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Editorial 
 
 

This volume contains the peer-reviewed proceedings of the 10th International Conference 
on ICTs in Agriculture, Food and Environment (HAICTA 2022), that took place in Athens, 
Greece, September 22-25, 2022.  

HAICTA is the Greek Branch of the European Federation for Information Technology in 
Agriculture (EFITA). The series of HAICTA conferences are an international venue for 
research in ICT, innovations and best practices in the agri-food sector and in rural development 
and constitute a leading international professional and scientific forum for IT experts, 
agronomists, animal husbandry experts, agri-food scientists, environmentalists, water 
engineers, veterinarians, spatial engineers and decision-makers. These conferences constitute 
an interdisciplinary forum in which researchers, practitioners, and policy makers can present 
and discuss the results of their research, the recent policies and development on agriculture, 
food and environment, new technologies and ICT emerging applications.  

Year 2022 marked the 20th Anniversary of HAICTA Conferences, since the very first of 
the series was held in 2002 in Athens, Greece. After organizing the following HAICTA 
Conferences in eight different cities around Greece during these years, the Conference’s 
Organizing Committee decided to return HAICTA 2022 back to its roots, in Athens, 
celebrating 20 years of successful International Conferences on Information and 
Communication Technologies in Agriculture, Food & Environment. 

The HAICTA 2022 conference received 133 paper submissions, out of which 117 were 
accepted. The main topics covered included Precision Technologies in Crop and Livestock 
Production Systems, Environmental Impact Assessment, Innovation in Farms and Rural Areas, 
Decision Support Systems, Farm and Animal Health Monitoring and Data Recording Systems, 
Innovations in Food Hygiene and the Production of High Quality Food, Environmental-
friendly farm and livestock production and Agro-ecology, Internet of Things, Sensor, RFID 
and Mobile/Wireless Network Applications, Modelling and Simulation in Climate Change and 
Water Resources Management. Out of those 117 papers, 70 were short papers and 47 were 
abstracts; 44 papers were presented as e-posters and 8 papers were presented in the Doctoral 
Consortium. This volume of proceedings covers 115 of them. 

HAICTA 2022 was the 2nd Conference in the series to offer both in-person attendance, 
remote participation, and live streaming for those who couldn’t attend, giving the chance for 
an even wider audience. Authors had the option to either present in-person at the Conference 
or remotely through teleconferencing. 47 papers were presented orally, while 27 through 
teleconferencing. All three days of the conference were live-streamed through the official 
YouTube channel of HAICTA and they remain available online and on-demand for anyone 
interested. 

We are grateful to all authors who submitted their papers to the conference and to all 
HAICTA 2022 participants. We would also like to thank the reviewers, members of the 
Scientific Committee, for ensuring the Proceedings quality. HAICTA 2022 used a blind review 
process, and each submitted abstract and short paper was evaluated by one and two reviewers, 
respectively, who provided their valuable comments.  
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We are also grateful to the invited keynote speakers Lecturer Dr. Lynn Dicks (University of 
Cambridge), Assoc. Professor Spyros Fountas (Agricultural University of Athens) and Assist. 
Professor Mariska Van der Voort (Wageningen University), who shared their ideas and the 
results of their research with 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 that the conference proceedings of HAICTA 2022 will promote the discussion 
within the scientific community regarding the integration of innovative ideas, solutions and 
practices, new digital technologies and research applications towards the development of 
sustainable and resilient environmental and agricultural systems. 

 
 
 

The Editors 
 
 

Alexandros Theodoridis 
Associate Professor 

 

Stavriani Koutsou 
Professor 
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Summary 
Sheep and goat farming is one of the most critical sectors in Greek agriculture, taking place 
mainly in remote areas. At the prefecture level, the island of Lesvos comes third in milk 
production in Greece after Larissa and Aitoloakarnania. Twenty-three Greek cheeses have 
already been granted a geographical indication status; three of these cheeses are produced in 
Lesvos, the most famous being Ladotyri Mytilinis PDO, made from the milk of the local sheep 
breed, which is preserved in olive oil. The analysis of the value chain of this cheese is a 
powerful tool to upgrade the economic status of the actors involved and improve the 
distribution of the Value Added. This study aims to analyze some critical aspects of the value 
chain of the Greek cheese Ladotyri Mitilinis PDO. More specifically, (i) to determine the value 
that is added in each stage (primary production of sheep milk, dairies, distribution channels) 
and (ii) to identify opportunities for value creation and cost reduction. The study focuses on 
the farm level, where we conducted a detailed analysis of five different sheep farms' size 
classes. Detailed techno-economic data were collected through in-depth interviews with a 
representative sample of 24 sheep breeders, five livestock cooperatives, eight dairies, and one 
distributor. An initial analysis of our data shows that sheep rearing in Lesvos supports a 
significant number of jobs (3,528), of which 93% derive from farm family members. In 
contrast, 7% are covered by hired labor. Also, some key economic performance indicators vary 
considerably. On average, per kg of milk, total revenue with subsidies is 1.09€, from which an 
intermediate consumption of 0.64€ is subtracted, resulting in a gross value added of 0.45€. Net 
value-added and farm family income per kg of milk formed at 0.33€ and 0.32€, respectively. 
Interestingly, medium-sized farms attain the best financial results, emanating from a 
combination of a relatively low milk yield, a high milk price, and a lower-than-average 
intermediate consumption. In 2020-2021, the price paid by the final consumers was 12€ per 
Kg of Ladotyri. This amount consisted of the value of intermediate inputs for sheep rearing 
(4.45€) and the value added by all subsequent actors: sheep breeders (1.64€), the dairies 
(2.71€), the wholesalers (2.20€), and the retailers (1.00€). Various opportunities for value 
creation and cost reduction have been identified, e.g., the closer connection of the product with 
the local resources; the introduction of the cheese to niche markets; the improvement of pasture 
management; the provision of advisory services to breeders; and the development of basic 
infrastructure, such as the installation of milking machines. Also, establishing an 
interprofessional organization, which will include representatives from all levels of the value 
chain, will contribute to the easier transfer of knowledge to all interested parties, improving 
coordination in strategic moves and ultimately increasing added value. 
 
Keywords  1 
Value Chain Analysis, Value Added, Geographical indications, Greece, quality cheeses 

 
Proceedings of HAICTA 2022, September 22–25, 2022, Athens, Greece 
EMAIL: spimaria1@gmail.com (A. 1); pkaranik@aua.gr (A. 2); spiros.stachtiaris@gmail.com (A. 3); acom@aua.gr (A. 4); 
tsiboukask@gmail.com (A. 5)  
ORCID: 0000-0002-6424-5678 (A. 1); 0000-0001-8272-3584 (A. 2) 

 
©️  2022 Copyright for this paper by its authors. 
Use permitted under Creative Commons License Attribution 4.0 International (CC BY 4.0).  

 CEUR Workshop Proceedings (CEUR-WS.org)  
 



 2 

Could Digital Technologies Lead to Improved Lameness 
Detection on Dairy Farms? - Abstract 
 
Sarah Hertle 1, Isabella Lorenzini 1, Sophia Sauter 1 and Bernhard Haidn 1 

 
1 Bavarian State Research Center for Agriculture, Prof.-Dürrwachter-Platz 2, Poing, 85586, Germany 
 
 

Summary  1 
Lameness is a major and common problem in dairy farms, which is unfortunately still 
underestimated by most farmers. Regularly and systematically observing the gait pattern of 
every single cow on a farm is a very time-consuming and error-prone task. Indirect automatic 
lameness detection could enable farmers to detect lame cows earlier based on their individual 
behaviour and performance, which are recorded by animal-specific sensor systems. Preceding 
studies about indirect automatic lameness detection already showed that prediction models 
could correctly distinguish between lame and non-lame cows with a probability of over 85%. 
In these studies, pedometers (ENGS Dairy Solutions, Israel) which could register activity, lying 
and feeding behaviours, were the only employed animal attached sensors.  
The aim of the dissertation project “Automatic lameness detection on dairy farms - suitability 
of digital technologies for recording behaviour and performance data” as part of the 
experimental field DigiMilch is to refine and further develop these algorithms with data from 
many different sensor systems installed on eight Bavarian dairy farms.  
Individual animal behaviour and performance data recorded by boluses, pedometers, collars 
and milking robots from different manufacturers are collected on three public research farms 
and five commercial dairy farms throughout Bavaria. The required reference data to train 
prediction models in combination with the acquired information by sensor systems consist of 
locomotion scores performed through video recordings, diagnoses of the claw trimmings and 
a pain test carried out before the trimming on each claw. According to the applied locomotion 
score, cows with an irregular, asymmetric and uneven gait are scored as “lame” (score=3), 
cows without gait alterations, but showing signs like head bobbing, an arched back or a 
compensatory posture are considered “unsound” (score=2), and animals who do not present 
any of these features are categorised as “sound” (score=1). This score has been validated by 
calculating the inter- and intra-rater agreement and by creating a comparable three-step lesion 
score which rates cows according to their visible lesions and pain reaction in groups from one 
to three. After finishing data collection on the farms, the data is split in two parts to train and 
then test specific prediction models with the collected information about claw health, behaviour 
and performance data of every animal.  
To assess the validity of the reference method, the lesion and locomotion score were compared. 
The analysis of a dataset of 110 cows revealed results (cohen’s kappa (K)=0.72, confidence 
interval (CI)=0.58-0.86, percentage of agreement (PA)=80%), which imply that the agreement 
between those scores might be moderate to almost perfect. For the intra-rater agreement, the 
computed PA yielded 93% and the K 0.89 (CI=0.84-0.94), indicating an almost perfect 
agreement. The inter-rater reliability resulted in a PA=82 % and K=0.72 (CI=0.64-0.81), 
meaning it was substantial to almost perfect.  
The validation of the locomotion score showed that in this study the three-point locomotion 
scoring system was a reliable reference system for claw health. In order to generalise and 
confirm the presented results additional comparable data sets from other farms and observers 
should be examined. Further analysis and modelling with the recorded sensor and claw health 
data is planned after finishing the data collection. This wider approach with various sensor 
systems increases the practical relevance of indirect automatic lameness detection and could 
support farmers in optimising the animal health on their farm with minimal investment.  
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Abstract  
Circular economy provides a highly promising economic model, which involves, inter alia, 
using resources efficiently and increasing products’ lifetime. The transition towards circular 
economy requires much dedication and careful establishment of supporting policies. To 
contribute to this effort, this study investigates the views of undergraduate environmental 
students on circular economy and proposes a strategy based on respondents’ views. It was 
indicated that even though students were not interested in circular economy jobs, they were 
highly interested in attending training programs on circular economy bringing forward the need 
for environmental departments to provide courses on circular economy. Moreover, most 
students perceived that circular economy can contribute to waste reduction, reduction in waste 
management cost and lower the environmental footprint of companies. Informing the public 
about circular economy, allocating funds for R&D and establishing supporting policies were 
the highest ranked measures to facilitate the transition to circular economy. Certain gaps in 
students’ knowledge about circular economy could be the areas on which curricula and 
information campaigns should focus.  
 
Keywords  1 
Circular economy, environmental policy, sustainable development.  

1. Introduction 

The traditional linear economy model follows the strict course of ‘supply-production-waste’, which, 
in essence means that products become waste once they reach the end of their useful life. At the same 
time, population growth and the increased per capita affluence have resulted in higher demand for raw 
materials leading to the depletion of natural resources [1]. The excessive use of resources that 
characterizes linear economy does not comply with sustainable development, but most economies are 
still based on linear economy models.  

As population and product demand continue to increase, it is necessary to leverage resources in eco-
efficient ways in order to reduce or stabilize resource use. Producers can support this by ensuring that 
their activities comply with circular resource use on the macro-level. The transition towards circular 
economy presents a unique opportunity to create competitive advantages on a sustainable basis [2]. The 
concept of circular economy is often confused with recycling despite the prominent differences between 
them. In the former, a used product is decomposed so that the constituent raw materials are retrieved to 
be used in the production of new products whereas in circular economy the product is designed to be 
remade and reprocessed, and used as a new product [3,4]. This design cuts back on the amount of natural 
resources because circular economy utilizes the same resources repeatedly and not only once.  
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In order to facilitate the transition towards circular economy and to establish it as the new economy 
model, it is necessary to develop strategies that will facilitate the implementation of circular economy. 
To that end, it is meaningful to examine the current understanding of circular economy as this will point 
to areas where policy efforts need to be directed. As circular economy seems to be a key component of 
a sustainable future, it is meaningful to investigate the views of younger consumers on circular economy 
because as future consumers they can support the transition to circular economy. Hence, this study aims 
to propose a strategy to facilitate the transition to circular economy by investigating the views of 
environmental students on circular economy. 

2. Methodology 

In order to achieve the aim of this study, a questionnaire consisting of 22 closed-ended items was 
designed and in this paper a part of this wider research is presented. Respondents were the students 
majoring in the Department of Forestry and Management of the Environment and Natural Resources, 
at the Democritus University of Thrace in Greece. All items took into account the findings of previous 
research works and were specifically designed to examine students’ attitudes to circular economy-
related topics. To ensure that the questionnaire would be effective, it was pilot tested on a limited scale 
leading to a few minor changes. In total, the questionnaire was filled in by 160 undergraduate students. 
The sampling method was the multistage sampling, and the collected data were scrutinized using the 
Statistical Package for the Social Sciences (SPSS). To analyze the data and draw meaningful 
conclusions, different statistical tests were performed including the non-parametric Friedman test. 

2.1. Results 

The sample involved 160 environmental students and female respondents (53.1%) slightly 
outnumbered their male counterparts. Students’ family background was examined in terms of 
occupation and education level. Regarding the year of study, first-year students presented the lowest 
participation, while the third (28.8%) and fifth (28.8%) years of study were higher represented in the 
sample. Significant shares of students’ fathers were public employees (33.1%) and free lancers (25%) 
while most students’ mothers were public employees (23.1%), private employees (18.8%) or were 
housekeepers without being engaged in paid work (21.9%). As for their education level, considerable 
shares of students’ fathers were high school graduates (37.1%) and university graduates (33.1%) 
whereas most students’ mothers were university graduates (45.6%).  

2.1.1. Respondents’ views on circular economy 

First, students’ general views on circular economy were examined. It was shown that the majority 
of respondents were not interested in working in areas of circular economy or circular economy 
practices in the future. Despite this low interest, the majority of students (63.8%) expressed their interest 
in participating in educational programs and trainings on circular economy. In addition, most 
respondents (61.3%) perceived that circular economy can be a solution for the efficient use of resources 
whereas an appreciable share (35%) disagreed with this statement. A division of opinion within 
respondents was also observed for the effect of circular economy on the economy of the country. In 
specific, 46.3% perceived that circular economy can have a positive economic impact whereas 45.6% 
expressed their uncertainty on this effect. 

2.1.2. Respondents’ views on the advantages and implementation measures 
of circular economy 

Respondents were asked to evaluate the advantages of transitioning towards circular economy. The 
non-parametric Friedman test was conducted to evaluate differences among students’ evaluations. In 
Table 1, it can be seen that the reduction of waste/decongestion of landfills (mean rank 4.86) and 
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reduction in waste management costs (mean rank 4.38) received the highest rankings whereas the 
increased product value received the lowest ranking (mean rank 3.09). 

 
Table 1 
Results of the Friedman test for the advantages of circular economy 

 Mean rank 
Reduced consumption of natural resources 3.94 

Creation of new job positions 3.83 
Increase in product value 3.09 

Reduction in the environmental footprint of businesses 4.13 
Enhanced competition among businesses implementing 

circular economy models 
3.77 

Reduction in waste management costs 4.38 
Reduced waste volume/landfill decongestion 4.86 

N=160    Chi-Square=99.784   df=6   p<0.001 
 

Respondents were then asked to assess various measures which, if implemented, can induce 
businesses to adopt circular economy. The non-parametric Friedman test was performed to detect 
differences among responses and as shown in Table 2, the information of the public about circular 
economy and its benefits (mean rank 2.85) emerged as the most important measure followed by funding 
for research and development (R&D) on circular economy (mean rank 2.60). Τhe application of tax 
exemptions for businesses that adopt circular economy was the lowest ranked measure.  
 
Table 2 
Results of the Friedman test for measures to increase the adoption of circular economy by businesses 

 Mean rank 
Tax exemptions for businesses that adopt circular economy 2.17 

Establishment of legislation that supports the transition 
towards circular economy 

2.38 

Funding research and development (R&D) for the development 
of circular economy 

2.60 

Public information of circular economy and its advantages 2.85 
 

N=160   Chi-Square=47.803   df=3   p<0.001 

2.1.3. Respondents’ purchase criteria, environmental behavior and choice of 
information sources 

Respondents’ buying criteria were also examined and the Friedman test was conducted to assess 
differences among criteria. As shown in Table 3, the quality (mean rank 5.14) was the most important 
criterion in purchasing products. The second most important criterion was resilience (mean rank 4.79) 
and the third was price (mean rank 4.58). Conversely, the least important criterion was the 
environmental policy followed by the company that manufactured the products (mean rank 3.08).   
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Table 3 
Results of the Friedman test for buying criteria 

 Mean rank 
Price 4.58 
Brand 3.24 

Quality 5.14 
Resilience 4.79 

Repairability  3.75 
Free repair service in case of damage 3.42 

Environmental policy followed by the company that 
manufactures the product 

3.08 

N=160   Chi-Square=188.117   df=6   p<0.001 
 
Next, respondents’ environmental habits were investigated with the application of the non-

parametric Friedman test. As shown in Table 4, the use of reusable grocery bags (mean rank 6.38) 
followed by recycling paper (mean rank 6.30) and recycling plastic packaging (mean rank 6.26) were 
the practices that students mostly follow in their daily life. However, repurposing old things (mean rank 
4.61) was the least followed daily practice. 

 
Table 4 
Results of the Friedman test for respondents’ environmental habits 

 Mean rank 
Repairing home appliances 4.93 

Repurposing old things 4.61 
Extending the useful life of products 4.98 

Recycling glass packaging 5.74 
Recycling metal packaging 5.88 
Recycling plastic packaging 6.26 

Recycling paper 6.30 
Reusing packages 5.24 

Using reusable grocery bags at the supermarket 6.38 
Avoid using single-use materials 4.68 

Ν=160   Chi-Square=98.535   df=9   p<0.001 
 
Finally, the information sources that students use for their daily information were examined. 

According to Table 5, respondents used mostly social media (mean rank 6.76) and websites (mean rank 
5.99) to obtain information on a daily basis. Digital media were preferred over printed media such as 
local and national newspapers which received the lowest ratings (mean ranks of 3.18 and 3.35, 
respectively). 
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Table 5 
Results of the Friedman test for information sources 

 Mean rank 
Family and friends 5.96 

National television and radio networks 4.71 
Local television and radio networks 4.08 

National newspapers 3.35 
Local newspapers 3.18 

News websites 5.88 
Websites of special interest 5.99 

Social media 6.76 
Scientific publications 5.09 

N=160   Chi-Square=188.117   df=6   p<0.001 

3. Conclusions 

This study sought to examine the views of environmental students in order to propose an effective 
strategy for facilitating the transition to circular economy. Our results showed that even though students 
were reluctant to pursue a career in circular economy, they expressed a high interest in learning about 
circular economy through attending training programs. Students, however, had a good grasp of the 
advantages flowing from circular economy as they recognized its potential to contribute to the reduction 
of waste, to decongest landfills, to decrease the growing waste management costs and to lower the 
environmental footprint of companies. Information perhaps in the form of information campaigns 
would be effective in inducing companies to adopt circular economy. Moreover, since respondents use 
mostly websites and social media for their daily information, it is recommended to use the Internet in 
order to effectively disseminate information on circular economy. As the Internet offers an enhanced 
form of communication, it could help citizens, particularly younger ones, to become more involved and 
knowledgeable about circular economy. This study has also brought to surface areas on which 
information should focus; information should focus on the ability of circular economy models to create 
new jobs, to increase the competition among businesses implementing circular economy models and to 
increase product value.  
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Figure 1. The proposed strategy to ensure the implementation of circular economy.  

 
Figure 1 presents the proposed strategy for enhancing the implementation of circular economy 

especially in cases that the target groups are of younger age. It can be seen that the strategy proposes 
that the effort to enhance circular economy must be a continuous and repeated process. In this process, 
the benefits of circular economy must be recognized and then proper measures facilitating the 
implementation of a circular economy model must be put into force. Organizing information campaigns 
and disseminating relevant information through the Internet are the steps that complement this strategy. 
The steps must be repeated so that the implementation of circular economy can be ensured in the long 
run.  

4. References 

[1] E. Fytopoulou, S. Tampakis, S. Galatsidas, E. Karasmanaki, G. Tsantopoulos, The role of events 
in local development: An analysis of residents’ perspectives and visitor satisfaction, Journal of 
Rural Studies, 82 (2021) 54–63. doi: 10.1016/j.jrurstud.2021.01.018. 

[2] J. Kirchherr, D. Reike, M. Hekkert, Conceptualizing the circular economy: An analysis of 114 
definitions. Resources, conservation and recycling, 127 (2017) 221-232. doi: 
10.1016/j.resconrec.2017.09.005. 

[3] M. Geissdoerfer, P. Savaget, N.M. Bocken, E.J. Hultink, The Circular Economy–A new 
sustainability paradigm?. Journal of cleaner production, 143 (2017) 757-768. 
doi:10.1016/j.jclepro.2016.12.048. 

[4] J. Korhonen, A. Honkasalo, J. Seppälä, Circular economy: the concept and its limitations. 
Ecological economics 143 (2018) 37-46. doi:10.1016/j.ecolecon.2017.06.041. 

  
 



 10 

An Investigation on Greek Agricultural Cooperatives’ Services: 
What is Missing? 

 
Evangelia Karasmanaki 1, Panagiota Dimopoulou 1, Achilleas Kontogeorgos 2 and Georgios 
Tsantopoulos 1  

 
1 Department of Forestry and Management of Environment and Natural Resources, Democritus University of 
Thrace, 193 Pantazidou Street, 68 200 Orestiada, Greece  
2 Department of Agriculture, International Hellenic University, 57001 Thessaloniki, Greece  

 
 

Abstract  
Agricultural cooperatives have played a key role in helping farmers withstand major market 
changes. The Municipal Unit of Zagora in Greece has a long and successful tradition of 
agricultural cooperatives. In order to detect the characteristics that account for this success, this 
study investigates the views of cooperative members on the contribution of cooperatives and 
the measures which could further improve their operation. Overall, respondents acknowledged 
that cooperatives provide successful product marketing and, at the same time, play a positive 
role in the local area. In particular, they perceived that cooperatives ensure a good name for 
their products and open up the market for new products. Moreover, they viewed that 
cooperatives have boosted the local economy, enhanced the profile of the local area and offered 
opportunities for local development. However, respondents did not evaluate positively the 
training provided by cooperatives while they perceived that there are limited opportunities to 
invest in the cooperative with high return rates. To further improve the operation of 
cooperatives, decisions should be taken jointly by administration and market experts, while it 
is necessary to make investments in research and development R&D and equipment, as well 
as to establish product prices based on new criteria (such as the size and quality of delivered 
quantity).    

 
Keywords  1 
Agricultural cooperatives, agriculture, farmers’ attitudes.  

1. Introduction 

Cooperatives have played a key role in the agricultural sector and historically have served as a major 
institutional and organizational tool that enabled independent farmers to endure the market power of 
local and international retailers [1]. They have also condensed the supply chain enabling farmers to 
integrate processing and marketing procedures into very few steps, thereby permitting considerable 
saving on intermediation costs [1]. In addition, cooperatives seek to both enhance the welfare of their 
members and add value to products. Other strengths include the decreased cost of production and 
member networking [2].  

The relevant literature has focused on the factors affecting cooperative entrepreneurship and has 
inferred that a lot can be gained from investigating the relationship between conditions, strategies and 
impacts [3,4]. Although the establishment of agricultural cooperatives follows a rising trend, 
cooperatives keep facing significant challenges of both internal and external nature [5]. To understand 
which characteristics of cooperatives are effective, this study investigates the views on the contribution 
of cooperatives and measures that could improve the operation of cooperatives among members of 
agricultural cooperatives in a Greek study area which is renowned for its high quality products.  
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2. Methodology 

The population under study was farmers in the Municipal Unit of Zagora (Greece) which has a long 
and successful tradition in agricultural cooperatives with the most important being the apple growing 
cooperative “Zagorin” whose products have been designated “Protected Designation of Origin”. The 
findings in this paper are part of a larger research but here the analysis involved only farmers who are 
members of agricultural cooperatives. A structured questionnaire was constructed and all items drew 
on the findings of previous relevant research. Respondents were recruited by simple random sampling 
and, in total, 210 farmers participated in the study. The analysis in this paper involved only the responses 
of respondents who are members of agricultural cooperatives. Hence, the final sample was 199 farmers. 
The collected data were scrutinized with the Statistical Package for the Social Sciences (SPSS) software 
version 23, and, in specific, descriptive statistics, the non-parametric Friedman test and factor analysis 
were conducted.  

3. Results 

The sample involved 199 members of agricultural cooperatives in the Municipal Unit of Zagora. 
The majority were male (62.3%) and significant shares were aged between 41 and 50 years (49.2%) as 
well as between 31 and 40 years (23.1%). Most respondents were married (85.4%) and a considerable 
share of married respondents had two children (58.8%). In terms of education level, most farmers were 
middle school graduates (35.5%) and high school graduates (34.2%). Farming was the main occupation 
for most participants (82.9%). Respondents had a long experience in farming as an appreciable share 
of 35.7% had been engaged in farming for 25–35 years and 33.2% for 16–25 years. 

 Farmers evaluated the contribution of agricultural cooperatives. To that end, they assessed a set of 
different kinds of contribution which concerned not only the ways in which cooperatives benefit them 
personally but also the ways that cooperatives benefit the local area. To detect differences among 
respondents’ evaluations, the non-parametric Friedman test was performed. The most important 
contributions were the ability of cooperatives to improve the profile of the local community (mean rank 
17.52), to support the local society (mean rank 17.50) and to provide opportunities for local 
development (mean rank 17.42). According to respondents, cooperatives can also provide a good name 
for products and services on the market (mean rank 16.90) and open up the market for new products or 
services (mean rank 14.65). Another highly ranked variable was cooperatives’ openness to new 
members (mean rank 13.43). There were, however, aspects that received much lower rankings with the 
lowest ranked aspects being the training that cooperatives provide to their members (mean rank 8.81) 
and the ability of members to invest in the cooperative with a high rate of return (mean rank 8.94).  

To attain further insights into farmers’ evaluation of cooperatives, factor analysis was performed 
because it can indicate how farmers distinguish between the various forms of cooperatives’ 
contributions. Prior to the analysis, the Bartlett's test of sphericity (Chi-Square = 4060.953 with df = 276 
and p < 0.001), the Cronbach's alpha value (0.955) and the Kaiser-Meyer-Olkin index (0.930) verified 
the suitability of the data for factor analysis. Results presented in Table 1 show that after rotation, four 
factors emerged. Based on the variables loaded, the first factor can be termed “Member participation 
in decision-making and interest representation”, the second factor “Contribution to the local area and 
production of reputable and pro-environmental products”, the third factor “Information, training and 
opportunities for investments and cooperation” and the fourth factor “Product exclusivity and access 
to funding and new technologies”. 
 
 
 
 
 
 
 
 
 



 12 

Table 1 
Rotated component matrix for respondents' evaluation of different aspects of cooperatives 

 Factor loadings of the data after rotation 
1 2 3 4 

Participation in decision-making (for all 
members) 0.818 0.260 0.077 0.217 

Equal rights in decision-making for all 
members 0.770 0.292 0.189 0.213 

Ability to express concerns 0.763 0.193 0.204 0.279 
Involvement of members in decision-

making 0.713 0.281 0.344 0.096 

Opportunities for all members to 
participate in administration 0.664 0.291 0.394 0.235 

Open to new members 0.626 0.378 0.128 0.059 
Opening up the market for new 

products and services 0.585 0.539 0.170 0.241 

Representation of the interests of 
members 0.582 0.418 0.367 0.264 

Improvement in the profile of the local 
community  0.250 0.840 0.065 0.210 

Opportunities for local development 0.259 0.828 0.083 0.213 
Support for the local society 0.222 0.813 0.109 0.183 

Good name for products and services 
on the market 0.214 0.732 0.173 0.167 

Environmentally friendly products 0.452 0.596 0.269 -0.001 
Opportunities to invest in the 

cooperative with a high rate of return -0.004 0.150 0.788 0.268 

Professionalism of staff and managers 0.148 0.201 0.773 0.295 
Encouraging the active participation of 

members 0.307 0.041 0.743 0.127 

Information (by the administration) on 
the cooperative’s plans and objectives  0.433 0.200 0.709 0.117 

Promoting cooperation among 
members 0.499 -0.013 0.658 0.202 

Training for new members  0.357 0.178 0.554 0.458 
Products and services that cannot be 

found elsewhere 0.198 0.214 0.241 0.787 

Easy access to funding (e.g., loan 
intermediation) 0.120 0.368 0.242 0.722 

Useful website 0.454 0.082 0.255 0.662 
Access to new technologies 0.512 0.135 0.297 0.613 

Price stability (for supplies and 
products) 0.072 0.283 0.496 0.550 

 
Then, respondents evaluated various measures which, if taken, may improve the operation of 

cooperatives. To detect statistically significant differences among responses, the non-parametric 
Friedman test was performed. The adoption of a decision-making model in which decisions are taken 
jointly by the cooperative administration and market experts (mean rank 10.63) was the highest ranked 
measure. This was followed by investments in equipment for the production of high-quality products 
(mean rank 10.33), investments in research and development (R&D) (mean rank 9.89), increasing the 
price of cooperative shares for new members (mean rank 9.51) and the establishment of different prices 
according to the delivered quantities (mean rank 9.36).    
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To gain a deeper understanding of farmers’ views on these measures, responses were analyzed with 
factor analysis. Τhe Cronbach's alpha value (0.867), the Kaiser-Meyer-Olkin index (0.834) and 
Bartlett's test of sphericity (Chi-Square = 1837.976 with df = 120 and p < 0.001) confirmed the 
eligibility of the data for factor analysis. According to the results in Table 2, four factors were loaded. 
Based on the content of the variables included in each factor, the first factor can be named “Measures 
to improve price establishment, quality control and management”, the second factor can be termed 
“Measures to improve price establishment and changes in shareholder regime, funding and voting”, 
the third factor can be named “Investments in equipment and R&D and inclusion of market experts in 
decision-making” and the fourth factor can be termed “Equal vote and ability to transfer or sell shares 
for all members”.  
 
Table 2. 
Measures to improve cooperatives’ operation shown with factor loadings after varimax rotation 

 Factor loadings of the data after rotation 
1 2 3 4 

Establishing a mandatory delivery 
contract for each member 0.901 0.200 0.092 0.001 

Imposing sanctions in case of not 
delivering the agreed quantities 0.870 0.246 0.037 -0.069 

Establishing different product prices 
according to quality delivery criteria 0.869 0.250 -0.010 -0.016 

Applying other quality systems for the 
cooperative’s operation (e.g., ISO 9001) 0.835 0.214 0.147 0.126 

Applying a system of integrated 
management (AGRO 2.1/ AGRO 2.2) 0.828 0.178 0.216 0.157 

Establishing prices for supplies 
according to each member’s purchase 

size 
0.217 0.834 0.101 0.037 

Establishing product prices based on the 
delivered quantity 0.365 0.634 -0.053 -0.114 

Ability to receive funding from non-
members (third parties, private persons 

and enterprises). 
0.088 0.601 0.064 0.369 

Losing cooperative shares in case of 
leaving the cooperative 0.283 0.572 0.096 0.354 

Enabling members to acquire more 
votes according to the capital they 

invest in the cooperative 
0.212 0.523 0.030 0.323 

Investing in modern equipment to 
produce high-quality products 0.211 0.033 0.870 0.005 

Investment in R&D 0.360 -0.097 0.829 0.032 
Adoption of a decision-making model in 

which decisions are taken jointly by 
cooperative administration and market 

experts 

-0.204 0.221 0.803 0.033 

Enabling members to transfer or sell 
cooperative shares -0.046 0.009 0.016 0.854 

Increasing the price of cooperative 
shares for new members -0.038 0.179 -0.052 0.635 

Equal voting rights for all cooperative 
members 0.315 0.321 0.243 0.516 
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4. Conclusions 

The area of study is renowned for its agricultural cooperatives and added-value products. In this 
regard, cooperative members’ views can help understand what makes these cooperatives successful so 
that other cooperatives take the same steps to improve their operation. Respondents acknowledged that 
cooperatives in the study area have a positive impact on their products by providing a good name and 
opening up the market for new products. Moreover, they perceived that the cooperatives have provided 
significant local benefits by supporting the local economy, enhancing the profile of the local area and 
offering opportunities for local development indicating that members value the overall positive role of 
cooperatives in the local area. This can allow us to infer that the effective operation of cooperatives 
stems not only from successful product marketing but also from the positive role of cooperatives in the 
local area. Hence, it is important for the successful operation of cooperatives to add local development 
objectives in their agenda. There were, however, aspects that seem to require improvement; most 
importantly, the training provided to members and investments in the cooperative with high return rates 
were the aspects that received the lowest ranking suggesting that these aspects need to be improved. 
Results have also pointed to measures which could, according to members’ view, improve the operation 
of cooperatives. These measures concern the inclusion of market experts in decision-making, 
investments R&D and in equipment that will enable both the production of high-quality products and 
changes in the establishment of prices by taking new criteria into account (such as the size and quality 
of delivered quantity). It can thus be argued that the application of these measures would further 
enhance the operation of cooperatives in the study area.  
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Summary 
In the last decade, several social media platforms have emerged and gained instant popularity 
for personal use and business. Usually, these platforms are supported by well-known global 
ICT companies and their diffusion starts mainly from youths and gradually reaches even 
seniors. Also, social media have transformed businesses’ dynamics, offering new opportunities 
for implementing effective marketing and gaining competitive advantage. In this context, 
businesses are working on their social media profiles as means to interact, keep in touch with 
and promote products / services to their customers. Therefore, social media marketing refers 
to the process that utilizes social media technologies and channels to create, communicate, and 
deliver marketing offerings that enhance the company stakeholders’ value. Moreover, 
according to literature, social media promotional messages can be effective at influencing 
consumers’ perceptions about product image and lead to consumption behaviors. Recently, the 
COVID-19 outbreak and the adopted measures for its limitation i.e., consecutive lockdowns, 
have severely affected various business sectors, including logistics, tourism, and food and 
beverage industry, and have boosted even more the use of social media, especially among 
businesses that were mostly impacted by those measures. For example, the shutting down of 
the food services has impacted several business sectors and wineries where among them. It has 
to be noted that the internet and social media provide important channels for wine promotion 
and sale. Moreover, wine may be considered a social product, as it is included in the top eight 
product categories involved in discussions over the internet. Wineries are increasingly adopting 
social media but at a slow pace, as most lack the knowledge to incorporate and exploit social 
media effectively in their marketing strategy. Therefore, the objective of this research is to 
study social media marketing in Greek winery during the COVID-19 outbreak. More 
specifically, it focuses on Facebook and tries to comparatively assess wineries’ activities and 
impact through their Facebook profile, before and after the imposed lockdowns in Greece. 
According to recent statistics, with about 2.8 billion active users, Facebook is the most popular 
social network worldwide and also remains the most important and popular social media 
platform among marketers on the B2B and B2C spectrum. The study focused on 311 Greek 
wineries that evaluated using a social media analytics tool, namely, the Fanpage Karma. This 
tool helps in assessing key variables, such as the number of followers, posts, comments, likes, 
and dislikes, the average daily number of posts made, as well as identifying the most popular 
text, images, videos, and links. The Facebook activity of Greek wineries analyzed for four 
periods. Specifically, the first period regards pre-COVID-19, two periods regard lockdowns 
and the last period refers after the lockdowns (i.e., with reduced or no restrictions). The results 
of the study reveal that the majority of the wineries have not used Facebook. The comparison 
of the variable “posts per day” for the four aforementioned periods, showed no or very little 
differentiation. However, only a few wineries used Facebook for advertising purposes by 
increasing the number of posts during the COVID-19 outbreak. These results led to the 
conclusion that Greek wineries have not used Facebook for marketing purposes. It is 
recommended, that they should use more efficiently social media in order to take advantage of 
the positive influence they could have on their businesses.  
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Summary 
The role of agriculture in the implementation and transition to a circular bioeconomy model is 
crucial. The primary purpose of this review is to present the basic findings of published 
research to provide evidence regarding the multidisciplinary approach to the coexistence of 
agricultural circular bioeconomy-related concepts. It is also an attempt to evaluate any possible 
benefits resulting from the adoption of circular bioeconomy practices in the agricultural sector. 
The results of the systematic literature review analyzed from two directions, first descriptively 
and then by keyword analysis related to the agricultural circular bioeconomy, advocate the 
need for additional research regarding the optimization of the interaction between agriculture 
and circular bioeconomy. Further research is still needed on the relationships of key factors 
related to the circular bioeconomy and agriculture as revealed by the co-occurrence analysis. 
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Summary 
In recent years, a rapid and exponential increase in the volume of data is witnessed across 
various sectors and platforms, such as the retail industry and social networks respectively. Most 
of these data regard user-generated text, often including preferences, reviews or critics, and 
above all underlying sentiments. However, this data should be elaborated to contribute to 
business intelligence. Towards this end, sentiment analysis can help to obtain knowledge from 
this hidden “big data treasure” for businesses. 
Sentiment Analysis (or Opinion Mining) refers to the computational approach of identifying 
the opinion or sentiment towards an entity and determining its polarity (positive, negative, 
neutral). It uses a combination of machine learning and lexical resources as lexicons to achieve 
the determination of the polarity. It offers the capability of creating a consumer profile by 
monitoring personal preferences and beliefs, as well as the way of perceiving different trends, 
to prompt the companies to build a new or modify an already existing strategy based on the 
intelligence gathered by the analysis. Gathering such information results in better 
understanding and serving customers, more efficient marketing, improving the quality of 
products and services and augmenting profit margins. So far, the approach of sentiment 
analysis has been implemented not only in business sectors, such as health care, tourism, and 
banking, but also by governments in order to monitor social media and discover citizens’ 
concerns and sentiments. 
In this context, this paper studies the potential of sentiment analysis for assessing consumer 
behavior in online food delivery. A literature review is conducted on the implementation of 
sentiment analysis approach in the food and beverage industry, including articles published 
between 2011 and 2021 in the scientific databases Scopus, Web of Science and Wiley Online 
Library. Then an overview of the top-ranked sentiment analysis tools is given including both 
platforms and libraries for programming languages. These tools can help identify consumers’ 
needs. Moreover, sentiment analysis was conducted in 300 online consumers’ reviews for 
online ordering, which were mined from one of the leading online food delivery platforms 
operating in Greece. The assessment regards a sample of reviews and critics in Greek. More 
specifically according to the results the tools used for the analysis were not very precise 
compared to the analysis of a human agent, a fact that creates the need of specialized lexical 
resources for each domain. Furthermore, it was observed that consumers are concerned mainly 
about the quality of their order, the delivery speed and the service of the restaurant. These 
results provide insights to food online retailers on the usefulness of sentiment analysis for 
improving the overall quality of their services, customer relationship management, as well as 
their business strategy.  
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Abstract  
This paper deals with the connection of the most well-known mathematical theory of war, 
Lanchester’s equations Law, to the commercial world. In order to evaluate a range of military 
conflicts throughout WWII, mathematical models in military operations research and combat 
modeling were frequently deployed. One of these, Lanchester’s models describe the outcome 
of warfare between two similar forces without backups, for time [0, t). 
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1. Introduction - Literature Review 

One of the most important issues on the military field is the prediction of a battle outcome with 
ultimate goal the prediction of the winner. However, the scientific background was not always sufficient 
to bring such a result. Many great military philosophers, historians and generals tried to formulate 
principles, with which a Military Force could be led to victory. All those principles were theoretical 
and they had the form of rules. For this reason, Mathematical Models and Theories started to be used. 

