agriculture, Sensors, ΙοΤ, Semantic Web

1 Introduction
The optimal growth/performance of a crop, in a small or large area, is affected by the
microclimate of the area (humidity, sunshine, pest growth, etc.). A tomato crop for
example grows very well in hot areas at temperatures between 21 and 24 °C and
requires soil to drain water with a pH between 5.5 and 6.8. However, not all regions
have the optimum conditions required for the development of a particular crop.
Moreover, if the optimal conditions are not present, additional measures (fertilizers,
pesticides) are needed to improve the conditions. When a region's economy depends
on agriculture, then the optimal growth/performance of a crop plays the most
important role in the development of agricultural products trade and affects the local
economy and finally influences the quality of life.
Computer Science supports technologies that can improve the growth/performance
of a crop. In this research, we combine three computer science technologies
(Semantic Web, Augmented Reality and Internet of Things (IoT)) in order to develop
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an innovative mobile application that will improve the crop efficiency. More
specifically, the contribution of this paper is (a) the specification of an ontology that
will support the development and sharing of knowledge about crop performance in a
specific area, (b) the use of sensors in order to get useful information regarding the
microclimate of the area and (c) the development of an extension to our Augmented
Reality application, FarmAR (Katsaros & Keramopoulos, 2017), in order to enable
the use of the specified ontology and to collect the sensors’ data.
The paper organized as follows. In section 2, we briefly discuss the background
technologies, i.e. Augmented Reality, Internet of Things and Semantic Web. In
section 3, we address the importance of Augmented Reality in agriculture and also we
present relevant research work on this field. Next in section 4, we introduce our
prototype application, FarmAR that based on Augmented Reality, IoT and Semantic
Web Technology to improve crop efficiency. Finally, in section 5, we discuss our
preliminary conclusions.

2 Background
Augmented Reality (Milgam et. al. 1993, Benford et. al. 1998) represents the
technology which allows someone to see more of what others see, listen to more than
what others hear, and maybe touch things that others cannot. Such technology could
have a complete understanding of virtual objects within the real world, even creatures
or constructions that would help in your everyday activities and at the same time be
interactive through the movement or speech.
Augmented Reality is mainly used on mobile devices and enriches the visibility of
the natural world with digital information (texts, sounds and video). Although this
technology appeared several decades ago, it became popular in recent years, because
of the rapid spread of mobile devices and technological advances such as sensors,
cameras, gyroscopes and GPS.
Benford et al. (Benford et. al. 1998) define Augmented Reality, distinguishing it
from Virtual Reality, giving the following characteristics of an Augmented Reality
System:
• Combines virtual and real objects in a real environment.
• Synchronizes virtual objects to work in parallel with real ones.
• Interacts in three dimensions and in real time.
The term ΙοΤ (TechTarget 2017) is collectively known as the technology
allowing a network of objects that are connected to the Internet to collect and
exchange data and interact with other Internet services. It includes technologies such
as RFID, sensors and smart phones. The basic idea of IoT is that almost every
physical object in this world can also become a computer that is connected to the
Internet. To be more precise, these items are not computers, but they can have tiny
computers. The combination of IoT and Augmented Reality can enrich the user's
view with more interesting information that is currently being collected by sensors.
An interesting example is the "digital twin" (TechTarget 2017), which is mainly
found for the digital representation of products.
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The Semantic Web is designed to be a network of interlinked structured and
semi-structured data that are semantically annotated. Also, the data structure, in this
model, stores the information for the relation and the interconnection between them.
This information is modeled through the semantic annotation, which applied with the
RDF technology at the data interconnection level, while OWL provides the semantics
for further knowledge representation (Berners-Lee et. al. 2001, Shadbolt et. al. 2006,
Bizer et. al. 2009).
Both RDF and OWL formalisms are designed having in mind applications, which
will be able to interpret and understand the information modeled in the semantically
annotated data. The goal is to provide a web of interlinked structured data, where
applications will be acting independently, on behalf of the humans and for the benefit
of the humans.
More specifically, ontologies are the structural element of the Semantic Web.
However, they are also widely used in the field of Artificial Intelligence, applications
related to knowledge management, e-commerce, information retrieval, natural
language processing and many other fields (Fernandez-Lopez & Corcho, 2010). By
ontology we mean the exact description of things and concepts as well as the
relationships that exist between them. The most well-known definition of ontology, in
computer science, on which other definitions were based, was given by Gruber
(Gruber, 2006) and is as follows:
“Ontology is an explicit specification of a conceptualization.”

3 Augmented Reality in Agriculture
Augmented Reality offers a new way of interacting between man and machine in
many areas. One of them is agriculture. In parallel with the evolvement of modern
Agricultural Technology, the Education in Agriculture can help farmers to specialize
in the use of modern agricultural production tools, farm management and improve
cognitive ability in agricultural products and also helping nonprofessional farmers to
understand modern agriculture and the variety of activities it provides. However, the
cost of education in Agriculture is very high and the conditions (generally in the field
of education), training time, place, are not flexible.
Augmented Reality in Agriculture is a very interesting research topic but not many
relevant papers have been published (Katsaros & Keramopoulos 2017, Nigam el. Al.
2011, Neto & Cardoso 2013, Li 2008, Wu et. al. 2013). Neto & Cardoso (Neto &
Cardoso, 2013) presented an interesting augmented reality application regarding
greenhouses. This application uses a network of humidity and temperature sensors to
perceive the conditions for the development of the botrytis cinerea fungus in tomatoes
and warns the farmer through his mobile device. The prototype of the application used
the Layar SDK (Augmented Reality Framework) to real-time visualize the
environmental conditions of the greenhouse microclimate and to identify any
conditions conducive to the growth of the fungus. Neto & Cardoso attempted to create
an application that approaches a Business Intelligence strategy (Neto & Cardoso,
2013), which consists of data sources (sensors), data storage and data analysis, and
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finally the presentation of the information is developed with a combination of a
mobile device and augmented reality.

4 FarmAR Extension
The FarmAR application (Katsaros & Keramopoulos, 2017) has been developed
using the Android Studio IDE and for minimum API level 19 (Android 4.4). It
consists of two basic modules. The first part uses the Vuforia SDK (PTC Inc, "Vuforia
| Augmented Reality"), in order to identify the subject displayed on the mobile device
camera. In the second part the displayed icon augmented with specific information
based on Apache Jena (The Apache Software Foundation, "Apache Jena"), which
executes SPARQL (DuCharme, 2013) queries using as a service the endpoint of the
Virtuozo Server of the Department of Information Technology of Alexander TEI
Thessaloniki. In this section, we will introduce the FarmAR ontology, we will analyze
how works the FarmAR application and we will show the FarmAR embedded
SPARQL editor.
4.1 FarmAR Ontology
FarmAR ontology was created using the Protégé tool and is available on the
OpenLink Virtuoso Server of the Information Technology Department of the
Alexander TEI of Thessaloniki at the following link http://195.251.123.67/sparql.
FarmAR ontology can be accessed using the PREFIX http://www.semanticweb.org/
katsaros/ontologies/farmar_extented#.
The FarmAR ontology describes the following concepts:
1) Plants (In ontology is defined as Plantae): Each plant is described by data
properties such as its name, scientific name, its use, care information of the plant,
information on sowing and harvesting. Also, there is a "mayDiseased" object that
refers to the concept of "Disease" and correlates it with the possible diseases that
may affect it.
2) Disease (In ontology is defined as Disease): This term describes plant diseases
categorized into categories such as Phosphorous deficiency, Armyworms,
Anthracnose, Bacterial canker, and Barley yellow Dwarf. Each disease is described
by data attributes such as symptoms and treatment.
3) Location (In ontology is defined as Location): describes crop areas and
climatic data for these areas. The most important property of this concept is the
object property "fertile" which refers to the concept "Plants" and associates the area
with a plant and a crop index metric of that plant in that area.
4.2 Identification and Augmentation
The application has three basic functions: plant recognition and knowledge
enhancement, augmented reality of sensor data and access to the knowledge base.
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The augmented reality service, match the photo of a plant, taken from the mobile
device camera, to a known plant and display relevant information for the identified
plant from the knowledge base (Fig. 1). The service has been implemented using
Vuforia SDK. Plant identification method is as follows: Vuforia SDK detects and
tracks the features that are naturally found in the image itself by comparing these
natural features against a known target resource database.
When the application starts, the location of the user is located. Once the plant is
identified, a SPARQL query is sent to the knowledge base and returns information
about the plant such as its name, common diseases, and crop index specific to that
area. The crop index gets decimal values from 1-10 and presents the effort required to
have the particular crop to have the maximum performance in the specific area where
the user is located. The best performance occurs when the pointer is set to 10.
Moreover, an important service of the application is to augment the reality of a
crop with data derived from sensors (temperature, humidity, soil pH, etc.). This
function helps the farmer to improve the conditions prevailing in the growing area and
at the same time contributes to the calculation of the crop index metric from sensor
data (Fig. 2).