The first attempts, for not so theoretical approaches, started at the beginning of 20th century. At 
start, Differential Systems were used, that included mathematical relations in order to describe the loses 
and the size of two opponents military forces. 

In 1902, American Jehu Valentine Chase, made a first attempt. This attempt took 70 years to be 
recognized. Chase studied the result of the battle between the gunboats of his time and he concluded 
that an important factor to predict the outcome of a combat was the number of the opponent’s forces. 
So, he managed to create a system of 1st Class Ordinary Differential Equation. [1] 

In 1905, American B. A. Fiske had published a very simple version of equations, that later were 
known as Lanchester’s equation.[2] 

Later, in 1914, English engineer Frederick William Lanchester worked with the same purpose and 
succeeded to establish mathematical relations between loses and the size of two opponent camps. At 
first, his main purpose was to understand the tactics that were applied by the English Navy and 
especially the Admiral Horace Nelson. Then he tried to predict the outcome of World War I, that had 
already become, and the air fights in general. His model is considered, until these days, very effective 
in many kinds of battle fields. In this way, he set the bases for the Mathematical War of Theories with 
the Quadratic Law, and that’s why those differential systems, which are known as “Lanchester 
Mathematical Combat Models” [1]. They are considered as the most complete and extensive. 
Lanchester’s equations have similarities with Richardson law as they both use differential equation 
systems [3]. 
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A year later, at 1915, unaware of Lanchester’s efforts, Russian M. Osipov published an article to the 
tsarist military newspaper, where he presented his equations on historical events. His equations verified 
the equations of Lanchester. Soviets believed that Osipov discovered differential equations before 
Lanchester [4]. 

Later, after the completion of Interwar period and the Word War II, intensive efforts were made so 
these models can be verified and extended to more historical battles. For this reason, those models were 
revised with the introduction of both deterministic and not deterministic generalizations of differential 
equations. So, these relations enriched. The result was the connection among different military 
variables, such as the combat duration, surprise attack, nationality, leadership, level of military training, 
human loses etc. 

Among these efforts were those of Lewis Fry Richardson in 1948. He had formulated the 
Mathematical Theory of Competitive Equipment. Through this, Lanchester’s Theory of Mathematical 
Models came again to surface. The difference between those two theories is that Lanchester’s theory 
describes combat between forces with the same equipment, in quantity and type, while Richardson tried 
to generalize this theory in a variety of forces. We could say that the two theories are completing each 
other [1]. 

Three years later, in 1951, P. M. Morse and G. E. Kimball tried to approach, in a deterministic way, 
the combats. 

J. H. Engel, in 1954, with assistance of the Differential Equation’s Model, managed to calculate the 
human loses of American Forces during the battle in Zima. Engel combined the Quality Theory of 
differential equations with the Lanchester’ System of differential equations. In this way, he managed to 
predict the outcome of the above battle. With this project, he attracted many scientists to study even 
more Lanchester’s Theory [1]. 

In 1961, R. L. Helmbold published some contributions on Deterministic Battle Models. Those 
contributions came up after studying and analyzing 92 combats. Two years later, he extended his studies 
to even more. From those studies, he concluded that the ratio of enemy’s size and victory are connected 
[5],[6].  

Eight years after Engel, in 1962, D. Willard studied 1500 combats that took place between 1618 and 
1905. From those combats, only 1000 could contribute to study ‘s analysis. From his analysis, he came 
up to a generalization of the homogeneous differential equations that contained both Lanchester’s linear 
model and quadratic model as well. After his analysis, D. Willard concluded that quadratic model 
should not be used on large scale [7]. Eighteen years later, in 1972, R. W. Samz came up to the same 
conclusions using less information than Engel [8]. 

In 1977, fifteen years after Willard’s work, J. Fain studied and accomplished statistical analysis in 
60 combats during World War II. She tried to apply methodology of Willard’s study on small duration 
combats. Fain did not use the number of weapons that were used by each military force but only parts 
into which it was divided. After that, she concluded that the shorter the battle duration is, the better the 
data description could be done by the specific model [9],[10]. 

In 1985, for first time T. N. Dupuy referred to a Deterministic combat model. Through this model, 
he introduced a new methodology. With this study, he stated that the size of opposing force could be 
measured in different ways, depending on the division that could be achieved at the total weapons units 
of each force [11]. 

A decade after Fain’s study, around 1988, Hartley studied different battles and concluded that only 
the Lanchester deterministic model is capable to efficiently describe the results of the historic recorded 
battles. Also, Hartley suggested a theory about Casualties. In 2001, D. S. Hartley III published a study 
relevant to the prediction of the surprise attacks and the battle’s duration. [12]. 

2. Methodology of Lanchester’s Models and Applications in Business 

In the initial Lanchester’s combat models, at time t = 0, two forces of equal martial aptitude, R(t) 
and G(t), were considered to commence a battle. R(t) neutralizes g soldiers, while G(t) neutralizes r 
soldiers [13]. The numbers g and r stand for R and G force efficiency coefficients, respectively [14]. In 
the initial state the below equations are applied: 
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{

𝑑𝐺
𝑑𝑡 = −𝑔𝑅

𝑑𝑅
𝑑𝑡 = −𝑟𝐺

 (1) 

 
In other versions of the above model, it is possible to add additional variables, which for example, 

will describe how the number of soldiers, of the forces involved during the battle, increase or decrease 
[15][16]. 

Chalikias & Skordoulis [16] applied Lanchester’s combat models to purchase type of cola in Greece, 
where they considered the accessible products to be the variables at time t for the two firms. Businesses 
A and B compete against each other and are the only ones (duopoly). It is assumed that the technology 
is the same for the two businesses and cannot be changed.  

They used financial data from the period 2003 to 2007, to evaluate the coefficients of the model and 
compared them with real values.  

Before them, Chintagunta και Vilcassim [17], utilized Lanchester’s model in order to find out the 
results of promoting in duopoly. The same year, Erickson [18] used statistics to analyze the promoting 
techniques of two firms. In 1997, Fruchter & Kalish [19] utilized Lanchester’s model to depict the 
elements of a duopoly.  

In 2016, [20] extended the model to a 3x3 differential equation system for local mobile 
communications firms. The solution was: 

 

{
 
 

 
 𝑥(𝑡) = −𝑐1

𝑐
𝑎 𝑒

−𝑡 − 𝑐2
𝑏
𝑎 𝑒

−𝑡 + 𝑐3
𝑐
𝑎 𝑒

2𝑡

𝑦(𝑡) = 𝑐2𝑒−𝑡 + 𝑐3𝑒2𝑡
𝑐
𝑏 

𝑧(𝑡) = 𝑐1𝑒−𝑡 + 𝑐3𝑒2𝑡 

 

 

(2) 

 
In order to examine the best fitting results on real data, they applied suitable statistical analyses. 
Later, the same research team expanded more the model to a 4x4 differential equation system for 

Greek banks, [21],[22] as bank sector is a really competitive sector and that bank competition is closely 
connected to the financial stability. They chose the four banks due to the fact that these banks gather 
more than 97% of the market share.               

The research team used the data set of banks’ profit between 2009 and 2015. 
For the solution of the above system, it was used the Eigenvalue – Eigenvector method. The 

homogeneous linear system was converted in the matrix form: 
 

𝑑𝑋
𝑑𝑡 = 𝐴 · 𝑋 (3) 

 
The previous research team along with Triantafyllou and Kallivokas [23] examined the case of 

healthcare companies in Athens Stock Exchange. They examined a nxn differential equation system. 
The general solution of this system is: 
 

𝑥1(𝑡) =  − (∑ 𝑐𝑗
𝑎𝑛−𝑗+1
𝑎1

𝑛−1

𝑗=1

)𝑒−𝑡 + 𝑐𝑛
𝑎𝑛
𝑎1
𝑒(𝑛−1)𝑡 

𝑥𝑗(𝑡) = 𝑐𝑛−𝑗+1𝑒−𝑡 + 𝑐𝑛
𝑎𝑛
𝑎𝑗
𝑒(𝑛−1)𝑡, j = 2, …, n-1 

𝑥𝑛(𝑡) = 𝑐1𝑒−𝑡 + 𝑐𝑛𝑒(𝑛−1)𝑡  

(4) 

 
 
For the set of the examined stock data, it has been estimated the function of time, in order for the 

above solution to fit in real data. There were used different functions of time for every stock due to 
different monotony of every stock.  
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In order to examine the best fitting results, they applied suitable statistical analyses (Wilcoxon test 
due to the fact that normality was not satisfied).  

It must be mentioned that except Lanchester’s and Richardson models many business applications 
have to do with probabilistic war theories [25][26]. 

3. Further Ideas  

Moreover, generalized Lanchester’s model showed up to portray the advancement of the fight 
conducted between military powers that use the same weapons with no help or working misfortune. 
The rate of misfortune of each side is relative to the number of remaining units of weapon of the rival 
side. 

If there are two rival armed military forces [14] then we can assume that force 1 and force 2 have 
𝑀1 and 𝑀2, respectively, different sorts of weapons 𝛰𝛴1

(1) , 𝛰𝛴1
(2) ,𝛰𝛴1

(3) ,… . , 𝛰𝛴1
(𝛭1) and 

𝛰𝛴2
(1) , 𝛰𝛴2

(2) , 𝛰𝛴2
(3) , … . , 𝛰𝛴2

(𝛭2).  
This conducts to a system that can be described from the expression:  �̇� = 𝛩 𝛸 [14]. 

4. Research Results and Discussion 

From the above applications of Lanchester’s model, it was determined that such theory can be 
applied to modern businesses, due to the fact that firms compete with one another such as a warfare on 
a battlefield. In this case, we count their market share instead of the battles win [27]. 

As a result, models of mathematical war theories can be employed in cases involving modern 
enterprises, after necessary adjustments and the adoption of relevant theoretical conditions. 
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Summary  1 
Rift Valley Fever (RVF) is a zoonotic disease of significant international health concern and 
considered as an emerging risk to areas like Europe, where no RVF outbreaks in humans or 
animals have been reported. Building upon previous qualitative research, this study aimed at 
quantitatively assessing the risk of RVF virus introduction into previously unaffected areas via 
virus-carrying mosquitoes traveling in commercial aircraft from RVF-affected countries, 
which has been reported as a non-negligible pathway. Using the United Kingdom (UK) as an 
example of a RVF-free European country receiving flights from affected countries and 
considering African countries as examples of RVF-affected countries, the study built a 
stochastic step-by-step approach, including all relevant variables and applicable to a broader 
extent of cases. The model framework describing the pathway of RVFV introduction of interest 
to this study is presented in Figure 1. This model estimated that, given our assumptions, when 
an outbreak occurs, the total number of RVFV-infected mosquitoes that are mechanically 
transported in aircraft, in direct flights from RVF-affected East African countries to the UK, 
between May and October, has a most likely value of N = 0 and an average value of N = 68 
(95% CI: 0–337). This estimate is considered as low but not negligible. The model can be 
easily scaled up to other European countries by amending appropriately country-specific 
variables (e.g., number of flights between countries) in order to map the areas/airports of higher 
risk (e.g., South Europe), inform risk management per country accordingly and adopt risk-
mitigation measures. 
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Figure 1: Model framework describing the introduction of RVFV-infected mosquitoes into an 
EU country, mechanically transported by commercial aircraft originating from RVF-affected 
countries 
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Rift Valley Fever, vector-borne, quantitative risk assessment, cross-border 
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Summary 
Pests in silos and warehouses are the main reason for the biggest losses in stored feed and food. 
These insects cause significant quantitative impairments and considerable quality degradations 
with significant sanitary and economic impact. The main trend for managing insect populations 
is based on chemical insecticides (i.e. phosphine), which are either applied directly to the 
product or indirectly into storage places. Misuse of these active ingredients increases 
production costs, product loses and gradually to decreased effectiveness of them on reducing 
pests’ populations. In addition, phosphine is highly toxic and can be dangerous to human health 
if not all necessary precautionary measures are taken. Moreover, the type and composition of 
pesticides used for post-harvest treatment of stored products is constantly monitored and 
changed due to environmental and safety concerns and consumer demand for residue-free food 
(Phillips and Throne, 2010). Consumer perspective on this is of growing interest, motivating 
firms to use alternative, "green" disinfestation methods. This survey aims to identify and 
analyze consumers’ awareness and perceptions on this topic, focusing on the use of alternative 
post-harvest disinfestation methods (i.e. precision applications with the use of phosphine, 
diatomaceous earth, and modified nitrogen atmosphere). For this survey a questionnaire was 
developed and answered on a national level in Greece of a sample of 1,000 interviewees. At 
the same time, the willingness to buy agricultural foods being treated with alternative 
disinfestation methods mentioned above was assessed. Principal Component Analysis results 
verify that application of "green" disinfestation methods in food and feed post-harvest 
protocols is a good practice, mitigating risks for human health. It is also noteworthy to be 
mentioned that the awareness level of consumers on disinfestation protocols is relatively low, 
as it was expected to be. More than 60% of participants would be willing to pay a premium 
price for consuming food, stored in a place where green disinfection methods are applied. 
However, more than half of consumers state that "food and feed stored in a place where 'green' 
disinfestation methods are used are more expensive". The intention of Greek consumers to buy 
food being disinfected without the use of chemicals is very high, while the vast majority of 
them claim that they would encourage their friends to follow the same practice. 

1 
Keywords   
Food storage, Consumer behavior, Green disinsectisation methods, Health Belief Model, 
Principal Component Analysis  
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Abstract  
Many international institutions working in the field of food policy have appealed to digitization 
as the cornerstone of future food system sustainability strategies. However, some works have 
cast doubts on an excessive emphasis on digitization benefits, highlighting some risk of 
negative side effects that would hamper, instead of facilitating, food system transition. By 
crossing the literature on the risks of digitization with that on power and sustainability, the 
paper stresses the importance of the concept of power for assessing the effects of digital 
technologies on food system sustainability. One conclusion is that to ensure that digitization is 
consistent with sustainability objectives, public intervention should address some critical 
issues, such as: data sovereignty, increased surveillance and corporate control over farming 
practices, increased influence of corporate power on state regulatory choices.  
 
Keywords  1 
Digitization, agriculture, food system, sustainability, power, contracts, data governance 

1. Introduction 

Digital innovation in agriculture includes applications that range from the productive to the 
distributive level, such as: genome-edited seeds, smart tractors and sensors, farm robotics, farm 
management platforms, digital marketplaces, digital freight management, quality sensors and analytics, 
automate warehouse, financial services, digital tools for commodity chain traceability and transparency. 
Over the last years agriculture digitization has been hailed as one of the main instruments for attaining 
food system sustainability. Many international institutions working in the field of food policy have 
appealed to digitization as the cornerstone of future food system sustainability strategies [1,2,3]. On 9 
April 2019, in Brussels, EU Member States signed the “Declaration on a smart and sustainable digital 
future for European agriculture and rural areas”, recognizing the potential of digital technologies (such 
as artificial intelligence, robotics, blockchain, high performance computing, Internet of Things and 5G) 
to tackle urgent economic, social, climate and environmental challenges.  

However, some works have cast doubts on an excessive emphasis on digitization benefits, 
highlighting some risk of negative side effects that would hamper, instead of facilitating, food system 
transition. Among the risks there is the increase of power imbalance within the food supply chain. Thie 
paper relies on some insights from recent studies on digitization risks and on the role of power in 
sustainability transitions to identify the ways in which digitization may trigger power dynamics 
hindering food systems transition. 

2. Agriculture Digitization and Sustainability: The Role of Power 

One largely recognized risk of digitization is a further consolidation of the food system. Most digital 
innovation applications suit large farmers and intensive agriculture [4]. For example, in South America, 
over the past years a renewed race to buy land by large multinationals and financial groups has been 
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strictly linked to digital innovations [5]; with these latter pushing towards a further concentration in the 
agricultural sector. Moreover, digitization is producing a wave of mergers and strategic alliances at 
vertical level, with agrochemical firms integrating information technology firms and vice versa. Bayer 
and BASF for example offer their apps (like Xarvio) for collecting data captured by tractors’ tracking 
devices in order to sell their products to farmers with more fine-tuned marketing strategies. With 
growing data at hand, the largest internet companies have also started to integrate agribusiness apps in 
their platforms. Microsoft for example is expanding its Azure FarmBeats platform for deploying 
chatbots, like Kuzabot in Kenya, which give small farmers advisory services for the benefits of 
agrochemical companies like Syngenta which is a partner of the chatbot provider Arifu [6]. 

A second risk of digital innovations is the possible marginalization of the cultural and ecological 
knowledge of small-scale farmers, with their knowledge being replaced by data analytics and/or AI. 
The main risks from digitization for alternative agriculture practices, such as agroecology and organic 
farming, reside in the possibilities of small farmers losing their knowledge and skills, as well their right 
to repair their equipment or accessing sensitive data. The environmental narrative trough which 
agribusiness corporations are using to legitimize digitization [7], could also create the false perception 
of an environment friendly conventional agriculture, making sustainable alternatives losing their 
support by consumers and policy makers.  

A third risk is associated with data governance. So far, there is a lack of effective regulation on data 
protection and property rights. The exclusive property rights of sensible data (strategic for the 
functioning of the entire food system) on the behalf of individual internet or agribusiness companies 
pose many risks, such as: compromising interoperability and data quality standards; limiting cross-
border data flows; reducing the availability of services; limiting the choice of policies for farmers. Since 
farmers do not own their data, they may not have the ability to transfer historical data between 
technology providers, or to choose who services their machinery [8]. Furthermore, the lack of a 
trustworthy governance of agricultural data may pose extreme national security risks, since food is a 
key geopolitical weapon.  

The role of power in sustainability transitions and transition governance, has been recently stressed 
with regard to: the issue of empowerment and transformative agency [9]; the multiple and conflicting 
roles that states play in transitions [10]; the actors/loci of powers that play the main roles in thwarting 
the transformative processes [11]; the recently occurred power shifts in the system, which lead to forms 
of less democratic governance challenging transformation [12]. 

By crossing the literature on the risks of digitization with that on power and sustainability, it is 
possible to identify at least two research fields that require a specific focus on the concept of power. 

The first research field is the traditional area of the political economy decision processes. When 
policy choices involve tradeoffs and equity issues (as for example in the case of sustainability policies 
that must find a balance between the different environmental, economic and social objectives), 
decisions cannot rely solely on economic and technological considerations but need to be framed as 
power struggles among different political parties by means of consensus and vote seeking. The more 
democratic and transparent the political confrontation, the better, from the point of view of overall 
social well-being, the decision process will be. Therefore, the first political issue concerning 
sustainability and digitization may be summed up by the questions: does digitization affect important 
social issues that need to be addressed at the political level? Are policy choices for digitization made in 
a transparent and democratic way?  

The answer to the first question is affirmative. Unfair distribution of innovation benefits and costs, 
the disruption of technologies entailing traditional knowledge and cultural values, data privacy issues 
and national security risks, are all important social issues that need to be addressed at the political level. 

The answer to the second question is not affirmative, since digitization may help the processes of 
power shifts, away from traditional national political arena, described by Baker: a shift upwards, 
towards a global dimension, and shift outwards, towards non-state actors. This is because the control 
of new digital technologies and related data by large multinational corporations means that global 
corporate power plays an increasingly important role in food governance. In terms of theory of power 
such shifts means that regulatory choices will depend not only on the first dimension of power, which 
is the political power of the traditional liberal political thought [13] but also on the second, agenda 
power, and the third, hegemonic power, dimensions of power. Agenda power [14], refers to the power 
decision makers have not only to choose among ‘choices on the table’ but also to leave some possible 
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choices off the table, excluding them from the political agenda. Hegemonic power is the ability to 
manipulate others’ desires; it is the power to prevent people, to whatever degree, from having 
grievances by shaping their perceptions, cognitions and preferences in such a way that they accept their 
role in the existing order of things [15]. Corporations, through their lobbying activities, may exercise 
some form of agenda power in the public policies decisional arena, and, through influential social 
activities (often framed through the rhetoric of corporate social responsibility), may exercise some form 
of hegemonic power at level of civil society, making the public more akin to bear costs and risks of 
digitization. The rise of corporate power produced by digitization, therefore, may reduce transparency 
and democratic participation in policy decision processes.  

The second research field that requires a specific focus on the concept of power is the economic 
area. Digitization contributes to the third power shift denounced by Baker: the shift inwards, which 
occurs as markets become increasingly concentrated and corporate strategies are implemented in order 
to gain market power within and across food supply chain segments. Digitization fosters market 
concentration, and therefore the exercise of market power. It also affects the distribution of value added 
along the food supply chain, due to the disproportionate bargaining power of suppliers of digital 
innovation with respect to their customers. Such a high bargaining power is due to the lack of data 
governance which creates transactions characterized by high information asymmetry, ill-defined 
property rights and low levels of contract enforcement. According to the theory of contract and to the 
Transaction Costs Theory these characteristics give the richest and most informed party in the 
transaction the opportunities to exploit the quasi-rents and the residual claims associated with contract 
incompleteness [16]. 

3. Conclusion 

Environmental narratives are legitimizing a digital transition in the food system. By emphasizing 
the positive effects of digital technologies on food system sustainability, corporate actors gain 
institutional support for their technological developments and are able to consolidate and advance their 
control over technologies, livelihoods and food production, while, at the same time, marginalizing agro-
ecological alternatives in international fora and institutions [7]. This paper brought attention to the issue 
of power as an important element to take into account when evaluating the impact of digitization on the 
sustainability of the agri-food system. References to the theories of power helped to understand that 
even if some digital innovations provide some advantages in terms of environmental sustainability, 
these latter might be largely outweighed by negative effects in terms of economic and social 
sustainability. The power discourse allowed to highlight how the growing power of some subjects 
(corporate power) and the growing asymmetries of power (power imbalance, which damages alternative 
systems) may hinder transformation (with negative effects on all the three sustainability dimensions). 
It also allowed to understand how political power within the system might be shifted, due to the new 
technologies, from the public to the private sector and from national to global level. To ensure that 
digitization is consistent with sustainability objectives, public intervention should address some critical 
issues, such as: data sovereignty, increased surveillance and corporate control over farming practices, 
increased influence of corporate power on state regulatory choices. A general conclusion of the paper 
is that with lack of attention to agency, conflict, and power, agriculture digitization becomes a ‘taken 
for granted’ innovation pattern, deemed to be unconditionally beneficial to sustainable development. 
The theories of power help to evaluate the impact of digital technologies starting from a broader 
perspective that contemplates the technological and social sphere in a way which is consistent with the 
multidimensionality of the concept of sustainability, avoiding the drift of misleading depoliticizing or 
naturalizing of socio-economic phenomena. 
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Summary 
Legumes are feedstuffs with high nutritional value and can be used to substitute or replace 
soybean in ruminant nutrition. The latter could contribute both to economic efficiency and 
environmental sustainability. However, the notion is that legumes contain antinutritional and 
toxic factors, which might compromise animal performance. The objective here was to assess 
whether replacing soybean with a mixture of legume grains (lupin, pea, vetch, faba bean) could 
affect milk production and body condition score (BCS) of intensively reared dairy ewes. A 
total of 40 Chios dairy ewes at the third month of first to fifth lactation period were randomly 
selected from a purebred flock. Ewes were allocated in two (n=20) groups (control C and 
treatment T) balanced for level of milk production after weaning and number of lactation 
period. Ewes were fed a pelleted concentrate feed together with Lucerne Hay and wheat straw 
(1.5, 1.5 and 0.3 kg/animal/day, respectively). Group C received a conventional concentrate 
feed with soybean. Group T received a concentrate feed of equal energy and protein content (1 
UFL/kg dry matter and 158.5 g/kg dry matter, respectively) in which soybean had been 
replaced with 500 grams of the aforementioned mixture of legumes. Chemical composition 
and antinutritional compounds of legumes were assessed. Data collection was performed every 
15 days for a 60-day period (a total of five measurements). Feed refusals from each group were 
weighted to calculate total and average individual feed intake. The BCS of each ewe was 
assessed by palpation of the dorsal lumbar region. Milk yield of individual ewes was recorded 
electronically; energy corrected milk yield was calculated. Individual milk samples were also 
collected to assess chemical composition (fat, protein, lactose, solids-non-fat; SNF). Data 
analysis was performed with mixed linear models in R. Throughout the study, concentrate feed 
intake was lower in Group T compared to C. There were no significant effects (P>0.10) of 
nutritional management on milk production and BCS. An exception was reported at the last 
measurement where ewes in Group T had significantly (P<0.10) higher milk yield, energy 
corrected milk yield, fat, protein, lactose and SNF yields, and BCS compared to ewes in Group 
C (increase by 30.0%, 27.9%, 28.1%, 47.8%, 43.0%, 32.2% and 4.5%, respectively). Overall, 
results suggest that replacing soybean with a mixture of the studied legumes is not expected to 
adversely affect the performance of intensively reared dairy ewes. This research has been co-
financed by the European Regional Development Fund of the European Union and Greek 
national funds through the Operational Program Competitiveness, Entrepreneurship and 
Innovation, under the call RESEARCH – CREATE – INNOVATE (project code: T1EDK-
04448). 
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Abstract  
As environmental awareness is increasing, the number of people interested in staying at green 
hotels is also rising. This paper aims to investigate Greek millennial consumers’ willingness to 
pay for green hotels. Participants’ environmental perceptions are measured and analyzed using 
the NEP scale as well. The research was carried out during the period between 1 February 2022 
and, 1 May 2022, while 425 valid questionnaires were analyzed. The main finding of this 
research shows a positive correlation between respondents’ environmental perceptions and 
their willingness to pay more in order to stay in a green hotel. This result can have significant 
managerial and policy implications due to the importance of tourism for the Greek economy. 
 
Keywords  1 
Green hotels, eco-friendly hotels, green tourism, sustainable tourism, willingness to pay, 
environmental awareness, New Environmental Paradigm.  

1. Introduction 

The growing interest in environmental sustainability has led several firms to adopt practices that are 
environmentally friendly [1-2]. Environmental sustainability is in the spotlight of academic research 
and it is linked with the concept of ecotourism [3]. The term “ecotourism”, also known as “green 
tourism”, first appeared in the 1980s as a result of the global acknowledgement and response of tourism 
industry to environmentally sustainable practices. 

The growth of ecotourism can be primarily attributed to the growing environmental awareness. As 
societies become more aware of the harm caused on the environment, customers are willing to purchase 
products and engage in practices that appear to help to protect and preserve the environment, which are 
labeled as either “green” or “eco-friendly” [4]. Thus, the rising awareness of human activities’ negative 
impact on the environment has led firms, including hotels, to adopt environmentally friendly practices 
and become environmentally responsible [5].  

Various findings on willingness to pay for environmental friendly practices in hotels are reported in 
the relevant literature. Previous studies show that guests’ environmental awareness can influence their 
willingness to pay for green hotels [6]. As a result, over the last two decades, a large number of hotels 
incorporate green practices [7]. According to a survey conducted for international green hotels, the 
percentage of respondents who prefer to stay in green hotels is equal to 90% [8], while in another 
research this percentage exceeds 92% [9].  

However, concerning the issue of how much hotel guests are willing to pay for green hotels, Han 
(2021) [10] found that guests are willing to pay for regular hotel prices. Similarly, Obgeide (2013) [11] 
found that even though hotel guests are supportive of green practices, they are largely unwilling to pay 
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an extra amount of money to stay in them. Particularly, a 75% of hotel guests are willing to pay the 
same amount of money or less. In their study, Millar and Mayer (2013) [12] found that the majority of 
hotel guests are willing to pay up to 10% more. Manaktola and Jauhari (2007) [13] also found that a 
40% of guests are willing to pay from 4% to 6% more in order to stay in a green hotel. 

Tourism is one the major sectors of the Greek economy. More specifically, tourism accounts about 
11% of the national Gross Domestic Product [14]. In Greece, green hotels are increasing every year. 
Either already existing hotels proceed with significant environmental improvements, or new hotels are 
built from scratch with environmental protection as their main focus. Based on the existing data, about 
370 green hotels (hotels awarded with a Green Key eco-label) already operate in Greece. These data 
mean that Greece is now ranked as the third country in the world based on the number of green hotels 
[14]. Thus, green hotels seem to be an in important component of the Greek tourism industry.  

Despite the extensive research conducted worldwide, studies regarding willingness to pay for green 
hotels in the Greek area are limited [15]. Thus, the aim of the present research is to examine Greek 
consumers’ willingness to pay for green hotels through the case of millennials.  

The paper is organized as follows. In the second section the research methodology is presented. In 
the third section the research results are presented and discussed. Last, the conclusions of the research 
are presented in the fourth section. 

2. Research Methodology 

To measure respondents’ environmental perceptions and willingness to pay for green hotels an 
empirical study was carried out. More specifically, a structured questionnaire was responded by 
millennials living in Greece. The questionnaire was distributed electronically, while 425 valid responses 
were collected during the period between 1 February 2022 and, 1 May 2022.  

The sample consists exclusively of millennials. Millennials, also referred as Generation Y or Gen 
Y, are the people born between and the early 1980s and the 2000s [16]. We have focused in this 
generation because Millennials are considered as the most socially responsible consumers [17] and, at 
the same time they will dominate the market for several years [18].  

The first part of the questionnaire contained five questions about the environmentally responsible 
behavior. The second part was dedicated to willingness to pay for green hotels, while the third part of 
the questionnaire was dedicated to environmental perceptions. Last, the fourth part consisted of six 
questions regarding the demographic profile of the respondents. The questionnaire consisted of 
dichotomous questions, multiple choice questions and 5-point Likert type questions. 

Environmental perceptions were measured using the New Ecological Paradigm (NEP) scale. The 
scale’s items were coded from 1 referring to “strongly disagree” to 5 referring to “strongly agree”. A 
high score in the NEP scale indicates an ecocentric orientation [19-20]. Furthermore, all the other 
questions were obtained from the relevant literature [21-23]. 

Concerning the questionnaire’s internal consistency, Cronbach’s alpha is applied. The coefficient’s 
results show high internal consistency, since its value for the first part of the questionnaire concerning 
environmentally responsible behavior is 0.799, while for the second part concerning willingness to pay 
for green hotels is 0.765 and, for the third part concerning the NEP scale is 0.832. 

3. Research Results 

3.1. Respondents’ Demographics 

Initially, respondents’ demographics are measured. Concerning their gender, 65.6% of them are 
females, while 34.4% are males. The majority of respondents belong in the 18-25 age group (49.1%) 
followed by the 26-35 age group (32.1%) and the 36-45 age group (18.8%). Most of them (81.7%) hold 
a bachelor’s degree, 10.2% of them hold a secondary education or an associate’s degree, while 8.1% 
hold a master’s degree. Concerning the place of residence, most of the respondents reside in urban areas 
(78.6%) and semi-urban areas (18.3%). 3.1% of respondents live in rural areas. Last, as far as the annual 
income is concerned, most of the respondents (45.8%) reported between 5.001 and 10.000 Euros, 27.5% 
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reported less than 5.000 Euros, 16% reported between 10,001 and 15,000 Euros, 6.9% reported between 
15,001 and 20,000 Euros and, 3,8% reported an annual income higher than 20,001 Euros per year. 

3.2. Environmentally Responsible Behavior 

The data provided in the following table measure respondents’ environmentally responsible 
behavior based on five different practices. 
 
Table 1 
Environmentally responsible behavior 

 Totally 
disagree 

Disagree Neutral Agree Totally 
agree 

Limit use of energy 1.20% 7.20% 26.70% 58.00% 6.90% 
Recycle 1.10% 2.00% 9.20% 53.40% 34.40% 

In the case of two products with the 
same price and quality choose the green 

one 

1.50% 3.10% 29.00% 47.30% 19.10% 

Environmentally sustainable practices 
influence consumer behavior 

1.20% 2.70% 24.00% 58.80% 13.30% 

 
The first four variables indicate a high level of environmentally responsible behavior since positive 

answers are recorded for the majority of the respondents.  
However, the fifth question indicated that most of them (77.10%) do not financially aid or participate 

in an environmental organization.  

3.3. Willingness to Pay for Green Hotels 

Willingness to pay for green hotels is examined through the statement “I would pay more to stay in a 
hotel which is environmentally friendly”. As shown in Figure 1, it is revealed that the majority of the 
participants (61.90%) responded positively, while 30.50% of them were neutral, which indicates a high 
level of endorsement.  

 

 
Figure 1: Respondents’ willingness to pay more in order to stay in an environmentally friendly hotel. 
 

7.60%

30.50%
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Furthermore, the participants, were asked to report the extra amount they are willing to pay in order 
to stay in a green hotel. Based on the following figure, it is obtained that most of them are willing to 
pay a low extra amount in order to stay in a green hotel. A similar pattern of results was obtained in the 
study by Kang et al. (2012) [23]. This result could be explained by the low income of the participants. 
 

 
Figure 2: Extra rate respondents are willing to pay in order to stay in a green hotel. 

3.4. Environmental Perceptions and Willingness to Pay 

As already mentioned, the NEP scale has been used to measure participants’ environmental 
perceptions. Based on the responses, the NEP scale’s mean score is equal to 3.38. Thus, taking into 
consideration the fact that the NEP scale score is measured in a 5-point Likert scale where 1 refers to 
“strongly disagree” and 5 to “strongly agree”, we conclude that most of the respondents are 
characterized environmentally sensitive [20]. 

In order to examine the relationship between environmental perceptions and the willingness to pay 
more in order to stay in a green hotel, Spearman’s correlation coefficient is used.  

Based on the coefficient’s results, we obtain a statistically significant positive correlation  
(sig. = 0.012). This means that the NEP scale’s mean score and the willingness to pay more in order to 
stay in a green hotel are correlated. This result is in accordance with the findings of the study of Kang 
et al. (2012) [23] who pointed out a positive relationship between high levels of environmental concern 
and willingness to pay more for green hotel practices. Additionally, Han et al. (2011) [10] found that 
the most important reason affecting hotel guests to pay more to stay in a green hotel, is the level of their 
environmental concern. 

3.5. Demographics and Willingness to Pay 

To examine the relationship between respondents’ demographics and their willingness to pay more 
in order to stay in a green hotel two different statistical tests have been used. 

First, concerning respondents’ age, level of education and annual income, Spearman’s correlation 
coefficient is used. Based on the p-values obtained, there is no statistically significant correlation 
between respondents’ age (sig. = 0.981), level of education (sig. = 0.950) and annual income  
(sig. = 0.472) and their willingness to pay more in order to stay in a green hotel. This result is irrelevant 
with the results of other researchers [24]. Lastly, the results regarding income level, which was 
relatively low, are in contradiction with the study by Philippsen et al. (2017) [25] who found people 
with a higher income to pay more importance on green hotels. This contradiction may be supported by 
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the fact that the average monthly salary in Greece is low compared to other countries and the fact that 
most of the respondents have about the same level of annual income. 

Furthermore, as far as the respondents’ gender, place of residence, profession and financial aid or 
participation in an environmental organization are concerned, Pearson’s chi-square test of independence 
is used. Based on the test’s results, respondents’ gender (sig. = 0.013) and financial aid or participation 
in an environmental protection organization (sig. = 0.005) are found to be correlated with their 
willingness to pay more in order to stay in green hotel at a statistically significant level. Concerning 
gender, the above results confirm some findings of the existing literature since they are in line with the 
results of Fuentes-Moraleda et al. [22] who found that women are more frequent customers of green 
hotels compared to men. 

4. Conclusions 

Consumers’ awareness and concerns for the environment have grown dramatically, while 
environmental concerns are now between the most important factors in consumer decision making [26-
27]. This trend applies in hotel industry as well.  

This paper investigated the relationship between Greek millennials’ environmental perceptions and 
their willingness to pay for green hotels. The results found a positive correlation between the above 
mentioned variables. Furthermore, most of the participants reported that they are willing to pay an extra 
amount between 1% and 5% in order to stay in a green hotel.  

The findings of this research can be used to develop the understanding of environmental 
sustainability in hotels in Greece. Given the importance of hotel guests’ environmental awareness, it is 
crucial to make them aware about the concept of environmental sustainability and its application in 
hotels. Information about green certifications should also be accessible to potential guests as they are 
found to positively affect their willingness to pay [28]. This also emphasizes the need to encourage 
hotel guests to take part in reducing their own impact on the environment. The adoption of a greener 
mindset will protect the environment and boost competitiveness as well [1-2]. 

It is considered necessary to refer to the limitations of the research. Thus, it should be noted that the 
obtained results could be representative only of the Millennials. As far as it is concerned it is proposed 
that a future research should concern all the consumers’ generations, since generations like Baby 
Boomers are still important for the tourism industry [29].  
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Abstract  
With the incorporation of autonomous robotic platforms in various areas (industry, agriculture, 
etc.), numerous mundane operations have become fully automated. The highly demanding 
working environment of Agriculture let the development of techniques and machineries that 
could cope with each case. New technologies (from high performance motors to optimization 
algorithms) have been implemented and tested in this field. Every cultivation season, there are 
several operations that contribute to crop development and have to take place at least once. 
One of these operations is the weeding. In every crop, there are plants that are not part of it. 
These plants, in most cases have a negative impact on the crop and had to be removed. In the 
past the weeding was taken place either by hand (smaller fields) or by the use of herbicides 
(larger fields). In the second case, the dosage and the time are pre-defined, and they are not 
taking into consideration the growth percentage and the weed allocation within the field. In 
this work, a novel approach for intra-row weed detection in vineyards is developed and 
presented. All the experiments both for data collection and algorithm testing took place in a 
high value vineyard which produce numerous wine varieties. The aim of this work is to 
implement an accurate real-time robotic system for weed detection and segmentation using a 
deep learning algorithm in order to optimize the weeding procedure. This approach consists of 
two essential sub-systems. The first one is the robotic platform that embeds all the necessary 
sensors and the required computational power for the detection algorithm. The second one is 
the developed algorithm. From all the developed models, the selected one performed accurately 
in the training procedure and in the unknown datasets. In order to properly validate the 
algorithm, the unknown datasets were acquired in different time periods with variations in both 
camera angle and wine varieties. 
 
Keywords 1 
Weed detection, RGB camera, vineyard, UGV, deep learning, masked RCNN  

1. Introduction 

Object detection and localization are essential procedures in state-of-the-art robotic operations. As 
the available computational power increases, the implementation of numerous algorithms related to the 
robots’ environmental awareness is documented. In this direction were developed two main types of 
algorithms could be developed in order to identify and localize side weeds. Gonzalez-de-Santos, P. et 
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al in their work, propose a method incorporating a fleet of UAVs and UGV both RGB (with high spatial 
resolution) and multi-spectral cameras for weed detection [1]. Along with the aggregated images, 
various orthomasaics were produced to facilitate the weed detection process. A similar methodology 
with the use of an OBIA algorithm was proposed by Peña et al. [2]. In the work of de Castro et al., a 
custom OBIA algorithm to classify four distinct classes (vine, cover crop, cynodon dactylon and bare 
soil) is implemented [3]. With the use of a UAV several orthomοsaics, both 2D and 3D were generated 
for the validation of the proposed methodology. Furthermore, to accomplish better results a color index 
of the vegetation was used to filter the available data. 

On the other hand, in the last few years, numerous implementations of machine learning and deep 
learning algorithms in various scientific fields have been documented. The main prerequisite to training 
and embedding an algorithm in any system is the available training and validation datasets. To that end, 
in the work of Olsen et al., an open multiclass weed species image dataset for machine learning 
applications is proposed [4]. It contains more than 17,000 labeled images while the authors also propose 
a deep learning model based on Inception-v3 and ResNet-50. Based on the above-mentioned paper, in 
the work of dos Santos Ferreira et al., two unsupervised deep clustering algorithms based on two weed 
datasets are evaluated [5]. The first algorithm is the Joint Unsupervised Learning of Deep 
Representations and Image Clusters (JULE) which was proposed by Yang et al. [6]. The second 
algorithm is Deep Clustering for Unsupervised Learning of Visual Features (DeepCluster) which jointly 
learns the parameters of a neural network and clusters the assignments of the resulting features, as it 
was proposed by Caron et al. [7]. The datasets that were used to train the algorithms were the Grass-
Broadleaf from a previous work of the same authors [8] and the DeepWeeds dataset. For further 
exploration, Hu et al. developed a novel graph-based deep learning architecture to recognize multiple 
types of weeds from RGB images [9]. They also used the DeepWeeds dataset to train the algorithm. 
Each of the input images were set as a multi-scale graph, of which the vertex patterns are associated 
with the image sub-patches, of multiple scales from local to global scopes. Finally, based on the review 
paper of Wu et al. [10] some of the most common deep learning architectures were implemented in 
different weed datasets. 

2. Material and Methods 

Considering all the above, several methods were tested based on this work requirements. The 
disadvantages of the OBIA method are related to the constantly changing operational environment of 
the vineyards, in tandem with the available computational power. Especially the one related to the 
available CUDA cores led to the selection of the Deep Learning methods. Furthermore, the second 
essential decision that was made was based on the type of Deep Learning algorithm. There were three 
essential options: 1. “learn from scratch”, 2. use a pre-trained model utilizing transfer learning, and 3. 
fine tuning. In the “learn from scratch” method, it was necessary to start the learning process with 
random weights. This method is associated with the possession of many images for the training 
procedure. In fine tuning method, the weights which were initialized using a pre-trained model from 
the same domain were unfrozen, and the re-training of the model on the new data with a very low 
learning rate was attempted. Transfer learning is similar to the fine-tuning method with the noticeable 
difference that the weights from the pre-trained model were not necessarily from the same domain. The 
last two methods are commonly used when the available datasets consist of a small number of images. 
The advantages of the transfer learning and fine-tuning method led to the selection of a combination of 
the two methods.  

The proposed system consists of two essential sub-systems. The first one is the autonomous robotic 
platform (Thorvald, SAGA Robotics) that embeds all the necessary sensors along with the required 
computational power (Figure 1a). The second one is the developed weed detection algorithm. The 
robotic platform that was used in this work was a Thorvald by SAGA Robotics. Four sensors were 
mounted on the robotic platform. A laser scanner (Lidar), an RTK GPS, two IMU sensors and an RGB 
camera. The first three sensors are used to facilitate autonomous navigation and the fourth one is for 
weed detection. All the sensors were placed on the robotic platform in order to minimize the input data 
error as depicted in the figure below (Figure 1b). The communication between the robotic platform and 
the sensors became via the ROS framework. 
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a) b) 

Figure 1: a) The weed detection system mounted on Thorvald robotic platform and b) Location of 
the sensors n the relative coordinate system using the IMU. 

 
Also, two algorithms were developed and tested for weed detection at the intra-row path. The first 

algorithm was a Single Shot Detector (SSD) [11] with a ResNet 101 [12] as a backbone while the second 
algorithm was the Mask RCNN [13]. Python3.7, OpenCV and TensorFlow1.5 were used for both 
algorithms. The final implementation of the intra-row path weeds detection took place with the 
development of the Mask RCNN, based on the results of early stopping. 

All the measurements were taken place at Ktima Gerovassiliou vineyard, via an autonomous robotic 
platform. Ktima Gerovassiliou is one of the largest wine producers in the country cultivating several 
varieties of both white and red wine via an autonomous robotic platform.  

All the RGB images were aggregated from a ZED2 RGBD camera by Stereolabs which was 
embedded in the Thorvald robotic platform. The resolution of the images was 2208x1242 with f/1.8 
and field of view 110° (H) x 70° (V). The camera was placed sideways of the robotic platform in a 45° 
angle. As described before the Mask RCNN algorithm is based on a Feature pyramid network and a 
RESNET 101 architecture. The dataset consists of 1326 RGB images from four vineyard varieties in 
three stages of the cultivation season. The selection of the days that the experiments were held was 
based on the weeds’ growth and more specifically early spring, early and late summer. 

3. Results  

The proposed model was trained on a NVIDIA 1080 Ti with 64 Gb of RAM. The separation of the 
dataset was defined as 1066 images for training and 260 images for testing. The training procedure of 
the algorithm took place with three distinct stages, In stage one, a region proposal network was used 
known as RPN. In stage two, a proposal classification takes the region proposals from the RPN and 
classifies them and in stage three the Masks were generated. This stage takes the detections from the 
previous layer and runs the mask head to generate segmentation masks for every instance. Furthermore, 
images from a standalone RGB camera were acquired in order to validate the model in unknown images. 
In the following figure (Figure 2) six images are presented with different angles captured in different 
cultivation periods. Also, in the following five tables the results for each variety along with the summary 
of the results are presented (Table 1-5).   
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Figure 2: Validation from unknown images. 
 
 
Table 1 
Sauvignon Blanc variety, Number of samples: 52 

Accuracy Precision Recall F1 
0.912280702 0.961904762 0.912280702 0.936435767 

 
Table 2 
Chardonnay variety, Number of samples: 48 

Accuracy Precision Recall F1 
0.931624 0.889831 0.931624 0.910248 

 
Table 3 
Malagouzia, Number of samples: 76 

Accuracy Precision Recall F1 
0.767442 0.956522 0.767442 0.851613 

 
Table 4 
Syrah variety, Number of samples: 84 

Accuracy Precision Recall F1 
0.745928 0.933884 0.745928 0.829391 

 
Table 5 
Summary, Number of samples: 260 

Accuracy Precision Recall F1 
0.8393186755 0.9355354405 0.8393186755 0.8695288045 
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4. Conclusion  

In conclusion, this work intends to provide a solution to weed management, one of the major 
challenges in viticulture, as long as weeds can cause significant yield losses and severe competition to 
the cultivation. According to this, the development of a totally automated procedure for weed 
monitoring will provide useful data for understanding weed management practices. Also, this work 
aims to present a new image-based technique that was developed in order to detect weeds at the intra-
row path in vineyards. The developed model was tested in different field vineyard conditions with 
different levels of weed growth and it performed accurately in cases where the weeds had distinct 
borders. On the other hand, the results show that the proposed model gives promising results in various 
field conditions and in conditions where there are no distinct boundaries between the weeds. 
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Abstract  
Seasonal labor shortages in agriculture are experienced throughout Europe and beyond 
especially, but not only, during the harvest time when the demand for hands is high as well as 
urgent. Agrobots have been established as a sustainable solution to support these growing 
demands due to their capacity to work incessantly, fast as well as with skillful precision.  In 
the aforementioned context, this work investigates the design of a single multi-purpose robotic 
system towards automation of a number of skillful viticultural practices. Best practices are 
recorded thoroughly according to the needs of local northern Greek wineries through 
interviews with experts. Possibilities and limitations for robotic implementation are discussed 
and appropriate end-effectors are outlined. 

 
Keywords  1 
Precision agriculture, agricultural robot, viticultural practices, vineyard, automation  

1. Introduction 

The quality of grapes and produced wine is directly affected by the terroir of wine and both growing 
and winemaking practices [1,2]. Canopy manipulation practices are traditionally performed by 
experienced workers. However, the vast cultivation areas due to production growing demands in 
conjunction to the lack of seasonal labor yell for robotic interventions to automize viticultural seasonal 
practices in a dexterous and consistent way.  

Agricultural robots, namely Agrobots [3], have been sparingly used in viticultural automation [4]; 
for harvesting [5], spraying [6], berry thinning [7], pruning [8], monitoring [9]. However, certain highly 
skillful tasks, such as shoot thinning or tying, have not yet been automated. Less detailed tasks, such as 
top/lateral removal, have been automated with appropriate tools mounted on tractors, yet, not altogether 
by a single muti-purpose agrobot. The challenge is for an agrobot or group of robots [10], to automate 
a multitude of viticultural practices with minimal adaptations of suitable tools/end-effectors. 

Towards this end, this work investigates the design of a multi-purpose robotic system for the 
automated vineyard management practices of harvest, cluster thinning, leaf removal, pruning, shoot 
thinning, top (topping) and lateral removal, weed removal, spraying, and tying. The focus is on optimal 
requirements of practices as delineated by expert oenologists and agronomist based on the needs and 
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characteristics of Northern Greek vineyards. For each of the practices, appropriate end-effectors are 
proposed. The scope is to investigate possibilities and limitations of robotic implementation of a set of 
basic viticultural practices which in their entirety have never been automated yet by a single robotic 
system. 

The remainder of the paper is as follows: optimal viticultural practices are described in Section 2; 
requirements for appropriate end-effectors and challenges are included; Section 3 concludes the paper. 

2. Optimal Viticultural Practices 

Optimal viticultural practices are extracted through interviews with expert agronomists and 
oenologists of three wineries of Kavala and Drama, in Northern Greece, under the ongoing project 
SVtech [11]. Interviews took place in August 2021 and were conducted by teams of engineers and 
computer scientists who will consequently design the final robotic system. In what follows, all tasks 
are determined. Suggested end-effectors and challenges towards robotic automation are included in 
Table 1. 

2.1. Cutting Tasks 

The following subsections describe an array of cutting tasks including harvest and cluster thinning, 
leaf removal, pruning, shoot thinning, top and lateral shoot removal, and weed removal. 

2.1.1. Harvest and Cluster Thinning 

Harvest is the collection of all fully and equally ripened grape clusters. The process includes cutting 
grape bunches off the vine and collecting them into harvest crates [12]. Cluster thinning is employed to 
improve foliage-yield relationship by selecting and removing bunches that are not uniformly ripened, 
of smaller size, defected or belong on the outer edge of the vine [13].  

In both tasks bunches are cut-off from the stem, therefore, they can be automated with the same end-
effector. In manual harvest, the harvester grasps the cluster with the non-dominant hand and cuts it free 
with the dominant hand by using a grape picking scissors. Thus, the automated system needs end-
effector(s) able cut the grape cluster from the stem and hold it.  

2.1.2. Leaf Removal 

Leaf removal refers to the modification of the microclimate of foliage, by removing leaves from the 
base of the shoots in the cluster zone, towards a better exposure to the sun [14]. Leaf removal varies 
depending on the grape variety; less leaves in white and more in red varieties are removed. Regardless 
the variety, leaf removal is traditionally performed manually. Leaves are removed easily with a sharp 
motion pulling the leaf downwards with the hand. Therefore, leaves removal can be automated by using 
an appropriate end-effector that could grasp and remove leaves. 

2.1.3. Pruning 

Winter pruning is one of the most important viticultural practices due to its physiological and 
productive effect on plants [15]. There are several ways to prune a vine depending on the variety. Thus, 
a basic and generic automated approach is extracted; the canes for renewal are selected and cut back to 
two canes each; the rest of the wood is cut off and removed; manual trimming can be performed 
afterwards whenever highly specialized pruning techniques are needed.  

Manual pruning is still prevalent and performed by experienced workers using secateurs with a 
parrot beak; the worker holds the cane with the non-dominant hand and cuts it with the dominant hand; 
the cut wood is removed with the non-dominant hand. Thus, the automated system needs to hold the 
cane, cut it and remove it, by using an electric cutting pruning tool and a holding tool. 
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2.1.4. Shoot Thinning 

In shoot thinning, it is decided how many buds the whole vine can carry; buds are counted and 
adjusted according to desired fruit load [16]. Less shoots result in fewer grape clusters with concentrated 
flavors. This practice requires delicate handling since shoots are very tender and easily cut. Traditionally 
shoots are manually removed by experienced workers. Therefore, a shoot thinning tool needs to be able 
to replace a human dexterous hand.  

2.1.5. Top and Lateral Shoot Removal 

Cutting off the shoots that have grown at the sides and above the higher wire at flowering, results in 
more carbohydrates and nutrient to the grape clusters [17]. Topping is usually done manually with a 
folding secateur. In commercial vineyards, which are vast and linearly structured, topping is performed 
mechanically with a tool with cutting bars adapted to a tractor (topping machine). Along with the tops, 
cutting of the sides is done at the same time. The automated system needs a cutting tool for both top 
and lateral shoots (Figure 1). 

   
(a) (b) (c) 

Figure 1: Automation of top and lateral shoots removal with (a) a folding secateur tool, (b) a trimming 
tool and (c) a customized topping machine. 

2.1.6. Weed Removal 

Removing the weed is to limit its competition for water and nutrients with the vine, maintain a good 
microclimate and soil fertility [18]. In commercial vineyards, weed removal is done mechanically with 
a weeding machine adjusted to tractors. For the automation of weed removal, a commercial under-row 
weeding machine can be adjusted to a ground robot. 
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Table 1 
Potential end-effectors, requirements, and limitations for the automation of each viticultural practice 
by autonomous agrobot/s 

Viticultural task End-effector tool 
(robotic system) Requirements  Challenges and 

limitations 

Harvest  
and 

Cluster thinning 

• Simultaneous cutting-
and-holding tool  
(one arm-one robot) 

• Cutting tool and 
holding tool  
(two arms-two 
robots or two arms-
one robot) 

Cutting tool: sharp, durable, 
light, with commercial picking 
scissors blades. 
Holding tool: able to hold from 
large to small objects with 
adjustable power (e.g., 
commercial gripper or a 5-
finger robotic hand simulating 
the non-dominant hand of a 
human harvester). 

• Degree of maturity 
determination 

• Determination of 
bunches to remove 

• Stem/bunch detection 
with environmental 
noise 

• Cutting and holding 
without injuring grapes 

Leaf removal 

• Grasping tool  
(one arm-one robot) 

• 5-finger robotic hand  
(one arm-one robot) 

Grasping tool: light, durable, 
adequate opening. 

• Grasping of 
brunches/wires 

• Applied torque 
• Removing leaves 

without injuring grapes 
• Determine percentage 

of removed leaves 
based on variety 

• Uniform leaf removal 
• Foliage detection and 

density determination 

Pruning 

• Cutting tool and 
holding tool  
(two arms-one robot 
or two arms-two 
robots) 

Electric pruning cutting tool: 
same as in harvest but with 
secateurs blades.  
Holding tool: same as in 
harvest. 

• Cane determination 
• Cutting without injuring 

the vine 
• Cutting and holding 

simultaneously 
• Removing wood 

Shoot thinning  • Shoot thinning tool  
(one arm-one robot) 

Shoot thinning tool: a robotic 
5-fingers hand. 

• Adjust the number of 
buds to remove 

• Remove bud without 
injuring the cane 

• Bud number 
determination 

Top  
and  

Lateral shoot 
removal 

• Secateur tool (Figure 
1(a)) 
(one arm-one robot) 

• Trimming tool (Figure 
1(b)) 
(one arm-one robot) 

• Topping machine 
(Figure 1(c)) 
(one robot) 

Topping tool: sharp rotatable 
blades, durable, light, easily 
adjustable to a ground robot 
and to the height of the vine. 

• Adjust the tool to vine 
height 

• Remove shoots without 
injuring vine 

Weed removal 
• Under-row weed 

control tool  
(one robot) 

Weed removal tool: cut the 
weed underneath vines, 
sufficient working width, light, 
height-adjustable, sharp and 
durable blades. 

• Under-row weed control 
• Cutting without injuring 

trunks 
• Adjust the tool to 

desired height 
• Trunk/structures 

detection and avoidance  
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Table 2 (cont.) 

Viticultural task End-effector tool 
(robotic system) Requirements  Challenges and limitations 

Spraying 

• Moving spraying tube 
tool (Figure 2(a))  
(one robot) 

• Moving multiple spray 
nozzle tool (Figure 
2(b)) 
(one robot) 

• Customized spraying 
machine (Figure 2(c)) 
(one robot) 

Spraying tool: targeted 
spraying. 

• Adjust the tool to desired 
direction/orientation/height 

• Restriction of pesticide 
diffusion 

Tying 

• Tying tool and holding 
tool  
(two arms-one robot 
or two arms-two 
robots) 

Electric tying tool: quick, light, 
adjustable tying options 
depending on thickness of 
canes.  
Holding tool: same as in 
harvest. 

• Canes detection 
• Wires detection 
• Bend canes without 

breaking/ injuring 
• Tying the cane and the wire 

together 

2.2. Spraying 

For the treatment of diseases and insects of the vine, preventive spraying is performed. Ideally, 
spraying should be performed in the underside of each leaf first, and then from the top of the vine down 
to the bottom [19]. Traditionally, vineyards are sprayed with large spray tanks towed by tractors, manual 
sprayers, or by air.  

   
(a) (b) (c) 

Figure 2: Automation of spraying with (a) a moving spraying tube, (b) a moving multiple spray nozzle 
and (c) a customized spraying machine. 

2.3. Tying 

After pruning, the two new canes are laid and tied down on the trellis wire, one in each direction 
[20]. Optimal execution of tying requires skillful handling so as not to injure the canes. Therefore, 
automation of this practice requires a holding tool to bend and hold the cane close the wire and an 
electric tying tool to tie them together. 

3. Conclusions 

This work investigates the design of a multi-purpose robotic system towards automation of a set of 
basic viticultural practices. The aim of this work is to focus on the possibilities regarding these robotic 
automations, which in their entirety have never been employed to a single robotic system, by proposing 
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end-effector tools for each one of them. Future work will include the overall system structure, in terms 
of software and hardware technologies. 
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Abstract  
Food and feed production must be increased or maintained in order to meet the demands of the 
earth's population. However, it is obvious that climate change will have a serious negative 
impact and threaten the productivity and sustainability of food production systems. Therefore, 
understanding and predicting the final crop production, with a view to adaptation and 
sustainability, is essential. The need for information on decision-making at all levels, from crop 
management to adaptation strategies, is constantly increasing and methods of providing such 
information are urgently needed in a relatively short period of time. Thus arises the need to use 
effective data such as satellite and meteorological, but also operational tools, to assess crop 
yields over local, regional, national, and global scales. In this work, an operational approach 
built on a fusion of satellite-derived vegetation indices, agro-meteorological indicators, and 
crop phenology is put to test and evaluated in terms of data-intensity, in predicting the yield of 
durum wheat, at a large-scale application.   
 
Keywords  1 
Food security, yield prediction, AquaCrop, Operational application, Yield prediction  

1. Introduction 

Understanding and predicting crop production outcomes and identifying changing patterns in major 
cereals such as wheat, under various climate scenarios and farm management practices geared towards 
adaptation and sustainability, is of the essence. Hence, the need for the development and efficient use 
of tools such as models to project food crop cultivation under various scenarios and time scales. 
Adaptation strategies are probably the only means by which food availability and stability can be 
maintained or increased to meet future food security needs [1, 2]. In this context, crop monitoring, in-
season and post-season yield forecasting play a major role in anticipating supply anomalies, allow well-
informed adaptive policy action and market adjustment, prevent food crises, market disruptions, and 
contribute to overall increased food security [3]. Model-based global estimates show that even 
incremental adaptation strategies could result in mean yield increases of ~7% at any level of warming 
[4-6]. This suggests that substantial opportunities may exist if more significant changes in cropping 
systems are implemented through yield modelling [2]. Process-oriented crop growth models have been 
extensively applied to simulate and predict production around the world. Among the existing crop 
models, AquaCrop is used for the estimation of crop yield, under multiple environments. It is a crop 
water productivity model developed by the Land and Water Division of FAO in 2009 [7, 8]. It simulates 
yield response to water of crops, crop growth stages, biomass accumulation and yield, among other 
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parameters. Models require a substantial number of input data, which creates a limitation in their 
usefulness for decision-making. Studies support that they are not suitable for predicting crop yields at 
a large scale because of the massive requirements of inputs and calibration data [9, 10]. However, with 
the introduction of freely available datasets, the advancement of computational ability and the 
development of massive data processing technology, the integration of data with different spatial and 
temporal resolutions into crop growth models has enabled operational and large-scale applications [11, 
12]. Such freely available products are the satellite and agro-meteorological data provided by the 
Copernicus program, as well as Soilgrids [13] which produces maps of soil properties. 

The objective of this study is to put into test AquaCrop and evaluate the model in forecasting the 
yield of 184 durum wheat parcels, in two distinct regions, for two growing seasons. A second objective 
is to assess the model in terms of data intensity, while a third objective is to examine the accuracy of 
the model for operational large-scale applications by making full exploitation of freely available 
Copernicus data sets and soil databases. 

2. Materials and Methods 
2.1. Study Sites and Parcels’ Data 

Data from a total of 184 durum wheat parcels (Triticum turgidum subsp. durum) were used to 
evaluate the accuracy of AquaCrop. The parcels were located in the prefectures of Kozani (n=22), 
northern Greece, and Larissa (n=162), central Greece. The crops were established during the 2019/20 
(n=70 Larissa) and 2020/21 (n=114 Larissa and Kozani) growing seasons, under contractual farming 
(Fig. 1). In these regions, wheat and barley are the main winter (i.e. sowing from October to December 
and harvest from mid-June to early July) crops grown in rotation with summer crops (e.g. cotton, maize, 
sunflower). Winter wheat is cultivated under rainfed conditions, but when water is available for 
irrigation, it is applied during flowering. 

 

 
Figure 1: Study sites and parcels 
 

The size of the parcels ranged from 0.1 to 10.5 ha. The geospatial data such as the location and 
perimeter of the fields, the final production which ranged from 500 to 6740 kgha-1, the sowing dates (3 
Nov to 9 Dec 2019 and 25 Oct to 8 Dec 2020), the harvest dates (June 8 to 31) and the irrigation dates 
were provided by Melissa Kikizas SA. Rainfall during the 2019/2020 growing season amounted to 509 
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mm in Larissa, while in 2020/21 amounted to 450 mm in Kozani and Larissa, with significant variations 
in rain distribution between the two years and the two areas, especially during the flowering period 
(April-May). 

2.2. Agro-Meteorological, Soil and Satellite Data 

Gridded agro-meteorological data for the 2019/20 and 2020/21 growing season at a deg resolution 
of 0.1 × 0.1 (approx. 12.5 km) and of 0.25 × 0.25 (approx. 25 km) were derived from the ERA5-Land 
and ERA5 reanalysis, respectively, generated by the European Centre for Medium-Range Weather 
Forecasts and freely distributed through the Copernicus Climate Data Store. They included hourly data 
consisting of 2-m air temperature, total precipitation, as well as all the necessary variables to obtain the 
reference evapotranspiration values with the Penman-Monteith equation (FAO56-PM). 

The soil physical properties for the 184 durum wheat parcels were obtained from the SoilGrids 
database. SoilGrids is a gridded multiple depth dataset at a 250 m spatial resolution, and it is available 
worldwide. These soil properties were used to calculate soil water constants (field capacity, permanent 
wilting point and saturated hydraulic conductivity) with the application of pedotransfer functions [14]. 

An average number of 25 and 22 cloud free multispectral high-resolution images from Sentinel-2A 
and 2B were acquired during 2019/20 and 2020/21 wheat growing seasons, respectively. The vegetation 
indices (NDVI, GreenWDRVI) were calculated based on atmospherically corrected Level-2A-Bottom-
of-Atmosphere (BoA) reflectance data. The images were cropped to the polygons’ (parcels’) geometry. 
NDVI and GreenWDRVI average was assessed at pixels falling within each parcel. The equation to 
obtain the GreenWDRVI (Wide Dynamic Range Vegetation Index) is as follows [15, 16]:  
GreenWDRVI=(α∙NIR-Green)/(α∙NIR+Green)+(1-α)/(1+α)                                                                 (1) 
where Green is the B3 band of Sentinel-2 MSI, NIR is the near-infrared B8 band of Sentinel-2 MSI and 
α is a Chl absorption coefficient, equal to 0.1. A 2nd order polynomial relating GreenWDRVI and Leaf 
Area Index [17] of wheat was used prior to determining the canopy cover: 
LAI=5.7⋅GreenWDRVI2+1.7⋅GreenWDRVI-0.08                                                                                            (2) 
Lastly, the canopy cover of wheat was estimated throughout the growing season on each parcel, with 
the exponential equation [18]:  
CCRS (%)=94⋅[1-exp(-0.43∙LAI) ]0.52                                                                                                      (3) 
where CCRS is the canopy cover derived from remote sensing variables.  
According to the NDVI and reflected phenology, the wheat parcels were classified under 4 different 
growth dynamics patterns: 1. a high initial growth rate (n=53); 2. a moderate initial growth rate (n=68); 
3. a low initial growth rate (n=41); and a very low initial growth rate (n=22). The average per parcel, 
NDVI time series graphs are displayed in Figure 2. 
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Figure 2: Reflected phenology of the four wheat growth rate patterns, expressed as the NDVI for the 
2020/21 cropping season, versus time. The black line is the representative line of the growth rate. 

2.3. AquaCrop Calibration 

AquaCrop simulates crop yield in four steps: Crop development, crop transpiration, biomass 
production and yield formation. It calculates the daily soil water balance and divides evapotranspiration 
into soil evaporation and crop transpiration. AquaCrop describes the foliage development of the crop 
by the canopy cover (CCAC) which is the fraction of soil surface covered by the green canopy. 
Transpiration is a function of canopy cover, while evaporation is proportional to the area of soil not 
covered by vegetation. The canopy cover is multiplied by the reference evapotranspiration (ETr) and 
the crop coefficient (Kc) to calculate potential crop transpiration. Actual transpiration (Ta) is calculated 
starting from the potential by accounting for water stress. Then, Ta is used for the calculation of crop 
biomass though its multiplication with water productivity normalized for climate. By using a harvest 
index (HI), crop yield is obtained by the biomass [19]. Model parameters are grouped into two classes: 
Conservative and non-conservative. The canopy growth (CGC) and canopy decline (CDC) coefficients 
are considered two of the most important conservative parameters to calibrate the CCAC [20]. In this 
study, a number of non-conservative parameters were calibrated, in regards to local management 
information, such as sowing dates and plant densities, flowering date and duration, starting of 
senescence and maturity. These parameters are provided in Table 1. Three runs were performed per 
parcel containing different levels of information: 

1. CGC and CDC retrieved from AquaCrop default values on wheat without considering any 
irrigation event (minimum data input); 
2. CGC and CDC calibrated to the canopy cover derived from remote sensing data (CCRS) without 
considering any irrigation event (medium data input);  
3. CGC and CDC calibrated to CCRS, including the irrigation events (one event: n = 45 parcels, 
two events: n = 12 parcels) applied in their vast majority during the 2020/21 growing season and 
only in Larissa region (full data input).  
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Table 1 
User-specific parameters used in simulation 

Parameter Units Default 
Minimum, Medium 

& Full data input 
Soil surface covered by an individual seedling at (90%) 
recover 

cm2/plant 1.50 1.50 

Number of plants per hectare  hm-2 4500000 2500000 
Maximum canopy cover (CCx) % 96 90 - 93 
Calendar Days: from sowing to emergence d 13 13 
Calendar Days: from sowing to maximum rooting depth d 93 93 
Calendar Days: from sowing to start senescence d 158 178 
Calendar Days: from sowing to maturity (length of crop 
cycle) 

d 
197 221 

Calendar Days: from sowing to flowering d 127 150 
Length of the flowering stage (days) d 15 20 
Maximum effective rooting depth m 1.5 0.3 
Reference Harvest Index (HIo) % 48 42 
Water productivity (WP) gm-2 15 17 

 
The purpose of the selected simulations was to investigate the potential of AquaCrop to predict biomass 
and yield under a minimum, medium and a full input data scheme. In order for AquaCrop to simulate 
accurately canopy cover (CCAC) development, representative CCRS curves of the different wheat growth 
rates (Fig 2) were selected to calibrate the CGC and CDC. The calibrated values are provided in Table 
2. 
 
Table 2 
Calibrated conservative parameters of AquaCrop used in the simulation 

Conservative Parameters Units Default Medium & Full data  
input scheme 

Canopy growth coefficient (CGC) fractiond-1 0.049 

High Initial Growth class  0.085 
Moderate Initial Growth class 0.069 
Low Initial Growth class 0.054 
Very low Initial Growth class 0.035 

Canopy decline coefficient (CDC) fractiond-1 0.0718 

High Initial Growth class 

0.0605 Moderate Initial Growth class 
Low Initial Growth class 
Very low Initial Growth class 

2.3.1. Performance Evaluation Metrics 

The ability of AquaCrop to predict the yield of the 184 parcels was assessed by adopting a number 
of statistical metrics. The Model Efficiency (ME), the coefficient of determination (R2), the root-mean-
square error (RMSE), the normalized RMSE (nRMSE), the bias and the Willmott’s index of agreement 
(d) were selected as performance evaluation metrics. 

3. Results and Discussion 

AquaCrop was evaluated for yield prediction under a minimum, medium and a full data input 
scheme. The calculated statistical metrics that were employed to evaluate the goodness of fit in these 
approaches, are summarized in Table 5. The reason to follow a minimum data requirements framework 
was to investigate whether the model has the potential to provide safe results on a simplified approach, 
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with regards to data intensiveness. A successful minimum or at least medium input simulation could 
encourage the regional or even national implementation of the model that could drive in-season or post-
season adaptation strategies for food security. However, in the case of minimum data requirements 
scheme, the statistical metrics between measured and simulated values revealed that AquaCrop could 
not simulate wheat yield successfully. This is indicated by the low values of ME, bias, d and R2 of -0.4, 
-70.6, 0.485 and 0.05, respectively, as well as high absolute and relative magnitude of difference 
between simulated and measured final yield (RMSE = 1500 kgha-1 and nRMSE = 39.6%). The under-
calibrated model significantly underestimated yield which can be attributed to limited rainfall and heat 
stress during flowering and grain filling stages in 2020/21, that resulted in predicting very low yields. 
High yield levels obtained by irrigation (>4500 kgha-1), during 2020/21, could not be achieved by the 
model running under rainfed mode, leading to large prediction inaccuracies.  

On the other hand, a medium data requirements scheme was applied, based on a calibrated 
simulation of canopy cover. The calibration of CCAC led to a significant improvement of the statistical 
metrics. Specifically, the tendency to underestimate was reduced from -70.6 to -38.6, R2 increased from 
0.05 to 0.50, thus indicating that the calibrated CCAC model better explained the variance of observed 
yield values. Smaller estimation errors were received with nRMSE decreasing from 39.6% to 26.5%, 
RMSE decreasing from 1500 kgha-1 to 996 kgha-1 and a ME increasing significantly from -0.4 to 0.4.  

In spite of the improved accuracy obtained with the calibration of the CCAC, the results still 
discourage the large scale and limited data availability application of the model. However, by excluding 
the irrigated parcels from the statistical analysis (Table 4), the results obtained with CCAC calibration 
improved significantly and became comparable with those reported in previous studies. The RMSE 
values of 616 kgha-1 and ME of 0.80 are consistent with ranges reported by [21] (330 to 580 kgha-1) 
and model efficiencies of 0.78, when the researchers applied AquaCrop for wheat yield simulation. 
RMSE values of 580 kgha-1 (nRMSE = 11.9%) were also calculated by [22] applying AquaCrop for 
three years of wheat cultivation. A study conducted to assess the performance of AquaCrop to simulate 
spring wheat grain yield in Western Canada [23] produced R2 and RMSE values of 0.66 and 743 kgha-

1, respectively. RMSE, nRMSE and R2 of 550 kgha-1, 8.77% and 0.82, respectively, were found by 
assimilation of winter wheat biomass retrieved from remote sensing data in AquaCrop, at Beijing, China 
[24]. AquaCrop was calibrated and evaluated for yield prediction in a field experiment of spring wheat 
for two growing seasons in Egypt, producing RMSE, d and R2 of 555 kgha-1, 0.93 and 0.84 respectively 
[25].  

Although there was a rather extensive simplification to make the model less data intensive, the 
metrics of Table 4 clearly indicate the need for a careful calibration of the CCAC to reduce errors and 
bias when simulating grain yield. In fact, in this case, it is remarkable that the CCAC calibration simulates 
with great success a wide range of yields, from the very low (750 kgha-1) to high (6220 kgha-1) levels, 
obtained on rainfed parcels. The adjustment of the CGC and CDC shows a great potential for simulating 
yields of different wheat varieties with varying growth patterns, under multiyear and multi-environment 
conditions. AquaCrop can offer a balance between accuracy obtained with mechanistic models and 
robustness, and can be a valuable tool for yield prediction, particularly considering the fact that it 
requires a relatively small number of explicit data that can be readily available or easily interpreted to 
valuable information.  
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Table 3 
Statistical evaluation of yield estimates with AquaCrop (n = 184) 

Statistical metric Units 
Minimum 

data requirements 
Medium 

data requirements 
Full 

data requirements 
Average estimates  kgha-1 3080 3110 3731 
Average measured kgha-1 3774 3774 3774 
std estimates kgha-1 757 1067 1150 
std measured kgha-1 1252 1252 1252 
Value range estimates kgha-1 850 – 4670 750 – 4810 750 – 6370 
Value range measured kgha-1 500 – 6740 500 – 6740 500 – 6740 
ME - -0.4 0.4 0.8 
RMSE kgha-1 1500 996 569 
nRMSE % 39.6 26.5 15.1 
bias kgha-1 -70.6 -38.6 -4.31 
d - 0.485 0.827 0.942 
R2 - 0.05 0.50 0.80 

 
Table 4 
Statistical evaluation of yield estimates with AquaCrop only for rainfed parcels (n = 127) 

Statistical metric Units 
Minimum  

data requirements 
Medium  

data requirements 
Average estimates  kgha-1 320 343 
Average measured kgha-1 345 345 
std estimates kgha-1 600 1128 
std measured kgha-1 1233 1233 
Value range estimates kgha-1 1500 – 3200 750 – 6220 
Value range measured kgha-1 1250 – 6700 1250 – 6700 
ME - 0.2 0.8 
RMSE kgha-1 1086 616 
nRMSE % 31.5 17.9 
bias kgha-1 -24.4 -1.3 
d - 0.623 0.930 
R2 - 0.27 0.75 

4. Conclusions 

This study presents the large-scale simulation and assessment of winter wheat yield with AquaCrop, 
presenting different levels of input data intensity, based on predictors originating from open-access 
satellite data, SoilGrids, ERA5-Land and ERA5 climate reanalysis. The model was validated with 184 
durum wheat yields in two distinct regions in Greece, for two growing seasons. Remote sensing has 
offered an unparalleled opportunity to collect data on crop phenology, vegetation development and 
canopy cover. Coupling this information with freely available datasets to feed crop growth models can 
significantly minimize time labor intensiveness, cost and delays in the period of data acquisition, 
making also large-scale applications viable for food security reasons. The results suggest that AquaCrop 
could support operational platforms for dynamic yield forecasting, operating at the administrative or 
regional unit scale. 
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Abstract  
In recent years, digitization has created a significant impact on food production systems, 
allowing various technologies and advanced data processing strategies to be implemented. 
Alongside the introduction of tools for the digitalization of the field, the automation of tasks 
through the use of mobile robots has also been growing in the last decades. These systems are 
nourished by the acquisition of field data to carry out autonomous operations including weed 
management, application of fertilizers, and harvesting, among others. One of the current 
challenges of integrating robotic solutions in the digital age of agriculture is the development 
of scalable and interoperable systems, able to manage data obtained from third parties. This 
work presents an overall methodology for map creation by using open-source tools, which 
allows data in the daily activities of an agricultural farm to be managed, and autonomous tasks 
of robotic systems to be planned and supervised. 
 
Keywords  1 
Smart farming, digital representation, autonomous robot.  

1. Introduction 

The current state-of-the-art in precision agriculture (PA) is shifting in favor of production quality 
with the aim of maximizing resources and reducing environmental impact. In this context, various 
applications are being developed that favor the digital management of the infrastructures involved in 
crop monitoring through the Internet of Things (IoT) [1], the optimization and management of resources 
[2] and the prevention of diseases and pests [3], among others. 

On the one hand, the digitization of the agents involved in the different agricultural activities (e.g., 
seeding, cultivation and harvesting) constitutes a significant advance in the phases of prototyping and 
implementation of configurations in unstructured environments. However, the analysis and processing 
of data can be described as a real challenge due to involvement in a sector governed by the dynamic 
laws of nature [4]. On the other hand, autonomous robots have drawn the attention of farmers in the last 
decades. They have the ability to carry advanced sensors and tools throughout the field, and they are 
able to execute the most complex tasks efficiently, as well as reduce both the workload of the operator 
and the impact on the environment. One of the characteristics that existing robotic systems have in 
common is that they depend on their own mapping system (including manual field surveillance) as well 
as missions and tasks planning. The interoperability of these robotic systems with other tools such as 
Farm Management Systems is a current challenge, as the implicit learning curve for farmers and their 
teams is complex. Decision-making is not carried out by a single individual, so these systems need to 
be user-friendly. Another problem is that the integration of a global system is complicated by the 
volume of data to be processed and the scarce development of specialized software [5], and depends 
largely on the use of standard communication systems and the definition of common data models. 