Fig. 2. Augmented Reality using sensor information

Fig. 1. Identification of
species and augmentation

plant

4.3 Knowledge Base Access
FarmAR permits the user to run SPARQL queries in the knowledge base. Selecting
the "Knowledge Base" option from the home screen is transferred to the SPARQL
editor. The user can choose between some default queries or write new ones.
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5 Conclusion
The FarmAR application extension exploits Augmented Reality and IoT
technology to identify a number of plants and augment reality with information such
as common name, frequent plant diseases and crop index metric. Thus, a farmer can
see on the screen of his mobile device all the above information about the plant s/he
has detected with camera of her/his mobile device. The application finds all these
information in an ontology that contains an indicative number of instances and
presents them to the users.
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Abstract. Nowadays human activities and the uncontrolled exploitation of
natural resources take place all over the planet. The resulting environmental
degradation is evident in a variety of forms (global warming, extreme weather
events, atmospheric pollution etc.). As a result, today it is more important than
ever, for scientists to gather and analyze environmental data using various
methods in order to solve environmental problems. A new and innovative data
collection methodology is based in the creation and deployment of
computerized networks dedicated in Environmental monitoring and protection.
These computer networks can monitor, locate and inform scientists
continuously regarding a variety of parameters automatically correlate them
and provide a solid background for a better understanding of the causes of
environmental degradation. This paper aims at presenting a series of computer
platforms which have the capability to network, connect with a variety of
sensor arrays and can be reprogrammed in order to fulfill new or evolving
needs. The usage of commercial hardware and software under the GNU/GPL
license for their implementation makes these platforms reliable and low cost.
Keywords: Sensors, Environmental Monitoring, computer platform.

1 Introduction
During the last 20 years there is a constant increase in environmental awareness. This
is mainly caused because societies during these years have witnessed a series of
extreme weather events (rains, drought, extreme temperatures, etc.). These
phenomena have triggered other secondary disasters like forest fires, crop
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destruction, floods, etc. (Harvey, 2016; Hammill et al, 2016; Kumar, 2016; Ioannou
et al, 2010).
A lot of solutions have been suggested for environmental monitoring however all
these solutions are costly and additionally lack the capability to monitor large and
remote areas. For example, Ciabatta et al, use microwave observations for daily
precipitation estimation, Wafi et al, 2015 use image processing in order to create a
disaster surveillance system, Zhang, 2015 uses a combination of sensors and
software for creating an early warning system. Additionally, the economic crisis has
reduced the budget for the environment, leading to services with limited capabilities
both in human resources and in hardware (Cruz-Castro and Sanz-Menendez, 2016,
Burns and Tobin, 2016).
This paper aims at presenting three very popular computer platforms that can be
used for environmental monitoring. These platforms (and their variations, let’s call
them flavors) can be purchased at a very low cost, use an Operating System and
Programming Languages compatible with the GNU/GPL License and include input
and output ports that can be easily reprogrammed by scientists.
Additionally, they also include build in network capabilities, allowing end users
to easily create and deploy computer networks on remote areas. Finally, we will
create a comparison table comparing the most interesting features (processor
architecture, RAM, speed, etc.).

2 Material and Methods
2.1 The Arduino platform
Arduino is an open-source platform used for building electronics projects. Arduino
consists of both a physical programmable circuit board (often referred to as a
microcontroller) and a piece of software, or IDE (Integrated Development
Environment) that runs on your computer, used to write and upload computer code to
the physical board.
The Arduino platform has become quite popular with people just starting out with
electronics. Unlike most previous programmable circuit boards, the Arduino does not
need a programmer in order to load new code onto the board. Additionally, the
Arduino IDE uses a simplified version of C++, making it easier to learn to program.
Finally, Arduino provides a standard form factor that breaks out the functions of the
micro-controller into a more accessible package.
Arduino boards came in many different versions and include an Atmel CPU with
8, 16 or 32-bit architectures. The boards are not capable of running an operating
system, therefore a computer is needed for programming in C++. Arduino uses
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single-row pins or female headers for facilitating connections for programming and
incorporation into other circuits. (www.arduino.cc)

Fig. 1. Arduino Uno I/O pinout (www.arduino.cc)

2.2 The Raspberry Platform (wiki)
The Raspberry Pi is a series of low cost single board computers developed in the
United Kingdom by the Raspberry Pi foundation as a tool for teaching basic
computer science in schools and developing countries. The initial model didn’t
incorporate a network port. The first model to do so was Raspberry Pi Model B,
which was released in 2012 and was capable of networking. All Later models
however included wired and many wireless network capabilities. The entire range of
models include is based on ARM compatible Central Processing Unit (CPU), with
different architectures starting from an ARMv6 32bit architecture for the initial
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model to an ARM Cortex A53 64-bit quad core CPU architecture for the most recent
model (ARM processors).
All Raspberry Pi boards are capable of using Linux as Operating System. The
Raspberry Pi foundation has created a special Linux Distribution called Raspbian,
which is available for download free of charge from their site.
Another alternative Operating System for the platform which is also distributed free
of charge is a special version of Microsoft Windows called Windows 10 Internet of
thing Core Edition.
All Raspberry versions include a General Purpose Input Output (GPIO) bus.
General-purpose input/output (GPIO) is a generic pin on an integrated circuit or
computer board whose behavior including whether it is an input or output pin—is
controllable by the user at run time.

Fig. 2. The initial GPIO pinout of Raspberry Pi Model A (Raspberry Pi Foundation)

The number of pins initially was 20 but increased in later version to. The board can
supply power (3.3 Volts and 5 Volts) through the pins connect to external devices,
etc.
2.3 Pine A64 Platform (pine64.org)
Pine 64 is a family of single board computers initially funded through kicks starter
crowd funding site. The platform is powered from a Quad Core ARM Cortex A53
64-bit CPU similar to the one found in Raspberry Pi. The operating system used is
also compatible with the GNU/GPL License and is based on Linux Kernel. Microsoft
has also released a Windows IoT version of its operating system. The platform also
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supports a Raspberry Pi 2 compatible bus, a platform specific Euler Bus and many
other peripheral devices interface for makers to integrate with sensors and devices.
Finally, the platform also includes wired and wireless networking capabilities.

3 Results
All three platforms share common characteristics; however, they are also
characterized from fundamental differences. We will try to create a comparison table
depicting their similarities and most striking differences. Table 1 contains the
detailed information regarding all Raspberry Pi platforms currently available, the
four more typical Arduino boards and the Pine A64+ boards which are considered as
a more advanced version of the Raspberry boards at a fraction of the Raspberry cost.
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Table 1. Detailed Platform Comparison
CPU

Architecture

Memory

Lan
Ports

WiFi

GPIO

Operating
System

Raspberry Pi
Model A

700 MHz singlecore ARM1176JZ
F-S

ARMv6Z (32
-bit)

256 MB (shared
with GPU)

N/A

N/A

8× GPI
O

Linux,
windows 10
IoT

Raspberry Pi
Model B

700 MHz singlecore ARM1176JZ
F-S

ARMv6Z (32
-bit)

512 MB (shared
with GPU) as of 4
May 2016. Older
boards had
256 MB (shared
with GPU)

10/100
Mbit/s
Ethern
et

N/A

8× GPI
O

Linux,
windows 10
IoT

N/A

17× G
PIO

Linux,
windows 10
IoT

802,11
n

17× G
PIO

Linux,
windows 10
IoT

10/100
Mbit/s
Ethern
et
10/100
Mbit/s
Ethern
et,

Raspberry Pi
Model B2

900 MHz 32bit quad-core
ARM Cortex-A7

ARMv7A(32-bit)

1 GB (shared with
GPU)

Raspberry Pi
Model B3

1.2 GHz 64-bit
quad-core ARM
Cortex-A53

ARMv8A (64/32-bit)

1 GB (shared with
GPU)

ARMv6Z (32
-bit)