This paper presents a methodology to digitally represent the working area in an agricultural 
environment based on standard data models, and that can be used by robotic systems to enable 
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autonomous navigation both on the farm and in the field. To achieve this objective, a methodology is 
proposed that is capable of providing information related to the conceptual state of a farm, as well as 
the devices involved in the processes carried out on it. Open-source standards and tools such as 
FIWARE [6] and Geojson.io [7] are used to provide semantic structures to the agricultural entities being 
digitized. The final purpose is to represent, virtually, the ecosystem of an autonomous robot for weeding 
using laser technologies, as a use-case within the WeLASER project [8]. 

2. Context and Related Work  

It could be complex to establish interconnections between infrastructures of different types, 
especially when some of them have dynamic singularities. Fortunately, there is a multitude of 
applications capable of achieving this. In the case of PA, one of the most convenient links would be the 
one established between the farmer, the field and the agricultural machinery that performs any 
production technique on it. 

The FIWARE foundation is a network of European organizations promoting the development of a 
data ecosystem of open-source technologies. One of its domains, Smart AgriFood, proposes a 
sustainability-oriented optimization of farm production based on monitoring, so that every decision is 
supported, cost-effective, scalable and interoperable [9]. 

There are few use cases developed in this sector applying this technology. One of them, OpenPD, is 
based on the exchange of information through an open community for the rapid identification of pests 
and diseases in crops [10]. In another instance, the QUHOMA platform provides architectures for crop 
data mining to process, distribute and monetize sustainable agriculture information through a web 
environment [11]. These applications share different technologies with the end-users, providing them 
with a direct interaction interface with the ecosystem. 

In terms of agricultural robotics, the representation is limited. The application of this casuistry has 
not yet been sufficiently deepened, so that certain tasks are still cumbersome and repetitive for humans. 
In our use case, it is required to harmonize the final results provided by the examples given above. 

3. Methodology 

One of our objectives is to streamline the coordination of systems, supporting farmers to make use 
of the robotic system in a simple, reliable and robust way. To achieve this, the farmer must be able to 
give the robot enough information a priori (e.g., field locations, crop type and status, boundaries, etc.). 
This task (field surveillance or field mapping) can be carried out in different ways. A graphical model 
of the operational environment (the farm) has been created using geojson.io, a mapping tool based on 
various cartographic databases, which allows maps and geospatial data to be created, visualized and 
shared, in a simple and multi-format way. This map is later used by the robot to navigate on the farm, 
although the precision of the geometric points is not at the centimeter level. This is possible because 
the robot is expected to rely on on-board sensors to correct map inaccuracies, increasing the robustness 
of the system and without relying heavily on accurate and up-to-date maps. 

This graphic interaction generates static data that has been adapted to the FIWARE smart-data-
model formats after a transformation, and that will be of great use throughout the agricultural process 
(see Fig. 1). In this particular case, two standardized FIWARE main entities have been selected and 
used for describing the operational area:  

• AgriFarm [12], referred to the harmonized environment of a generic farm made up of buildings 
and parcels (fields).  

• AgriParcel [13], related to a generic parcel of land, i.e. an agricultural field. This demonstrates 
the verticality of the standard, as AgriParcel will always belong to the AgriFarm entity. 
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Figure 1: Process Plan in project WeLaser. 

However, within the WeLASER project it has been detected that the description of the AgriParcel 
entity lacks some relevant information, and in particular for autonomous navigation tasks. Therefore, 
some properties have been added to those already defined by FIWARE: 

1. bearing, which marks the clockwise angle from true north of a field's crop line. 
2. headlandWidth, which indicates the existing headland meters in each field. 
3. gateLocation, indicating the entry point into a field. 
4. interRowDistance, indicating the meters between crop rows. 
5. cropRow, representing the crop rows. 
6. weedStatus, weed cover map. 
 
Regarding the AgriFarm entity, it is also essential to define restricted areas and roads that help the 

robotic systems to plan and navigate properly. Both the RestrictedTrafficArea [14] and Road [15] 
entities are part of FIWARE data models in another domain (Transportation). Figure 2 presents the 
relations and properties of the FIWARE entities under study. To incorporate these relationships, the 
inclusion of the following properties in the AgriFarm entity is proposed: 

1. hasRestrictedArea, which limits restricted areas within the farm. 
2. hasRoad, which marks the roads present on the farm. 
 
To convert maps based on geojson into the FIWARE entities, a local API (Application Programming 

Interface) called WeLaser MB (WeLaser Map Builder) has been developed. The methodology followed 
for the creation of this API is described as follows: 

1. Selection of the place of action in geojson.io: This platform, consisting of a geographic viewer, 
an editor, and a series of geometric tools, allows territorial elements to be added, edited and 
characterized. 

2. Assignment of essential attributes to comply with the standard proposed by FIWARE: The 
attributes added correspond to those that the farmer must provide on the basis of his intrinsic 
knowledge. There are two types of data that can be integrated in the API: static and dynamic 
data. Static data, as shown in Fig. 2, are those parameters that are identified in the geojson.io 
interface (i.e. location, type, category). Dynamic data, on the other hand, are those provided by 
means of forms or configuration parameters (i.e. crop type and status, planting date, etc.). 
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Figure 2: Relations and properties of several entities of FIWARE. 

 
3. Export in *.geojson format: The map obtained will be imported and processed thanks to the 

WeLaserMB proposal, extracting the necessary information to fill in the predefined templates 
for each type of FIWARE entity contained in the map. 
 

All this data collection will be essential to sustain an interoperability structure within the WeLASER 
project. Thanks to the conversion, the connection of the robot will be facilitated through the 
standardization of data, with a view to achieving autonomous and safe human-machine management 
when defining the robot's context of action. 

 

 
Figure 3: Example of a study field designed in geojson.io. 
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4. Discussion 

The results obtained after testing a use case in the facilities of the Centre for Automatics and 
Robotics of the Spanish National Research Council (CAR- CSIC) prove that the WeLaserMB API is 
well adapted to its function. A site consisting of several fields and a road has been characterized. The 
information has been extracted and transformed into .json format following the standard implemented 
by FIWARE. 

The acquisition of Smart Data models within this project offers the opportunity to provide new 
archetypes that have not yet been studied in the field of Smart AgriFood. The proposed model is also 
scalable, as it could support data from other mapping applications such as QGIS, Geoman.io or 
OpenStreetMap. 

One of the main purposes is to simulate, in a virtual way, the ecosystem underlying the WeLASER 
project. Based on this and the previous collection of information, the different behaviors of the robot 
with its domain will be examined, as well as the optimal conditions of use to achieve the maximum 
performance and capacity of the system. A predictive behavioral model is also planned to avoid 
situations that could lead to a decrease in the efficiency of agricultural processes. 

5. Conclusions 

The context shown gives us the opportunity to implement new archetypes that have not yet been 
studied. Following the conceptual design, development and implementation of the use case presented, 
several main conclusions can be identified: 

1. Standardization of data relating to the physical elements that make up a precision farming 
system improves optimization and efficiency. This homogenization of information faces one of 
the still great challenges in the agriculture of the future, due to the diversity of interconnections 
and existing formats.  

2. Adaptability is essential for the correct implementation of the model. It needs to be integrated 
into intuitive interfaces that are scalable for different devices.  

3. The data, when processed, becomes an essential source for the design of processes by the robot 
and, in addition, its storage and subsequent analysis can provide forecasts with negligible 
margins of error when predicting future scenarios that occur in the field or directly to the 
behavior of the robot. It is possible to implement a digital twin from these, which replicates the 
behavior of the environment and analyses the optimum operating conditions depending on what 
happens in each case. 

As a future line of research, the creation of a digital twin instance (DTI) in a 3D robotic simulator is 
proposed, based on the data obtained in the use case described above, which will allow testing in 
different scenarios of use. 
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Abstract  
Over the years a semi-empiric model describing the interaction between the agricultural tire 
wheel and terrain was developed and improved. The model was used to predict the traction 
force and traction efficiency of the driving wheel, based on the formulae given in the ASAE 
D497.7 standard. The results provided by the model were validated by experimental data based 
on a goodness-of-fit analysis. For all the previous models the goodness-of-fit analysis has 
proved that the theoretical results were very well correlated with the experimental data for the 
traction force (values of the Pearson coefficient r2 exceeding 0.9), while less reliable results 
were obtained for the traction efficiency (values of the Pearson coefficient r2 comprised 
between 0.20 and 0.65, depending on the geometry taken into account for the shape of the tire 
cross-section). In order to improve the goodness-of-fit between the model data and the 
experimental data in the present study three models for the tire-ground interaction were 
considered: the initial one, developed earlier, which took into account a constant width of the 
tire, and two modified models, based on an elliptical shape of the tire cross-section, with the 
width of the tire-ground contact patch smaller than the tire cross-section width (major axis of 
the ellipse which defines the shape of the cross-section). In the first of these two models the 
sheared area in the tire-ground interface has varied with the travel reduction of the wheel, while 
for the second one the shear area was considered constant. Based on the goodness-of-fit 
analysis it was concluded that the constant shear area model provided the best results, with the 
Pearson correlation coefficient significantly improved for the traction efficiency (r2 = 0.838), 
while preserving a high value for the traction force (r2 = 0.896). The model could provide 
reliable results regarding the traction force and traction efficiency, in certain soil conditions, 
thus removing the need for experimental tests. 
 
Keywords  1 
shear area, super-ellipse, traction force, traction efficiency  

1. Introduction 

The use of tractor simulation and prediction models is an essentially low-cost approach for 
evaluating the significance of different factors affecting the actual tractor operation. Under these 
circumstances, traction prediction modelling has been driven by the fact that the tire-soil interface is 
the primary cause of low traction efficiency (estimated to be on the order of 60% on farmland, for 
transmission efficiency of nearly 90%) [1], without having to build physical prototypes or perform 
numerous field tests. 

The tire-soil interaction has been studied by numerous authors in the attempt to develop traction 
models for the agricultural tractor driving wheels. The basis for the traction models was established by 
Bekker in 1956 [2, 3] by developing the basic theory of the wheel-soil interaction. Such models are 
based on empirical, semi-empirical or analytical methods. Tiwari et al. [4] emphasized some of the 
difficulties limiting the widespread use of analytical models, including the complex tire-soil interaction, 
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based on a large number of tire and soil parameters. Semi-empirical models are based on the vertical 
deformation of the soil and on the shear deformation of the soil under a traction device. Empirical 
models are simpler than analytical and semi-empirical models; however, their applicability is limited 
to cases in which the service and experimental conditions used to develop the model are similar [5].  

Dimensional analysis has also been used in order to develop traction models [6]. 
Semi-empirical models for wheel-soil interaction, based on Bekker’s theory [6], offer a valid 

framework for modelling the traction performance of the tractor-soil system [7]. 
The shape of the tire-soil contact area directly affects the traction performance of the driving wheel 

and numerous algorithms for estimating the contact area of traction tires on agricultural ground were 
developed over time. The geometry and mechanical properties of the tires should be considered when 
developing models for the traction of agricultural vehicles [8], but not all the models take into account 
the tire volume and tire stiffness [9]. 

In this context, the present paper uses a previously developed traction model [10], further enhancing 
it by taking into account the geometry and deformation of the tire cross-section in the tire-soil contact 
area and also a modified width of the contact patch. The aim of this approach was to obtain a better 
goodness-of-fit between the predicted values of the traction efficiency and the experimental ones. 

The paper contains the following sections: "Materials and methods", where the theoretical basis for 
the models are based are presented, "Assessment of the models", where the comparative results between 
models data and experimental data are presented, and the "Conclusions" section. 

2. Materials and Methods 

The model for the tire-soil interaction was based on the schematics presented in Figure 1a [10], 
assuming that, under the vertical load G, the radius of the tire, in the contact area, increases from r0 to 
rd, while the tire sinks into the soil to the depth zc. 

The shape of the tire-soil contact patch is considered to be a super ellipse (Figure 1b) [11]. 
 

 
a) 

 
b) 

Figure 1: Schematics of the model [10] 
a) tire and soil deformation; b) contact patch 
zp-tire deflection under load; zc-tire sinkage into the soil; lc-length of the contact patch; l1w-width of 
the contact patch. 
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The length of the contact patch (major axis of the contact super ellipse, lc) is given as: 
lc = 2rdsin = 2 r0sin. (1) 

Assuming that the tire is perfectly elastic we get: 
VqZG p == , (2) 

where qp is the volume stiffness of the tire and Vp is the variation of the tire volume in the tire-ground 
contact zone. 

In order to evaluate the variation of the tire volume, the initial model [10] assumed that the width of 
the tire footprint was equal to the width b of the tire (Figure 2). In the upgraded model it was assumed 
that the transversal cross-section of the tire is an ellipse [12], as shown in Figure 3. With no vertical 
load, the major axis of the cross-section is b (tire width) and the minor axis is h (section height); under 
load, the minor axis of the section decreases to h-zp and the major axis increases to lw. The value of lw 
was calculated assuming that the perimeter of elliptical cross-section remains the same for the initial 
and final shape: 

2
pp

2
w zzh2bl −+= . (3) 

 

  
Figure 2: Tire deformation in the contact area 
(initial model) 

Figure 3: Deformation of the tire cross-section 
in the contact area (upgraded model) 

 
According to Figures 1b and 3 the width of the tire-soil contact area (minor axis of the super ellipse) 

is l1w <lw: 

( )
( )2p

2
cp

ww1 zh

z2zh
1ll

−

−−
−= . (4) 

The tire volume change Vp was calculated as: 
( ) pwd0p zhlrhbr5.0V −−=  . (5) 

The pressure-sinkage relationship [2]: 
nzkp =  (6) 

was applied for the case of the tire under load, finally leading to: 

( )  −−−= +



2

0

n1n
d ,d)cos()(bcoscosrkG  (7) 

The assumption that the tire is perfectly elastic (eq. 2, 5 and 7) led to the following equation: 

( )  ( ) ,zhlrhbr5,0qd)cos(coscosr)(bk
2

0
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  (8) 

where: 
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The schematics shown in Figure 1a also led us to the following equations: 
cosrzrz 0p0c −−=  (10) 

( ) ( ) cos1rcos1rz d0p −−−=  (11) 
The system consisting of equations (1), (8), (10) and (11) was solved in an iterative process, using a 

computer program based on the flowchart shown in Figure 4. 
 

 
Figure 4: Flowchart of the computer program [10] 

 
The computer program was written in MS QuickBasic and Figure 5 presents a partial view of the 

program listing and the results window provided by the program. 
The area of the tire-ground contact patch was calculated as (Figure 1b): 
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where b() is given by equation (9). 
The traction force developed by the tire depends on the maximum shear stress which may be 

achieved in the tire-soil interface, given by the Mohr-Coulomb equation [13]: 
 tgpcmax +=  (13) 

where c is soil cohesion [kPa], p is the vertical pressure [kPa] and  is the internal friction angle. 

 

 

Figure 5: Program listing and results window 
 

The maximum shear stress max is not immediately available at the beginning of the contact area, but 
is reached asymptotically, according to the Janosi and Hanamoto equation [10]: 











−=

−
K
J

max e1  (14) 

where K is the soil shear deformation modulus and J is the shear displacement.  
Shear displacement is obtained by integration of slip velocity along the contact patch [14]: 

( )  2sins12rJ d −−=  (15) 
where s is the wheel slip (wheel travel reduction). 

Some authors [15] took into account the fact that the sheared area in the tire-ground interface varies 
with the travel reduction of the wheel, s: 

( ) t
tsh es11AA −−−=  (16) 

This assumption was also investigated in our work; as a result, the maximum traction force provided 
by the wheel, considered as the product of shear stress and shear area, was calculated as: 

• tt AF = , when the entire contact area was considered; 
• sht AF =  , when the hypothesis of the variable shear area was considered. 
The net traction force and traction efficiency were calculated using the formulae given by the ASAE 

D497.7 standard [16]: 
rtN RFF −=  (17) 

( ) ( )trtr F/R1s1 −−=  (18) 
where Rr is the rolling resistance of the wheel, calculated with the help of the wheel numeric, Bn, and 
cone index, CI [10]. 
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3. Assessment of the Models 

Field experiments were performed in order to assess the models. A ploughing equipment, composed 
of the Romanian U-650 tractor and the variable width P2V plough was used for the tests.  

The tractor was equipped with the adequate implements for measuring the traction force and wheel 
slip [10].  

Table 1 presents the main features of the driving wheel and tire; soil characteristics for the test field 
are shown in Table 2.  

The maximum wheel slip during ploughing was 30% and different traction forces were achieved by 
modifying the working width of the plough. 

The experimental data were compared with the data predicted by: 
• the initial model [10]; 
• the upgraded model, based on the variable shear area (given by eq. 16); 
• the upgraded model, based on the constant shear area (given by eq. 12). 
 

Table 1. 
Characteristics of the U-650 tractor and drive wheels 

Item Value 
Load on the driving wheel [kN] 11.75 

Type of tire 14.00 – 38 
Overall diameter of tire [m] 1.58 

Tire width [m] 0.367 
Lug width [m] 0.04 
Lug length [m] 0.24 
Lug height [m] 0.025 

Distance between lugs [m] 0.195 
Transversal radius of the under tread [m] 0.300 

 
Table 2 
Characteristics of the test soil 

Item Value 
Soil deformation modulus, K [m] 0.05 

Coefficients for the sinkage equation k 55 
n 1.3 

Soil cohesion, c [kPa] 25 
Angle of internal friction,  [0] 32 

Cone penetrometer index, CI [kPa] 970 
 
A goodness-of-fit analysis was performed in order to compare the predicted data with the 

experimental ones; the analysis took into account the following criteria [17]: 
• percentage of points within the 95% confidence interval of data (Pw95CI); 
• mean absolute deviation (MAD); 
• root mean squared deviation (RMSD); 
• mean scaled absolute deviation (MSAD); 
• Pearson correlation coefficient r2. 
The goodness-of-fit analysis was performed for both the traction force and the traction efficiency.  
As mentioned before, three models were evaluated: the initial one, the one assuming that the tire 

cross-section is an ellipse and that the tire-soil shear area is affected by wheel slip and the one also 
assuming an elliptical shape of the tire cross-section but which took into account a constant shear area. 

The results characterizing the tire-ground contact are summarized in Table 3. These data show that, 
due to the fact that the width of the contact patch was considered to be equal with the tire width in the 
initial model, that model has predicted a larger contact area compared with the other two models; as a 
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result, the maximum shear stress at the tire-ground interface was lower for the initial model. The 
dynamic radius obtained for this model was greater and therefore led to a greater length of the contact 
patch.  

 
Table 3 
Parameters for the tire-ground contact 

Item 
Tire-ground model 

constant width of tire 
(Rosca, 2014) 

deformable cross-section, 
variable shear area 

deformable cross-section, 
constant shear area 

lc [m] 0.530 0.534 0.534 
lw [m1 0.367 0.384 0.384 
l1w [m] - 0.222 0.222 
zc [m] 0.0271 0.0275 0.0275 
rd [m] 1.400 1.257 1.257 
At [m2] 0.145 0.1086 0.1086 
max [kPa] 53.3 61.2 61.2 

 
There were no differences between the upgraded models as far as the tire-ground contact geometry 

was concerned because the effect of wheel slip on the shear area was taken into account at a later stage 
(see Figure 4), for the prediction of traction force and traction efficiency. 

The results referring to the traction force are presented in Figure 6 and Table 4.  
The results depicted in Figure 6 prove that the initial model and the one based on the elliptic shape 

of the tire cross-section and a constant shear area have provided quite similar predictions as long as 
wheel slip did not exceed 25%, while the model based on the on the elliptic shape of the tire cross-
section and a variable shear area has provided significantly lower values for the traction force. 
 

 
Figure 6: Predicted and experimental data for traction force 
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The results of the goodness-of-fit analysis, shown in Table 4, have confirmed that the model based 
on the elliptical shape of the tire cross-section and variable shear area has provided the most inaccurate 
results, as it predicted much lower values of the traction force than the ones obtained from the 
experimental tests. Despite the achievement the highest value of the Pearson correlation coefficient, all 
the other items were unfavorable: thus, the value of MSAD criterion means that, on average, the model 
was 8.817 standard errors off from the experimental data; the percentage of model predictions that lie 
within the 95% confidence interval of each corresponding experimental data point was only 11.1%; the 
mean absolute deviation between each model point and the corresponding experimental point was 
1.6408 (the highest value of all the models taken into account). 

On the other hand, for the model based on the constant shear area, although the value of r2 was lower 
(but only by 2.7% in comparison with the initial model), the values of the all the other items taken into 
account within the goodness-of-fit analysis (Pw96CI = 88.9%; MSAD = 1.184 etc.) led us to the 
conclusion that this model was the most accurate for describing the tire-soil interaction. 

 
Table 4 
Results of the goodness-of-fit analysis for traction force 

Item 
Tire-ground model 

constant width of tire 
(Rosca, 2014) 

deformable cross-section, 
variable shear area 

deformable cross-section, 
constant shear area 

r2 0.921 0.981 0.896 
MAD 0.3353 1.6408 0.3981 

MSAD 3.116 8.817 1.184 
Pw95CI 66.7 11.1 88.9 
RMSD 0.4379 1.685 0.4952 
 
Figure 7 and Table 5 present the results referring to the traction efficiency. As it can be concluded 

from Table 5, the main problem of the initial model was that it provided relatively poor results regarding 
the traction efficiency (r2 = 0.203) and this was the driving force that steered us towards the 
improvement of that specific model. 

The data presented in Figure 7 clearly show that the model based on the elliptical shape of the tire 
cross-section and constant shear area was the most adequate for describing the tire-soil interaction 
process in terms of traction efficiency, while the values predicted by the model based on variable shear 
area were significantly lower than the corresponding experimental data. 

The results shown in Table 5 prove that the model based on a constant shear area has predicted more 
reliable results than the initial one due to the following:  

• a significantly higher value of the Pearson correlation coefficient in comparison with the initial 
one (0.838 vs. 0.203) 
• all the predicted data points were within the 95% confidence interval of the corresponding 
experimental data (Pw95CI = 100);  
• all the other items taken into account for the goodness-of-fit analysis had lower values than the 
ones recorded for both the initial model and the one using a variable shear area. 

4. Conclusions 

Over the years a semi-empiric model describing the interaction between the agricultural tire wheel 
and terrain was developed and improved. The model was used to predict the traction force and traction 
efficiency of the driving wheel. 

In order to improve the goodness-of-fit between model and experimental a new geometry of the tire 
cross-section was taken into account, assuming that the tire has an elliptical shape, which deforms under 
vertical load while still preserving the elliptic shape. 

The data predicted by the original model were compared with the ones predicted by the modified 
model and with experimental data, collected during ploughing. 
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The best results were obtained when the constant tire-soil shear area was considered; the Pearson 
correlation coefficient has significantly improved for the traction efficiency (r2 = 0.838), while 
preserving a high value for the traction force (r2 = 0.896). 

The percentage of model-predicted data points which fall within the 95% confidence interval of 
experimental data has increased to 88.9% for the traction force and to 100% for the traction efficiency. 
 

 
Figure 7: Predicted and experimental data for traction efficiency 

 
Table 5 
Results of the goodness-of-fit analysis for traction efficiency 

Item 
Tire-ground model type 

constant width of tire 
(Rosca, 2014) 

deformable cross-section, 
variable shear area 

deformable cross-section, 
constant shear area 

r2 0.203 0.726 0.838 
MAD 0.0569 0.0953 0.0198 

MSAD 5.147 1.966 0.309 
Pw95CI 55.6 88.9 100 
RMSD 0.075 0.1279 0.0231 

It should be emphasized that, in this stage, the presented results are valid only for the specific soil 
conditions from the test field. More experiments on terrains with different soil characteristics are needed 
in order to extend the validity of the upgraded model, based on the constant shear area. 

One promising direction seems to be the use of a rheological model for the shear deformation of 
soil, but this is still a difficult task as no reliable data regarding the rheological properties of different 
soils are available [18]. 
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Abstract  
Energy Security, Energy Safety and Energy Resilience constitute the three components of 
Energy Issue to which various stakeholders of Territorial Systems must give adequate answers 
through new decision-making models. In this paper the proposal of a corporate circular 
economic model is put forward as a corporate strategy based on three lines of action, strictly 
interconnected: improvement of demand for energy resources; choice of products and 
processes aimed at minimizing negative externalities deriving from possible use of fossil 
energy sources; implementation of Energy Resilience strategies. This model also contributes 
to overcoming dilemma between competitiveness and Society's needs. 

 
Keywords  1 
Corporate Social Responsibility, Energy Issue, Circular Economic approach at Energy Issue, 
Food sustainability. 

 
1. Unsustainability of Current Global Development Model 

 
Today, the pursuit of development objectives, in a context of variable geometry globalization and 

geopolitical competition, rather than through complete multilateralism, pushes towards the 
implementation of "dumping strategies" in production and consumption models. 

To this is added, very often, the inadequacy of Knowledge System (research-training) in offering 
“innovative transferable” solutions to territorial systems and, to the no-profit Institutions, to set up 
effective Advocacy strategies in favor of new decision-making models. 

The resulting combination constitutes the origin of unsustainability of current global development 
model (environmental, economic, social level) denounced in 2015 by United Nations (see Figure 1). 
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Figure 1: Current development model and capital stock. Source: our elaboration 

 
That is, the Society's inability to pursue an optimal balance between “Material living conditions” 

and “Quality of Life”; overcome all forms of inequality; knowing how to invest in the future, in the 
interest of the generations that will follow. 

As clearly highlighted in the “How's Life? Measuring Well-being”, of the Organization for 
Economic Cooperation and Development (OECD, 2011), the fundamental condition of Sustainability 
is represented by the ability to preserve the different types of capital over time and space: economic, 
human, social and natural. The evolution over time and space of different capital stocks depends, in 
particular, on the way in which, today, decisions are made capable of influencing the size, availability 
and quality of these stocks in the future. 

Hence the need to set up a new Development Model, where stakeholders are called upon to ensure 
the availability, quality and access to four capital stocks and, in particular, to energy resources. 

In this context, the issue of Corporate Social Responsibility will assume a central role. 

2. Energy Issue  

With term Energy Question we can indicate the “persistent inadequacy” of the response methods of 
the current Development model to satisfy the “energy demand”. 

The current governance of energy demand, in fact, has a transversal impact on all dimensions of 
sustainability, economic, social, environmental, institutional, thus putting at risk the maintenance of a 
balanced well-being, between material living conditions and quality of life; equally distributed between 
social classes and territories; available for future generations. More specifically, the pursuit of the 17 
objectives set by the United Nations Global Agenda signed in 2015, Agenda 2030, is jeopardized. 

Today, this inadequacy of methods of responding to energy demand is manifested both with respect 
to Energy Security (current availability, degree of access to energy sources, level of the net positive 
balance between the reproduction rate and the utilization rate of energy sources: forests and woods); 
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both with respect to Energy Safety (level of negative externalities related to the use of fossil fuels); and 
with respect to Energy Resilience (compensation actions, energy saving, energy efficiency, investments 
in renewables). 

In summary, firms must guarantee energy sustainability, that is, the ability of energy resources to 
sustain over time a given state of well-being balanced between material living conditions and quality 
of life; equally distributed between social classes and territories; avalable for future generations. 

3. Corporate Social Responsibility Approach at Energy Issue 

European Commission has defined corporate social responsibility, CSR, as “the voluntary 
integration of the social and ecological concerns of firms in their economic operations and in their 
relations with interested parties” (Comm. 2001 - 366). 

A strategic approach to issue of corporate social responsibility is therefore fundamental for 
overcoming dilemma between competitiveness and Society's needs. 

 In other words, the competitiveness of firms cannot be pursued through dumping strategies capable 
of jeopardizing the availability, quality and access to four stocks of capital and therefore the Well-being 
Sustainability in subsequent production cycles. 

With respect to Energy Issue, this means that firms must review their production and marketing 
strategies in order to offer an adequate response to the energy demand in terms of Energy Security, 
Energy Safety and Energy Resilience (see Figure 2). 
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Figure 2: Corporate Social Responsibility approach at Energy Issue. Source: our elaboration 

 
To this end, the organizational model of businesses must be changed, passing from a linear economic 

model to a circular economic model. 

4. From Linear to Circular Economic Model 

The model proposed by Pierce and Turner, known as the “Circular Economic System”, highlights 
how firms and households, are the fundamental stakeholders on whose decisions sustainability 
conditions of the Economic Systems depend. Conditions deriving from the choices made in terms of 
capital stock; relating to products and production and marketing processes; and related to resilience 
strategies. But, above all, the model highlights the circularity, or rather, the close interconnection that 
exists between the various decisions of firms to ensure the sustainability of the economic system. 

In other words, it involves implementing three strategic business lines aimed at: modifying the 
demand for energy resources (Energy safety strategy); the choice of products, production processes and 
marketing strategies aimed at minimizing the negative externalities generated by a possible use of fossil 
energy (Energy security and energy safety); the level of implementation of resilience actions 
(compensation of any negative externalities, renewable energy; energy saving; energy efficiency). 

Figure 3 presents a reinterpretation of Pearce-Turner model applied to the management of energy 
resources by firms. It highlights the fundamental role that firms must play simultaneously with respect 
to the three conditions of the Energy Issue and the circularity of this responsible approach. 
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Figure 3: Corporate Circular Economic Model and Energy Issue. Source: our elaboration 

 
In other words, a corporate social responsibility approach at energy issue is based on the recognition 

that the more the firms are able to interconnect the three conditions of energy issue, the better it will be 
able to improve its competitive positioning and to satisfy well-being needs of society. 

5. Food System and Energy Issue 

Currently, agri-food firms pursue their fundamental objective of competitive positioning, very often 
regardless of awareness that they too, like all other stakeholders of an economic system, must contribute 
to the goal of implementing a sustainable development strategy. 

In fact, the search for their competitiveness, in the face of a “variable geometry globalization” has 
very often been resolved by focusing on economic, social and environmental dumping strategies, rather 
than on decision-making models aimed at offering products and services capable of responding, in a 
responsible way (socially and environmentally), increasingly to the well-being needs of Society. 

The lack, on the demand side, for countless reasons, of a System Approach to Quality (understood 
in its broadest sense) has led to the search for the satisfaction of needs through economically accessible 
products and services, but a source of negative externalities of nature, social and environmental. 

A corporate social responsibility approach at energy issue serves to allow companies the overcoming 
dilemma between competitiveness and Society's needs. 

Today consumers, in fact, are very sensitive and attentive to everything that revolves around the 
theme of sustainability. 

It is therefore essential for firms to consider factors that affect purchasing decisions. 
In particular, they must invest in the compatibility between satisfying the Society's demands on the 

subject of “Energy and Sustainable Development” and the ability to know how to compete in a 
globalized system, avoiding dumping strategies. 
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The change of economic paradigm, from linear to circular system, is now in the opinion of many 
scholars, as the best form of social innovation, capable of overcoming this dilemma. 

The transition of agri-food firms to a circular economic system allows for an improvement in the 
competitiveness index (ie the relationship between “value perceived by families and the market price 
paid”); contribute to environmental sustainability, protecting the three functions of the environment; 
contribute to social sustainability, with positive impacts on health, income and employment. 
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Abstract  
This article addresses the application of a fractional order PDF-(1+PI) controller tuned by the 
coot optimization algorithm in an isolated microgrid for frequency regulation. The microgrid 
consists of a biodiesel generator, a biomass combined heat and power, an ORC solar thermal 
power plant, a micro-hydro turbine generator and a wind turbine generator. In addition, battery 
storage and fuel cells are considered. The work endeavors to present a potent scheme which 
could be a model of a community or a farm which minimizes its wastes via bioenergy and 
effectively synchronize between the generation and demand, while minimizing the frequency 
deviation. The proposed controller is tested for various real-world scenarios. The results 
conclude that the fractional order PDF-(1+PI) exhibits better transient response than the PIDF 
and integer order PDF-(1+PI) controllers. 
 
Keywords  1 
Fractional order PDF-(1+PI) controller, bioenergy-based generators, load frequency control, 
microgrid, coot optimization algorithm  

1. Introduction 

The global power consumption is increasing in contrast to the continuous reduction of conventional 
energy sources, leading to a shift towards renewable energy sources aiming to reduce the negative 
impact on the environment. The ever-growing energy demand due to modern lifestyle has been 
producing harmful wastes for the ecosystem. A sustainable solution could be the use of the generated 
wastes for the production of renewable bioenergy. Although, the available bioenergy cannot cope with 
the global power demand, it could be used along with solar, wind power and energy storage in remote 
communities or farms to meet their demand with green energy, whereas the harmful wastes are reduced. 

In [1] a PID controller is tested in an isolated microgrid (MG) with various bioenergy units for 
frequency and voltage regulation. The authors in [2]  have applied a PI controller in an isolated MG, 
while in [3] a PI controller is used in a system with an organic rankine cycle solar thermal power plant 
(ORC- STPP) and various storage systems. In [4] a PID controller is optimized using the grasshopper 
optimization algorithm  in an isolated MG comprising of a photovoltaic/biogas/biodiesel generator and 
energy storage, while in [5] a fuzzy PID controller is used for a MG with energy storage and a thermal 
power system. Whereas a non-integer sliding mode control is utilized for the frequency regulation of a 
stand-alone microgrid [6].  

The aim of the proposed work is to optimize a fractional order proportional derivative (FO PDF) 
controller with filter in series with a one plus fractional order proportional integral controller (1+FO PI) 
via the newly introduced coot optimization algorithm (COA) for the frequency regulation in an isolated 
MG with various bioenergy units and energy storage, which has the ability to cope with various 
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operating conditions. The remainder of the paper is structured as follows.  System configuration is 
presented section 2, followed by an analysis of the COA in section 3. In section 4 the proposed controller 
is descripted. The Simulation results are presented and discussed in section 5 followed by conclusions 
in section 6. 

2. Description of the Microgrid 

The proposed isolated microgrid is based on the utilization of sustainable and renewable resources 
for optimal operation in a community or farm. The schematic of the microgrid is presented in Figure 1. 
The parameters are presented in the appendix. 

 

 
Figure 1: Overall scheme of the microgrid for load frequency control 

3. Coot Optimization Algorithm 

The coots are small water birds that are member of the rail family, Rallidae. Based on the behavior 
of coot’s swarm on water Iraj et al [7] introduced a new optimization method, the coot optimization 
algorithm, which is a swarm-based meta heuristic optimization method. 

To achieve their target (food) the coots move behind its front coots in a chain towards a group of 
leaders who guide the group to their target. The algorithm considers four different moves of coots on 
the water surface, (1) random movement, (2) Chain movement, (3) Adjusting the position based on the 
group leaders, (4) Leading the group by the leaders towards the optimal area. The COA starts with a 
random population and the objective function is repeatedly evaluated for this population until the 
maximum number of iterations is achieved. The population is randomly generated in the search space 
using the following expression: 

𝐶𝑜𝑜𝑡𝑃𝑜𝑠(𝑖) = 𝑟𝑎𝑛𝑑(1, 𝑑).∗ (𝑢𝑏 − 𝑙𝑏) + 𝑙𝑏 (1) 
where 𝐶𝑜𝑜𝑡𝑃𝑜𝑠 is the coot position, 𝑖  the coot’s index number, d denotes search space dimension 𝑢𝑏, 
𝑙𝑏  are the upper the lower bounds of the search space. After forming the initial population, the fitness 
of each coot is determined by calculating the objective function. In the current study the ITAE criterion 
is considered as the objective function:  
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𝐼𝑇𝐴𝐸 = ∫ 𝑡|𝛥𝑓(𝑡)|𝑑𝑡
𝑡𝑠𝑖𝑚

0
 

(2) 

Next the four mentioned different movements of the coot’s swarm on the water surface are 
implemented. The random movement is formulated by considering a random position according to 
formula (3) in the search space and move the coot towards this position. 

𝑄 = 𝑟𝑎𝑛𝑑(1, 𝑑).∗ (𝑢𝑏 − 𝑙𝑏) + 𝑙𝑏, (3) 
If the algorithm is trapped in a local optimum the random movement will force the algorithm to 

escape from the local optimum. The new coot position is calculated by: 
𝐶𝑜𝑜𝑡𝑃𝑜𝑠(𝑖) = 𝐶𝑜𝑜𝑡𝑃𝑜𝑠(𝑖) + 𝐴 ∗ 𝑅2 ∗ (𝑄 − 𝐶𝑜𝑜𝑡𝑃𝑜𝑠(𝑖)), (4) 

where R2 a random number between 0 and 1, and 𝐴 = 1 − 𝑖𝑡𝑒𝑟/𝑀𝑎𝑥_𝑖𝑡𝑒𝑟.  
In order to implement the chain movement, the average position of two coots is used: 

𝐶𝑜𝑜𝑡𝑃𝑜𝑠(𝑖) = 0.5(𝐶𝑜𝑜𝑡𝑃𝑜𝑠(𝑖 − 1) + 𝐶𝑜𝑜𝑡𝑃𝑜𝑠(𝑖)), (5) 
where the second coot is represented by 𝐶𝑜𝑜𝑡𝑃𝑜𝑠(𝑖 − 1).  

The third movement is adjusting the position based on the group leaders. A leader is chosen based 
on equation (6), where i is the index number of the current coot, NL is the number of leaders and K is 
the leader’s index number. 

𝐾 = 1 + (𝑖𝑚𝑜𝑑𝑁𝐿) (6) 
 The 𝑐𝑜𝑜𝑡(𝑖) updates its position by applying formula (7), which calculated the next position based 

on the selected leader. 
𝐶𝑜𝑜𝑡𝑃𝑜𝑠(𝑖) = 𝐿𝑒𝑎𝑑𝑒𝑟𝑃𝑜𝑠(𝐾) + 2 ∗ 𝑅1 ∗ cos(2𝑅𝜋) ∗ (𝐿𝑒𝑎𝑑𝑒𝑟𝑃𝑜𝑠(𝐾) − 𝐶𝑜𝑜𝑡𝑃𝑜𝑠(𝑖)), (7) 

where 𝐿𝑒𝑎𝑑𝑒𝑟𝑃𝑜𝑠(𝐾) is the selected leader position, R1 is a random number between 0 and 1 and 
R is a random number between -1 and 1. 

The fourth movement is the leader movement. The group must be directed towards the optimum 
area, so the leaders need to update their position toward the goal. The leaders update their position based 
on the following equation: 

𝐿𝑒𝑎𝑑𝑒𝑟𝑃𝑜𝑠(𝑖) = {
𝐵 ∗ 𝑅3 ∗ cos(2𝑅𝜋) ∗ (𝑔𝐵𝑒𝑠𝑡 − 𝐿𝑒𝑎𝑑𝑒𝑟𝑃𝑜𝑠(𝑖)) + 𝑔𝐵𝑒𝑠𝑡, 𝑅4 < 0.5
𝐵 ∗ 𝑅3 ∗ cos(2𝑅𝜋) ∗ (𝑔𝐵𝑒𝑠𝑡 − 𝐿𝑒𝑎𝑑𝑒𝑟𝑃𝑜𝑠(𝑖)) − 𝑔𝐵𝑒𝑠𝑡, 𝑅4 ≥ 0.5

, 
(8) 

where 𝑔𝐵𝑒𝑠𝑡 is the best position ever found, R3 and R4 random number between 0 and 1, R is a random 
number between -1 and 1 and B is calculated according to 𝐵 = 2 − 𝑖𝑡𝑒𝑟/𝑀𝑎𝑥_𝑖𝑡𝑒𝑟. 

Formula (8) looks for better positions around this current point. 𝐵 ∗ 𝑅3 makes larger random 
movements so that the algorithm does not get stuck in a local optimum, which leads to exploration and 
exploitation at the same time. Also, cos(2𝑅𝜋) explores around the best search agent with various radius 
to find a better position around this search agent.  

Finally, in order to maintain the random nature of the algorithm, the movements are considered 
randomly. 

4. Fractional Calculus and Controller Structure 

The fractional calculus is a generalization of the classical integration and differentiation to any real 
number. In the last years there has been a growing interest in the application of fractional order (FO) 
controllers in the field of control engineering due to their superior performance in contrast to the integer 
order (IO) controllers.  The most widely used definition is the Caputo definition [8]: 

𝐷0 𝑡
𝑎𝑓(𝑡) =

1
𝛤(𝑚 − 𝑎) ∫

𝑓(𝑚)(𝜏)𝑑𝜏
(𝑡 − 𝜏)𝛼+1−𝑚

𝑡

0

, 
(9) 

where 𝑚 − 1 < 𝑎 < 𝑚, 𝑚 ∈ ℤ.  
In the current study a FO PDF-(1+PI) is implemented for the load frequency control (LFC) of the 

proposed microgrid using the COA. The schematic of the controller is depicted in Figure 2. 
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Figure 2: Transfer function of the FO PDF-(1+PI) controller 

5. Simulations 

Table 1 
Optimal controller gains with no solar and wind availability 

PIDF 
Kp Ki Kd N 

2.844 4 0.2372 485.9112 
IO PDF-(1+PI) 

Kp1 Kd N Kp2 Ki 
4 1.2652 500 0.24 4 

FO PDF-(1+PI) 
Kp1 Kd N Kp2 Ki m l 

3.999 0.8263 480.194 0.4850 3.9984 1.3057 0.8158 
 
Table 2 
Transient response characteristics for non-availability of solar and wind 

Controller Case 1: KMHTG=0.35, KBDEG=0.35, KBCHP=0.3 
 Overshoot Undershoot Settling time (ts) ITAE 

PIDF 0.0017 -0.0854 1.9279 0.2025 
IO PDF-(1+PI) 0.0279 -0.0655 1.9325 0.0585 
FO PDF-(1+PI) 0.0010 -0.0558 0.6993 0.0129 

Case 2: KMHTG=0.25, KBDEG=0.75, KBCHP=0 
 Overshoot Undershoot Settling time (ts) ITAE 

PIDF 0.0055 -0.0716 1.6225 0.0746 
IO PDF-(1+PI) 0.0089 -0.0443 0.9205 0.0178 
FO PDF-(1+PI) 5.5736e-06 -0.0332 0.6935 0.0426 

Case 3: KMHTG=0, KBDEG=0.9, KBCHP=0.1 
 Overshoot Undershoot Settling time (ts) ITAE 

PIDF 0.0017 -0.0619 1.4986 0.0271 
IO PDF-(1+PI) 1.3167e-04 -0.0325 0.6231 0.0051 
FO PDF-(1+PI) 0 -0.0219 0.7183 0.0519 

Case 4: KMHTG=0.2, KBDEG=0, KBCHP=0.8 
 Overshoot Undershoot Settling time (ts) ITAE 

PIDF 0.0069 -0.0883 8.9112 0.2821 
IO PDF-(1+PI) 0.0109 -0.0678 3.5210 0.0655 
FO PDF-(1+PI) 0.0014 -0.0573 0.9222 0.0520 

 
In this section the simulated results are presented and discussed for the proposed microgrid for 

various operation and disturbance conditions. In addition, the proposed controller is compared with its 
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integer counterpart and the classical PID controller with filter. All simulations are performed with 
Max_iter=50 and N=50.  
 

 
Figure 3: Non-availability of solar and wind: (a) Case 1, (b) Case 2, (c) Case 3, (d) Case 4 

5.1. Frequency Response with No Solar and Wind Availability 

This study is carried out considering that there is no solar and wind availability. The proposed 
controller is optimized for a 10% step load perturbation (SLP) at time 0 s. The optimum controllers’ 
values are presented is Table 1. The transient response characteristics of the system are presented in 
Table 2 (case 1). In addition, the controllers are tested with various operating conditions: unavailability 
of BCHP (case 2), MHTG (case 3) and BDEG (case 4) due to maintenance or lack of fuel. Furthermore, 
the dynamic response of each case is presented in Figure 3. The results reveal that the best performance 
in each case is achieved by the FO PDF-(1+PI) controller.   

5.2. Frequency Response with Solar and Wind Availability 

Table 3 
Optimal controller gains with solar and wind availability 

PIDF 
Kp Ki Kd N 

3.3758 4 0.3818 485.1266 
IO PDF-(1+PI) 

Kp1 Kd N Kp2 Ki 
4     1.2551   500     0.2693     4 

FO PDF-(1+PI) 
Kp1 Kd N Kp2 Ki m l 

3.9994    0.7581 487.7384     0.8758 3.9942 1.3059 0.8155 
 

The proposed controller is optimized for a 10% SLP at time 0 s and a constant step change of 1.5% 
and 2% in the WTG and STPP respectively. The optimum controllers’ values are presented is Table 3. 
The transient response characteristics of the system are presented in Table 4 (case 1). In addition, the 
controllers are tested with various operating conditions: unavailability of BCHP (case 2), MHTG (case 
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3) and BDEG (case 4) due to maintenance or ill production of fuel. Furthermore, the dynamic response 
of each case is presented in Figure 4. The results reveal that the best dynamic response in each case is 
attained by the FO PDF-(1+PI) controller.  
 
Table 4 
Transient response characteristics wind solar and wind availability 

Controller Case 1: KMHTG=0.35, KBDEG=0.35, KBCHP=0.3 
 Overshoot Undershoot Settling time (ts) ITAE 

PIDF 0.0017 -0.0806 1.7300 0.1735 
IO PDF-(1+PI) 0.0290 -0.0648 1.9206 0.0523 
FO PDF-(1+PI) 0.0018 -0.0544 0.6345 0.0105 

Case 2: KMHTG=0.25, KBDEG=0.75, KBCHP=0 
 Overshoot Undershoot Settling time (ts) ITAE 

PIDF 0.0032 -0.0656 1.4754 0.0636 
IO PDF-(1+PI) 0.0093 -0.0437 0.9437 0.0166 
FO PDF-(1+PI) 3.1920e-04 -0.0315 0.6375 0.0359 

Case 3: KMHTG=0, KBDEG=0.9, KBCHP=0.1 
 Overshoot Undershoot Settling time (ts) ITAE 

PIDF 1.3095e-04 -0.0554 1.5774 0.0235 
IO PDF-(1+PI) 4.9300e-04 -0.0321 0.5914 0.0054 
FO PDF-(1+PI) 4.9977e-05 -0.0203 0.6575 0.0437 

Case 4: KMHTG=0.2, KBDEG=0, KBCHP=0.8 
 Overshoot Undershoot Settling time (ts) ITAE 

PIDF 0.0059 -0.0836 8.6323 0.2381 
IO PDF-(1+PI) 0.0125 -0.0670 3.2492 0.0576 
FO PDF-(1+PI) 0.0016 -0.0552 0.8327 0.0450 
 

 
Figure 4: Availability of solar and wind: (a) Case 1, (b) Case 2, (c) Case 3, (d) Case 4 
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6. Conclusion 

This study has investigated the application of a FO PDF-(1+PI) controller tuned by the coot 
optimization method in an MG comprising of renewable energy sources and energy storage. The results 
reveal that the proposed FO PDF-(1+PI) controller exhibits better performance in the case of no STPP 
and WTG for various operating conditions.  When solar and wind power is introduced in the system the 
proposed controller outperforms the PIDF and IO PDF-(1+PI) controllers in all operating conditions. 

Overall, it can be concluded that the proposed controller among the tested controllers is the best 
solution for the frequency regulation of an isolated MG comprising of bioenergy, hydro, solar, wind 
generation and energy storage. 
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8. Appendix 

System data  [6], [9], [10], [11]:  
𝑓𝑜 = 50𝐻𝑧, 𝑅𝐵𝐷 = 𝑅ℎ𝑦𝑑 = 𝑅𝐵𝐶𝐻𝑃 = 2𝐻𝑧/𝑝. 𝑢. 𝑀𝑊, 𝑀 = 0.2, 𝐷 = 0.01𝑝. 𝑢. 𝑀𝑊/𝐻𝑧, 𝐾𝑉𝐴 = 𝐾𝐵𝐸 =
1, 𝑇𝑉𝐴 = 0.05𝑠, 𝑇𝐵𝐸 = 0.05𝑠, 𝑇𝑅𝑆 = 5𝑠, 𝑇𝑅𝐻 = 28.75𝑠, 𝑇𝐻𝑇 = 1𝑠, 𝑇𝐵𝑆𝐺 = 0.08𝑠, 𝐾𝑅 = 0.3, 𝑇𝑅 =
10𝑠, , 𝑇𝐵𝐶𝑇 = 0.3𝑠, 𝐾𝐵𝐸𝑆𝑆 = 1,  𝑇𝐵𝐸𝑆𝑆 = 0.01𝑠, 𝐾𝑁 = 0.6, 𝐾𝐹𝐶 = 0.01, 𝐾𝐴𝐸 = 0.002,  𝑇𝐹𝐶 = 4𝑠, 
𝑇𝐴𝐸 = 0.5𝑠, 𝑇𝑊𝑇𝐺 = 1.5𝑠, 𝐾𝑊𝑇𝐺 = 1, 𝑇𝐿𝐹𝑅 = 0.42𝑠, 𝐾𝐿𝐹𝑅 = 5, 𝑇𝐻𝑋 = 0.1𝑠, 𝐾𝑂𝑅𝐶 = 0.95, 𝑇𝑆𝑇 =
0.3𝑠. 
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Abstract  
Precision agriculture is a new and evolving discipline that uses advanced technologies to 
increase the efficiency of agricultural inputs in a profitable and environmentally friendly way. 
Emerging techniques, such as Internet of Things, Artificial Intelligence, Big Data analytics, 
and Unmanned Aerial/Ground Vehicles can be utilized in order to make informed 
management decisions aiming to increase crop production. In this paper, we present the 
architecture of VELOS, a smart ecosystem for pest management and irrigation of bean farms 
in the Greece Region Prespa. VELOS leverages the aforementioned techniques for extracting 
knowledge in order to create integrated solutions to effectively support decision-making for 
efficiently managing pesticides and irrigation applications and scheduling. 
 
Keywords  1 
Precision Agriculture, Internet of Things, Artificial Intelligence, Unmanned Aerial/Ground 
Vehicles, Pesticide and Irrigation Management 

1. Introduction 

The integration of novel information and communication technologies (ICT) in the primary 
production sector enables data collection and analysis concerning critical parameters of the production 
process, while predictive mechanisms exploiting Artificial Intelligence (AI) and Machine Learning 
(ML) techniques, lead to the generation of new knowledge and support informed decision making, 
contributing to production quality and increased quantity, profit maximization, cost reduction, and 
overall environmental footprint minimization. In the precision agriculture domain, minimizing 
pesticide usage and irrigation application has profound positive effects to a) crop yield (optimizing 
its quality and quantity), b) farmers (minimizing production costs and increasing yield), and c) 
environment (minimizing agricultural footprint to natural resources, i.e., degradation / depletion of 
natural water resources and pollution).  
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VELOS is a smart ecosystem for pest management and irrigation of bean farms in the Prespa 
Region. The ecosystem leverages on Internet of Things (IoT) technologies, Unmanned Aerial and 
Ground Vehicles (UAVs/UGVs), Low-Power Wide-Area Networks (LPWANs), AI, and ML 
techniques for extracting knowledge in order to create integrated solutions to effectively support 
decision-making for efficiently managing pesticide usage and irrigation scheduling. VELOS consists 
of: a) wireless sensors for real-time data collection and an easy-to-install and configurable LPWAN, 
b) automated UAV fleet management system, following the UAV model-as-a-service, c) UGV with 
robotic mechanisms, and d) data platform, which correlates and analyzes IoT data, open data and 
data retrieved from existing systems and applications, e) prediction / classification models and 
thresholds and risk indicators that allow risk assessment of pests / diseases’ appearance in bean 
farming, f) smart decision-making system for the application of pesticides and irrigation, and g) 
traceability system for the final product. The proposed system will be deployed, and its performance 
will be verified in four pilot fields in the Prespa Region. 

The rest of the paper is structured as follows. In Section 2 we present the proposed architecture of 
VELOS and discuss on the individual subsystems, while in Section 3 the current pilot setup is briefly 
described. Finally, in Section 4 concluding remarks are made and future work is highlighted. 

Figure 1: The architecture of VELOS 
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2. The Case of VELOS 

The proposed architecture of VELOS project, depicted in Figure 1, includes several subsystems, 
that closely interwork aiming to assess the risk of occurrence and predicting bean infestations by 
arthropod pests and plant diseases, as well as making scheduling recommendations for pesticide usage 
and irrigation application to protect crops and optimize their yield. VELOS is an open-source, 
modular, and scalable framework, adding, exchanging, modifying, and upgrading software 
components / subsystems in an easy manner, ensuring interoperability between applications and 
subsystems. The system follows the design of N-level architecture, in order to be flexible, robust, 
efficient, providing also workload balancing to system units and workstations. 

2.1.    IoT Subsystem 

A Long Range Wide Area Network (LoRaWAN) [1] is considered the best option for the 
transmission of IoT related collected data (e.g., soil moisture, temperature, humidity level) in the 
VELOS ecosystem, due to the flexible scalability, low network development cost and prolonged 
lifetime of end devices. The VELOS ecosystem will effectively exploit a telemetric meteorological 
station network already installed in the Prespes area. 

2.2.    UAV Subsystem 

The proposed UAV subsystem includes UAV fleet management capabilities, following the concept 
of UAV-as-a-service model [2], in order to address identified impediments in the agriculture sector 
(e.g., expensive equipment, enhanced skills and training that farmers are usually unwilling to receive 
[3]) and bring UAVs full potential to precision agriculture. This model supports the organization and 
coordination of available UAVs to achieve common goals. The UAV fleet will include UAVs 
belonging to one or more providers, supporting their management and coordination in order to 
collectively process and satisfy crop monitoring requirements in agricultural production, considering 
also UAVs already involved in a mission in the area of interest. The UAV subsystem includes mission 
initiation and definition, UAVs assignment, flight generation, and the ground control system.  

2.3.    UGV Subsystem 

VELOS exploits a custom-made robotic UGV that will be constructed to enhance collected data 
quality and improve pest prediction accuracy. The VELOS UGV necessitates a solid construction that 
will be equipped with DC motors, enabling movement in the area of interest, a robotic arm mounted 
with a spectral camera, sensors for obstacle avoidance and GPS receivers. Other requirements and 
constraints imposed, i.e., bean cultivation specific growing parameters and practices will also be taken 
into account. A central microprocessor will provide the best path to the area of interest according to 
an optimal path finding algorithm, considering different parameters, such as energy consumption 
and/or time necessitated for completing the specific mission.  

2.4.    Pest Risk Threshold Subsystem 

Empirical prognostic degree-day thresholds and epidemiological plant disease risk indices will be 
developed, in order to timely forecast the seasonal occurrence of the most important arthropod pests 
and diseases of bean cultivation. Particularly, degree-day thresholds for Helicoverpa armigera, Thrips 
sp. and Tetranychus urticae will be developed and further validated, as well as epidemiological growth 
risk indices for the fungal pathogen Uromyces phaseoli which is the cause of bean rust. The 
development of pest degree-day thresholds and plant disease risk indicators uses a combination of 
methodologies and techniques based on the analysis of meteorological data and field observations of 
the phenology and/or damage caused from the aforementioned pests [4]. Data from two growing 
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seasons (2021 and 2022) are collected and used along with demographic parameters and temperature-
dependent developmental thresholds available from published research. At the functional level, the 
pest risk threshold subsystem inputs real-time weather data to generate pest risk alerts and relevant 
information about management actions to control pests.  

2.5.    Pest Damage Detection Engine Subsystem  

The pest damage detection engine (PDDE) subsystem aims to detect arthropod pest damage and/or 
plant disease symptoms based on images taken by UAVs and UGVs. ML algorithms have been used 
extensively for pest damage and disease recognition in plants [5]–[11]. The input is typically a set of 
images, and a ML algorithm is applied to categorize the depicted plant either as healthy or not, and in 
the latter case, determine the disease. The PDDE subsystem applies a portfolio of detection models to 
get the best possible result. Specifically, it utilizes several state-of-the-art models based on 
convolutional neural networks (CNNs). These models are region-based detectors like Faster-RCNN 
[12] and single-stage detectors like SSD [13], RetinaNet [14], EfficientDet [15], YOLOv4 [16], and 
YOLOv5 [17]. The PDDE subsystem, also, applies several preprocessing techniques such as image 
resize, data augmentation, and image denoise to increase the accuracy of the models. To date, the 
UAV and UGV based PDDE subsystem will be able to work adjunctively in conjunction with the pest 
risk thresholds subsystem and activated only during the periods of high pest risk attack to give 
estimates of the size and extent of actual infestation during periods of favorable conditions for disease 
epidemics rather than to be used as a diagnostic tool per se.  

2.6.    Irrigation Forecasting Engine Subsystem 

The irrigation forecasting engine subsystem predicts the irrigation needs of a field. The problem of 
predicting irrigation needs is approached as a regression one. We utilize a portfolio of various ML 
regression algorithms, e.g., support vector machines, decision trees, random forest, multi-layer 
perceptron regressor, to generate regression models and select the most accurate. Also, we use a 
plethora of preprocessing techniques, to reshape and modify data, so that non-existent measurements 
/ values at predetermined intervals or outliers in the measurements received are recognized in a timely 
manner, and do not lead to erroneous conclusions. 

2.7.    VELOS Intelligent Decision-Making System  

The VELOS Intelligent Decision-Making System (DSS) is the heart of the system, orchestrating 
the rest of the subsystems in order to generate informed recommendations on pesticide application and 
irrigation management. Regarding pesticide application, the proposed system includes a three-stage 
approach of pest prediction, which is expected to improve the system’s overall prediction accuracy 
(graphically illustrated in Figure 2). Degree day thresholds and disease risk indices will be 
complemented with UAV flight missions (either pre-scheduled or triggered by user requests and/or 
DSS due to approaching specific indicators favoring the development of considered diseases). In case 
of scheduled or user-triggered UAV missions, PDDE predictions are reconsidered and further 
enhanced taking into account IoT data and pest risk thresholds defined. As a next step, UGV subsystem 
is activated, provided with corresponding coordinates to obtain more images of the afflicted area, 
which are given as input to the PDDE subsystem, and feed the models with new data that improve 
their predictions.  
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Figure 2: Pest detection and prediction flow chart 

 
Finally, VELOS DSS makes an appropriate plant protection recommendation to farmers based on 

the identified disease. Coupling UAVs, UGVs image analysis and PDDE-based predictions with 
thresholds and risk indices developed for the bean cultivation, we can minimize the false-positive 
predictions of the applied ML algorithms.  

The irrigation forecasting engine subsystem collects IoT related data (e.g., soil moisture, 
temperature, rainfall) and data from external subsystems (e.g., open meteorological data and weather 
forecasts), applies a portfolio of regression ML techniques and produces the final irrigation needs for 
the pilot fields. Finally, VELOS DSS suggests an appropriate irrigation schedule to farmers based on 
the identified needs. The irrigation needs forecasting flow chart is presented in Figure 3.  
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Figure 3: Irrigation needs forecast flow chart 

3. Experimental Setup 

At present, a telemetric meteorological network has been installed consisting of seven 
meteorological stations (as depicted in Figure 4) distributed in the main bean growing area of Greece 
and above the border area of the Prespa National Park. The network sends data remotely to a cloud-
based server that uses the ADCON addVANTAGE software (as presented in Figure 5). A pilot 
experimental field network has been established since 2021, in order to obtain pest field data, 
necessary for the development and evaluation of pest threshold predictions. Pest specific monitoring 
and sampling protocols have been developed and implemented for the pilot field.  

During each of the bean growing seasons, sequential observations are taken twice a week from four 
experimental bean plots (4-7 acres each). Two of the plots are conventional and two organics, the 
latter receiving no treatment with pesticides and serving as controls. Field data for 2021 consistently 
demonstrate the presence of H. armigera, T. urticae, and U. phaseoli, which in combination with 
meteorological data are the basis for the development of degree-day pest thresholds and bean rust 
indices, respectively. This allows the initial development of empirical thresholds and indicators for 
the above species for the year 2021. These thresholds will be evaluated during the current growing 
season for the year 2022. Degree-day pest thresholds and plant disease risk indicators are a profound 
empirical oriented mathematical approach for pest prediction and a prerequisite for the operation of 
the ongoing integrated software system for forecasting and decision-making for the plant protection 
of bean cultivation in the Prespa region. For 2022, UAV and UGV based images will be collected 
from the pilot fields so as to train the ML models of the PDDE subsystem, while additional soil 
moisture sensors will be installed in order to further support the irrigation forecasting engine 
subsystem.  
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Figure 4: Meteorological data collection stations from the study area 

 

 
Figure 5: Real-time daily temperature recording at one of the meteorological stations located in the 
Prespa region 

4. Conclusions 

The VELOS project aims to assess the risk of occurrence and predict infestations of bean 
cultivation by arthropod pests and plant diseases, as well as making pesticide usage and irrigation 
application scheduling recommendations for plant protection and optimization. All subsystems of the 
VELOS system have been presented and the most important use cases of the Intelligent Decision-
Making System have been graphically illustrated. In addition, the current experimental setup was 
briefly described. Field data for 2021 demonstrated the presence of H. armigera, T. urticae, and U. 
phaseoli, which in combination with meteorological data are the basis for the development of degree-
day pest thresholds and bean rust indices, respectively.  

Future work includes development of empirical thresholds and indicators for the above species and 
their evaluation during the current growing season for the year 2022. These pest thresholds will also 
be incorporated into the pest damage detection engine subsystem for improving prediction accuracy. 
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Abstract  
Modern agriculture and livestock breeding look for sustainable models that improve the 
efficiency of their ecosystem, while providing a secure and privacy-preserving IoT ecosystem. 
Multi-collected and heterogeneous data coming from crops, livestock, or even better from 
mixed farming systems that are coupled with AI capabilities is a promising approach that 
enhances agriculture systems. Such technologies aim at transforming farmers everyday live, 
promising accessibility, personalization and precision to the users, but they also suffer from 
significant issues. In particular, security, integrity and auditability have been major issues that 
need to be addressed, and one way of dealing with the aforementioned is by using Distributed 
Ledger Technologies (DLT), such as blockchain. 
 
Keywords  1 
IoT, blockchain, harvesting, radio frequency, sensors, sustainability  

1. Introduction 

The Internet of Things (IoT) is enabled by heterogeneous technologies, devices, and platforms, 
where they work together towards providing sensing, collecting, acting, processing, managing and 
analysing data. Within the IoT concept, intelligent embedded devices, such as smart sensors, wearable 
devices, and autonomous vehicles, are connected to each other and they are able to communicate 
without human intervention. The emergence of the IoT concept has led to the pervasive interconnection 
of people, services, and devices. However, new systems in the IoT domain that employ smart solutions 
having embedded intelligence, connectivity and processing capabilities for edge devices rely on real 
time processing at the edge of the IoT network near the end user. Current, traditional cloud computing 
and IoT solutions are not able to support real time applications since they are designed to offer non real 
time services, e.g., stress detection in IoT smart farming applications, while they are offered in high 
cost The computation remains at the cloud, i.e., at the provider datacenter, while heavy analytics, 
visualisations, and user aware services need long times, they are high cost, and they pose privacy issues 
since personal information is stored and processed in the backbone centralized servers. However, new 
generation systems and solutions require low latency and ultrafast analytics, given that they bring 
advanced smart technologies and applications with embedded intelligence, connectivity, and processing 
capabilities. A new cost-effective approach is needed, where these new IoT systems could be closer to 
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the data source; low latency services and applications are viable, while the d at privacy could be 
increased. The vision of TERMINET project is to provide a novel next generation reference architecture 
based on cutting-edge technologies such as SDN, multiple-access edge computing, and virtualisation 
for next generation IoT, while introducing new, intelligent IoT devices for low-latency, market-oriented 
use cases. The User Centric Devices in Smart Farming use case is one of the six cases that TERMINET 
uitilises and is used to validate, demonstrate and assesse key aspects of the TERMINET platform in one 
of the most popular IoT ecosystems, smart farming. Two of the elements used for the implementation 
are presented in this paper. 

2. Radio Frequency Energy Harvesting System 

Radio Frequency (RF) Harvesting (EH) has attracted significant interest during the last years since 
it is one of the most promising techniques to self-power systems that require small amounts of energy 
to operate [1]. Although it can be applied as an alternative technique, it is expected to play a pivotal 
role in wireless networking and bring several transformative changes [2]. Wireless sensor networks, by 
the deployment of the Internet of Things (IoT) and Cyber-Physical systems, will be the dominant field 
of RF EH applications [3]. Beyond self-power and perpetual operation, RF energy harvesting in 
wireless networks can significantly reduce the demand for conventional energy and the associated 
carbon footprint, as well as the requirement of mobility to recharge conventional batteries [4]. The 24-
hour availability and the spatial coverage of wirelessly transmitted power, specifically in urban areas, 
are the most comparative characteristics of RF EH against other widely used EH techniques [5]. 

The advent of the Fifth Generation (5G) network has brought several requirements to the 
characteristics of cellular communications. Among them, the increase in system capacity by 1000 times, 
the increase in spectral efficiency by 10 times, the higher energy efficiency, and data rate (i.e., 1 Gb/s 
in high mobility and 10 Gb/s in low mobility), and the improvement of the average cell throughput by 
a term of 25 times, are some of the key performance indicators that present a significant improvement 
in 5G cellular networks. 5G network is the first cellular communication system that combines micro- 
and millimeter-wave frequency bands of operation for outdoor and indoor coverage, accordingly [6]. 
Within the 5G ecosystem, various key-enabling technologies have emerged. One of the most 
representative examples of a technology that is combined with 5G is the Internet of Things (IoT) [7]. 
IoT has brought a breakthrough to wireless communication systems and artificial intelligence 
technologies, having applicability to many different fields and applications [8]. The deployment of 
billions of sensors in IoT networks will create vast amounts of data to be processed. So, the next 
generation of IoT, which combines artificial intelligence and the capabilities of 5G networks, will be 
emerged.  

Typical RF energy harvesting systems are characterized by specific key performance numbers. 
These include the power conversion efficiency (PCE) of the rectenna (rectifier + antenna), the average 
and maximum output voltage of the rectifier, the rectifying antenna reflection coefficient, efficiency, 
and gain, and the proper impedance matching between the antenna and the rectifying circuit. These key 
performance numbers, if we consider that the RF energy harvesting systems operate in the ultra-high 
(300 MHz - 3 GHz) or the sub-6 GHz frequency band, are ultimately affected by a series of factors 
including, (a) the rectenna profile (i.e., the overall physical size of the rectenna compared to the 
wavelength of the operating frequency), (b) the type of the rectifying antenna (dipole, monopole, patch, 
E-shaped, slot, inverted-F, bow-tie, etc.), (c) the type of the impedance matching network (Π-, L-, T- 
network, etc.), (d) the type of the rectifying circuit (full-wave or bridge rectifier, Villard, Dickson or 
Greinacher topology, etc.), and (e) the maximum harvested energy that can be achieved [9]. As a result, 
rectenna systems that operate in the ultra-high or the sub-6 GHz frequency band usually require 
relatively high values of input power (>-20 dBm) to achieve an acceptable power conversion efficiency 
(20% - 40%) [10]. They usually occupy a significant board area compared to the wavelength of the 
operating frequency and they achieve relatively low values of efficiency in the rectifying antenna 
module. The implementation of a rectifying antenna and the corresponding rectifier circuit that operates 
in a dual-, triple- or multi-frequency band improves the maximum values of harvested energy against 
the overall size occupied by the rectenna in the substrate. Finally, the polarization of the rectifying 
antenna is of great importance to the maximum harvested energy [11]. 
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Within the TERMINET project, a Radio-Frequency Energy Harvesting transceiver as a prototype 
system will be designed, optimized, and fabricated. The prototype system will operate in the licensed-
free frequency bands of the Internet of Things (IoT) and/or Wi-Fi 2.4 GHz. Figure 1 portrays a generic 
block diagram of the prototype system. In detail, the prototype system will include a transmitting 
antenna, where its design will focus on the wireless power transfer of electromagnetic radiation. To this 
end, the prototype transmitter will be optimized by utilizing modern evolutionary (EAs) or Swarm 
Intelligence (SI) algorithms. Specific system metrics, such as impedance matching, directivity, and 
gain, will be considered in the optimization process to obtain the optimal solution of the derived antenna 
design. Moreover, the prototype system will include a receiving module, i.e., a rectenna (antenna + 
rectifier), to harvest the electromagnetic radiation and convert it to DC power. In this context, the 
prototype rectenna will also be optimized to obtain a feasible solution to the optimization problem. Both 
prototype modules (transmitting antenna, rectenna) will be designed and optimized to operate in the 
licensed-free radio frequency bands of IoT (EU863-870 (863-870/873 MHz) in Europe and/or Wi-Fi 
2.4 GHz). 

 

 
 
Figure 1: Generic block diagram of the RF EH Tx – Rx prototype system. 
 

3. Blockchain Technologies in Agricultural Use Cases 

With the rise of technologies such as IoT and Cloud Computing, there has been an ongoing digital 
revolution attempting to utilize the aforementioned technologies. Such technologies aim at transforming 
our everyday lives, promising accessibility, personalization and precision to the users, but they also 
suffer from significant issues. In particular, security, integrity and auditability have been major issues 
that need to be addressed, and one way of dealing with the aforementioned is by using Distributed 
Ledger Technologies (DLT), such as blockchain [12] 

Blockchain is a highly regarded technology that has a potentially huge untapped potential in its use 
and could further revolutionize our lives. As a consequence, there has been a looming interest in this 
technology, with many applications ranging in different fields, similar to the IoT revolution, thus it is 
natural to try and combine IoT and Blockchain in order to leverage their capabilities, while minimizing 
their shortcomings. Many different fields have been on the receiving end of blockchain’s benefits, most 
importantly financing, supply chain management, healthcare, smart farming and many more. 
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Blockchain is capable of providing a trustworthy and fault-tolerant system that has no single point of 
failure and trusted third parties. It also provides an immutable record of transactions thus increasing 
data security and integrity, which can also be used for logging and auditing.  

Given the aforementioned information for IoT and Blockchain technologies, one can understand that 
combining the two can bring further breakthroughs. That is because blockchain technology can provide 
IoT systems with enhanced security and trust among devices, both critical for IoT applications, while 
safeguarding privacy, as compromising risks are reduced and finally providing further reliability [12], 
[13]. Another aspect that has been underappreciated when combining blockchain with IoT is the access 
control capabilities blockchain possesses. Access control is particularly important, since IoT devices 
can contain sensitive data, ranging from personal to business related data, which obviously need to 
remain away from unintended viewers [14].  

Specifically, for agricultural IoT applications, the addition of blockchain is deemed as quite unique 
and is projected to improve the supervision and management of agriculture, as well as improve the 
entire supply chain and potentially introduce product traceability and transparency. In general, there are 
several categories in which blockchain can support the agricultural IoT applications. Those are: Supply 
chain management, Farm overseeing, Trust Management, Agricultural products tracking and Agri-food 
supply chain, all with different applications [15]. Finally, a more indirect support to agriculture is to 
combine drones and authentication/key management capabilities, backed up with a private blockchain 
solution can limit the insecure communication and subsequently limit attack vectors [16].  

Within the TERMINET project, a permissioned blockchain network will be designed, along with 
the respective smart contracts in order to provide supply chain management functionalities. More 
specifically, the use of blockchain will be to be able to keep a full log and ultimately trace a product 
from the start of its production all the way to the market. As a supplementary functionality, some form 
of access control via blockchain will also be implemented, since sensitive business data will be the focal 
point of the entire procedure, allowing only certain entities to access the data. By doing the 
aforementioned, one can ensure that the entire trace of the product will be correct, as blockchain consists 
of an immutable ledger and will also act as an audit mechanism, especially useful for faulty products, 
but also safeguarding the confidential information of every farm to its respective trusted parties. Finally, 
further optimizations for performance and particular business needs will also be implemented if needed. 
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Figure 2: Reference diagram of the smart contracts functionalities with reference to agricultural use 
cases. 
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Summary 1 
A problem that small and medium-sized Greek enterprises operating in the production and 
marketing of meat and meat products are facing is the design and development of effective 
traceability systems. Traceability is a valuable tool for businesses, used to gain consumers’ 
confidence, add value to their products, square with the law and regulations, monitor their 
production and decrease the probability of product recalling. The purpose of this work is to 
design and develop an efficient and computerized system adapted to the needs of Greek 
production.  
The needs and requirements of all the stakeholders (businesses, works, authorities and 
consumers) were considered. Based on agile methodology and the SCRUM technique, the 
development team decided on the architecture of the entire traceability system.  
The purpose of the system is to make information immediately available when needed to the 
participants of the supply chain and/or the consumers (forwards and backwards), preserve and 
upgrade Greek production, ensure the viability and profitability of the business. The main 
objective of the proposed meat traceability system is the satisfaction of the requirements related 
to health and safety, verified quality, advertising, legal issues. The means to achieve these 
objectives is a developing Information System that provides functions for the: (a) Collection 
and recording of information, (b) Storage and processing of data, (c) Handling of requests.  
The performance indicators of the system are defined as: the speed of retrieval of information 
on the product (location, procedures and tools used), reliability, consistency (guarantee of 
flexibility, compatibility, durability).  
The process of traceability includes the following stages: input of animals to the farm (animal 
registration), breeding, leaving the farm/entering the slaughterhouse, 
processing/standardization, export, and sale. The role of the traceability system is to capture 
and store information on every stage along with the supply chain related to the food produced. 
The building components of the system are: the management module for user management, 
communication management, traceability management and data mining by applying a set of 
algorithms. The user management consists of modules that can be accessed by any actor, 
including the system administrator, system users and consumers. Communication management 
arranges the communication between actors and systems or between systems, while traceability 
management is a part of the system used for product traceability.  
Emerging digital technologies, such as IoT and cloud computing, in combination with 
communication technologies are the base of the system. A mobile application facilitates the 
users’ interaction with the system.  
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A prototype has been built and implemented for a food manufacturing company. It meets all 
the specifications required for the detection of fakes in manufactured products. A meat 
traceability system has been built from scratch for a Greek meat manufacturing company. 
Using web technologies (CSS, html, JavaScript, Apache server), programming languages, 
open-source platforms, databases (e.g., MongoDB) and a set of hardware (server, printer, 
desktop/laptop, smartphone/tablets), the implemented system meets all the requirements for 
meat traceability.  
This digital system automates the traceability process, is efficient and user-friendly, and 
reduces the cost of traceability and the probability of errors. The system’s behavior and 
performance were checked by using Loader.io, namely a free tool for system testing. 
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Abstract  
A multiphysics model that coupled electric fields and heat transfer was developed to simulate 
microwave heating of maize seeds in a dryer. The hybrid dryer with the maize seeds inside was 
simulated using COMSOL Multiphysics software. The dryer was equipped with three 
magnetrons, with a power of 800 W each, operating at a frequency of 2.45 GHz. These 
magnetrons create an electric field that is absorbed by the heating maize seeds. In order to 
increase the accuracy of the results, a study regarding the independence of the discretization 
grid in the field of the dryer calculation was performed. By the action of the electric field in 
the dryer, the temperature in the seed layer is evenly distributed, with a maximum value of 
44°C after a period of 9-12 seconds. By losing moisture, the seeds become lighter, being 
transported around the top of the seed layer, and are discharged from the dryer every 3-4 
seconds when the feed rate of maize seed is 500 kg/h. The spiral movement of the seeds in the 
first half of the dryer in the regions where the distribution of the electric field that alternates 
from maximum to minimum, makes the temperature of the seeds to be uniform in the whole 
volume, achieving a uniform drying.  
 
Keywords  1 
hybrid dryer, microwave drying, heat transfer  

1. Introduction 

Seeds drying is a method of preservation that prevents microbial growth, increasing their shelf life. 
Drying is a complex interaction of heat, mass and impulse transport, which requires time and energy 
consumption. Different types of drying equipment are currently available, based on combinations of 
different drying techniques. This is advantageous since it uses the best of different methods to achieve 
more efficient drying [1, 2, 3, 4, 5]. Microwaves have been widely used to dehydrate food and other 
materials with humidity [6, 7, 8, 9]. Microwave heating results from volumetric heating and rapid 
internal vaporization of liquid water that promotes faster drying. The process does not require long 
heating times and therefore results in a significant reduction in drying time (10 to 75%) and increased 
drying rates - 4-8 times compared to pure convective drying [10, 11, 12, 13]. Microwave drying 
characteristics are different for different sizes and shapes of the same product [14, 15]. The use of 
Lambert's law was the norm to qualitatively explain the penetration of microwaves into materials [16]. 

The temperature distribution of materials of different shapes during microwave heating was 
measured experimentally by mapping, and uneven heating was found to occur [17]. In order to address 
the unevenness of heating products, two techniques were commonly used: microwave output power 
control and power cycle [18]. In this study, for the drying process, a heat transfer model was coupled 
with an electromagnetic one into a hybrid dryer, in order to improve the drying uniformity in the seed 
layer in a short time. 
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2. Materials and Methods 

In this study, a multiphysics simulation of a hybrid dryer was performed using a heat transfer model 
and an electromagnetic one. The geometric model of the dryer, the properties of the material, the 
equations governing the models, the initial and boundary conditions are briefly described in the 
following sections. 

2.1. Multiphysics Simulation 
2.1.1. Geometry 

The geometry of the hybrid dryer, the seed layer to be dried, as well as the positioning of the 
waveguides on the dryer must be accurately described, so as not to affect the accuracy of the distribution 
of the electric field inside the created cavity. Any protrusion or cavity in the wall of the dryer, as well 
as the angles made by the walls can substantially change the distribution of the electric field inside, 
Figure 1. The geometric model used in the simulation must be accurate for a more accurate 
representation of the electric field distribution and the temperature in the dryer. 