512 MB (shared
with GPU)

N/A

N/A

40× G
PIO

8bit

2KB

N/A

N/A

14*1

Linux,
windows 10
IoT
6*2

Atmega32U4

8bit

2,5KB

N/A

N/A

20*1

7*2

ATmega32U4

8bit

2,5KB

N/A

N/A

20*1

7*2

ATmega328
(ATmega168
before v3.0

8bit

0,5KB

N/A

N/A

14*1

6*2

802,11
bgn

Euler
Bus
Expans
ion
Bus
PI-2
Bus

Debian, Ubun
tu, Android,
RemixOS

Raspberry Pi
Zero
Arduino Uno
Arduino
Leonardo
Arduino
Micro
Arduino Nano

Pine A64+

1 GHz singlecore ARM1176JZ
F-S
ATmega328P

1.152 GHz quadcore ARM
Cortex-A53

ARM 64-bit

0.5/1/2GB

1

*1: Digital I/O
*2: Digital I/O with PWM
*3: Analog Input (pins)
From Table 1 it is evident that all platforms share a common characteristic, the
General Purpose Input Output ports (G.P.I.O.). These ports are using sets of pings in
order for the boards to communicate with the environment. GPIO pins have no
predefined purpose, they can be used both as input and output ports and receive
analog and digital signals. However only the Arduino platform is capable of
receiving directly analog input from external sensors without the need for an Analog
to Digital converter. All the boards we study have this capability, but the number of
pins varies between the various models and the makers. For example, the initial
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raspberry pi board had only 20 pins (Picture 1) while the last version incorporates 40.
The number of pins varies between the various Arduino versions, while in the Pine
A64 platform there are a total of 80 pins. Another usage for these ports is the
expansion of the board’s capabilities by using an add-on, which is called “shield” or
“hat”. These add-ons are essentially sensor arrays designed specifically for each
platform. They can be added to the GPIO bus and provide additional characteristics
to the platform. For example, the sense HAT is an add-on board specifically designed
for the Raspberry Pi platform in order to be used by the Astro-Pi mission launched to
ISS in December 2015. This hat provides the following characteristics to an existing
Raspberry board. A gyroscope, an accelerometer, a magnetometer, temperature
sensors, barometric pressure and humidity sensors (astro-pi.org).
Although the boards share same similar characteristics, considerable differences
can be found on their processing performance, i.e. the amount of work accomplished
in each time unit.
Essentially we have two completely different categories, the first is the Arduino
platform, which is very limited performance-wise and therefore it cannot support an
operating system. If performance is an issue, then users must select one of the later
versions of Raspberry pi (Model B2 or Model B3) or the PineA64 board. These
platforms incorporate a quad core CPU with frequencies ranging from 900 MHz to
1.152 GHz and 32 or even 64 bit architectures, allowing the end user to use a
specialized operating system with graphic environment. Additionally, these platforms
also provide a lot of memory for programming purposes and have multitasking
capabilities allowing the simultaneous usage of multiple programing codes and
therefore are ideal to measure real data from various sensors. A classic performance
indicator is the ability of the processor to calculate prime numbers. For this reason,
we used the same operating system (Debian Linux) in a Raspberry Pi 2 (quad core)
and Pine A64 (quad core) for computing prime numbers in the range from 1 to 1000
using custom Python code (Picture 1). The results showed that it took 1.9542 seconds
for the Raspberry platform to calculate all the prime numbers in the given range,
while it took only 0.1962 seconds for the Pine platform. For comparison reasons we
also calculated the prime numbers in the same range using the same OS and and Intel
i5-5200 processor. In this case the CPU needed only 0.1142 seconds for the
calculation (Table 2).
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def is_prime(n):
i = 2
while i < n:
if n%i == 0:
return False
i += 1
return True

n = int(raw_input("What number should I go up to? "))
p = 2
while p <= n:
if is_prime(p):
print p,
p=p+1
print "Done"
Fig. 3. The Python Custom code used

Of course the prime number test used can act only as an indicator. Real world
performance can significantly vary and relies in many parameters including the
optimization level of the code used.
Table 2. Prime Number Results

Platform
Raspberry Pi 2
Pine A64
Intel I5-5200

Time (seconds)
1.9542
0.1962
0.1142

The AgroComp Project
In the framework of the Niarchos Fellowships we are currently developing the
project AgroComp. The main aim of the project is the development of a
methodology that will allow field scientists and researchers to create and deploy
large computer networks in rural areas. The project is implemented around the
Raspberry Pi platform.
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Although it is not the fastest implementation this platform includes an operating
system based on Linux (Raspbian) and many tools for writing and deploying custom
code.
Contrary to the more powerful Pine platform it also embeds WiFi and Bluetooth
communication capabilities, allowing easy networking with other Raspberries in the
area. Additionally, the power requirements of this platform are low and can be easily
covered using photovoltaic panels.
Currently we use the Pi 2 platform, however after the finalization and the
optimization of the programing code we will also use the orange Pi version which
uses far less energy and is cheaper.
Parallel to the development of the computation platforms we will also use a
methodology already proposed in order to locate the best possible installation
locations based on the end user needs. For doing so we must at first determine the
criteria affecting the location of the platforms. Subsequently we must determine the
weight coefficients of the criteria. Next each study area will be divided in a predetermined raster with specified dimensions and each of them will be assigned with a
value using the following formula.
Raster Value, RV = !!!! !! ∗ !!
(1)
Where W is the calculated weight coefficient and X is the value of the raster cell
(criteria value). After the application of the Equation 1, each raster will receive a
value based on its suitability for sensor installation. More suitable for platform
installation areas, should receive a higher rating compared with areas with lower
suitability.
The results of this equation should also be expressed in a map showing the
installation locations. Of course the end user will determine the exact positions based
on the fact that the wireless communication technologies supported by the platforms
have a limited communication range.
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Fig. 4 A map depicting the installation locations.

Having georeferenced properly the entire area, the user can also determine the exact
coordinates of each installation point, in a variety of projection systems.

4 Discussion
Today computers can be found in every aspect of our life and society. The usage of
computers for research purposes is common ground, however there are some
scientific fields where computers cannot be easily used for field research mainly
because the solutions provided are expensive and use proprietary equipment both in
terms of hardware and software.
Recently a new type of computing platforms has emerged. These platforms can
be programmed and used for a variety of applications and at the same time provide
the end user with enough processing power to support a graphical user interface,
wireless communications, database management etc.
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This paper demonstrates the capability to use this type of hardware for creating
and deploying computer networks in remote and rural areas using the Raspberry Pi
platform.
Additionally, we introduce an innovative methodology for locating the optimal
installation sites based on the criteria and the weight coefficients calculated by the
end user.
Acknowledgments. The AgroComp Project is funded by the Eastern Macedonia and
Thrace Institute of Technology in the framework of Stavros Niarchos Foundation
Fellowships.
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Abstract. Temperature sensors are used in a large number of applications and
in a variety of working environments. The quality of these sensors vary
depending on the building material, the firmware used to register them, the
soldering quality etc. In this paper we compare three different commercial
temperature sensors which are connected on a ARM based computer platform.
The three sensors monitor temperature for a period of 17 days (one
measurement per minute) and their measurements are stored in a remote
MySQL database. Additionally, for the calibration and testing of the setup we
measure every 30 minutes the temperature using an infrared thermometer and
data from the Hellenic National Meteorological Service. Custom build
software in PYTHON was used for communicating with the MySQL database,
registering the sensors and recording their values.

Keywords: Temperature Sensor, PYTHON, ARM platform, MySQL.

1 Introduction
There is a constant need for all field sciences (Forestry, Geology, Agriculture, etc.) to
receive, store and analyze field data. Many researches have been made in this field.
Hart and Martinez, 2006 suggest the creation of Environmental Sensor Networks
(E.S.N.) which can be used to study fundamental processes and additionally be used
for the development of hazard response systems. They also underline the need for
this type of networks and their belief that they will become the standard research tool
for future Earth System and Environmental Science. Additionally, ESNs provide new
opportunities for improving our understanding of the environment. In contrast to
remote sensing technologies where measurements are made from large distances (e.g.
satellite imagery, aerial photography, airborne radiometric surveys), ESNs focus on
measurements that are made in close proximity to the target environmental
phenomenon (Zerger et al, 2010). These types of networks produce large data
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streams from diverse sensors using proprietary protocols which are incompatible
with international storage and representation standards. Rettig et al, 2015 suggest the
usage of open source Representational State Transfer (REST) services created
specifically for environmental monitoring. OGC standards are suggested to help
guide future community development for sensor description and registration. In
Greece Ioannou, (2012;2013) Zaimes, et al. 2016 and Kosmadakis et al, 2015
propose the creation of environmental networks that could be used for erosion
monitoring purposes on the suburban forest of Seich Sou in Thessaloniki, Greece.
Sensor networks developed vary greatly in the form of measurements they take as
well as their mobility. Furthermore, there are a vast selection of sensors measuring a
variety of physical phenomena. So there is an increasing need of testing them and
selecting the optimal for each application. In this paper we will demonstrate a
methodology for selecting the optimal sensor based on its accuracy. For this reason,
we compare the measurement accuracy of 3 temperature sensors available
commercially from various vendors. These sensors can easily be installed in sensor
networks and transmit or store their measurements in a variety of storage media
including cloud. The measurements taken for a period of 17 days and they are
compared with a typical mercury thermometer as well as with measurements taken
from the Hellenic National Meteorological Service (H.N.M.S.).

2 Materials and Methods
The sensors used are the mcp9808, the BMP180 and the DHT22 sensors. The
following data are gathered from the datasheets accompanying each sensor.
Microchip Technology Inc.’s MCP9808 digital temperature sensor converts
temperatures between -20°C and +100°C to a digital word with ±0.25°C/±0.5°C
(typical/maximum) accuracy. The MCP9808 comes with user-programmable
registers that provide flexibility for temperature sensing applications. This sensor has
an industry standard 400 kHz, 2-wire, SMBus/I2C compatible serial interface,
allowing up to eight or sixteen sensors to be controlled with a single serial bus.
BMP180 digital temperature and pressure sensor converts temperatures between 40°C and +85°C with a typical accuracy of 0.1°C. The BMP180 is designed to be
connected directly to a microcontroller of a mobile device via the I2C bus. The
pressure and temperature data has to be compensated by the calibration data of the
E2PROM of the BMP180.
DHT22 digital temperature and humidity sensor converts temperatures between 40 °C and +80 °C with a typical accuracy of 0.5°C. Every sensor of this model is
temperature compensated and calibrated in accurate calibration chamber and the
calibration-coefficient is saved in type of programme in OTP memory, when the
sensor is detecting, it will cite coefficient from memory
All of the aforementioned sensors were installed in the same location and
connected to a Raspberry Pi 3 platform. Additionally, for local reference reasons a
typical mercury thermometer was also installed in the same location. A camera
module was used to take snapshots every thirty minutes of the temperature reading
from the mercury thermometer. The measurements were stored locally as well as to a
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remote database server for a period of 17 days (Table 1). After this period, we
performed extensive statistical analysis in an effort to determine the most accurate
sensor array.
Table 1. A part of the 17 days Measurements
Datetime

HNMS Temp.

BMP180 Temp.

MCP9808
Temp.

DHT22
Temp.