 
Figure 1: Truncated cone geometry of the hybrid dryer. 1 input - wet seeds and warm air; 2 truncated 
cone dryer; 3 waveguides with magnetrons; 4 seeds subjected to drying; 5 output -seed dryer. 
 

The dimensions of the hybrid dryer used in the simulation are presented in Table 1.  
Table 1 
Dimensions of the hybrid dryer 

Elements Units (m) 
Dryer length 2.5 

Large diameter dryer 0.45 
Small diameter dryer 0.30 

Input size (air-seeds) mixture 0.2x0.1 
Output size (air-seeds) mixture 0.2x0.1 

 
In this geometric model the electromagnetic waves generated by the magnetron enter the dryer cavity 

through three parallelepipedic waveguides of 2 wavelengths = 244.9 mm (attributing in COMSOL 
Multiphysics 5.6 [19] the model TE10), located on the upper generator of the dryer. The frequency of 
the microwaves generated by each magnetron was 2.45 GHz and the nominal microwave power was 
800 W. 

2.1.2. Mesh Size 

Solving electromagnetic and heat transfer models required the discretization of the entire dryer in 
small volumes. Thus, an appropriate mesh size in the model simulation can provide accurate simulation 

https://context.reverso.net/traducere/engleza-romana/parallelepipedic
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results, with higher computation efficiency. The space discretization errors could be reduced to a quarter 
when mesh size is halved, while the computation time will increase by almost 16 times [20]. To 
determine the appropriate mesh size in our model, normalized power absorption (NPA) of the 
processing materials has been employed to complete the mesh independent study [21]. Here, the 
variation of NPA with mesh sizes is shown in Figure 2.  

 
Figure 2: Normalized power absorption (NPA) variation of heating computations with different mesh 
sizes 

The manual of software QuickWave (QWED, Warsaw, Poland) suggests the use of 12 cells per 
wavelength for mesh independent results, while other researchers [22] suggest that 10 cells per 
wavelength would be enough. The mesh size used in this paper is defined as: 

𝑚𝑚𝑒𝑠ℎ𝑠𝑖𝑧𝑒 ≤
𝑐

6𝑓√𝜀𝑟
, (1) 

where c is the speed of light, f is the frequency, εr is the relative permittivity. 
The discretization in the air region of the dryer was based on 8 cells, compared to the region where 

the seeds are located where 10 cells were (Figure 3). 

 
Figure 3: The space discretization of dryer geometry. 1 truncated cone dryer; 2 waveguides with 
magnetrons; 3 seeds subjected to drying 

2.1.3. The Physical Model 

The model applied in the microwave-heat transfer coupled simulation was based on the following 
hypotheses: the geometry and volume of the seeds do not change during the simulation; the initial 
temperature distribution is uniform in the seed; the thermal and dielectric properties of the maize seeds 
are temperature dependent; density was considered at the seed (particle) level and does not vary over 
time; uniform heat transfer through conduction between seeds; negligible heat transfer between the 
walls of the dryer and the air inside the dryer. 

The whole simulation combines two physical processes: the microwave propagation process and the 
heat transfer in solid. 

The electromagnetic waves generated inside the dryer cavity are reflected multiple times by the 
metal walls of the dryer, forming models of stationary electromagnetic field in the dryer. 

The electric field intensity �⃗� , a vector quantity, at any point in the calculation range in the dryer was 
calculated from Maxwell's equations [23]. The combined waveform of Maxwell's equations is 
expressed by the equation: 
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∇ × 𝜇𝑟
−1(∇ × �⃗� ) − (𝜔√𝜀0𝜇0)

2
(𝜀𝑟𝜀0 −

𝑗𝜎
𝜔) �⃗� = 0, (2) 

where μr is the relative permeability, ω is the angular frequency, ε0 is the permittivity of vacuum, µ0 is 
the permeability of vacuum, εr is the relative permittivity, σ is the electrical conductivity. 

Then, the electromagnetic power loss Qe of the processing materials can be obtained from the 
computed electric field by the following equation [24, 25]: 

𝑄𝑒 =
1
2𝜔𝜀0𝜀′𝑡𝑎𝑛𝛿|�⃗� |

2
=

1
2𝜔𝜀0𝜀,,|�⃗� |

2
, (3) 

where ε0 is the permittivity of vacuum, ε’ is the real part of the relative permittivity, ε’’ is the imaginary 
part of the relative permittivity of the processing seeds, tan δ is the loss tangent of the processing 
materials. 

For the heat transfer process, only the processed materials were taken into account in order to reduce 
the computation cost. The governing equation for heat transfer in solid is given as [26, 27, 28]: 

𝜌𝐶𝑝
𝜕𝑇
𝜕𝑡 − 𝑘∇2𝑇 = 𝑄 = 𝑄𝑒, 

(4) 

where ρ is the material density, Cp is the material heat capacity under atmospheric pressure, T is the 
temperature, Q is the heat source and k is the thermal conductivity. 

2.1.4. Input Parameters and Boundary Conditions 

To complete the simulation, property parameters and boundary conditions were needed. The input 
parameters are shown in Table 2. The thermal and dielectric properties of the maize seeds are obtained 
from related literature [29, 30, 31, 32]. 
 
Table 2 
Summary of material properties applied in the model 

 Parameter Value 
air relative permeability μr 1 

 relative permittivity εr 1 
 electrical conductivity σ (S/m) 0 
 density ρ (kg/m3) 1.205 
 thermal conductivity k (W/mK) 2.524 x10-2 
 heat capacity Cp (J/kgK) 1005 
 relative permeability μr 1 

wall relative permittivity εr 1 
 electrical conductivity σ (S/m) 5.998x107 
 relative permeability μr 1 
 relative permittivity εr 6.25-1.3·j 

maize seed  electrical conductivity σ (S/m) 0 
 density ρ (kg/m3) 1250 
 thermal conductivity k (W/mK) 0.15 
 heat capacity Cp (J/kgK) 1700 

 
The complex relative permittivity is defined as the processing materials to give a near-actual model, 

which is expressed as [33]: 
𝜀𝑟 = 𝜀′ − 𝜀′′ = 𝜀′(1 − 𝑗𝑡𝑎𝑛𝛿), (5) 

Other surfaces are all defined as a perfect electric conductor, which can be expressed as the equation: 
�⃗� × �⃗� = 0, (6) 

where �⃗�  is the unit normal vector of the corresponding surface. 
The dryer wall material was defined as the thermal insulation boundary condition. The governing 

equation is given as: 
−�⃗� ∙ 𝑞 = 0, (7) 

where 𝑞  is the heat flux. 
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2.1.5. Simulation Process 

In the simulation, the electromagnetic field distribution was first calculated in the frequency domain, 
and then the dissipated power was calculated. Finally, the temperature rise of the material was updated 
based on the heat transfer equation in the time domain. Since the electrical properties of seeds do not 
vary with temperature, the electromagnetic field distribution will not change and is calculated only 
once. The simulation time for the proposed model, for a period of 20 seconds, was about 6 hours with 
a workstation with two processors and a 128 Gb RAM memory. 

3. Results and Discussion 

The simulation results show the temperature distribution in the seed layer at the bottom of the dryer, 
and the distribution of the electric field in the dryer. In the hybrid dryer the seeds have reached a 
temperature of 30°C due to the warm air that transports them pneumatically. As a result of the action 
of the electromagnetic field, the temperature of the seeds increased progressively in volume, reaching 
a maximum temperature of 44°C during the simulation of the first 12 s of the process. 

According to the experiments performed on this dryer, at a feed rate with maize seeds of 500 kg/h, 
and a warm air velocity of 20-25 m/s, the maximum stagnation time of the seeds in the dryer was 20 s. 
The seeds were discharged from the dryer periodically, every 3-4 seconds, and their temperature 
reached a maximum of 44°C. The simulation shows a maximum temperature in the seed layer of 44 °C 
after a period of 9 s and 12 s respectively (Figure 4). 

 

 
 

Figure 4: Temperature field [°C] in the seed layer for two periods of time (9 s, 12 s) 
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Due to the small size of the maize seeds compared to the size of the layer formed at the base of the 
dryer, virtually all seeds will heat up evenly from inside to outside, depending on the location of the 
remaining moisture in the grain. The lighter dried maize seeds, which do not settle to the base of the 
dryer, are transported to the top of the layer of the warm air at an average temperature of 44 °C. The 
eddy currents formed in the dryer during the pneumatic transport of the maize seeds resulted in a spiral 
trajectory in the first half of the dryer, with a tendency to deposit in the second half of it. The spiral 
movement of the seeds in the first half of the dryer made them benefit from the electromagnetic waves 
that have maximum power in the areas near the walls of the dryer, according to the distribution of the 
electric field in Figure 5. 

 
Figure 5: Distribution of the electromagnetic field inside the dryer E (V/m) 

4. Conclusions 

In this paper, a model was built that combines electromagnetic phenomena with heat transfer for 
drying cereal seeds, and a study was performed regarding the independence of the discretization grid in 
the field of computing for a good accuracy of the results. By simulating in the COMSOL Multiphysics 
software, results were obtained for the distribution of the temperature field in the maize seed layer at 
the base of the dryer and of the distribution of the electric field in the hybrid dryer. The results indicated 
that under the action of the electric field in the dryer, the maximum temperature in the seed layer was 
44 °C after a period of 9-12 seconds. By losing moisture, the seeds become lighter, being transported 
around the top of the seed layer, and discharged from the dryer every 3-4 seconds when the feed rate of 
maize seed is 500 kg/h. The spiral movement of the seeds in the first half of the dryer in the regions 
with maximum power distribution of the electric field lead to an uniform temperature in the seed 
volume, thus achieving a uniform drying. 
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Abstract  
A numerical study of gas-solid flow through an innovative hybrid dryer model was performed 
using the Discrete Element Method (DEM) and Computational Fluid Dynamics (CFD) 
coupling methods. In this model, the discrete particle phase (maize seed) was described by 
EDEM software, and the continuous gas phase (warm air) was described by Fluent software. 
The optimal geometry of the hybrid dryer in which the maize seeds move, hot air flow and 
temperature field uniformity were analyzed, being obtained with the coupled approach of CFD-
DEM simulation. The simulation results showed that at a velocity of 20-25 m/s of the maize 
seeds, the residence time required in order for the seeds to be dried in the dryer was obtained. 
The truncated cone geometry of the hybrid dryer, with a reduced section at the dry seed 
discharge end and its 5⁰ inclination of the longitudinal axis in the direction of discharge, cause 
the seeds to move in a circular path in the first half of the dryer and then to be deposited at the 
lower part of the second half. For low transport velocities in the dryer, the seeds move slowly 
and concentrated at the end of the hybrid dryer, being periodically unloaded every 3-4 seconds 
into the collecting cyclone. This DEM-CFD coupling approach is reliable as a tool for 
understanding the physical phenomenon of seed movement in the airflow field. Numerical 
simulation of seed movement based on the DEM-CFD coupling approach can provide a 
theoretical basis for increasing the drying efficiency of maize seeds in the hybrid dryer. 
 
Keywords  1 
hybrid dryer, seed motion, CFD-DEM coupling 

1. Introduction 

Drying is the most widely used method for preserving maize seeds. In the process of drying the 
seeds, moisture is removed with high energy and time consumption [1, 2]. The development of 
technology and software has made it possible to design and simulate new dryer models [3, 4]. 
Computational Fluid Dynamics (CFD) is a software for simulating fluid flows and describing the 
characteristics of the flow field and revealing the fluid phase mechanism [5]. The discrete element 
method (DEM) is applied to study the flow of particles by obtaining dynamic information about the 
trajectories of particles, the transient forces acting on individual particles. Gas flow and particle motion 
behavior were studied numerically through CFD-DEM coupling [6, 7, 8, 9, 10]. The coupled CFD-
DEM model was adopted to simulate the characteristics of gas-solid flow in fibrous media exposed to 
particulate loading [11] and to charged particle fluxes in a rotational flow [12]. Particle motion and 
gaseous flow field for a lime shaft furnace using coupled three-dimensional DEM-CFD were also 
investigated [13]. In addition, the DEM-CFD coupling approach has been used in many studies to study 
the mechanism of particle dispersion in gas-solid flux [14, 15, 16, 17, 18, 19, 20, 21]. They found that 
the simulation results based on the coupled DEM approach with CFD could well explain the mechanism 
of motion of the fluid and particles that were consistent with the experimental data. CFD-DEM coupled 
simulation from this paper has the advantage of testing the airflow and particle trajectory inside a drying 
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equipment before introducing agricultural seeds into it, helping to optimally design it. Determining the 
optimal seed entry velocity into the dryer is important to ensure the optimal drying time of the seeds in 
the dryer. 

2. Structure and Working Principle of Hybrid Dryer 

The structure of the hybrid drying plant was shown as in Figure 1.  

 
Figure 1: Hybrid dryer (1 fan; 2 electric heating element; 3 seed bin feed; 4 lock; 5 truncated cone 
dryer; 6 waveguides with magnetrons; 7 cyclone; a air; s wet seeds; ds dried seeds) 

  
The hybrid dryer model is based on the pneumatic transport of seeds in a stream of air at a 

temperature of 35-45 °C. In order to keep the seeds inside the dryer long enough so that the microwave 
heats the maize, a dryer with a truncated cone geometry was designed. Through this geometry of the 
dryer and the tangential supply of the heterogeneous mixture of seeds-hot air in the interior space, a 
vortex is formed with certain ratios of its geometric parameters. Thus, the transport route of the seeds 
through the dryer increases substantially, and the rotation of the seeds helps to standardize the 
volumetric heating with microwaves. The dimensions of the hybrid drying plant used in the simulation 
were presented according to Table 1.  

 
Table 1 
Dimensions of the hybrid drying plant 

Elements Units (m) 
Dryer length 2.5 

Large diameter dryer 0.45 
Small diameter dryer 0.30 

Inlet diameter -warm air 0.20 
Inlet diameter -wet seeds 0.15 

Inlet size -air seeds mixture 0.2x0.1 
Outlet size - air seeds mixture 0.2x0.1 

Cyclone diameter 1 
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2.1. CFD-DEM Coupled Simulation 

The transport of maize seeds inside the dryer is done pneumatically, but the trajectory of the seeds 
is difficult to follow during operation. CFD-DEM coupled simulation was used to optimize the design 
of the dryer. The simulation is useful because it allows wide variations of the operating parameters by 
varying the air flow and the temperature of its entry into the dryer.  

2.1.1.  Mathematical Models of Gas-solid 

Gas phase model  
The simulation of the hybrid dryer by CFD is based on the RNG k-ε turbulence model of the gas 

phase flow (warm air). This RNG k-ε turbulence model with the dominant vortex flow option is similar 
in shape to the standard k-ε model, including a number of enhancements [22]. All of these features 
make this model more accurate and reliable for a wider flow class than the standard model. The gas 
phase which was treated as continuous phase strictly follows the mass conservation law and momentum 
conservation laws [6]. The governing equations of mass and momentum conservation in an 
incompressible viscous fluid could be expressed as: 

𝜕(𝜀𝑔𝜌𝑔)
𝜕𝑡 + ∇ ∙ (𝜀𝑔𝜌𝑔𝑣𝑔⃗⃗⃗⃗ ) = 0, 

(1) 

𝜕(𝜀𝑔𝜌𝑔𝑣𝑔⃗⃗⃗⃗ )
𝜕𝑡 + ∇ ∙ (𝜀𝑔𝜌𝑔𝑣𝑔⃗⃗⃗⃗ ⨂𝑣𝑔⃗⃗⃗⃗ ) = −𝜀𝑔∇𝑃 + 𝜀𝑔∇ ∙ 𝜏 + 𝜀𝑔𝜌𝑔𝑔 − 𝑅𝑔𝑝, 

(2) 

 
where ρg , vg , εg, P and τ were air density, air velocity, volume fraction, pressure and viscous stress 
tensor, respectively. Rgp was the momentum exchange between solid and gas phases due to forces 
exerted by airflow on all particles within the computational cell. 
The Rgp component was defined as: 

𝑅𝑔𝑝 = ∑𝐹𝑝,𝑖⃗⃗ ⃗⃗  ⃗
𝑛

𝑖=1

/∆𝑉, 
(3) 

 
where Fp,i was the resultant force exerted on particle i, n was the number of particles in the specific 
computational cell and ΔV was the volume of the cell. 
 

Particle motion equations 
The gas phase was considered as an incompressible fluid based on Eulerian-Langrangian approach 

as the seeds occupied a small space in the hybrid dryer. The seeds were treated as a collection of 
individual particles whose movement was governed by applying Newton’s second law. 
     The continuum gas phase and dispersed solid phase were coupled in hybrid drier. The particle phase 
motion was modeled using the Lagrangian approach in which seeds were followed along their 
trajectories through the unsteady, non-uniform airflow field. The forces of drag, gravity and buoyancy, 
Saffman lift force and Magnus lift force were taken into account to act on particle. The motion of a 
particle within airflow field was governed by the force balance equation: 

𝑚𝑝
𝜕𝑣𝑝⃗⃗⃗⃗⃗⃗  ⃗

𝜕𝑡 = 𝐹𝐷⃗⃗⃗⃗ + 𝐹𝐺𝐵⃗⃗ ⃗⃗ ⃗⃗  + 𝐹𝑆𝑎⃗⃗⃗⃗⃗⃗ + 𝐹𝑀𝑎⃗⃗⃗⃗ ⃗⃗  ⃗, 
(4) 

𝐼𝑝
𝑑𝜔𝑝⃗⃗⃗⃗  ⃗
𝑑𝑡 = �⃗� , 

(5) 

where FD is the drag force, FGB is the force due to gravity and buoyancy, FSa is the Saffman lift force, 
FMa is the Magnus lift force due to particle rotation, Ip is the moment of the inertia of the particle, ωp is 
the angular velocity, T the local torque on the particle, vp is particle velocity, mp is particle mass, t is 
the time. 
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2.1.2. CFD-DEM Coupling Simulation Method  

In the gas-solid coupling simulation, CFD technique and particle motion were based on the softwares 
Fluent and EDEM (Engineering discrete element method, DEM Solutions Ltd), respectively.  

Figure 2 shows how the Fluent CFD software was coupled with EDEM software.  

 
Figure 2: CFD-DEM coupling simulation 

 
In Fluent simulation, all the differential governing equations were solved by applying the finite 

volumes method and were based on the mass and momentum of the fluid phase according to the 
mathematical model. First, the airflow field was resolved by CFD solver. When a stable situation was 
obtained, the gas field from CFD solver was transferred to CFD-DEM coupling interface which 
imported computation of forces acting on each particle. Then, the EDEM time step started at the end of 
fluid simulation time step. The calculated interface forces were delivered to the EDEM solver which 
computed the particle position, particle velocities and particle volume fraction until the end of CFD 
time step was reached. Next, CFD-DEM coupling interface took the particle translational and rotational 
motion data from the EDEM solver and computed the volume fractions and momentum exchange in 
the mesh cell of CFD. Finally, CFD solver used these data to solve the gas field for updating the fluid 
flow domain. The CFD and EDEM solvers entered into the cycles of the next time step until the airflow 
field again converged to a stable solution. 

The time step ∆𝑡 in the coupled simulation was chosen small enough to prevent excessive overlaps 
leading to forces of unrealistic values in practice. The correct time step for DEM simulation is in the 
range of 10-4 to 10-6 s, being 10 to 100 times shorter than the time step most often used in CFD 
simulation. The particles introduced in the simulation were the maize seeds, which were modeled as an 
assembly consisting of 5 spheres, shown in Figure 3. 

 

 
Figure 3: Maize seed modeling in DEM 

 
Computational conditions and parameters 
The CFD-DEM coupled simulation starts from the 3D geometry of the drying plant. The fan has 

been removed from the installation for simplification. The discretization grid with tetrahedral cells in 
the drying plant was made with the Gambit software. A study of the independence of the grid with three 
different densities of discretization was carried out, with a number ranging from 27,120,000; 4,312,000 
to 2,350,000 volumes. A discretization density of 4,312,000 volumes was found to be optimal for 
simulation resulting in a reasonable computation time (Figure 4). The Lagrangian coupling method was 
used in the EDEM-CFD coupling interface. The 5-sphere hard model and the Hertz-Mindlin (non-slip) 
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model were chosen as the particle model and particle contact model in the EDEM software for maize 
seed.  

 
 

Figure 4: Schematics of computational grids 
 
The values of main parameters used in the DEM-CFD coupling simulations are listed in Table 2. 
 
Table 2 
Computational parameters used in the simulations 

Contact type (phase) Parameter Value for 
maize seed 

Value for steel 

 Particle type 5 spheres  
 Semi-axes (mm x mm x mm) 4.5x8.9x10.8  
 Density (kg/m3) 661 7800 
 Poisson’s ratio 0.4 0.3 
 Shear modulus (Pa) 2.48x107 7.93x1010 

Seed to seed (solid) Coefficient of restitution 0.254  
 Coefficient of static friction 0.5  
 Coefficient of rolling friction 0.01  

Seed to steel wall (solid) Coefficient of restitution 0.612  
 Coefficient of static friction 0.165  
 Coefficient of rolling friction 0.01  
 Solid time step (s) 5x10-6  

Gas phase (fluid) Gravitational acceleration (m/s2) 9.81  
 Density (kg/m3) 1.225  
 Viscosity (kg/m/s) 1.7894x10-5  
 Fluid time step (s) 1x10-3  

 
The velocity of the warm air at the entrance to the mixing zone was chosen so as to ensure the 

pneumatic transport of maize seeds at 20-25 m/s at an average temperature of 48 ⁰C, and the flow rate 
of seeds entering the drying plant was 500 kg/h. 

3. Results and Discussion 

The results of the warm air flow obtained by simulating the CFD in the hybrid dryer are presented 
by the velocity, temperature and pathlines. The distribution of the velocity and temperature gradients 
obtained on the section of the truncated cone dryer are shown according to Figure 5 and Figure 6. In 
the center of the dryer, on a length of about 1.5 m, the velocity is lower (dark color) and the geometric 
shape created is approaching a cone. In order to maintain a pneumatic transport velocity of the seeds at 
the periphery of the dryer, its truncated cone shape was adopted. If cross sections are made on different 
lengths of the dryer, Figure 7, the distribution of rotational velocity vectors is observed, and the flow 
velocity decreases from the periphery to the center of the dryer on its axis of symmetry. From these 



 121 

observations, taking into account the distribution of pathlines, it was estimated that inside the dryer the 
maize seeds rotate in the direction of rotation of the vortex, having a translational movement from the 
input to output from the dryer Figure 8. 

 
Figure 5: Velocity field distribution in dryer (m/s) 

 

 
Figure 6: Temperature field distribution in dryer (⁰C) 
 

 
 

Figure 7: Velocity field and velocity vectors in four sections along the length of the dryer (m/s) 
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Figures 5 and Figure 7 show a variation of the velocity in the field inside the truncated cone dryer, 
which is 12-18 m/s near the inner walls of the dryer and between 20 - 25 m/s in the rest, thus ensuring 
the pneumatic transport of seeds. 

 
Figure 8: Pathlines in dryer and cyclone (-) 
 

The trajectory of maize seeds observed by DEM simulation is shown in Figure 9. 

 

 
Figure 9: Distribution of maize seeds in dryer and separation cyclone for two periods (28 s; 30.5 s) 
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Thus, Figure 9 shows the tendency for maize seeds to agglomerate at the bottom of the dryer. Due 
to the distribution of the velocity vectors in four cross sections along the length of the dryer (Figure 7), 
the seeds follow the same circular path up to the middle of the dryer when the tangential velocity 
decreases and the corresponding size of the velocity vectors is smaller. Due to the decrease of the section 
towards the outlet end of the truncated cone dryer, the transport velocity is maintained but with vectors 
in the longitudinal direction, so the seeds deposited at the bottom of the dryer due to gravity in the 
direction of the axis (-OY) move to the exit and the slight inclination of the dryer at an angle of 5⁰ in 
the direction of seed discharge. The seeds are moved in a circular motion in the first half of the dryer 
and then deposited at the bottom of the dryer where they are collected at the end of the drill where they 
are unloaded in larger quantities periodically every 3-4 seconds, Figure 9. The maize seed passes 
through the dryer for a maximum of 20 seconds, long enough for the action of the microwave in the 
volume of the seeds, causing their temperature to rise to 44 °C. 

4. Conclusions 

In this research, the DEM-CFD coupling approach in the design of the hybrid dryer leads to the 
following conclusions: 

The characteristics of the air flow and the trajectories of the seed lead to a circular motion in the first 
half of the dryer and a deposition at the bottom in the second half of it. 

The optimum design of the hybrid dryer is a truncated cone geometry with a large base in the seed 
inlet region and a small base in the dry seed outlet region. 

The proper airflow inlet velocity and seeds in the dryer is 20 – 25 m/s, which provides the time 
required for the seeds to stand in the dryer for drying. 

Numerical seed motion simulation based on the DEM-CFD coupling approach can improve the 
performance of the hybrid dryer. 
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Summary  1 
In recent decades, global social and economic development has brought a steady increase in 
water demand. Water scarcity has occurred in many countries and regions, and water 
competition among various users and uses is spreading. Under a sustainable development 
scenario, FAO estimates that the increase of global annual irrigation water withdrawal will 
have to be limited to 10 percent (UN-Water, 2018). The overall aim of this paper is to analyze 
the exogenous variables that affect decision making of stakeholders and farmers to use 
Irrigation Advisory Services (IASs). IASs can play a key role in assisting users to adopt new 
techniques and technologies for more efficient water use and increased crop production. The 
efficient use of water in agriculture is one of the most significant agricultural challenges that 
modern technologies are helping to cope with through IASs and Decision Support Systems 
(DSS). Under this perspective, IASs are considered powerful management instruments to help 
farmers achieving the best efficiency in irrigation water use and to increase their incomes 
through obtaining the highest possible crop yield (Bonfante et al., 2019). Under this 
perspective, our paper presents an application of a methodology which involves the conversion 
of a linguistic judgement of farmers and carry out a ranking of weights of criteria by case study, 
through ranking groups and associated properties between farmers’ profile. Furthermore, the 
present study tackles a decision- making process, aimed to improve the use of IASs by 
evaluating the preferences expressed by stakeholders. The stakeholders/farmers belong to four 
different European areas each one representative of a case study: Campania (IT), Kujawsko-
Pomorskie (PL), Limburg (NL), Andalusia (ES). In this context we applied a Modelling 
Multicriteria Decision Making Process methodology (Analytic Hierarchy Process, AHP) by 
120 questionnaires dispensed to the potential end-users of IAS of the agricultural sites to 
individuate the weight/priority between the preferences expressed by stakeholders and to 
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realize a ranking of criteria's weights by case study, through ranking groups and associated 
properties between farmer’s profile. The AHP methodology is used to determine the relative 
weights of the assessment criteria and finally to select the best. Our goal is to contribute to 
existing literature to describe how the AHP creates a decision-making framework by analyzing 
the stakeholder’s feedback and by identifying the needs and demands of the IAS users. The 
findings suggest that farmers attribute a high value to economic sustainability in the IAS use 
and highlight the contribute of IAS in assisting end-users to adopt new techniques and 
technologies for more efficient water use and optimizing water balance.  

 
Keywords 
Multicriteria Decision Analysis, AHP, Irrigation Advisory Services, Agricultural Decision 
Making, Economic Sustainability  
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Abstract  
The present research was conducted in order to investigate the accuracy of the measurements 
carried out in the combustion hobs with natural gas fuel. An important conclusion about the 
exhaust gas in the combustion hobs with natural gas, independently harmonized or not with the 
Greek legislation, is that the wall-mounted boilers are given to the atmosphere more CO per 
KW than the classic floor-standing boilers. Another conclusion about the technicians, is that 
26.3% of them do not have the necessary license, 19.3 % of them do not have an exhaust gas 
analyzer at all, but the 70.2 % of them use an exhaust gas analyzer on the first start and on the 
maintenance this percent drops down to 52.7 %.The conclusions show us that we have to take 
action about the exhaust gas limits of the wall-mounted boilers and also about the technical 
people. 
 
Keywords  1 
Natural gas, measurements, exhaust gas, combustion hobs  

1. Introduction 

Based on Greek legislation, the choice of combustion hobs with natural gas was made because they 
must issue an official exhaust gas control sheet during the first start. This obligation to issue an exhaust 
gas control sheet at the beginning is not required for combustion hobs that work with other fuels in the 
Greek market. From the data collected for the research, it was found that the measurements of the 
exhaust gases written on the control sheets are not always correct and accurate. This is mainly due to 
the fact that some wall-mounted boilers circulating in the Greek market, in their manufacturer's 
technical manual, have delimited some of the measurement values in the exhaust gases, higher than the 
Greek legislation. Also, during the collection of data for the research, it was found that measurement 
technicians used analyzers that did not perform all the required measurements. 

2. Methodology and Data  

The research is based on data from official exhaust gas control sheets and a public poll via google 
docs, which had been promoted throe social media. The data from the sheets were collected from the 
office of technical services belonging to the municipality of Larissa and finally from technicians with 
the necessary natural gas licenses. Those data have been collected, categorized, and analyzed properly. 
The conclusions were very interesting about the way that technicians work and the specifications of 
wall-mounted boilers circulating in the Greek market. Natural gas boilers were categorized into three 
big categories. The first category is wall-mounted boilers, the second category is floor boilers, and the 
third category is instantaneous water heaters. The total number of boilers encompassing those three 
categories was 351. More precisely, we have 135 wall-mounted boilers, 211-floor boilers, and 5 
instantaneous water heaters. In a public poll, take part and answer the questions of 57 people. All of 
them were technicians who provided maintenance services for natural gas boilers. The public poll was 
promoted via social media to take part technicians from all over Greece. 
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2.1. Conclusions for the Technicians 

From the data collected through the public poll, we can see that most technicians in Greece have the 
necessary license with 73.7 % (Figure 1).  

 

 
Figure 1: Licensed technicians. 

 
But this number does not agree with the question about the profession of the participants. In the 

question about the profession 52.6 % answered that they are combustion technicians and 40.4 % are 
mechanics (Figure 2). The Greek laws give the mechanics the license to provide maintenance services 
for natural gas boilers when they finish university. Still, the combustion technicians give the license 
after some years of proven experience in their occupation and after examinations. If all those technicians 
had the license with the mechanics together would be 93.0 % of participants with the license. But 
according to the previous question, only 73.7 % have a license. So, 19.3 % of technicians in Greece 
provide maintenance services for natural gas boilers without the necessary license.  

 

 
Figure 2: Technicians’ occupation. 

 
The next questions are about the use of an exhaust gas analyzer. The first question was about if the 

technicians had an exhaust gas analyzer, a critical tool for natural gas boilers that give technicians all 
the necessary measurements to adjust the burner efficient. Using the exhaust gas analyzer from the 
technicians is also critical in the first start or yearly maintenance to eliminate the risk of producing 
harmful to the health exhaust gas. In this question 80.7 % answer that they have exhaust gas analyzer 
and the rest of them dose not (Figure 3).  
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Figure 3: Position of exhaust gas analyzer. 

 
The next two questions try to figure out the technician’s use of the exhaust gas analyzer. One 

question was whether they use an exhaust gas analyzer at first start of a natural gas boiler, and the 
second about whether they use it in the yearly maintenance of the natural gas boiler. The answer is yes 
for the first start of a boiler pick up 70.2 % (Figure 4) and for the yearly maintenance pick up 52.7 % 
(Figure 5). The answers show that technicians do not use the exhaust gas analyzer as they have to do to 
ensure the efficiency of the boiler and the quality of the exhaust gas. 

 

 
Figure 4: Frequency of exhaust gas analyzer usage at first start of natural gas boiler. 
 

 
Figure 5: Frequency of exhaust gas analyzer usage (yearly maintenance). 
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2.1.1. Conclusions for the Boilers 

Another important conclusion about the exhaust gas in the combustion hobs with natural gas, 
whether harmonized or not with the Greek legislation, is that the wall-mounted boilers are given to the 
atmosphere more CO per KW than the classic floor-standing boilers. According to the data, the wall-
mounted boilers have exhaust gas of 1.583 CO ppm per 1 KW, and the floor-standing boilers have 
exhaust gas of 0.147 CO ppm per 1 KW. That means 10.76 times more CO ppm in the atmosphere. 
Regarding the produced gas of NOx, the wall-mounted boilers have exhaust gas of 0.820 NOx ppm per 
1 KW, and the floor-standing boilers have exhaust gas of 0.166 NOx ppm per 1 KW. The difference is 
that the wall-mounted boilers produce 4,939 times more NOx than the floor-standing boilers. In the 
following table (Table 1), we can see the total amount of the KW, the CO in ppm, and the NOx in ppm 
of the two biggest natural gas boilers categories. CO is a highly toxic gas, and it can cause death. The 
NOx can cause several problems in humans as breathing problems, headaches, chronically reduced lung 
function, eye irritation, loss of appetite, and corroded teeth. The Greek law [1] about the exhaust gas 
from natural gas burners limited the higher level of CO to 90 ppm and NOx to 150 ppm per boiler. 

 
Table 1 
Total numbers 

 Total KW CO ppm NOx ppm 
Wall-mounted boilers 3739.1 5919.0 3068.6 
Floor-standing boilers 43981.3 6468.2 7312.0 

 

2.1.2. Specifications of Burner Manufacturers 

The specifications of the burner manufacturers play a key role in the proper operation of the device. 
Due to this, for the arrangements required for the proper operation of the combustion chamber, the 
combustion technician takes the manufacturer's instructions first and then the Greek legislation. At the 
first start of a wall-mounted boiler or in the yearly maintenance, the technician has to take measurements 
of the exhaust gas and compare them with the specifications of the manufacturer of the boiler. From 
small research done in the manuals of the manufacturers of wall-mounted boilers, it was found that the 
manufacturers' requirements for efficient and proper operation of wall-mounted boilers in the exhaust 
gases are higher than the limit values set by the Greek legislation [1]. For example, the following figures 
6 and 7 are easy for someone to see that the manufacturer gives specifications higher than the Greek 
legislation regarding carbon monoxide. 
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Figure 6: Exhaust gas analyzer results. Source: Technical installation and maintenance book [2], Ariston 
Company, CLAS ONE SYSTEM model. 

 
 
In the next figure (Figure 7), we can see also see the limits are out of the Greek legislation. 
 



 132 

 
Figure 7: Technical data. Source: Technical installation and maintenance book [3], Italtherm Company, 
CITY CLASS 25K, 30K, 35K models 

3. Conclusions 

From the data of the flue gas control sheets we can see that t the wall-mounted natural gas boilers 
produce 10.76 times more CO than floor-standing boilers. Because of this, the manufacturers of the 
wall-mounted boilers should correct the combustion parameters, to produce less CO. However, 
according to the data from the manufacturers' manuals, of wall-mounted gas boilers the values of 
produced CO are greater than the limit of Greek legislation. The state should intervene and create 
control mechanisms that will check the wall-mounted boilers with appropriate methods, to see if they 
are harmonized with the Greek legislation. The state also should give importance to the control of the 
technicians who work with the boilers. Finally, the technicians should be forced to use analyzer during 
the ignition and maintenance of a natural gas boiler, so that they can be adjusted correctly for more 
efficient combustion and environmental protection.  

Farther research on combustion boilers, including all fuels, would give us a clearer picture for the 
harmful gases that included in atmosphere. Also, farther information’s for the use of the flue gas 
analyzer and the professional technical staff will be useful. 
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Summary 
The talk aims to find strategies to defend small and medium farms and to find a way to make 
them productive and technologically updated. Technological and IT innovation in agriculture 
is an excellent opportunity to improve many conditions and solve some problems. In particular, 
through Big Data, it is possible to increase the knowledge of correlations between events, 
places, and crops and thus improve the quality and quantity of production. Large companies 
have implemented these technologies: the cases of Monsanto and Ferrero are well known. The 
agricultural systems of some European states, such as Italy, are strongly characterized by small 
farms (according to the Italian Statistical Institute, the average size of farms is 8.4 hectares). 
Often these companies are in intense competition because they are part of a territory famous 
for a specific type of product (event increased by labels as PDO or PGI). Similarly, the average 
age of Italian farmers is high (in Italy, more than half of agricultural entrepreneurs are older 
than 50 years old). These factors (small size of the company, strong competitiveness between 
neighboring companies, and high age) increase the risk of artificial intelligence under-use in 
agriculture. 
Part of the mistrust is due to issues concerning privacy and business secrecy. IT companies or 
universities working on innovation in agriculture ask agricultural companies to make their data 
available or make it public (Open Data) to be able to correlate or find causal links between 
various phenomena. Farms, however, are often reluctant to do so in order not to share 
information that could benefit their competitors. They do not find an advantage for them to 
contribute to creating innovative and advantageous tools with a very high cost that they would 
not be able to use, devices that are likely to be used only by multinationals or large companies. 
A solution to this problem could be encouraging the transition from medium-small to medium-
large farms. However, this has two side effects: on the one hand, it changes the traditional 
agricultural organization of some European states. On the other hand, having small businesses 
firmly anchored to the enhancement of their territory has the positive effect of protecting the 
environment, its health, its landscape, and its history. 
The solution to this impasse is to encourage the construction of agricultural cooperatives, 
consortia, or inter-company organizations linked to a territory. This system, which has already 
been in use in many parts of Europe for more than half a century, and which has strong links 
in local history, can be the bearer of the transition to information technology by encouraging 
its members to share data among themselves to projects for the protection of the territory, 
enhancement of products and increase in profitability and product quality. The Data should be 
shared following a pact of purpose, and the results should be equally accessible to all parties. 
The cooperative could purchase high-cost technology products jointly and use them alternately. 
In this way, two objectives could be achieved: the protection of the territory and the 
development of new agricultural technologies. 
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Abstract  
The agri-food sector is one of the most important sectors of the Greek economy since it 
contributes to the national income growth, the increase of government revenue and the creation 
of new jobs. According to the Bank of Greece the agri-food sector in Greece represents 3% of 
GDP, compared to an average of 1.5% of EU GDP. The aim of this research was to investigate 
the satisfaction of agricultural cooperatives in Greece while considering the banking services 
received. The research results were based on the analysis of 150 questionnaires collected 
during the period between April 2019 and May 2019 showing that the index of the global 
customer supported a good performance as its value is about 82.66%. The results were 
analyzed with the multicriteria satisfaction analysis (MUSA) method, which is considered as 
an aggregation–disaggregation approach developed on the qualitative analysis regression. The 
results of the study showed that the most important satisfaction criteria for the agricultural 
cooperatives towards banks were those of products/services and branch/network. Those were 
considered as the competitive advantage that banks should work on.  
 
Keywords  1 
Agricultural Cooperatives, Banking Services, Customer Satisfaction, Multi-Criteria Analysis.  