18/02/2017 00:00:00

0

1

1.1

4.3

18/02/2017 03:00:00

-1.4

-0.3

-0.2

3

18/02/2017 06:00:00

1

0.2

0.3

3.5

⋮
06/03/2017 15:00:00

14.8

11.6

11.6

13.9

06/03/2017 18:00:00

8.7

8.8

9

11.4

06/02/2017 21:00:00

6.1

7.2

7.4

10

3 Results
In order to propose the most accurate sensor we compared each of the sensors
with measurements taken from the mercury thermometer as well as measurements
taken from the H.N.M.S.
3.1 MCP9808 and BMP180
Initially, the correlation between the temperature values of the BMP180 sensor
and the mcp9808 sensor is going to be tested. Regression among all paired values of
BMP180 and mcp9808 sensors are shown in figure 1. Moreover, pvalue of the
regression is equal to 0.000%, thus we can reject the null hypothesis that the
coefficient is equal to zero. Therefore, it is acceptable that there is a significant effect
between the values of two sensors. In addition, standard error of estimate has been
computed and it is equal to 0.219, computed using equation 1, which means that
there is a high accuracy of predictions. The line that best fits the data is given by the
equation 2.
n

error =

1
!
(Y i − Yi ) 2
∑
n i=1
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(1)

y = 0.973x + 0.2813

(2)

Residuals, which describe the difference between the data and the line, are also
shown in the figure 1.

Fig. 1. Regression line and residuals for temperature values of BMP180 and mcp9808 sensors.

A two-sided t-test has also been conducted to check, whether there is a difference
between the two population means.
Ho: There is no difference between the mean values of the two given sensors.
H1: There is difference between the mean values of the two given sensors.
P-value of this test is 83.16%, thus we cannot reject the null hypothesis.
Moreover, it has been tested if there is a significant difference among the mean
value, the maximum value and the minimum value of each day, between the two
sensors. Besides current temperature value, it is crucial to take valid values for mean,
maximum and minimum value of each day. P-value for each test is presented in table
2.
Table 2. P-value of t-tests for mean, maximum and minimum temperature values between
BMP180 and mcp9808 sensors.
Temperature
Mean
Maximum
Minimum

P-value
98,76%
84,48%
85,73%
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Therefore, there is no significant difference between the mean values of the two
sensors. In figure 2 mean, maximum and minimum values per day of BMP180 and
mcp9808 sensors are shown.

Fig. 2. Mean, maximum and minimum temperature values of BMP180 and mcp9808 per day.

Finally, in the below box plots (figure 3), median and quartiles of temperature
values for each sensor per day are shown. We can see that the degree of dispersion is
almost the same for each sensor.
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Fig. 3. Box plots for BMP180 and mcp9808 temperature values per day.

3.2 MCP9808 and DHT22
Initially, the correlation between the temperature values of the mcp9808 sensor
and the DHT22 sensor is going to be tested. Regression between all paired values of
mcp9808 and DHT22 sensors are shown in figure 4. Moreover, pvalue of the
regression is equal to 0.000%, thus we can reject the null hypothesis that the
coefficient is equal to zero, which means that there is a significant effect between the
values of two sensors. Additionally, the standard error of estimation has been
computed and found to be equal to 1.034. Residuals, which describe the difference
between the data and the line, are also shown in figure 4. The line that best fits the
data is given by the equation 3.
y = 0.9642 x − 2.366
(3)
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Fig. 4. Regression line and residuals for temperature values of DHT22 and mcp9808 sensors.

A two-sided t-test has also been conducted to check, whether there is a difference
between the two population means.
Ho: There is no difference between the mean values of the two given sensors.
H1: There is difference between the mean values of the two given sensors.
P-value of this test is 0.000%, thus we reject the null hypothesis, which means that
there is a significant difference between the means of temperature values of the two
sensors.
The difference between the two sensors is examined further by taking the
difference between each pair and then computing the mean and the standard
deviation of all those differences. The mean of the differences of the paired values
(DHT22 - mcp9808) equals to 2.83 and the standard deviation equals to 1.053. A chisquared test was conducted to test whether the differences of paired values follow a
normal distribution. Interpreting test results, we can assume that pvalue = 0.000%,
therefore Ho is rejected, as the set of differences are not normally distributed. The
kurtosis of the distribution of the values is equal to 9 and it is leptokurtic, as can be
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seen in figure 5.

Fig. 5: distribution of temperature differences for DHT22 and mcp9808 sensors.

In figure 6 (a) mean, maximum and minimum values per day of mcp9808 and
DHT22 sensors are shown. It is obvious that DHT22 sensor returns greater values
than mcp9808. This can also be seen in figure 6 (b), in which the box plots of
temperature values are plotted.

Fig. 6: (a) Mean, maximum and minimum temperature values of DHT22 and mcp9808 per
day. (b) Box plots for BMP180 and mcp9808 temperature values per day.
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3.3 BMP180 and DHT22
Similarly, to the previous sections, the regression line between the temperature
values of the BMP180 and DHT22 sensors is y = x - 2.926 with pvalue = 0.000% and a
standard error estimation equal to 0.375 (fig 7). Moreover, the t-test has shown that
the values of the two sensors have different average values. It was calculated that the
differences of paired values returned by the two sensors follow a normal distribution
with mean value equal to 2.921 and a standard deviation equal to 0.375.

Fig 7. Regression line and residuals for temperature values of BMP180 and DHT22 sensors.

3.4 Comparison with a typical mercury thermometer
In this section, a comparison among real temperature and temperature computed
by BMP180, mcp9808 and DHT22 will be done. Real temperature has been
recorded, using a camera module v2, connected to raspberry pi 3, to take pictures of
the mercury thermometer every 30 minutes.
To determine whether the distribution of the BMP180, mcp9808 and DHT22
sensor values is statistically identical to the distribution of actual values, a series of
appropriate tests were conducted for each day separately. In cases where the sensor
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values follow a normal distribution, an Oneway ANOVA test was conducted,
otherwise a Kruskal-Wallis H-test was carried out when the sensor values were not
normally distributed.
The test results showed that the BMP180 sensor returns values whose distribution
more closely approximates the distribution of the actual values compared with the
values returned by the mcp9808 sensor. Moreover, the distribution of the DHT22
sensor values less closely approximates the distribution of a typical mercury
thermometer compared with sensors BMP180 and mcp 9808.
In the below box plots (figure 8), median and quartiles of temperature values for
each sensor compared with data from a typical mercury thermometer per day are
shown.

Fig. 8: Box plots for mercury thermometer, BMP180, mcp9808 and DHT22 temperature
values per day.

Furthermore, a regression analysis for each sensor values was conducted to find
the correlation with the temperature from the mercury thermometer (figure 9).

Fig. 9: Regression lines for each sensor values and a mercury thermometer.
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Table 3. Mean and Standard deviation of differences of paired values between mercury
thermometer and each sensor for 5 days period.
Day 1

Day 2

Day 3

Day 4

Day 5

Mean

St. d.

Mean

St. d.

Mean

St. d.

Mean

St. d.

Mean

St. d.

Mercury BMP

0.055

0,769

0,427

1,049

0,635

1,907

0,879

1,814

0,433

2,482

Mercury - mcp

-1,523

0,749

-1,134

0,996

-0,853

1,759

-0,664

1,732

-1,101

2,406

Mercury - DHT

-3,045

0,838

-2,554

1,066

-2,163

1,989

-1,906

1,851

-2,706

2,551

3.5 Comparison with the data of the Hellenic National Metereological Service
Finally, a comparison was made among the values published on the website of the
Hellenic National Meteorological Service (HNMS). Observed values were counted
over a period of 17 days at a rate of one value every three hours. The average and the
standard deviation of the differences of paired values are shown in Table 4. Finally,
for each sensor, a regression was made, whose data are shown in Table 5 and results
in Figure 10.
Table 4. Mean and Standard Deviation of differences of paired values between H.N.M.S data
and each sensor.
Mean

Standard Deviation

H.N.M.S. - BMP

0.173

1.243

H.N.M.S. - mcp

1.218

1.411

H.N.M.S. - DHT

2.085

1.602
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Table 5. Regression lines and standard errors of estimation between H.N.M.S data and each
sensor.
Regression

Standard error of estimate

H.N.M.S. and BMP

y = 0.986x - 0.154

1.374

H.N.M.S. and mcp

y = 0.96 - 0.829

1.455

H.N.M.S. and DHT

y = 1.068x - 2.948

1.574

Fig 10. Regression lines for each sensor values and H.N.M.S. Data

4 Discussion
The analysis presented is an effort to estimate the accuracy of three low cost
commercial temperature sensors when compared to a typical mercury thermometer
and H.N.M.S data. Although temperature measurement accuracy is not of great
importance for agriculture and forestry usage (meaning that normally a difference of
0.5 or 1 degree Celsius does not have a measurable effect on crops or forests), its
measurement is of great importance when we try to determine the quality of the
sensors and select the best.
All the aforementioned sensors were installed on the same location and data were
gathered using PYTHON code and stored to a local MySQL database.
From the extensive statistical analysis, it was found that the sensor which presents
the most accurate readings and therefore it is suggested for usage is the BMP180
sensor array which provides a standard error of estimation of 1,3 degrees Celsius
when compared to data from H.N.M.S. Thus it can be used for any type of
application that requires temperature accuracy of 1,3 degrees from the real H.N.M.S
measurements.
The accuracy of the sensor might be proved to be even higher if we could use
H.N.M.S. data from a station located in the same area as the sensor. However, the
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closest H.N.M.S. station to our sensors was located in Doxato approximately 11 Km
away, at an altitude of 86.91 meters, thus the temperature data might vary.
In the future, testing could also be performed in a controlled environment in order
to determine the sensors accuracy near the end of the measurement scale.
Finally, there is also the capability to use a constant inside the PYTHON code in
order to correct the differences between measurements from sensors and H.N.M.S.
Acknowledgments. The AgroComp Project is funded by the Eastern Macedonia and
Thrace Institute of Technology in the framework of Stavros Niarchos Foundation
Fellowships.
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Abstract. The aim of the research is a modeling of online social networks
(OSNs) users posting behavior. The research is based on the data retrieved
from two most popular Russian-speaking OSNs – Vkontakte and
Odnoklassniki. The article explores the distribution of the users, their posts,
friends, and groups. To check the common hypothesis that content creators are
also the main channel of information propagation, we have applied Kohonen
maps. Users clustering allowed identifying the types of their posting behavior;
in particular, we distinguished “writers” from “propagators” and “readers”.
The research has shown that the cluster of “writers” was the smallest in both
OSNs; however, these users generated the main content. Next in number was a
cluster of “propagators”, contained users with the largest number of reposts.
Among those who are actively interested on a given topic, the most numerous
group was “readers”, however, the absolute majority of users stayed
“indifferent”; they could be considered as a potential audience. Obtained
results can be used for Green Technologies promoting in society enforcing
their wide implementing.
Keywords: users posting behavior, online social networks, generation and
dissemination of information, clustering, neural networks, Kohonen maps.

1 Introduction
Despite high expectations and a huge amount of publications on environmental
safety, which is one of the main aims of National Agendas in many countries, it
should be admitted that the general attention to green technologies decreases in
recent years (Figure 1).
The previous study (Kononova et al., 2016) showed that there was no significant
correlation between indices of Green Technologies and Environmental Sustainability
at the macro level. Nevertheless, it was observed at the micro level, emphasizing the
importance of Green Technologies promotion not only on the state level but also in
society. Taking into account the fact that more than a quarter of the world population
are users of several online social networks (OSNs), they offer one of the most
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effective channels of opinion forming. However, to find the optimal (shortest and
cheapest) way to promote any idea via OSN, its structure and users posting behavior
should be studied in details.

Fig. 1. Google trends on “Environmental Technology” and “Green Technology” search
queries, 2004-2017 (Google, 2017)

Nowadays numerous researchers deal with agents behavior, studying its
properties, motivation and significant factors. However, despite the growing number
of scientific publications in this field, relevant research is fragmented and there is not
yet a holistic understanding of agents behavior. At the same time, big social data
accumulation in recent years has formed a separate interdisciplinary research
direction – Social Media Mining, which studies social networks structures, users’
profiles and their behavior. Content, generated by users of social networks, is an
important source of information, which could be effectively used to identify implicit
patterns of users posting behavior.
The research includes the data about users’ profiles, their posts, and comments
retrieved from two the most popular Russian-speaking social networks Vkontakte
(VK) and Odnoklassniki (OK). The purpose of the study is modeling of users posting
behavior with the data collected from the OSNs on a given topic (which is not
environmental issues, but more popular one). To achieve it, the following tasks were
set:
− to download the users’ profiles residing in the target regions;
− to download the posts from users’ pages;
− to recognize the posts on a given topic using preliminary developed
dictionaries;
− to identify active on a given topic users;
− to identify and describe the types of their posting behavior.
This paper is organized as follows: in the next Section we explain the previous
studies on social streams; in Section 3, we present the methodology of data collection
and preparation; in Section 4 you can find frequency analysis results; the posting
behavior of VK and OK users is described in Sections 5 and 6; and finally, we
discuss the results and conclude the paper in Section 7.
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2 Related works
Online social networks have attracted considerable scientific attention. Earlier
works (Kumar et al., 2003, Gruhl et al., 2004, Adamic et al., 2005) have focused on
the information propagation behavior in blog-sphere and studied the information
epidemics using classical Diffusion of Innovation model. Kumar studied the
“burstiness” of blogs analyzing the evolving link structure. Gruhl focused on the
propagation of topics from one blog to the next based on the text of the weblog rather
than its hyperlinks. Leskovec (Leskovec et al., 2008) analyzed networks structure of
about 45 thousand blogs and 2.2 million postings and offered a model of network
evolution.
Guo (Guo et al., 2009) analyzing posting behavior has shown strong daily and
weekly patterns; however, for re-posting, the temporal patterns have not been
observed. They also distinguished two groups of users: steadily posting in the
network, and inactively posting (the rest ones posted occasionally). Bamsuk
(Bamsuk, 2012) also investigated temporal characteristics of posting behavior
making comparisons blogosphere vs. Twitter, commercial blogs vs. non-commercial
blogs. Benevenuto (Benevenuto et al., 2010) used clickstream data from a social
network aggregator to compare user behavior across different online social networks.
To understand user behavior, Papagelis, (Papagelis et al., 2011) investigated the
causality between individual behavior and social influence by observing the diffusion
of innovations among social peers. Liu (Liu et al., 2010) predicted user’s interest
based on click behavior. Assuming that user behavior is mainly influenced by three
factors: breaking news, posts from social friends and user’s intrinsic interest, Xu (Xu
et al., 2012) proposed a mixture topic model to analyze users posting behavior.
Roman (Roman et al., 2012) presented a stochastic model based on decision-making
psychology to describe content posting dynamics on OSNs.
However, analyzing posting behavior, most of the studies are based on analytical
models focusing on the ways of users connections, the structure of the networks and
how it evolved over time. Driving by initial assumptions about users posting
behavior they insist on a sensible but doubtable hypothesis that content creators are
the same users who play an important role on information propagation. Our study,
going from the data, offers a bit different view on this issue separating those who
write and those who deliver the information to the majority of readers.

3 Data collection and preparation
The research includes the data retrieved from two most popular Russian OSNs –
Vkontakte and Odnoklassniki concerning a specified topic (political issues in crossborder regions). VK and OK are relatively similar social networks, both providing
the following data in an accessible form:
− user’s ID;
− geolocation;
− the list of the user’s friends;
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− the list of the user’s groups;
− user’s posts.
All profiles and posts of those users, who indicated the target geolocation, were
downloaded from these two networks. The sample includes 248k Vkontakte profiles
and 238k Odnoklassniki profiles. First, both datasets were cleaned from
uninformative posts:
− which did not contain textual information (only links, pictures, audio, etc.);
− that language did not match the analyzed one (to identify posts in Russian, the
poliglot library of python was used).
Then, using the tokenizer module of the nltk library of python, we have split the
sentences into separate words and removed extraneous characters (punctuation
marks, emoticons, etc.). With the pymorphy2 library, the words were lemmatized; all
the letters in the words were converted to a lower case. As a result, we have two
datasets (for VK and OK), which meet the following requirements:
− textual format;
− the language of the posts is Russian;
− the words are in a single word form;
− all extraneous characters are deleted;
− all words are written in lower case.
−

4 Frequency characteristics of profiles and posts
After datasets preliminary preparation, we have found and calculated the posts
containing the words from a pre-compiled thematic dictionary (Table 1).
Table 1. A fragment of the VK dataset
Id
195269137
187704426
17241807
35833523
906761
23419701
51258489

Num of
friends

Num of groups
49
53
193
332
300
273
536

3
10
1
1
3
4
10

Num of posts
992
949
925
789
773
754
735

Num of
friends' posts
1439
62
593
726
291
55
754

Analysis of the datasets frequency characteristics has shown that more than 40%
of VK users and 25% of OK users did not have friends putting under doubts the
relevance of their profiles (Figure 2). However, in general, the distribution density of
friends is described by Gaussian low; it indicates the relevance of the sample.
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Fig. 2. Distribution of users’ friends

Almost 60% of both OSNs users were not subscribed to the groups specializing on
a given topic (Figure 3).

Fig. 3. Distribution of users by thematic groups

At the same time, about a quarter of a percent of users participated in more than
500 thematic groups; it allows making an assumption about the non-random nature
of their behavior.
The thickening tail of the posts distribution leads to considerations about the
engagement of users who have written more than 500 posts on a given topic (almost
5% of VK users, Figure 4).
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Fig. 4. Distribution of posts on a given topic

In general, a preliminary study has shown that 10% of users generate 70% of the
content (Figure 5). Taking into account that some users were posting 5-10 times per
day, it could be assumed that posting was kind of work for them.
The preliminary research has allowed concluding that the distributions of posts
and thematic groups were non-random, initiating a more detailed study of users
posting behavior.

Fig. 5. Summary statistics for VK and OK users

5 Posting behavior of VK users
To identify and describe the types of posting behavior we have decided to use a
neural network approach, in particular, Kohonen maps, which allow revealing hidden
regularities in the data. Maps are very easy to interpret, because
- each map is a visualization of one of the user's parameters;
- each hexagonal cell contains a certain, in general not the same, number of users;
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- the users location is the same at the all maps;
- the color of the cell corresponds to the value of clustering parameter (the scale is
indicated at the bottom of each map).
After a series of experiments with VK sub-sample (formed from users who had
more than 200 posts), the following set of maps was obtained (Figure 6).