1. Introduction 

Nowadays it is not straightforward under what ways the rapid developments of both global and 
national economic arenas in recent years have contributed to the changing financial environments in 
which modern businesses operate. The key factors that determine the modern financial environment 
they are summarized in the internationalization of markets, the integration of money with capital 
markets and the liberalization of the financial sector from governmental interventions (Drosos et al., 
2021a, Skordoulis, et al., 2020, Drosos et al., 2020, Drosos et al., 2019a, Drosos et al., 2019b). In this 
highly competitive international environment, both the quality of the product and services offered by a 
company and the consequent satisfaction or dissatisfaction of customers, they are very important issues 
for the economic growth and profitability of companies (Drosos et al., 2021b, Karagianni, et al., 2017). 
The determining precondition of any modern business is the philosophy that the continuous 
improvement of business performance is directly or indirectly related to the optimal satisfaction of 
customers while creating added value for them.  

Modern companies in today's volatile and highly competitive environment devote significant time, 
energy, human capital and financial resources in order to both measure their performance and to achieve 
their strategic goals. Modern purchasing, economic, social and technological factors, all create a highly 
competitive business environment, in which customers and consequently the viability of the businesses 
are the main goal. Within this managerial framework companies prioritize on the satisfaction of their 
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customers. During the last two decades customer satisfaction has been the basis for companies, which 
aim to play a leading role in the modern global financial environment.  
Many companies take customer satisfaction as an indicator to measure the performance of their products 
or services. In an increasingly competitive and dynamic environment, companies are making greater 
efforts not only to retain but also to increase the market share of their satisfied customers. An important 
field of collective entrepreneurship is the agricultural cooperatives. In the modern, economic and social 
reality, both nationally and internationally, agricultural cooperatives seek to play a very important role 
in the emergence of the primary sector as one of the key pillars of national economies recovery (Abdul-
Rahaman and Abdulai, 2018, Eric et al., 2019, Hu et al.,2021, Hun et al.,2018). As part of this 
particularly complex endeavour agricultural cooperatives are looking for partners who will provide 
them with the necessary resources to continue their production process and also apply innovations and 
new approaches in farming (Leontopoulos et al, 2015). In this respect banking institutions have a key 
role of the agricultural cooperatives, offering services that cover all the productive, logistical and 
processing needs. Most of the service satisfaction surveys conducted by banking institutions are mainly 
focused on determining the dimensions of quality, creating a model for measuring it with the aim of 
improving the quality of services (Drosos et al., 2021, Drosos et al., 2018, Drosos et al., 2015, Drosos 
et al., 2014, Bick et al., 2004, Karatepe et al., 2005). 

2. Research Methodology 

In this research work a survey was conducted to measure the satisfaction of agricultural cooperatives 
with the banking services provided in Greece. An electronic questionnaire was created using Google 
Drive forms to make the survey more effective. The survey was conducted during the period of April - 
May 2020. The survey involved a total of 150 agricultural cooperatives from all over Greece. The 
questionnaires were answered by the presidents of the agricultural cooperatives surveyed. In order to 
design the appropriate questionnaire, the existing literature was examined. Based on this literature 
review and the specific characteristic of the natural gas market in Greece, a series of satisfaction criteria 
and sub-criteria emerged. A five-point Likert scale was used to measure respondents’ level of 
satisfaction rating from totally dissatisfied to totally satisfied. The criteria emerged for conducting the 
customer satisfaction survey were the following: 1) Products - Services: satisfaction with bank services 
and products offered, 2) Stores - Branch network: a criterion that concerns the space of the branches 
and their network, 3) Staff: satisfaction from the staff of a bank branch, 4) Customer service: refers to 
customer satisfaction with the service offered.  

According to the data presented in Table 1 of the total number of agricultural cooperatives surveyed, 
a portion of 39% export while the remaining 61% did not carry out export activities. The largest 
percentage of agricultural cooperatives who participated in the survey was located in Central Macedonia 
(14.29%), followed by cooperatives operating in Western Greece and Western Macedonia with a 
percentage of 12.99%. The percentage of agricultural cooperatives operating in Crete and the 
Peloponnese is particularly high at 11.69% and 10.39% respectively. The lowest participation rates in 
the survey were represented by the Epirus located cooperatives, the Ionian Islands and the North Aegean 
with a percentage that counts for 2.60% at each region. 
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Table 1 
Sample Demographics 

  % Percent 
Exporting Yes 39 

 No 61 
Region of Activity Attica 5.19 

 Central Greece 6.49 
 Central Macedonia 14.29 
 Epirus 2.60 
 Crete 11.69 
 Eastern Macedonia & Thrace 7.79 
 Ionian Islands 2.60 
 North Aegean 2.60 
 Peloponnese 10.39 
 Southern Aegean 5.19 
 Thessaly 12.99 
 West Greece 12.99 
 West Macedonia 5.19 

 
The Multi-criteria Satisfaction Analysis (MUSA) method was used in order to measure customer 

satisfaction. The method is an ordinal–regression-based approach used for the assessment of a set of 
collective satisfaction functions in such a way that the global satisfaction criterion becomes as 
consistent as possible with customers’ judgments (Grigoroudis and Siskos, 2002).  In particular, the 
method infers an additive collective value function Y* and a set of partial satisfaction (value) functions 
Xi*, given customers’ global satisfaction Y and partial satisfaction Xi according to the i–th criterion 
(ordinal scaling). The main objective of the method is to achieve the maximum consistency between 
the value function Y*and the customers’ judgments Y. Based on the modeling of preference 
disaggregation approach (Jacquet-Lagreze and Siskos, 1982, Siskos and Yannacopoulos, 1985) the 
ordinal regression equation has the following form:  

 

 

(1) 

 
Where  represents the estimation of the global value function, n represents the number of criteria, 

bi is a positive weight of the i–th criterion, σ+ and σ− are the overestimation and the underestimation 
errors, respectively, and the value functions Υ* and Xi are normalized in the interval [0,100]. The global 
and partial satisfaction Y* and Xi* are monotonic functions normalized in the interval [0,100]. Thus, 
in order to reduce the size of the mathematical program, removing the monotonicity constraints for Y* 
and Xi*, the following transformation equations are used: 
 

 
 

 (2) 

where y*m is the value of the ym satisfaction level, xi*k is the value of the xik satisfaction level, 
and α and αi are the number of global and partial satisfaction levels. According to the aforementioned 
definitions and assumptions, the basic estimation model can be written in a linear program formulation, 
as follows: 
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(3) 

where M is the number of customers, n is the number of criteria, and xi*j, y*j are the j–th level on 
which variables Xi and Y are estimated.  

3. Research Results 

Figure 1 showed the agricultural cooperatives are satisfied with the offered services and the banking 
institutions products. The average overall satisfaction index reached a high 82.66% scoring. 

 

 
Figure 1: Satisfaction Function. 

 
Based on Figure 2 the criterion of "Products - Services" sustained the highest weight of 40.00%, 

followed by the criterion of "Stores - Branch Network" with a percentage of 25.00%, while the lower 
weights counted for the "Human Resources" (21.03%), and the "Customer Service" (13.97%), 
respectively. 
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Figure 2: Satisfaction Criteria Weights (importance). 

 
The applied evaluation criteria showed a relatively high satisfaction index and range at the level of 

total satisfaction. The criterion of "Customer Service" was the lowest satisfaction criterion (73.75%). 
Customers are more satisfied with the above criterion than the criterion of "Stores - Branch Network", 
which counted for 90%. The customers from the "Human Resources" criterion seemed to be particularly 
satisfied, which showed a high satisfaction percentage of 82.98%. Finally, regarding the criterion of 
"Products - Services", the agricultural cooperatives were very satisfied, reaching a 88.56% score. 

 

 
Figure 3: Customer Satisfaction with the Main Criteria (Performance). 

 
The significance of the "Products - Services" and "Customer Service" criteria, Figures 2 and 3, was 

also verified and validated at the relevant literature (Okpala and Korzeniowska, 2021). Indeed, the 
contemporary interest of good practices referring to the implementation of Hazard Analysis and Critical 
Control Points (HACCP) it is an utmost importance and priority factor for food hygiene quality safety 
that steadily thrive in the agri-food industry. This is also a measure of improving agri-food product 
quality management (QM), while considering ethical quality issues, food quality safety standards, 
HACCP fundamentals/implementation, QA control systems, other quality standards associated with 
agri-food industry, altogether with supplementary essentials associated with quality. However, the QM 
system foundation within a given agri-food product or enterprise is not the real very-end itself, since 
what matters most is how to maintain and sustain it (Okpala and Korzeniowska, 2021). Figure 4 showed 
the strong-positive and weak-negative points of the bank’s providers examined. The criteria of 
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“Customer Service” and “Human Resources” were located in the so-called “status quo area” of the 
action diagram. The “Products - Services” criterion was located in the leverage opportunity area of the 
action diagram, inferring that this criterion is of high performance and importance; thus, the greatest 
attention should be paid on it. 

 

 
Figure 4: Action Diagram. 

 
Figure 5 profiled the customer satisfaction with the main criteria (of performance), confirming the 

initial results regarding the demanding level of customers on the basis of the form of the global 
satisfaction function and the degree of the average total demand index. In particular, customers were 
less demanding regarding the criteria of “Products – Services” and “Stores Branch - Networks”; being 
the criteria with the highest level of importance. 

 

 
Figure 5: Customer satisfaction with the main criteria (performance). 

 
The adoption importance of customer-focused culture at the agri-food industry, inferring in Figure 

5, it was also confirmed by Sotirelis and Grigoroudis (2021) who denoted that the agri-food industry 
can be characterized as a low-tech sector with high demands for quality standards and food safety 
systems, thus, developing linkages of total quality management and innovation to improve firms’ 
performance. It was also proven that for the agri-food industry access to current and new markets is a 
highly important motive and outcome of the quality-innovation nexus, revealing the importance of 
adopting customer-focused culture (Sotirelis and Grigoroudis, 2021). 
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4. Conclusions 

Customer satisfaction can be a core determinant of the performance of any organization. In the case 
of agricultural cooperatives, satisfaction can be of even greater importance due to the fact that such 
customers are key-players for supporting the national economic targets especially in rural areas. The 
aim of this research study was to measure agricultural cooperatives satisfaction with the provided bank 
services.  

The results of the satisfaction measurement survey showed a number of advantages which are the 
strong points of the banking institutions in Greece in terms of their cooperation with agricultural 
cooperatives.  

The most important satisfaction criteria (according to MUSA method) were found to be those of a) 
products/services and b) branch/network. Therefore, banks should prioritize in planning the above 
services to further improve the satisfaction of agricultural cooperatives. Products and services include 
the variety of offered products, the provision of unique/user customized products and the reliability of 
the products. Branch/network include the accessibility of banking services, the number of ATM’s, the 
personnel adequacy. 

At the same time a number of characteristics were identified which, although considered important 
by the participants in the research study, they were proven of low satisfaction index, therefore, they 
should be immediately improved. 
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Abstract  
Among many popular crowdsourcing platforms, the Question & Answer website Stack 
Overflow in Stack Exchange Network is used daily to share knowledge globally by millions 
of software professionals. Therefore, Stack Overflow data can reveal important patterns in 
global crowdsourcing beneficial for software industry. The aim of this study was to perform 
data mining on Stack Overflow data, to discover some of these patterns. Focus of this research 
was to analyze the global user distribution and contribution. Big data analytic techniques were 
used for data mining activities using Apache Spark with Python language. Oracle Data 
Visualization Desktop and scikit-learn python library were used for visualization. The results 
show that although majority of the users are from USA and India, the average contribution is 
higher in European countries. 
 
Keywords  1 
Stack Overflow, Data Mining, Big Data Analytics, Crowdsourcing, Software Engineering, 
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1. Introduction 

Crowdsourcing is basically a type of participative online activity where a person or an organization 
requests a loosely defined group of people (crowd) to carry out tasks for them using open calls. The 
crowd undertakes the tasks voluntarily driven by motivation which is not supposed to be financial 
reasons in all the cases [1]. A new term called Crowdsourced Software Engineering has also emerged 
to describe the phenomena of using crowdsourcing for various software engineering tasks as it is very 
popular nowadays [2]. 

Among many popular crowdsourcing platforms used in software engineering, the Question & 
Answer (Q&A) website Stack Overflow is used daily to share knowledge globally by millions of 
software professionals. Therefore, Stack Overflow data can reveal important patterns which will help 
to get an idea about how software professionals share knowledge in a global scale. Eventually the 
findings will also help global software companies and crowdsourcing platforms to formulate and re-
evaluate their strategies and incentive criteria. The aim of this study is to perform data mining on Stack 
Overflow data to discover patterns of global user distribution and contribution. 

2. Background 

Stack Overflow caters wide range of computer programming subjects or topics. In 2015 it has 
recorded 5.7 billion page views as the number of registered Stack Overflow users was reaching 5 million 
[3]. The registered users can post questions and answers on the website. All the content is freely 
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available for the public for viewing. It also utilizes a comprehensive reputation management system as 
Atwood states in one of his blog posts in 2009, that he believes in community moderation [3][4]. 

Schenk et al. in 2013 in their research has found out that contribution is highest in Europe and North 
America. Then Asia, which is mostly represented by India; Oceania contributes not as much as Asia, 
but more than South America and Africa combined. However, they base their research on the transfer 
of knowledge. Specifically, who (country) raises the question and who (country) answers it [5]. 
However, it will be beneficial also to perform a comprehensive study on the user distribution across the 
globe with respect to their contribution and reputation. 

Reputation measurement can also be manipulated by users who play around with the gamification 
methods of Stack Overflow [6]. To tackle this issue, in this research the number of questions and 
answers posted will be also used to represent the contribution. 

When comparing these measurements across users, there is a need of normalization of the figures 
according to the length of membership for the users. For example, Morrison and Murphy-Hill has used 
the Reputation per Month without just taking Reputation as the measurement in their research [7]. 
Similarly, number of answers posted per month and number of questions posted per month can be used 
in this research in addition to the reputation. 

3. Methodology 

Methodology of this research is based on the following phases specified by Fayyad et al. for 
discovering knowledge in databases [8]. 

3.1. Selection 

The public data dump of all user-contributed content on the Stack Exchange Network shared in The 
Internet Archive is used as the main data source for this research. Following files from Stack Exchange 
data dump which has been published on 8th December 2017 has been downloaded from The Internet 
Archive for this study. 

• Users.xml (2.36 GB) 
• Posts.xml (56.3 GB) 
 

Then the structure of the above xml files were studied to select the most appropriate data items. The 
Entity Relationship Diagram of the schema is shown in Figure 1. 

3.2. Pre-processing 

Data mining tasks could not be performed directly on top of downloaded raw XML files due to large 
file size, flat structure of XML files and unbreakable nature of XML files. Therefore, raw data had to 
be loaded into another format which Apache Spark can utilize its in-memory processing and 
parallelization power. A MySQL relational database is used for this purpose. A Python script has been 
written for each raw XML file which was then executed using spark-submit script which is loaded in 
Spark’s bin directory. The Table 1 shows the number of records loaded into respective MySQL tables. 

3.3. Transformation 

Conversion of some of the data into appropriate forms was needed before starting data mining 
activities which are described below. 

3.3.1. Extraction of Country Names 

Since names of countries/locations have been specified in different formats in raw data, a special 
Python program was implemented to extract the country name accurately with the help of a free and 
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open-source Python library named geodict (https://github.com/petewarden/geodict). In the end the 
location of 1,172,495 users were identified and saved in a new database table. This is 15.83% from all 
users and 80.24% of all the users who have specified a location. 

 
Figure 1: ER Diagram of the Original Schema. 
 
Table 1 
Number of Records Loaded into MySQL Tables 

MySQL Table Name Number of Records 
Users 7,408,959 
Posts 38,360,000 

 

3.3.2. Aggregation 

Since tables have millions of data records, Spark with Python API was chosen leveraging the 
partition aware loading feature. The groupBy function and other built-in aggregate functions like count, 
avg in Spark were used. All the necessary aggregated data required for the research were generated with 
the help of Python scripts executed on Spark engine. 

3.3.3. Merging 

The aggregated data were sometimes needed to be merged prior to data mining. Spark’s feature to 
join RDDs is utilized for this purpose. 

3.4. Data Mining 

For the numerical data, descriptive summary statistics were used to understand the distribution of 
data. Mainly the Spark function describe was used for this purpose. 
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3.5. Interpretation/Evaluation 

The descriptive statistics, graphs generated by Oracle Data Visualization Desktop (ODVD) tool and 
Matplotlib were used to interpret and evaluate the results. 

4. Results and Discussion 

Country names of 1,172,495 users of Stack Overflow (15.83% from total users) and then 205 country 
names were identified in the subset under analysis. Top 50 countries sorted in the descending order of 
user count are presented in Table 2. 

Table 2 
Top 50 Countries with Users 

 Country Count Cluster  Country Count Cluster 

1 UNITED STATES 256470 5 26 VIET NAM 8359 2 

2 INDIA 214574 5 27 ROMANIA 8012 2 

3 UK 74955 4 28 BELGIUM 7683 2 

4 GERMANY 39550 4 29 SWITZERLAND 7406 2 

5 CANADA 37576 4 30 ARGENTINA 7277 2 

6 FRANCE 30470 4 31 SINGAPORE 7168 2 

7 CHINA 30164 4 32 PORTUGAL 7103 2 

8 AUSTRALIA 22434 3 33 IRELAND 6906 2 

9 RUSSIAN 
FEDERATION 22070 3 34 DENMARK 6846 2 

10 BRAZIL 20070 3 35 SRI LANKA 6508 2 

11 PAKISTAN 18661 3 36 JAPAN 6352 2 

12 NETHERLANDS 18170 3 37 MEXICO 6327 2 

13 INDONESIA 14055 3 38 NEW ZEALAND 6191 2 

14 UKRAINE 13391 3 39 MALAYSIA 6179 2 

15 POLAND 13027 3 40 TAIWAN 5693 2 

16 BANGLADESH 12825 3 41 NORWAY 5475 2 

17 SPAIN 12364 3 42 NIGERIA 5288 2 

18 PHILIPPINES 12288 3 43 GREECE 5121 2 

19 ITALY 12194 3 44 AUSTRIA 5070 2 

20 SWEDEN 11928 3 45 COLOMBIA 4765 2 

21 IRAN 11862 3 46 SOUTH KOREA 4708 2 

22 SOUTH AFRICA 9198 2 47 CZECH REPUBLIC 4405 2 

23 ISRAEL 9002 2 48 FINLAND 4251 2 

24 TURKEY 8697 2 49 NEPAL 4148 2 

25 EGYPT 8527 2 50 BULGARIA 4134 2 

 
As observed United States and India have marginally very high number of users which is more than 

200,000 each. Collectively they represent 40% of total users. They are categorized as countries in 
Cluster 5. Cluster 4 countries have users between 30,000 and 75,000. UK, Germany, Canada, France 
and China belong to this category. Even though China has the world’s highest population, its 
participation is not matching with the population. It could be due to language issues. This can be same 
for Russian Federation. Another notable observation is there are only 78 countries with more than 1000 
identified users. Cluster 2 represents countries with more than 3000 and only some of them are in top 
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50 list. Cluster 1 represents countries with less than 3000 users which is not even included in the Table 
2. 

Above data has been merged with world population data for year 2015 published by United Nations, 
Population Division [9]. Then users per 1000 capita figure has been calculated for each country for 
further analysis. 

The map in the Figure 2 displays how users per 1000 capita changes across the globe and the Table 
3 presents the top 50 countries with users per 1000 capita in descending order. The main observation 
compared with user count ranking is United States falling to 17th position while India does not even 
qualify in top 50. However, UK shows consistency in both and the biggest (population wise) country 
having highest participation. Iceland becomes the number one even though it does not even have 
sufficient users to be listed in the first list. The main conclusion that can be derived is that most 
European countries have higher participation per capita generally. The countries like New Zealand, 
Singapore, Israel, Canada, and Australia are also among the high participating countries. 

 
Figure 2: Users per 1000 Capita. 

To compare contribution levels of average users of countries, the user contributions in the means of 
average reputation per user, average number of questions posted per user and average number of 
answers posted per user from each country have been analyzed. The Table 4 summarizes the rankings 
of countries which fall into top 20 of each category and has more than 500 users along with Russian 
Federation and India for their significance. The cells in blue background color displays the ranks within 
top 20 while cells with pink background displays rankings greater than 20 for the respective category. 

As reputation and answer ranking relates to knowledge sharing, respectively Switzerland has 
become top country in both rankings while closely followed by UK and Germany. Sweden, Austria, 
and Israel are among top 10 of both rankings with most of other European countries. New Zealand, 
Austria and Canada contribute much as well. 
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However, India and Russian Federation have less contribution despite their large population. 
Another important observation is that most of countries who are reputed, and good answer providers 
are also good at asking questions. However, Italy, Ireland, Latvia, and Lebanon are basically question 
askers but not answer providers. Meanwhile Finland, Netherlands and Bulgaria have higher reputation 
and answering rate, but they do not ask many questions. 

Table 3 
Top 50 Countries with users per 1000 Capita 

 Country UsersPer1000Capita  Country UsersPer1000Capita 

1 ICELAND 1.91677 26 CROATIA 0.537297 

2 MALTA 1.585535 27 CYPRUS 0.484933 

3 IRELAND 1.469328 28 GERMANY 0.484042 

4 NEW ZEALAND 1.341631 29 FRANCE 0.472717 

5 SINGAPORE 1.29497 30 HONG KONG 0.462205 

6 SWEDEN 1.221685 31 GREECE 0.456507 

7 DENMARK 1.203439 32 MACEDONIA 0.438127 

8 UK 1.146152 33 ARMENIA 0.416531 

9 ISRAEL 1.116244 34 CZECH REPUBLIC 0.415419 

10 NETHERLANDS 1.072704 35 ROMANIA 0.403087 

11 NORWAY 1.052918 36 BELARUS 0.395961 

12 CANADA 1.045238 37 URUGUAY 0.37942 

13 ESTONIA 1.008119 38 HUNGARY 0.372039 

14 LUXEMBOURG 0.959874 39 SLOVAKIA 0.359604 

15 AUSTRALIA 0.942623 40 POLAND 0.34044 

16 SWITZERLAND 0.890169 41 GEORGIA 0.322154 

17 UNITED STATES 0.801646 42 SRI LANKA 0.314183 

18 FINLAND 0.775452 43 SERBIA 0.312271 

19 LITHUANIA 0.718981 44 UNITED ARAB 
EMIRATES 0.299968 

20 PORTUGAL 0.68177 45 UKRAINE 0.299859 

21 LATVIA 0.6815 46 COSTA RICA 0.285575 

22 BELGIUM 0.680638 47 SPAIN 0.266479 

23 SLOVENIA 0.679106 48 BOSNIA AND 
HERZEGOVINA 0.257921 

24 AUSTRIA 0.584192 49 TAIWAN 0.242402 

25 BULGARIA 0.575975 50 ALBANIA 0.238767 

In both user participation and contribution, European countries along with Israel, Australia, Canada, 
and New Zealand are highlighted from the rest of the world. These findings were cross evaluated by 
comparing with the ICT Development Indexes of countries provided by United Nations [10]. The major 
difference found was the underperformance of crowdsourcing activities of countries like South Korea 
and Japan who have good global ICT rankings. This situation can be further proven by comparing the 
findings with the IMD World Digital Competitiveness Ranking 2017 [11]. Even though this must be 
further analyzed, one reason can be the language barrier. Presence of some other popular alternatives 
to Stack Overflow also can be also another reason. Under presence of China and Russian Federation 
can be also due to this. 
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5. Conclusion 

Stack Overflow data reveals important patterns in global crowdsourcing beneficial for software 
industry. The results on Global User Distribution and Contribution, clearly show that majority of the 
users are from USA and India. However, in both participation and contribution aspects, European 
countries along with Australia, Canada and New Zealand have higher rankings. It is also noted the less 
rankings of Japan, South Korea, Russian Federation, Brazil and China. Since these countries represent 
huge portion of world population, further studies should be carried out to find factors for this 
phenomenon. 

 
Table 4 
Country Rankings for Contribution 

Country Reputation 
Rank 

Answer 
Rank 

Question 
Rank 

SWITZERLAND 1 1 6 
UK 2 4 5 

GERMANY 3 3 14 
SWEDEN 4 10 13 

GUATEMALA 5 55 97 
MALTA 6 15 3 
ISRAEL 7 2 1 

AUSTRIA 8 6 15 
NORWAY 9 14 9 

NETHERLANDS 10 5 21 
AUSTRALIA 11 12 16 

NEW ZEALAND 12 13 18 
FINLAND 13 11 49 

CZECH REPUBLIC 14 7 4 
BULGARIA 15 8 38 
DENMARK 16 18 7 

UNITED STATES 17 22 35 
SLOVENIA 18 16 2 
CANADA 19 25 24 

SLOVAKIA 20 9 20 
POLAND 21 17 25 
BELGIUM 22 19 10 

LATVIA 23 28 17 
IRELAND 24 30 11 

ITALY 27 23 8 
PERU 32 20 55 

RUSSIAN FEDERATION 35 38 54 
CYPRUS 44 36 19 

LEBANON 53 50 12 
INDIA 64 58 56 

 
 
 



 150 

6. References 

[1] Y. Zhao, Q. Zhu, 2014, Evaluation on crowdsourcing research: Current status and future direction. 
Information Systems Frontiers. 2014. Vol. 16, no. 3, p. 417–434. 

[2] K. Mao, L. Capra, M. Harman, Y. Jia, 2017. A survey of the use of crowdsourcing in software 
engineering. Journal of Systems and Software. 2017. Vol. 126, p. 57–84. 

[3] Stack Exchange Inc, 2018. About - Stack Exchange. URL: https://stackexchange.com/about. 
[4] J. Atwood, A Theory of Moderation - Stack Overflow Blog, 2009. URL: 

https://stackoverflow.blog/2009/05/18/a-theory-of-moderation/. 
[5] D. Schenk, M. Lungu, 2013. Geo-Locating the Knowledge Transfer in Stack Overflow. In: 

Proceedings of the 2013 International Workshop on Social Software Engineering. Saint 
Petersburg, Russia: ACM. 2013. p. 2–5. 

[6] T. Ahmed, A. Srivastava, 2017. Understanding and evaluating the behavior of technical users. A 
study of developer interaction at StackOverflow. Human-centric Computing and Information 
Sciences. 2017. Vol. 7, no. 1, p. 1–19. 

[7] P. Morrison, E. Murphy-Hill, 2013. Is Programming Knowledge Related To Age? 
People.Engr.Ncsu.Edu , 2013. P. 3–6. 

[8] U. Fayyad, G. Piatetsky-Shapiro, P. Smyth, 1996. From Data Mining to Knowledge Discovery in 
Databases. AI Magazine. 1996. Vol. 17, p. 37–54 

[9] United Nations Department of Social Affairs, Population Division, 2017, World Population 
Prospects: The 2017 Revision. 

[10] United Nations International Telecommunication Union, 2017. ITU | 2017 Global ICT 
Development Index, 2017. URL: http://www.itu.int/net4/ITU-D/idi/2017/#idi2017rank-tab. 

[11] IMD World Competitiveness Centre, 2017, IMD World Digital Competitiveness Ranking 2017, 
URL: https://www.imd.org/globalassets/wcc/docs/release-
2017/world_digital_competitiveness_yearbook_2017.pdf. 



 151 

The Effect of Emotional Intelligence on Perceived e-Service 
Quality, Consumers’ Perceived Value, Purchase, Loyalty 
Intentions and Satisfaction  
 
Sofia D. Anastasiadou 1, Stylianos Papalexandris 1 and George Konteos 2  

 
1 University of Western Macedonia, KEPTSE Area, Ptolemaida, 50200, Greece  
2 University of Western Macedonia, 6th km Old N.R. Grevena-Kozani, Grevena, 51100, Greece 

 
  

Abstract  
Customers attitudes and beliefs are of a major importance for the Sconce of Marketing since 
they have impact on customers’ behaviors, satisfaction, and loyalty intentions. In addition, for 
Marketing Customer Emotional Intelligence (EI) influences may have significant aspects for 
consumer behavior. Emotional intelligence affects all aspects of human behavior. It could also 
influence consumer behavior, shopping habits, shopping and loyalty intentions, beliefs about 
product / service quality and satisfaction. 
In addition, the impact of EI on decision making is probably a noteworthy parameter. Thus, 
the main objective is to identify patterns among EI and consumers’ loyalty, and satisfaction. 
More specifically the aim of this paper was to assess the effects of Emotional Intelligence on 
the Perceived e-Service Quality related to Web Sites’ Performance dimensions, Consumers’ 
Perceived Value, Loyalty Intentions and Satisfaction. 
To test the research hypotheses, a survey was conducted on 321 Greek e-customers, who 
answered a questionnaire, which was distributed electronically in the format of a google form.  
The findings of the survey show that Emotional Intelligence, positively affects perceived e-
Service Quality, Consumers’ Perceived Value, Loyalty Intentions as well as Customer 
Satisfaction. In addition, Web Site’s Performance has direct effect on Overall e-Service 
Quality. The results of the study demonstrated that of customers’ e-Service Quality positively 
affected Perceived Value as well as Purchase and Loyalty Intentions. 
In addition, Web Sites’ Performance had direct effect on Overall e-Service Quality. 
The paper calls for more research on how Emotional Intelligence influences e-Service Quality 
and Satisfaction e-self-service technologies.  
 
Keywords  1 
Emotional Intelligence, e-Service Quality, Perceived Value, Loyalty, Satisfaction  

1. Introduction 

During the pandemic, humanity confronted lockdowns. Public services, schools, universities, private 
businesses, and shops shut down. Some private business, and shops gradually adopted remote working, 
while e-shops remained in operation and gradually developed an increasing business activity. As Pollák 
et al. [1] stated, COVID-19 pandemic impact was enormous and influenced as well as shaped e-
consumer behavior. Pollák et al. [1] argued that the development advancement from off-line to on-line 
the COVID-19 pandemic is a significant quickening component of predictable adjustments.  
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2. Literature Review 

The literature review section is based on a) the relationship between Emotional Intelligence (EI) and 
Perceived e-Service Quality, Consumers’ Perceived Value, Purchase, Loyalty Intentions and 
Satisfaction, b) the relationship between service quality and Consumers’ Perceived Value, Purchase, 
Loyalty Intentions and Satisfaction, c) the relationship among e-Service Quality, namely Efficiency, 
Fulfillment, System Availability and Privacy  Perceived Value as well as Purchase and Loyalty 
Intentions and d) the relationship between Web Site’s Performance dimensions and Overall e-Service 
Quality. 

According to Bru-Luna et al. [2] Emotional Intelligence (EI) relates to the ability to perceive, express 
as well as manage emotions. EI was initially defined by authors [3]. They also founded its conceptual 
constructs. Emotional Intelligence (EI) is viewed as the ability to perceive, recognize, realize, to access 
and produce emotions that help the creation of subsequent feelings along with the understanding they 
shape [4]. In addition, EI has the power to regulate emotions and stimulate critical thinking [4]. EI is 
foreseen to promote higher level performance achievement [5]. Furthermore, EI is a significant 
component of carrier goals achievement and opportunities of woks opportunities, teamwork 
capabilities, and creation of positive relationships [6], well-being and job satisfaction [7] [8], and, 
finally, prosocial behavior [9]. 

Authors [10] cited that perceived value is defined as a benefit received by customers against the 
price of the transacted service or the overall utility of a product, based on their perceptions. The 
perceived/anticipated quality of service is the customers’ judgment regarding total quality or superiority 
of the service [11]. The fact that this construct includes perception means that the customers’ judgment 
above may differ among individuals experiencing identical situations. More specifically, authors [11] 
describe Perceived Value as the customer’s overall assessment with respect to the utility of a project 
based on declared customers’ understanding as to what is received and what is given. In addition to 
this, authors [12] and (1998) [13] advocate that perceived value is closely related to perceptions of risk. 
According to authors [14] and [15] the concept of Perceived Value is closely related to the concepts of 
satisfaction and quality. 

Authors [16] and [17] advocated that the concept of Perceived Value is of major importance in 
marketing science. Moreover, an author [16] viewed the concept of Perceived Value as a “trade-off” 
concept between benefits and sacrifices. In a line, authors [18] think that Perceived Value consists of 
benefits connected with functional, economic, social and relationships gains besides sacrifices 
connected with price, time, effort, risk as well as suitability made by purchaser. Authors [10] view 
trade-off” concept as a computation of qualitative additionally quantitative experience of consumption. 
According to authors [19] Perceived Value is a component related to consumer value in exchange 
strongly connected with a benefits/costs model. Plus, it is related to consumer value build up strongly 
connected with benefits model and finally a model that reproduced the undercurrents the consumers 
evaluation connected with suppliers’ contribution. 

Authors [20] suggested that the way an individual perceives a situation, a product or a service, rests 
on their past experiences, social and cultural background. Subsequently, individuals with different 
cultural background will have different quality perceptions. Authors [20] deemed culture to be the filter 
filtering customer perceptions and demonstrate that an individual’s culture is determinative in shaping 
the level of satisfaction. Authors [10] proposed that the quality-of-service determines to the perceived 
value. Authors (1995) [21] supported that additional elements and services or the auxiliary services that 
leading to perceived value. Authors [21] stated that auxiliary services are proposed in order to 
differentiate a service from a competing one. Concretely it is creating value and it is expected that a 
strong positive relation exists between the quality of such auxiliary services and perceived value, with 
an emotional assessment which ensues from the perceived value [22]. Perceived value can be 
considered as the coordinator of service quality with respect to customer satisfaction [23]. Authors [24] 
advocate that the customer’s perceived value can be assessed through the framework and parameters of 
money, quality and benefits. Authors [25] suggest that Perceived Value influences customer satisfaction 
and promotes brand loyalty. Customer loyalty is a topic of great interest for marketing scholars due to 
its importance in achieving reasonable benefits as well as economic results [26]. Authors claimed that 
Customer Loyalty, suggests to the robust dedication to continuous buying a desired product of a service 
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[27]. An author claimed [14] that is characteristic and according to it, the only customers who matter 
are loyal customers. Loyal customers are considered much more valuable compared to new buyers 
because they are willing to pay much more for the organization. These Loyal customers seem to have 
reduced serving losses [28]. 

The impact of a disruption of customers’ trust is significant for companies [29]. The increase of 
competitiveness, plus of market share, and since new businesses, organizations and services constantly 
emerge, it is deemed necessary for all means to be mustered in order to convince their customers, as 
well as those of the competition, who appear to have views distinguished by insufficient loyalty and 
trust, in order to reinforce their trust and for them to become or remain loyal customers [30]. 

Authors [31] showed that the relation between the quality of the service with the intention to 
repurchase (RI) is entirely intermediated through customer satisfaction. Authors [32] suggest that such 
relations exist due to the results of customer satisfaction (CS) with respect to the specific transaction 
and relating to the measurement of service quality (such as emotional results). Customer satisfaction 
increases the profitability of a business by means of the development of customer retention policy [33] 
and has a direct impact on repurchase intention [34]. Perceived value can be deemed as a parameter of 
service quality with respect to customer satisfaction [23]. Emotional results ensuing from service 
quality can be graded, ranging from customers’ satisfaction, and consequent happiness or content 
[35][36], to their dissatisfaction, or even sadness or anger [35] [37] [36]. Authors [38] examined the 
influence of emotions with respect to behavioural intention and found that emotions affect behaviour 
with respect to word-of-mouth complaints and a behavioural shift [37]. 

The quality of service is defined by how well customer needs are met and customer expectations of 
quality are verified [39]. Authors [40] proposed that the relation between satisfaction and loyalty is two- 
way. Customer satisfaction is an attitude ensuing from the comparison of the expectations of 
performance and the perceived performance after the experience of the service [41]. Perceived value is 
directly and specifically correlated with customer satisfaction ([42], [12], [10], [43] advocate that 
repurchase intention rests, to a great extent, on the satisfaction caused by the perceived value. 

3. Methodology 

To test the research hypotheses, a survey was conducted using 321 Greek e-customers (128 males 
and 193 females) who responded to a google form-based questionnaire. Reliability of the used 
instruments was evaluated by Cronbach alpha coefficient. 

3.1. Measure Development 

The literature analysis that identified formerly recognized and examined scales, was applied to 
legislation and policy for operationalizing the conceptual constructs. All conceptual constructs were 
assessed using multi-item measures. This research employed TEIQue-SF instrument [44]), 
SERVQUAL instrument, Satisfaction scale [45]) and Loyalty intentions [46]. 

3.1.1. TEIQue-SF 

Emotional Intelligence was measured with the TEIQue-SF (Trait Emotional Intelligence 
Questionnaire-Short Form) [44], which is a conceptual construct comprising 30 items, arranged in five 
dimensions: Well-being (6 items), Self-control (6 items), Emotionality (8 items), Sociability (6 items) 
and General Items (4 items). 

3.1.2. Perceived e-Service Quality 

Perceived e-Service Quality was measured with the E-S-Qual Inventory, which comprises twenty-
two items arranged in dimensions, named Efficiency (8 items), System Availability (4 items), 
Fulfillment (7 items) and Privacy (3 items), and is based on [46] conceptual model. 



 154 

3.1.3. Web Site’s Performance 

Web Site’s Performance was measured by eleven items of Ε-ReCs-QUAL Inventory based on [46] 
conceptual model. Ε-ReCs-QUAL Inventory is a conceptual construct of three dimensions named 
Responsiveness (5 items), Compensation (3 items) and Contact (3 items). 

3.1.4. Consumers’ Perceived Value 

Perceived Value was measured by three cost/benefits items based on Bauer et al. (2006) [47] study. 

3.1.5. Loyalty Intentions 

Loyalty intentions were measured with five items based on [45] study. 

3.1.6. Satisfaction 

The assessment of the customers’ degree of satisfaction was evaluated with four items put forward 
by [42]. 

3.1.7. Overall e-Service Quality 

The item GPO ("I have a positive disposition towards the e-services offered by an organization"), 
was used to assess customers’ degree of Overall e-Service Quality 

All the items related to all previously mentioned scales were scored on a 7-point Likert scale with 1 
representing “Strongly Disagree” and 7 representing “Strongly Agree”. 

3.2. Statistical Hypotheses 

The objective of the current study was to recognize patterns among Emotional Intelligence (EI) and 
consumers’ loyalty, commitment and satisfaction. More than ever, the aim of this paper is to assess the 
effects of Emotional Intelligence on the Perceived e-Service Quality related to Web Site’s Performance 
dimensions, Consumers’ Perceived Value, Loyalty Intentions, Satisfaction and Overall e-Service 
Quality. 

Yet, the aim of this paper is to assess the effects of Web Site’s Performance dimensions/ conceptual 
constructs, namely Responsiveness, Compensation and Contact on Consumers’ Perceived Value, 
Loyalty Intentions, Satisfaction and, Overall e-Service Quality. In addition, the purpose of this paper is 
to assess the effects of e-Service Quality dimensions/ conceptual constructs, namely Responsiveness, 
Compensation and Contact on Perceived Value, Purchase and Loyalty Intentions as well as Overall e-
Service Quality.  