Fig. 6. Set of Kohonen maps, which are describing the behavior of VK users

The analysis of VK clusters cores (Table 2) allowed describing the following
types of users posting behavior: “writers”, “propagators”, “readers” and
“indifferent”.
Table 2. Characteristics of VK clusters
Clusters
Writers (81 users, 6.9%)
Propagators (83 users, 7.1%)
Readers (113 users, 9.7%)
Indifferent (890 users, 76.3%)

Num of
friends

Num of
groups

509
160
436
130

10
70
20
10

Num of
posts
500
272
208
107

Num of
friends'
posts
84
160
1455
119

Let us consider the features of the clusters. Seven percent of users got to the
cluster of “writers”. Although this cluster is the smallest, its users have generated the
main content on the given topic. In addition, they more often then other left
comments when reposting. It is interesting that these users have the largest number of
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friends, which could be explained by opposite reasons – either their writings are
supported by the community or they expand the channels of information diffusion
themselves.
Next in number is a cluster of “propagators” (also about 7%); these are users with
the largest number of reposts from thematic groups. Unlike other users, they have
few friends focusing on the concentrated content collection from thematic groups and
its further reposting.
Among the people who are actively interested on a given topic the most numerous
group is “readers” (about 10%) whose news feed is full of friends’ posts. Unlike
“propagators”, they are focused on the consumption of information, rather than on it
distribution.
However, the majority of VK users (more than 76%) were indifferent to the
subject and did not show any activity at all.
Graphically identified types of behavior are shown in Figure 7.
1600
1400
Num of friends
1200

Num of groups

1000

Num of posts
Num of friends' posts

800
600
400
200
0
Writers (81 users, 6.9%)

Propagators (83 users, 7.1%)

Readers (113 users, 9.7%)

Indifferent (890 users, 76.3%)

Fig. 7. Average VK clusters characteristics

6 Posting behavior of OK users
The neural network of the same architecture testing on OK dataset has shown
comparable results. There are also clusters of “writers”, “propagators”, “readers” and
“indifferent” users. This indicates the stability of the identified types of posting
behavior. A set of Kohonen maps built on the OK dataset is shown in Figure 8.
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Fig. 8. Set of Kohonen maps, which are describing the behavior of OK users

The analysis of OK cluster cores (Table 3) shows that in general, the
characteristics of the detected clusters are similar on both OSNs. The only significant
difference was observed in the number of user’s friends: in VK the biggest number
of friends had “writers” and “readers”, then in OK this indicator took the maximum
for “propagators”.
Table 3. Characteristics of OK clusters
Clusters
Writers (8 users, 2.9%)
Propagators (17 users, 6.2%)
Readers (28 users, 10.1%)
Indifferent (223 users, 80.8%)

Num of
friends

Num of
groups

121
455
83
73

2
26
1
1

Num of
posts
505
101
225
127

Num of
friends'
posts
31
60
990
20

Graphically identified types of OK users posting behavior are shown in Figure 9.
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Fig. 9. Average OK clusters characteristics

7 Conclusions
Analysis of frequency characteristics of 248k VK profiles and 238k OK profiles
has shown that more than 40% of VK users and 25% of OK users did not have
friends; about a quarter of a percent of users took part in more than 500 thematic
groups. In addition, the distribution of posts had the fat tail, identifying the users who
had written more than 500 posts on a given topic. These facts actualized the need for
a more detailed study.
Experimenting with different architectures has allowed creating Kohonen neural
networks of the same structure (Figure 10) to identify users posting behavior on both
OSNs (VK and OK).
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friends'
posts

Indifferent

Fig. 10. Kohonen neural network, which is describing users posting behavior

Comparing the clustering results on both social networks, we note that the
identified types of users behavior, namely: “writers”, “propagators”, “readers” and
“indifferent”, have proved to be stable. In addition, we distinguished “writers” from
“propagators” and “readers” not proving the common hypothesis that content
creators are also the main channel of information propagation.
It was shown that on both OSNs the cluster of “writers” was the smallest,
however, its users had generated the main content on a given topic (the number of
their daily posts allows making an assumption about their bias); in addition, they
more often than others left comments when reposting. The main identifying criterion
of this cluster was the number of posts generated by one user.
Next in number was a cluster of “propagators”, which contained the users with the
largest number of reposts from thematic groups. The main clustering criterion here
was the number of thematic groups subscribed by the user.
Among those who were actively interested on a given topic, the most numerous
group were “readers” whose news feed was full of relevant posts. The main
clustering criterion here was the number of user friends’ posts on the given topic.
However, the absolute majority of both OSNs users were indifferent to the topic;
they could be considered as a potential audience (Figure 11).
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Fig. 11. VK and OK clusters characteristic

Experimental data and obtained conclusions can be used both in the theoretical
analysis (substantiation of behavioral axioms and hypotheses) and in research of
applied problems related to the posting behavior of social network agents for the
development of effective mechanisms for the information flows formation. It could
be of help in Green Technologies promoting in society enforcing their wide
implementing.
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Abstract. Recent advances in technology have made possible the
implementation of e-Government services to citizens, businesses and public
agencies, facilitating cross-border transactions and necessitating the transfer of
confidential and personal data. Such services require the efficient validation of
data through authentication. Recently, the European Commission provided to
the Authorities of Member States the appropriate regulation and systems for
cross-border transactions. Literature review shows that there is an increasing
interest in such systems for health, social services, agriculture, and life
sciences in general. This article proposes cross-border authentication services
through three specific case studies. The eminency of the respective services
mainly lies to the fact that they are secure, easy-to-use and authenticated,
circulating confidential and personal data, through public agencies of European
member states. These services use cloud computing technology fighting the
incompatibility of diverge environments and thus facilitating the provision of
primary health care services, the mobility of European citizens and legitimate
refugees and the authentication of agricultural farmers around the European
Union.
Keywords: e-Government systems, Authentication, Electronic Identification,
Cloud Computing, Health Care, Refugees’ Mobility, Farmers.

1 Introduction
Few decades ago, Information and Communication Technology (ICT) complex
applications have been implemented to eliminate manual work in areas of continued
globalization, such as e-commerce, e-banking, e-health, e-justice, e-forensics and ecrime. The availability of e-government mixed (automated and manual) models,
capable of meeting complex requirements (e.g. security), extended global research
activity to new areas, such as e-agriculture, e-environment, e-forestry, and logistics.
Benefited stakeholders include public agencies, food companies, agricultural
organizations and enterprises, farmers, and citizens and businesses in general.
Recently, innovative e-government applications are aiming to fully automate public
services by removing administrative burdens and improving time response from
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Government to Citizens (G2C) and Government to Business (G2B). Automation,
integrity and time efficiency of relative services, necessitate the implementation of
supporting administrative Government to Government (G2G) services necessary for
the implementation of the previously mentioned G2C and G2B services.
Recently, e-government systems had already come at an unpresentenced rate.
Sideridis et al. (2015) state that national and local governments need further
integration of e-government systems for "enhancing citizens’ daily activities and
creating the appropriate basis in public administrations for the development of
knowledge based economies". ICT innovations, like cloud computing, Big Data and
Internet of Things (IoT), were incorporated to the appropriate structures of complex
e-government systems, extending existing e-government services, or designing new
ones. Developments through European Commission (EC) projects have made
possible the use of secure, easy-to-use and authenticated e-transactions exchanging
confidential and personal data in urgent activities, such as citizens’ mobility and
products logistics and transportation. To this end, since October 2016, developed
platforms of e-AUthentication (e-AU), e-SIGNature (e-SIGN) and e-IDentification
(e-ID) were publicly available to Member States of the European Union (EU)
[STORK 1.0 (a,b,c), 2016 and STORK 2.0 (a,b,c), 2016]. Based on these platforms,
Sideridis and Protopappas (2015) have proposed e-government services using cloudcomputing technology to support Smart Cross Border e-Government (SCBeG)
systems. Using SCBeG systems is a promising solution for the secure exchange of
sensitive data among public agencies, businesses and citizens for cross-border G2C,
G2B and G2G services. Also, latest developments in SCBeG systems encourage
further research and attention for the implementation of the appropriate models and
services of direct and immediate need. Such case is the development of systems for
expanding business frontiers or/and facilitating legitimate movement of citizens between the
EU Member States (Sideridis et al., 2017).
In this article, three indicative examples are proposed from health, social and
agricultural sectors. Specifically, the first example illustrated supports health services
capable of meeting the requirements of any European citizen (European Union,
2011), (European Patients, 2016) crying for primary health care help and treatment's
arrangement, as he/she is moving around the EU, regardless his/her state of origin.
Due to the very sensitive nature of personal health data, medical records, files and
information regarding specific examinations and tests, SCBeG system should be
based on high level security e-AU, e-SIGN and e-ID platforms, such as those
provided by the European project STORK. Thus, e-government primary health care
services will be provided to any citizen of the EU during his mobility to any Member
State without the obstacle of the unavailability of his medical files. The importance
of such services is evident, particularly in cases of emergency and need of immediate
medical attention (Tauber et al., 2012).
The second example presented in this paper aims to support services of legitimate
mobility of non- European citizens to the Member States of the EU. In particular, the
main G2C service, provided by the SCBeG system, concerns refugees’ mobility, i.e.
to the effective management of the movement of thousands of Syrian and Iraqi
refugees across Europe. This service allows accurate registration of refugees, data
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authentication and their identification for any future movement across the EU
according to the decision of Heads of States or Governments in the relevant Summits
of March the 7th and 18th, 2016, in Brussels (European Council a, 2016). At the
same time, refugees’ identification will allow them to be issued a work permit and to
establish themselves legally in accordance to the 1951 Geneva Convention relating to
the Status of Refugees, their rights and the legal obligations of Member States. This
problem necessitates immediate action and therefore, the proposed in this paper
SCBeG system is of immense urgency and importance.
The third example describes farmers’ cross-border authentication services.
Recently, an EU pilot for authentication services to farmers has estimated that digital
certificates for farmers could save 400 hours a year in time needed to complete the
application, and that such services can reduce cross-border administrative burdens
for farmers and public agencies (G2B and G2C), provide easy digital access to a
wide spectrum of documents and services, simplify login process for foreign farmers,
as well as reduce time, effort and cost for foreign users (e-SENS, 2017a; 2017b).
Also, authentication services, can contribute to the agri-market integration across
Member States, since the EU agri-food sector is quite problematic regarding crossborder barriers for trading, due to food quality and safety. In this context, an
agricultural e-service authentication process concerning EU farmers is described.
The structure of the paper is as follows. Section 2 describes the three examples
for authenticating cross-border electronic transactions in health, social services and
agriculture. In section 3, the architecture, functionality and implementation of the
SCBeG system is presented. This system supports the implementation of the services
proposed in the aforementioned examples. Discussion follows in section 4 where, at
the same time, an attempt is made to encourage researchers to participate in similar
projects and stimulate further ideas, discussions and implementations.

2 Application Areas
2.1 Primary Health Care Services
Primary Health Care in most of the EU Member States is usually provided by Local
Community Health Centres (LCHC). The medical personnel of a LCHC usually
employs general practitioners as family doctors and, in most of the cases, specialists
covering the basic medical doctor's specialties. LCHCs are functioning under the
umbrella of integrated National Public Health Care (NPHC) systems. In absence of
LCHC's services, or even if complementary to them, private enterprises, usually
called Diagnostic Centres (DCs) are filling the gap (a DC is consisting of a number
of medical doctors of the basic specialties forming a consortium). In urban areas and
cities patients are usually directly addressing to Outpatient Departments or, in case of
emergency, the Emergency Units of nearby Hospitals. All health organizations
(LCHCs, DCs, hospitals etc.) are accommodated under the umbrella of the respective
NPHC system.
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In all cases above, by this first aid step health service provision, patients are
locally treated or guided to secondary and tertiary care in accordance with a
diagnosis made by health professionals of the above units. Patients are so addressed
in allied health professions chiropractic, physicians, physician associates, dentistry,
midwifery, nursing, medicine, optometry, pharmacy, psychology etc. Prior and
during the actual patient's guidance, a "front-office primary health care service",
apart from being capable to decide who the appropriate addressee is by checking his
social security number and verifying identity data, it should also provide to him
patient's medical record and file. Then, the specialist, or any health advisor acting as
the addressee, should be able to properly advice, treat or redirect his/her patient as
appropriate.
Recently, a Greek initiative aiming at automating the front-office service offered
so far to patients by the administration of LCHCs manually (Yialouris and
Chatziandreou, 2017) has been established. This initiative implements a simple egovernment service alleviating administrative burden of both administration and
patient, and accelerating the decision process of the actors (patient-administratorspecialist) and the final outcome (diagnosis, treatment or guidance for help outside
the LCHC). In other words, the service under development suggests to patients the
selection of the appropriate specialist arranges the appointment with him/her in
accordance to his/her availability and carries out the necessary transfer of patient’s
medical record. There is a number of legal and technical issues to be carefully
considered, like the proper consideration of medical record’s upgrading by eligible
persons, as well as the capability of DCs to directly upload to patient’s medical file
their examination results.
The implementation of the above described e-Government front-office primary
health care service to patients looking for a proper advice and treatment in LCHC or
any other similar organization, is expected to be ready and put into practice, for a
pilot period of six months, by spring, 2018. In summary, according to this G2C
service, when a European citizen or any other legitimate person of Member State A
or MS A, is moving to MS B, should be offered health care services in a more
efficient and direct way while his medical file will be available to authorised
personnel. Steps followed are shown in Fig. 1 where:
• Any authorized user of the MS A can access a protected resource (medical
file) from the MS B through the NPHC system.
• The system forwards the request to the Cross-Border Authentication
System.
• If the authentication is valid then the medical file of the specific individual
is accessed in the MS B NPHC system.
• Consequently, the medical file is sent to the MS A's authorized user.
During the first stages of implementing the e-Government front-office primary
health care service described above, a question was raised with regard to system's
commitment to provide such a service in case of a patient's mobility to a different EU
country or, even if elsewhere, than that of his/her own state of origin. SCBeG
systems providing such services seem to present the appropriate basis in also dealing
with "cross-border front-office primary health care services" of a kind such that
described above (Sideridis et al., 2015). Security issues and strict national law with
regard medical record’s sensitive personal data, authentication of data, final patient’s
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identification and more general interoperability problems are very effort consuming
problems under serious consideration. Obviously, e-government services
necessitating merge of heterogeneous computer environments, as those of different
states needed to cooperate in offering primary health care services to European
citizens moving around the EU, will face difficult interoperability problems. Cloud
computing incorporation will elevate and adequately help (Sideridis et al., 2017).

Fig. 1 Medical File Authentication Process in Primary Health Care

2.2 Mobility services
Security and privacy are key enablers of SCBeG systems while one of their main
objectives is to provide secure citizen mobility by utilizing state-of-the-art tools and
models to deliver a safe environment for transactions and movement across EU
member states using the existing platforms on e-AU and e-SIGN. STORK 2.0 has
implemented successfully e-ID. Thus, the proposed systems could significantly
support the authorities, utilizing national e-IDs, to monitor the transactions of any
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citizen and authorized personnel, under improved security measures and enhanced
capabilities of Cloud Computing (Sideridis et al., 2017).
Recently, efforts are made in creating interoperable environments and satisfying
requirements for G2G, G2B and/or B2B models of operation. Respective
applications will mostly benefit Small and Medium Enterprises (SME) and this will
contribute to combat unemployment (free movement of young people without the
burden of bureaucratic restrictions and full use of e-ID). Similar systems strengthen
the foundation of the authors’ proposal for the implementation of an e-government
system to support the effective management of legitimate movement of thousands of
Syrian and Iraqi refugees across Europe, entitled “REfugees MObility eGovernment” (REMOGO) system (Sideridis et al., 2017). Services offered by
REMOGO allow accurate registration of refugees, data authentication and their
identification for any future movement between the EU countries according to the
decision of Heads of States or Governments in the relevant Summits of March the
7th and 18th, 2016, in Brussels (European Commission a, 2016). At the same time,
authentic refugee's identification will allow them to be issued a work permit and to
establish themselves legally. This problem necessitates immediate action and
therefore, the proposed SCBeG system is of immense urgency and importance.
Figure 2 illustrates the authentication process of a refugee using the REMOGO
system.

Fig. 2 Authentication Process by REMOGO system

In general, SCBeG systems will be able to capture, analyze and authenticate cost
effectively, constantly changing (due to mobility) data, just in time with streaming
computing. Confidence should be built in the ability to integrate, understand, manage
and govern these massive data, stored in various devices and public organizations
across the globe, in a proper way throughout its lifecycle. Big Data platforms fit
better than any other platform available for the management and processes of such
data. Certain limitations resulting from the use of Big Data, like the five key
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elements of Big Data platforms used (high volume, high velocity, high variety, high
complexity and high variability) should be dealt with the use of certain smart
efficiency tests of capture analysis, data curation, sharing etc.
2.3 Farmers’ Authentication Services
The increased demand for high-quality, safe, and eco-friendly products comprises a
great challenge for the food industry that activates in a dynamic, globalized and
complex supply chain environment. Till today, full transparency has not been
achieved for cross-border and global food supply chains, where it is vital for
stakeholders (e.g. farmers) and consumers to be able to have access to consistent,
complete, accurate and timely food quality tracking and tracing information (Xu et
al., 2014). EU is the world's largest exporter of food and drink products, the second
largest importer, and the leading exporter of processed agricultural products. Still, the
EU food and drink industry faces problems in the supply chain regarding
transparency, lack of attractiveness for skilled workers and low market integration
across member states. (European Commission, 2017a; 2017b). Specially, according
to Egan and Guimarães (2017) the agri-food sector is the most problematic regarding
cross-border barriers for trade, resulting from national differences concerning food
quality and safety among Member States. In particular, Italy, France, Germany, and
Greece account for 64 percent of the barriers in the agri-food sector. Seamless
authentication is one of EU priorities for improving cross-border interoperability. In
order to ensure cross-border mobility, transparency and visibility, which are critical
to ensure food safety and quality, cross-border authentication services for farmers are
proposed.
In particular, this example describes a process for the authentication of EU
farmers, who wish to log in foreign agricultural public agency portals. This can be
achieved using the eIDAS approach (Lenz and Zwattendorfer, 2016). Specifically,
the main objective of the proposed process is the connection of a farmer from MS A
to MS B for accessing an online service (e.g. applying for subsidy, registration of
cattle). Steps followed are shown in Fig. 3 where:
•
•

•
•

The farmer visits the agricultural e-service web portal and tries to log in
using eIDAS credentials acquired from MS A (1).
The agricultural e-service web portal redirects the farmer to his/her
national eIDAS node, through the local eIDAS node for authentication
(2,3).
The national eIDAS node accepts farmer’s credentials and returns to the
agricultural e-service web portal the required attributes (4).
The agricultural e-service web portal allows farmer access to digital
services (5).
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Fig. 3 Agricultural e-service web portal authentication process

3 The SCBeG model
3.1 The architecture
A SCBeG system is actually a Decision Support System (DSS) comprising of three
structural blocks: The I/O, the Validation-Authentication-Identification (VAI) and
Processing blocks. The whole authentication process, and part of the I/O block, is
based on smart, machine learning, comparing, curing and checking data procedures.
These smart items added to the full decision-making process are enough to
characterize a SCBeG system as a smart system based on clear decision-making
methods, procedures and the cloud computing technology and Big Data. The VAI
block provides additional capabilities in authenticating personal and sensitive data.
Obviously, a fundamental part of the VAI block consists of the platforms developed
by STORK 2.0 project. These platforms include two identity models: The PanEuropean Proxy Services (PEPS) & MiddleWare (MW) models (Fig. 4). It is noted
that these models are based on established international standards, such as OASIS
web SSO, ISO/IEC 27001, and OASIS DSS (Sideridis et al., 2017).
The authentication process is actually performed in two steps:
(a) Data submitted are collected by the system using various validity tests and/with
data available from original sources. In most cases, this is the most difficult step,
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1 1

since original sources may not be available or, if there are any, may be of
questionable validity;
(b) Authentication is performed, among public/local agencies or any other local
supervising organisation of the service provided, both at citizen's State or enterprise’s
origin and the State in connection abroad. During this step, and in particular its
Infrastructure as a Service (IaaS) model should also be added to the system computer
resources (software, hardware, servers) over the Internet. Public, local
administrations and any third party are providers to the system. They should not only
host the appropriate user's applications and personal files for testing but they should
also handle maintenance, backup and upgrading services. Policy based services and
automation of administrative tasks should also be main tasks of this IaaS.
The Processing block of the SCBeG system includes the appropriate Databases
and a DSS mechanism while, two-way links exist with the VAI block. Subsequently,
e-ID platforms and required programmes facilitate Interoperability Solutions for
European Public Administration (ISA), Connect European Facility (CEF) and
guarantee availability of e-ID as a trust Service (IDaaS) (European Commission
a,b,c,d) 2016]. Actually the EC, in an attempt to encourage Member States to extent
their services with cross border functionalities, launched through the CEF
programme the Digital Single Web Portal, where all needed information on Building
Blocks (BB) can be found. The service required is an e-ID of citizens, businesses
(natural or legal persons) and public servants by authenticating themselves in order to
be authorized and gain access to protected resources by verifying in a secure, reliable
and trusted way their identity and/or their role. STORK1.0 provided the first e-ID BB
while STORK2.0 extended it by demonstrating the capability of the provision of
additional attributes by trusted Attribute Providers (AP). All the structural blocks of
the above platforms, in combination with the appropriate BB of cloud computing and
Big Data, are strengthening and transform the proposed cross-border tool in an
integrated SCBeG system.
3.2 The functionality
While STORK 1.0 & STORK 2.0 offered the first e-ID BB solution along with a
software reference implementation, the EC covered the needs on legal
interoperability by introducing the EU Regulation No 910/2014 (European
Parliament and the Council of the European Union, 2014a) on "Electronic
identification and trust services for electronic transactions in the internal market
(eIDAS Regulation)" that repeals the Directive 1999/93/EC (Signature Directive).
The Regulation, which has been adopted in July 2014 by the EU, provides the
legislative and the regulatory framework for the creation of an appropriate
environment, in which citizens, businesses and public administrations can interact
securely, promoting and strengthening cross-border authentication. Key points of the
Regulation are the mandatory cross-border recognition of the authentication schemes
of all the Member States in public administration services, the provision of trusted
services without cost and the association of the already existing authentication
schemes with pre-established assurance Levels of Authentication (LoA). For the
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determination of the LoA of an electronic authentication scheme, organizational and
technical aspects of the authentication procedure are taken into account. These
concern both the phases of registration and of the online authentication process that
compose the authentication scheme. Table 1 describes the four-scaled STORK
Quality Assurance Authentication (QAA) levels have been considered on the
determination of the eIDAS LoA. Every transaction shall make available, on request,
the user’s level of quality of the authentication in order to enable each Services
Provider to decide whether the conditions are met, so as to provide the electronic
service.
Table 1. STORK QAA / eIDAS LoA

STORK QAA
levels
1
2
3
4

eIDAS

Description

Low
Substantial
High

No or little credibility
Low reliability
An important credibility
High reliability

The regulation is also taking into account the STORK 1.0 & STORK 2.0 e-ID
Interoperability Framework established during the implementation of these projects.
The framework is consisting of several national nodes acting as Pan-European Proxy
Services (PEPS) or MiddleWares (MW Solution - VIDP) depending on the
architectural solution that has been followed by the MSs (STORK 1.0 b; STORK 2.0
c). The main objectives of these nodes are to conceal the complexity of the national
systems and to be a link of confidence for the creation of a Circle of Trust in Europe.
Moreover, these nodes have to guarantee scalability, since any change within a
member state should be transparent to the other member states.
The identification and authentication processes are based on message exchanging
using the appropriate implementation profiles and technical specifications provided
by STORK projects. The messages include personal and technical attributes. Details
on the profiles, protocols and technical specifications used are beyond the scope of
this paper and are omitted. By digitally signing the requesting and receiving
assertions the requestor or sender are being authenticated, ensuring the integrity of
the exchanged assertions.
Figure 4 demonstrates a STORK 2.0 scenario where the user from MS A needs to
be authenticated to a Service Provider (SP) established in MS B. In this scenario,
both the MSs where the SP is established and the MS of origin of the user, use PEPS
architecture. In accordance with specific scenarios PEPS could act as Citizen's PEPS
(C-PEPS) or as Service PEPS (S-PEPS). In a domestic use case PEPS is acting as CPEPS and S-PEPS also. In this scenario the PEPS of MS A is acting as C-PEPS
while PEPS in MS B (service provider) as S-PEPS. The C-PEPS of MS A and the SPEPS of MS B have a trusted relation by sharing their digital certificates. The same
applies between S-PEPS and the SP.
The SP supports cross border authentication through STORK 2.0 and provides
the user with the ability to choose that option. The user authenticates himself through
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his national PEPS. PEPS always ask for the user’s consent before transferring his
personal data to the SP. The consent is asked so as the authentication process to be in
compliance with the “Data Protection Directive” (European Parliament and the
Council of the European Union, 2014a). If more than identity attributes are needed,
the user will be asked to choose the source of the attributes, in some cases
authenticate again to the source, and give his explicit permission to relay them to the
service provider.
The authentication process is as follows:
• The user wishes to access a protected resource of the SP (1);
• The SP forwards the outcome of the authentication process to the
corresponding S-PEPS (2);
• The S-PEPS forwards the outcome of the authentication process to the
relevant C-PEPS (3) of the country of origin of the user;
• The authentication of the user takes place through C-PEPS to a national
Identity Provider (IDP) (4,7);
• User authenticates himself to the chosen IDP (5,6);
• C-PEPS may retrieve (with the consent of the user) additional identification
information or attributes from an AP (8);
• User authentication and identification information is transferred from the CPEPS of country A to S-PEPS of country B (9) with the consent of the user;
• Finally, S-PEPS forwards this information to the service provider (10);
• The user has access to the requested resource.
The procedure is the same in case of using eIDAS nodes instead of PEPS ones.

Fig. 4 Cross Border Authentication through STORK 2.0
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Cross border authentication is expected to increase the effectiveness of public and
private online services, e-transportation, e-logistics, e-business and e-commerce in
the EU.

4 Discussion
Integration and connection of national e-ID infrastructures, necessary for the type of
systems like those proposed recently is still faced with reservation and remains an
open issue although five years (Tauber et al., 2012) have passed already since their
first trial of implementation. Actually, it was Austria's first attempt to take the
challenge to deploy national e-ID modules in online processes by creating the legal
basis for acceptance of foreign e-ID. This attempt has proved to be very successful
and has managed, during its deployment, to satisfy several national legal
requirements, which had to be taken into account. By now, according to the Austrian
law, foreign citizens are registered in the so-called supplementary register by the
means of qualified certificates and are treated equally like local residents. A similar
approach using direct registries merge rather than creating supplementary ones has
been adopted in this work.
Recently proposed e-government systems, combined with the results of the
STORK 2.0 project, have contributed significantly to the implementation of
innovative and reliable cross-border e-services, which enhance the improvement of
the daily life of European citizens, increase the transparency of electronic
transactions and ultimately contribute to the further development of the EU internal
market. These e-services, coupled with the latest emerging technologies, e.g. eidentification, are "equipped" with supplementary security protection to face a
potential online attack for the loss of personal data.
It is obvious that full implementation of the above systems is still a difficult task.
Still, they will bring many benefits in key areas, such as health, social services and
agriculture. Although they have often been so far criticized for their poor
contribution to efficiency and transparency in service provision (Pimenidis and
Georgiadis, 2014; Pimenidis et al., 2011), recent advances promise successful
implementation results. The proposed applications like the cross-border primary
health care system can fill the gap in cross-border environment when a European
citizen moves among the EU Member States and needs immediate health care. The
need to improve the way of health care delivery and the recovery of the medical
history of the patient is critical, as any possible delays in the delivery of the required
treatment can be disastrous. Although the EU has laid the foundations at a technical
level through the STORK project and its individual pilots, and similar systems
appear a few years back, the important advantage of our proposed system is that the
medical history of a patient will always be up to date and readily recoverable at any
level of care (primary, Secondary and tertiary). The primary health care service can
be quite demanding in its implementation as there are too many legal aspects that still
need to be taken into account and must reassure a high level of safety as medical data
are predominantly sensitive and have often been a target of online attacks.

861

Given the urgency of the business situations and daily life events presented in the
three indicative cases, the previous experience and the state of the art technologies
available from existing research outputs and extensive pilot studies by EU, research
groups are encouraged to join in and actively participate in numerous EU
programmes.
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