Plus, the current paper examines the following statistical hypotheses.  
Ho1i: Emotional Intelligence (EI) dimensions/ conceptual constructs are significantly correlated 

with Perceived Value, Purchase and Loyalty Intentions, Satisfaction as well as Overall e-Service 
Quality 

Ho2i: Emotional Intelligence (EI) dimensions/ conceptual constructs are significantly correlated 
with Web Site’s Performance dimensions/ conceptual constructs  

Ho3i: Emotional Intelligence (EI) dimensions/ conceptual constructs are significantly correlated 
with e-Service Quality dimensions/ conceptual constructs  

Ho4i: Web Site’s Performance dimensions/ conceptual constructs are significantly correlated with 
Perceived Value, Purchase and Loyalty Intentions, Satisfaction as well as Overall e-Service Quality  

Ho5i: e-Service Quality dimensions/ conceptual constructs are significantly correlated with 
Perceived Value, Purchase and Loyalty Intentions, Satisfaction as well as Overall e-Service Quality 
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Ho6i: Web Site’s Performance dimensions/ conceptual constructs are significantly correlated with 
e-Service Quality dimensions/ conceptual constructs. 

4. Analysis and Discussion 

Instrument’s reliability was evaluated with the Cronbach’s alpha coefficient, Cronbach’s alpha 
coefficient for TEIQue-SF scale counted for 0.825. Its dimensions/ conceptual constructs, named Well-
being, Self-control, Emotionality, Sociability and General Items of EI counts for Cronbach’s alpha 
coefficient above the cutoff point of 0.60. Cronbach’s alpha coefficient for Well-being, Self-control, 
Emotionality, Sociability and General Items of EI equals to 0.746, 0.758, 0.808, 0.663 and 0.605, 
respectively [48-53] [53-54] [47]. [49-53, 54-60] [53] [60-74]. 

Cronbach’s alpha coefficient for Perceived e-Service Quality measured by E-S-Qual Inventory 
counts for 0.874. Its conceptual constructs named Efficiency, System Availability, Fulfillment and 
Privacy have Cronbach alpha coefficient above the cutoff point of 0.60. Cronbach alpha coefficient for 
Efficiency, System Availability, Fulfillment and Privacy equals to 0.806, 0.611, 0.839, and 0.608 and 
indicate internal consistency [48-55] [56-66]. [53, 54-63] [49-53, 54-60] [53-63]. 

Cronbach’s alpha coefficient for Ε-ReCs-QUAL Inventory counts for 0.641. Its conceptual 
constructs named Responsiveness, Compensation and Contact have a Cronbach’s alpha coefficient 
above the cutoff point of 0.60, that is considered as marginally acceptable. Cronbach’s alpha coefficient 
for Responsiveness, Compensation and Contact is equal to 0.781, 0.663 [48-63] and indicate internal 
consistency [48-52, 54-63] [53-63] [49-53, 54-60] [53-63]. 

Cronbach’s alpha coefficient for Loyalty Intentions scale counts for 0.683. This value is larger than 
the cutoff point of 0.6 is considered as marginally acceptable and indicates internal consistency [53-
63]. [62, 63] [49-53].  

Cronbach’s alpha coefficient for Loyalty Intentions scale counts for 0.683. This value is larger than 
the cutoff point of 0.6, it is considered as marginally acceptable and indicates internal consistency [49-
53]. [53-63] [53-63]. 

Cronbach’s alpha coefficient for Customer Satisfaction scale counts for 0.755. This value is larger 
than the cutoff point of 0.7 and indicates internal consistency [48-52] [53-63] [53-63]. 

Hypothesis testing 
Ho1i: Emotional Intelligence (EI) dimensions/ conceptual constructs are significantly correlated 

with Perceived Value, Purchase and Loyalty Intentions, Satisfaction as well as Overall e-Service 
Quality 

Hypotheses testing: According to the results the posed Ho1i null hypotheses are confirmed. More 
specifically, Emotional Intelligence (EI) is significantly correlated with Perceived Value (r=0.545, 
p<0.01), Loyalty (r=0.583, p<0.01), Satisfaction (r=0.685, p<0.01) and Overall Service Quality 
(r=0.602, p<0.01). In addition, Well-being conceptual construct is significantly correlated with 
Perceived Value (r=0.423, p<0.01), Loyalty (r=0.413, p<0.01), Satisfaction (r=0.526, p<0.01) and 
Overall Service Quality (r=0.390, p<0.01). Self-Control conceptual construct is significantly correlated 
with Perceived Value (r=0.414, p<0.01), Loyalty (r=0.483, p<0.01), Satisfaction (r=0.386, p<0.01) and 
Overall Service Quality (r=0.305, p<0.01). Emotionality conceptual construct is significantly correlated 
with Perceived Value (r=0.523, p<0.01), Loyalty (r=0.346, p<0.01), Satisfaction (r=0.406, p<0.01) and 
Overall Service Quality (r=0.357, p<0.01). Sociology conceptual construct is significantly correlated 
with Perceived Value (r=0.523, p<0.01), Loyalty (r=0.346, p<0.01), Satisfaction (r=0.406, p<0.01) and 
Overall Service Quality (r=0.357, p<0.01). General Items conceptual construct is significantly 
correlated with Perceived Value (r=0.637, p<0.01) Loyalty (r=0.319, p<0.01), Satisfaction (r=0.328, 
p<0.01) and Overall e-Service Quality (r=0.546, p<0.01). Consequently, the null hypotheses Ho1i are 
acceptable. 

Ho2i: Emotional Intelligence (EI) dimensions/ conceptual constructs are significantly correlated 
with Web Site’s Performance dimensions/ conceptual constructs  

According to the results the posed Ho2i null hypotheses are confirmed. More specifically, Emotional 
Intelligence (EI) is significantly correlated with Web Site’s Performance related to E_RESc_Qual scale 
(r=0.468, p<0.01). Well-being conceptual construct is significantly correlated with Responsiveness 
(r=0.346, p<0.01), Compensation (0.469, p<0.01) and Contact (r=0.376, p<0.01). Self-Control is 
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significantly correlated with Responsiveness (r=0.234, p<0.01), Compensation (0.297, p<0.01) and 
Contact (r=0.400, p<0.01). Emotionality is significantly correlated with Responsiveness (r=0.484, 
p<0.01), Compensation (0.495, p<0.01) and Contact (r=0.282, p<0.01). Sociology is highly strongly 
significantly with Responsiveness (r=0.287, p<0.01), Compensation (0.358, p<0.01) and Contact 
(r=0.272, p<0.01). General Items is significantly correlated with Responsiveness (r=0.484, p<0.01), 
Compensation (0.495, p<0.01) and Contact (r=0.282, p<0.01). Sociology is highly significantly with 
Responsiveness (r=0.287, p<0.01), Compensation (0.358, p<0.01) and Contact (r=0.272, p<0.01) 
(Table 8). 

Ho3i: Emotional Intelligence (EI) dimensions/ conceptual constructs are significantly correlated 
with e-Service Quality dimensions/ conceptual constructs  

According to the results the posed Ho3i null hypotheses are confirmed. More specifically, Emotional 
Intelligence (EI) is significantly correlated with e-Service Quality as assessed with the E_S_QUAL 
scale (r=0.261, p<0.01). Well-being conceptual construct is significantly correlated with Efficiency 
(r=0.221, p<0.01), System Availability (r=0.146, p<0.01), Fulfillment (r=0.208, p<0.01), and Privacy 
(r=0.213, p<0.01). Self-control is significantly correlated with Efficiency (r=0.397, p<0.01), System 
Availability (r=0.295, p<0.01), Fulfillment (r=0.306, p<0.01) and Privacy (r=0.221, p<0.01). 
Emotionality is significantly correlated with Efficiency (r=0.335, p<0.01), System Availability 
(r=0.337, p<0.01), Fulfillment (r=0.248, p<0.01) and Privacy (r=0.278, p<0.01). Sociology is 
significantly correlated with Efficiency (r=0.414, p<0.01), System Availability (r=0.289, p<0.01), 
Fulfillment (r=0.291, p<0.01) and Privacy (r=0.254, p<0.01). General Items is significantly correlated 
with Efficiency (r=0.326, p<0.01), System Availability (r=0.203, p<0.01), Fulfillment (r=0.339, 
p<0.01) and Privacy (r=0.272, p<0.01). 

Ho4i: Web Site’s Performance dimensions/ conceptual constructs are significantly correlated with 
Perceived Value, Purchase and Loyalty Intentions, Satisfaction as well as Overall e-Service Quality 

According to the results, the posed Ho4i null hypotheses are confirmed. More specifically, Web 
Site’s Performance as assessed with the related to E_RESc_Qual scale is significantly correlated with 
Perceived Value (r=0.428, p<0.01), Loyalty (r=0.341, p<0.01), Satisfaction (r=0.383, p<0.01) and 
Overall e-Service Quality (r=0.471, p<0.01). Responsiveness is significantly correlated with Perceived 
Value (r=0.424, p<0.01), Loyalty (r=0.268, p<0.01), Satisfaction (r=0.381, p<0.01) and Overall e-
Service Quality (r=0.470, p<0.01). Compensation is significantly correlated with Perceived Value 
(r=0.468, p<0.01), Loyalty (r=0.361, p<0.01), Satisfaction (r=0.219, p<0.01) and Overall e-Service 
Quality (r=0.440, p<0.01). Contact is significantly correlated with Perceived Value (r=0.405, p<0.01), 
Loyalty (r=0.319, p<0.01), Satisfaction (r=0.510, p<0.01) and Overall e-Service Quality (r=0.418, 
p<0.01). 

Ho5i: e-Service Quality dimensions/ conceptual constructs are strongly correlated with Perceived 
Value, Purchase and Loyalty Intentions, Satisfaction as well as Overall e-Service Quality 

According to statistical results, the posed Ho5i null hypotheses are confirmed. More specifically, e-
Service Quality based on E_S_QUAL scale is significantly correlated with Perceived Value (r=0.256, 
p<0.01), Loyalty (r=0.442, p<0.01), Satisfaction (r=0.431, p<0.01) and Overall e-Service Quality 
(r=0.471, p<0.01). In addition, Efficiency conceptual construct is significantly correlated with 
Perceived Value (r=0.507, p<0.01), Loyalty (r=0.389, p<0.01), Satisfaction (r=0.451, p<0.01) and 
Overall e-Service Quality (r=0.480, p<0.01). System Availability conceptual construct is significantly 
correlated with Perceived Value (r=0.484, p<0.01), Loyalty (r=0.299, p<0.01), Satisfaction (r=0.345, 
p<0.01) and Overall e-Service Quality (r=0.403, p<0.01). Fulfillment conceptual construct is 
significantly correlated with Perceived Value (r=0.214, p<0.01), Loyalty (r=0.341, p<0.01), 
Satisfaction (r=0.462, p<0.01) and Overall e-Service Quality (r=0.396, p<0.01). Privacy conceptual 
construct is significantly correlated with Perceived Value (r=0.223, p<0.01), Loyalty (r=0.301, p<0.01), 
Satisfaction (r=0.483, p<0.01) and Overall e-Service Quality (r=0.506, p<0.01). 

Ho6i: Web Site’s Performance dimensions/ conceptual constructs are significantly correlated with 
e-Service Quality dimensions/ conceptual constructs 

According to statistical results, the posed Ho5i null hypotheses are confirmed. More specifically, 
Responsiveness conceptual construct is significantly correlated with Efficiency (r=0.164, p<0.01), 
System Availability (r=0.331, p<0.01), Fulfillment (r=0.344, p<0.01) and Privacy (r=0.510, p<0.01). 
Compensation conceptual construct is significantly correlated with Efficiency (r=0.247, p<0.01), 
System Availability (r=0.303, p<0.01), Fulfillment (r=0.225, p<0.01) and Privacy (r=0.164, p<0.01). 
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Finally, contact conceptual construct is significantly correlated with Efficiency (r=0.190, p<0.01), 
System Availability (r=0.269, p<0.01), Fulfillment (r=0.240, p<0.01) and Privacy (r=0.338, p<0.01). 

5. Conclusions and Implications 

The current paper recognized patterns among EI and consumers’ loyalty, commitment, and 
satisfaction. In addition, the purpose of this paper was to assess the effects of Emotional Intelligence on 
the Perceived e-Service Quality related to Web Site’s Performance dimensions, Consumers’ Perceived 
Value, Loyalty Intentions and Satisfaction. 

Principal Components Analysis and Confirmatory Factor Analysis (SEM) of the ADF method 
showed that measured models fit the observed data for Emotional Intelligence, as measured with the 
TEIQue-SF instrument, Perceived e-Service model as measured with the Quality-E-S-Qual and Web 
Site’s Performance model, as measured with the Ε-ReCs-QUAL Inventory. Consequently, all structural 
equation models validated the measurement model fit in relation to observed data.  Furthermore, 
Emotional Intelligence, Perceived e-Service Quality, Web Site’s Performance, Consumers’ Perceived 
Value, Loyalty Intentions and Satisfaction scales were validated for their reliability and construct 
validity. The examined null hypotheses were confirmed. It was proved that Emotional Intelligence (EI) 
dimensions/ conceptual constructs are significantly correlated with Perceived Value, Purchase and 
Loyalty Intentions, Satisfaction, Overall e-Service Quality as well as Web Site’s Performance 
dimensions/ conceptual constructs and e-Service Quality dimensions/ conceptual constructs. It was also 
proved that Web Site’s Performance dimensions/ conceptual constructs were significantly correlated 
with Perceived Value, Purchase and Loyalty Intentions, Satisfaction plus Overall e-Service Quality as 
well as correlated with e-Service Quality dimensions/ conceptual constructs. Finally, it was that e-
Service Quality dimensions/ conceptual constructs are significantly correlated with Perceived Value, 
Purchase and Loyalty Intentions, Satisfaction and Overall e-Service Quality.  

The study built on and expands obtainable literature, focusing its analysis on self-service 
technologies and more specifically on Web Site’s Performance dimensions, while using a multi-
dimensional construct to measure Emotional Intelligence (EI) effects on various parameters. Future 
studies may broaden the scope of the issue by including more parameters regarding e-Service Quality. 
Big Data applications, pipeline Dynamic Scheduling of Big Data Streams and algorithms can assist in 
oder to gather a large number of e-services organizations and websites examining the impact of EI 
dimensions on e-Service Quality [64-74]. 
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Summary  1 
The need to provide adequate food supplies for an estimated population of nine billion people 
in the near future, while reducing the agricultural footprint on the environment, will be one of 
the most critical challenges to be faced. To that course, scientists are looking for alternative 
ways to ensure sufficient food production, without relying on the intensification of 
conventional agriculture or land clearing. Urban agriculture, defined as the food-producing 
activity within or around the limits of an urban area, could be one way to increase food supplies, 
utilizing the already cleared spaces and areas. 
Urban agriculture has multiple positive impacts on societies. To begin with, it provides food 
security to urban farmers and fresh goods to city markets, with little to no environmental impact 
regarding transportation. In addition, urban farming fosters social inclusion and improves 
gender equality, as it can be practiced by any resident regardless of their social status or gender. 
Finally, it is observed that air quality and biodiversity are improved, while city waste is 
reduced, in the areas where urban agriculture is applied. 
Despite the various ecological and social benefits of urban agriculture and a broad swift 
towards the implementation of sustainable and eco-living practices, urban agriculture remains 
unknown to the vast majority of people. 
In order to raise awareness of urban farming and amplify its social and environmental benefits, 
we developed the Urbana platform. The Urbana platform is formed around a mobile 
application, which provides the space for urban cultivators and agricultural consultants to 
exchange knowledge and good practices regarding urban farming. In the Urbana app, users can 
create and share their own do-it-yourself (DIY) projects describing the steps and the resources 
needed for completion. Users may also initiate or participate in collective projects, thus 
promoting a common utilization of public areas and reinforcing social inclusion. 
Having identified the need for scientific guidance regarding farming practices, we introduce 
the role of the agricultural consultant. Agricultural consultants can advise urban cultivators on 
their projects, while they build a foundation of further promoting their business. Agricultural 
consultants may also provide expertise data on cultivation practices applicable to each project. 
Cultivation practice data include growing and harvest seasons, soil parameters (soil type and 
pH), parameters related to climate (temperature), irrigation parameters (quantity and 
frequency), and fertilization parameters. 
Furthermore, users can retrieve valuable information from crowdsourcing mechanisms, IoT, 
and social media. More specifically, users can assemble sensors and connect them to their 
cultivations in order to obtain values of specific indicators in real time. Users, also, have access 
to tweets related to certain agricultural terms being tracked within Twitter’s stream, and to an 
embedded analytics web application that encompasses Business Intelligence (BI) 
functionalities, including filtering of data, charts, and maps. The analytics application allows 
users to run parameterized queries presented in user-friendly dashboards of aggregated advice, 
statistics, and trends of the platform’s contemporary data. Gaining a deeper insight into the 
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platform’s data facilitates the decision-making process of the user and magnifies the 
crowdsourcing power of the platform. 
Finally, in order to increase the engagement and enjoyment of the users, gamification 
techniques are utilized. To that end, we introduce a competitive aspect by providing points, 
awards, and badges to users who perform specific tasks, impelling them to share their work 
with their communities. 
By leveraging gamification principles, providing adequate sources of information, and 
fostering a sense of collaboration between users and communities, Urbana is expected to raise 
awareness of the aforementioned benefits of urban agriculture and provide communities with 
a suitable tool to improve their urban ecosystems. 
 
Keywords 
urban agriculture, urban cultivators, agricultural consultants, mobile application, DIY projects, 
IoT, sensors, data analytics, crowdsourcing 
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Abstract  
Consumer adoption of online grocery shopping has been gradually increasing over the past 
two decades. This article examines the factors that influence adoption of online grocery 
shopping in relation to the socio-economic characteristics of the typical adopter profile in 
Cyprus. Using data from 302 respondents of an online questionnaire, a representative of 
the demographics of Cyprus, it was found that 45,7% have purchased groceries online. 
Age and family income are key drivers of online grocery shopping. These findings can 
support marketers and policymakers in enhancing the knowledge of this emerging online 
market. 
 
Keywords  1 
Online grocery shopping, consumer adoption, consumer profiling 

1. Introduction 

Technological advancement has become an indispensable part of life. According to recent reports 
[1], globally 4,95 billion people use the internet, that’s the equivalent of 62,5% of the world’s total 
population. Moreover, there are 7,4 billion mobile-phone subscription [2], hence one might describe 
today’s consumers as more “connected” than ever before. On average, people spend almost 7 hours 
daily using the internet, and the majority, 92,1% of the users access the internet using their mobile 
phones [1].  

Information technology has changed the way people communicate, socialize, learn, and 
consequently even how they do shopping. The global food & grocery retail market was valued 
approximately at USD 12.29 trillion in 2020, and is projected to be worth USD 17.29 trillion by 2027 
[3]. In a survey of 30,000 respondents from 63 countries, carried out in 2016 by the Nielsen Group, 
showed that 24% have purchased groceries online, specifically packaged grocery food, and 21% have 
purchased fresh groceries [2]. 

 Online grocery shopping (OGS) is an alternative way of buying food and other household 
necessities using a web-based shopping service, instead of the traditional in-store grocery shopping. In 
a previous study, carried out in Cyprus in 2006, it was found that only 14% of the respondents had 
purchased groceries online, indicating that Cypriot consumers were quite unfamiliar with OGS [4]. 
Findings from this survey have shown, however, that 45,7% of the respondents said that they have 
bought groceries online and in fact 72,6% of them agree that purchasing groceries online is an 
easy/straightforward process. Hence, Cypriot consumers are now much more familiar with OGS than 
15 years ago. 

This study started in 2021 (Summer-Autumn), during the Covid-19 pandemic where several 
measures were in place (since 2020), to limit the spread of the virus (e.g., restriction of free movement).  
In the context of a pandemic, online grocery shopping can offer interesting benefits to consumers 
including social distancing, home delivery and time savings. The associated measures introduced in 
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Cyprus, and worldwide, caused several severe economic and societal disturbances, leading to an 
expansion of e-commerce in general, and accelerating its adoption. Subsequently the online grocery 
retail expanded during the pandemic [5-7].  

According to the Cyprus Statistical Service in 2021 Internet access in households reached 93,4% 
compared to 92,8% in 2020 [8]. This is in accordance with findings in our study, which found that 95% 
of participants have access to the Internet. The Cyprus Statistical Service also reports that 80% of 
households have access to a personal computer (desktop, laptop/netbook or tablet) and a computer is 
found in almost all (95,4%) households with dependent children. Similarly, in 2020 18,8% of all 
enterprises received orders for goods and services via computer networks compared to 16,4% in 2019 
[9]. Furthermore 22,7% of all enterprises stated that due to the Covid-19 pandemic the enterprise started 
or increased its efforts to sell goods or services via the internet (websites, apps, marketplaces). 
Specifically, one such case is the Foody delivery service where people can order, using their website 
(http://www.foody.com.cy) or their mobile app, from more than 2100 stores throughout Cyprus. Prior 
to the Covid-19 pandemic, in 2019 there were only 5 stores on Foody available to order groceries, while 
today (January 2022) there are almost 100 stores for grocery home delivery [10].  

The aim of this article is to investigate consumers’ adoption of online grocery shopping, in relation 
to demographic and household characteristics, presenting the case study of Cyprus. The remainder of 
this paper is structured as follows. In the next section, a literature review on online grocery shopping 
and consumer characteristics is provided. Then, the methodological steps, data collection and analysis 
are described in detail. Next, the results of the study are analyzed with a discussion of the core findings 
and finally a summary of main results and future work are presented. 

2. Literature Review 

A bibliographical survey in Scopus for the period 2000 until 2021, resulted in 217 articles related to 
the query (“online grocery shopping” OR “e-grocery”). The analysis of the search results shows a steady 
increase in the number of published studies on the subject of OGS, especially since 2016. It is notable 
however, that after further analysis, out of the 216 articles, only 21 (9,7%) were reporting results about 
consumer adoption of OGS in Euro-Mediterranean countries (Figure 1). In this sense, this study 
provides additional, more recent information for the case of Cyprus, but also supplements findings from 
Euro-Mediterranean countries. 

 

Figure 1: Scopus search results analysis of OGS adoption in Euro-Mediterranean countries. 
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Etumnu, Foster, Widmar, Lusk and Ortega [11] examined the drivers of online grocery shopping in 
the United States and explored linkages between consumer demographics and perception. They 
hypothesized that specific socio-demographics (e.g. age, children in the household) affect the tendency 
to shop for groceries online, and that consumers who do OGS have favorable perceptions about OGS 
compared to in-store grocery shopping (e.g. convenience). They concluded that younger people, 
irrespective of their gender, where they live, and their previous online shopping experience, are more 
likely to shop online for groceries. 

Van Droogenbroeck and Van Hove [12] using logistic regression analysis, they examined the impact 
of both personal and sociodemographic variables of consumers in Belgium and the effects on the 
adoption of online grocery shopping. They found that the higher the educational level of the 
respondents, the more likely were to adopt OGS, while gender was non-significant. They conclude with 
suggestions that supermarkets should target households with young children and highly educated full-
time working parents, as for those groups of consumers the probability to adopt OGS is significantly 
higher. In addition, supermarkets should focus on providing solutions (e.g. develop websites with a 
clear layout, sufficient but concise product information, as well as a logical and fast ordering process) 
for poor-time consumers, because time saving is an important reason for adopting OGS. 

Driediger and Bhatiasevi [13] has used the Technology Acceptance Model to identify differences in 
the acceptance of OGS in the context of developing countries (e.g. Thailand). They found that perceived 
usefulness is very likely to develop intentions to use OGS. They also found a positive relationship 
between perceived ease of use and perceived usefulness, meaning that consumers who find OGS easy 
to use are more likely to perceive it as useful. Furthermore, they found a positive relationship between 
perceived ease of use and intention to use. In terms of gender, perceived enjoyment and perceived ease 
of use is higher for females. In terms of perceived usefulness towards intention to use, they found that 
OGS effectiveness and efficiency are more appealing to the higher income respondents. There was no 
significant differences between married and single respondents, and likewise, the size of the household 
did not seem to have any significant differences in their acceptance and behavior.  

In a recent study conducted in the Middle East North Africa (MENA) region, including 
Mediterranean countries such as Egypt, Algeria, Tunisia and Morocco, showed that during the Covid-
19 pandemic there was an increase of 33% of online grocery shopping [14]. Likewise, in Lebanon, 
Hassen, El Bilali, Allahyari and Charbel [15], also found a change in the grocery shopping behavior 
with a rise in online shopping, as consumers were trying to avoid in-store shopping, however not as 
much as in the MENA region. This may be explained to country’s (Lebanon) weak digital infrastructure, 
which as noted the Internet infrastructure is sorely inadequate.  

In Italy, Dominici, Boncinelli, Gerini and Marone [16] explored the effects of socio-demographics 
and situational factors that influence individuals’ likelihood to buy food online. The results, from 
respondents who participated in the Italian National Institute of Statistics multipurpose survey “Aspects 
of Italian Daily Life”, indicated that young (age range 35-54), well-educated, female, living in a small 
family, with good or adequate overall economic condition were more likely to adopt online food 
purchasing. Another study [17] examined the consumers’ preferences for e-grocery in  two major cities 
in Italy (Rome and Milan) in 2018. Results from this study showed that pricing or timing strategies (e.g. 
reduction in the delivery fees), can steer consumers towards ordering grocery online, preferably having 
them delivered at home. 

Goethals, Leclercq-Vandelannoitte and Tütüncü [18] examined the perceptions of French consumers 
towards e-grocery retailing. They found no statistical significance between men (16%) and women 
(18%), however they did find significant evidence (p=.001) depending on consumer’s age. Specifically, 
32% of consumers age 30-45 years and 20% of those between 45 and 60 years have bought groceries 
online, while only 10% of consumers age 20-30 and none (0%) of consumers older than 60. 

The overview of the literature review shows that even with an increasing number of studies in the 
area of OGS adoption, there are inconsistencies regarding the online consumer profile.  

3. Methodology 

This study was based on an online survey in Cyprus using a structured questionnaire, adapted from 
previous studies [19, 20]. The survey was conducted through a self-administered questionnaire that was 
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posted online using Google Forms2 and was administered between July and September 2020, during 
the Covid-19 pandemic and the related ‘stay at home’ lockdown and other related measures to prevent 
infection in Cyprus. The choice of online survey was selected because it is cheap, easy to set up, 
convenient to the participant (in terms of time and place), and do not require a physical contact between 
the interviewers and the respondents, that was a concern (and restriction) during the Covid-19 outbreak. 

The survey panel consisted of primary household grocery shoppers (i.e. person primarily responsible 
for most of the grocery shopping in their household) aged 18 and over, living in Cyprus. The sampling 
method that was used was the stratified random sampling 284 persons (5% margin of error και 95% 
confidence level). Prior to the survey being administered to the general public, a pretest (pilot study) of 
18 respondents was conducted with the goal to increase the validity and reliability of our testimonial 
survey evidence.  

Binary logistic regression was used to predict the probability of the binary yes or no outcome (i.e. 
“have you ever purchased grocery online?”). The null hypothesis tested is that there is no relationship 
between the outcome and predictor variables (gender, location, age, educational level, household size, 
number of children under 18 age living in the same household, marital status, profession and monthly 
family income) [21, 22]. All statistical analyses were carried out using JASP software [23]. 

4. Results 

Table 1 displays sample averages for several demographic and household variables. The total 
number of questionnaires collected was 364, with 302 of the respondents indicating that they were the 
primary household grocery shopper, while ensuring regional (district) quotas were met. These 302 
questionnaires were taken into consideration for further analysis, since when respondents answered 
‘No’ to the first question, whether they were the primary household grocery shopper, the interview was 
terminated. The respondents’ median age was 41, which is in line with that of Cyprus population 37,7 
[24]. At 67,4%, women are dominating, which seem to be in accordance with various studies [6, 13, 
25], indicating that the grocery shopping is a task performed mainly by women. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
2 https://docs.google.com/forms  

https://docs.google.com/forms
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Table 1 
Survey sample demographics 

Survey variable respondents (n-302) Mean  % of respondents 
Age  41,71  
Gender   

Male 
Female 

District 
Nicosia 
Limassol 
Larnaca 
Ammochostos 
Paphos 

Educational level 
Primary education 
Gymnasium 
Lyceum 
Diploma 
Bachelor 
Master/PhD 

Number of household members  
Number of household members < 18  
Marital status 

Single 
Married 
Divorced 
Widower 
Other (cohabitation) 

Occupation 
Private sector employee 
Public sector employee 
Freelancer 
Retired 
Housewife 
Student 
Unemployed 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

3.50 
1,26 

32,56 
67,44 

 
42,05 
29,80 
13,91 
6,29 
7,95 

 
0.66 
1,32 
8,94 
8,94 

28,15 
51,99 

 
 
 

19,87 
73,18 
4.30 
1.66 
0.99 

 
36,75 
47,02 
5,63 
3,31 
2,32 
2,65 
2,32 

 
The logistic regression model was statistically significant χ2 (296) = 40.99, p < .001. The model 

correctly classified 65,9% of cases. Decreasing age and increasing monthly family income were 
associated with an increased likelihood of online grocery shopping (Table 2 and Figure 2). These results 
are consistent with previous studies [11, 12, 16]. 
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Table 2 
Logistic regression model Coefficients 
 Wald Test 
  Estimate Standard Error Odds Ratio z Wald Statistic df p 

(Intercept)  1.15  0.59  3.17  1.96  3.84  1  0.05  

Age  -0.07  0.02  0.93  -4.60  21.12  1  < .001  

MonthlyFamilyIncome  0.51  0.12  1.67  4.42  19.54  1  < .001  

Note.  OnlineGrorceryShopping level '1' coded as class 1. 
 
 

 
Figure 2: Estimates plots – Age and monthly family income. 

 
Similar to other studies [5, 12], no statistically significant difference was found between men (41%) 

and women (48%). Likewise, the education level, profession, geographical location (district) and 
marital status were not found to have any statistically significant difference, which are also consistent 
with similar studies [11, 13].  

5. Conclusion 

Despite its fast growth rate in the past two years, primarily possibly due to Covid-19 pandemic 
related movement restrictions, online grocery shopping has ever gained little attention so far. It is 
notable that in Cyprus, the previous study on this topic occurred in 2006. This paper fills this research 
gap and opens a discussion about consumer behavior and online grocery shopping strategies. 
Furthermore, our analysis enriches the literature on the consumers’ profile characteristics of the 
adoption of online grocery shopping, especially in the Euro-Mediterranean region. This case study 
provides new empirical evidence on the understanding of the determinants of online grocery shopping 
in Cyprus. 

The key drivers that emerged were age and family income. With regard to age, younger consumers 
seem to be more accustomed with technology and Internet applications, while older people are less 
enthusiastic. These findings might be beneficial to retailers and policy makers for grocery shopping in 
marketing OGS. Supermarkets may opt to target older populations and big households by offering no-
fee delivery or promotions of discounted products to attract individuals from these groups (i.e. price-
sensitive customers). 

Big life changes (e.g. Covid-19 pandemic) may trigger an initial adoption of a behavior (i.e. online 
grocery shopping), given the higher demand for social distancing, convenience and/or time-saving 
features. As noted by Goethals, Leclercq-Vandelannoitte and Tütüncü [18] and Frank and Peschel [25], 
convenience and time saving aspects are also possible drivers for adopting online grocery shopping, 
especially for households with full-time employment and presence of young children. Before the Covid-
19 pandemic, only 7% of grocery retail sales worldwide involved e-commerce channels. During the 
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peak of the pandemic (March-April 2020), the e-commerce share of grocery retail grew to 10%, while 
a recent study [26], showed that the current share of global e-commerce penetration for online grocery 
shopping was valued at 9%. 

Further research should investigate consumers’ attitude towards online grocery shopping, the factors 
that enable online grocery shopping, behavioral intention and related social norms.  
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Abstract  
The AUGEIAS project is expected to reduce the usage of conventional irrigation water and 
fertilizers, promoting the sustainable use of treated wastewater, while properly incentivizing 
farmers through the incorporation of an intelligent dynamic pricing scheme for its use. As part 
of the project, a pilot installation of AUGEIAS was carried out in a chosen field for the 
verification and optimization of the functionality of the AUGEIAS system. During the pilot, 
IoT sensors were deployed in the field to evaluate its characteristics both with and without the 
use of treated wastewater from the exit of the Waste Water Treatment Plant (WWTP). This 
work presents the implementation plan for the pilot case of the AUGEIAS project. We will 
discuss the functional requirements that led to cultivation of the proposed crop, the irrigation 
plan and the required IoT equipment. 
 
Keywords 1 
Smart water management, treated wastewater re-use, precision agriculture, IoT, pilot case  

1. Introduction 

Water is a prerequisite for protecting public health and human well-being, while playing a critical 
role in agriculture, industry and energy production. Only 3% of total water on earth is considered as 
freshwater resources and approximately 30% is accessible as groundwater. Climate change in 
conjunction with increasing urbanization, associated pollution and rising demand for agricultural 
products will put even more strain to land, water, energy and other natural resources already stressed. 
Thus, an efficient and sustainable management of water resources is urgently necessitated. Sustainable 
water management can only be realized with rigorous evidence-based decision making. Information 
and communication technologies (ICT), such as Internet of Things (IoT) [1] combined with wireless 
sensor networks (WSN), low power wide area networks (LPWAN) [2], cloud computing, data analytics, 
artificial intelligence [3], have the potential to efficiently support decision making process, laying the 
foundations of a water smart society. At the same time, the viability of agro-livestock enterprises 
demands their shift from maximizing profit to reducing production costs and improving product quality. 
The integration of new information and communication technologies in the production process allows 
the monitoring and recording of critical parameters, their processing and exploitation to generate new 
knowledge and efficiently support decision making. This reduces total costs and reduces errors by 
making possible a rational management of the production cycle.  
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To this end, smart management and re-use of up to now un-exploitable treated wastewater in 
agriculture is important both in economic and environmental terms. Motivated by the above, AUGEIAS 
develops an integrated intelligent ecosystem consisting of an innovative, easy-to-install and fully-
parameterized low power wide area network, IoT end-devices, which will provide real time 
measurements from the wastewater treatment infrastructure and the agriculture sites, analyze and 
correlate collected data with reliable open data (e.g. meteorological data), exploit advanced machine 
learning techniques and predictive analytics in order to support informed decision making, optimizing 
the usage of treated wastewater in a safe and efficient manner for agricultural purposes. AUGEIAS is 
expected to reduce the usage of conventional irrigation water as well as of fertilizers, promoting 
sustainable use of treated wastewater, while properly incentivizing farmers through the incorporation 
of an intelligent dynamic pricing scheme for its use. Quality and quantity of crops is guaranteed by the 
proposed AUGEIAS intelligent water management engine that defines the appropriate mixing ratio of 
conventional water with treated wastewater, taking into account crop needs, soil status and imposed 
legislation limitations. 

2. AUGEIAS Functional Requirements 

Nowadays, the use of treated wastewater in agriculture for irrigation is a widespread technique. 
However, its usage has various risks associated with the composition of the treated wastewater and the 
possible presence of pathogens, microorganisms and pollutants. Therefore, the quality characteristics 
(microbiological, conventional and chemical) of the treated water must not exceed the safety limits set 
by Greek legislation [4]. AUGEIAS monitors specific quality characteristics of the treated water in real-
time, while other are analyzed in a lab from samples taken at intervals specified by the relevant 
legislation [4] for restricted irrigation, ensuring that the values are within set limits. Furthermore, it is 
necessary to detect heavy metals contained in the treated water and the maximum safety limits [4] must 
not be exceeded. In addition, AUGEIAS collects data to optimize the irrigation using treated wastewater 
which are related to environmental / weather data, soil state, water safety and quality data as well as the 
current soil and crop status. 

 
Table 1 
Recommended Guidelines for microbiological and conventional parameters for agricultural 
wastewater reuse in Greece [4]  

 E. coli 
(EC/100ml) 

BOD5 
(mg/l) 

SS 
(mg/l) 

Turbidity 
(NTU) 

Minimum 
required 

treatment 

Minimum 
Sampling 

Frequency 

Restricted 
Irrigation ≤200 median  

25 for 
80% of 

samples 

35 for 
80% of 

samples 
- 

a) Secondary 
biological 
treatment 

b) Disinfection 

BOD5, TSS, N, P: 
according to 

CMD 
5673/400/97 

EC: one/week. 
Cl2: continuous 

(If chlorination is 
applied) 

3. Pilot Description 

The pilot program will be implemented in a field located in north-western Greece, near the city of 
Kozani and its WWTP, as shown in Figure 1. 

The overall area of the field is about 0.35ha with the pilot area covering a total area of 0.128ha and 
the selected crop being sunflower. The experimental plot is divided in three areas that will receive 
different irrigation treatments. A first area of 0.045ha, will receive no irrigation, a second area of 
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0.061ha will be irrigated with treated wastewater and the third area of 0.022ha will be irrigated using 
conventional water from the town’s supply system. 
 

 

 

Figure1: The broader pilot area and a layout of the experimental sunflower field with the two 
treatments irrigated (water from WWTP and water from the town’s supply system) and non-irrigated.  

3.1. Field Characteristics 

The terrain of the experimental field is sloping with a height difference of about 6% -10%. In the 
upper part of the field, there are higher surface slopes which are directed towards to the middle of the 
field, while in the lower part the slopes are reduced significantly, maintaining a uniform direction. 

As far as the soil texture of the experimental field is concerned, two representative samples from 
the upper and the lower part of the field were taken analysed. The soil is characterized as a Loam Clay 
which is ideal for a sunflower crop. Τhe concentration of the organic substance in the soil is quite 
significant but the salt concentration is significantly low. The soil pH is neutral to alkaline which is 
ideal for the cultivation of sunflower. The high levels of calcium (high calcium carbonate concentration) 
may create problems in the availability of certain trace elements while zinc and boron which are present 
in the soil at low levels could be added to the required amounts by foliar fertilization.  

3.2. Sunflower Cultivation 

Sunflower (Helianthus annuus L.) was selected among other energy crops, such as sorghum or corn, 
as the most economic and resistant crop which could be ideally adapted to the soil and climatic 
conditions of the experimental area. 

The sunflower crop has a relatively short developmental period of 100-150 days from sowing to 
physiological maturation, depending on the hybrid, cultivation technique and usage (seed production or 
animal feed). The plants are resistant to drought, except during the flowering period. On average, it 
takes 6-10 days from sowing to germination, 30-40 days from germination to the appearance of the 
inflorescence, 20-30 days from the appearance of the inflorescence to the beginning of flowering, 7-12 
days from the beginning to the end of flowering and finally another 30 days from the end of flowering 
to normal maturation [5]. 

3.3. Irrigation Plan 

Two drop irrigation systems were designed to irrigate the sunflower crop. The first system will use 
treated wastewater coming from the exit of the WWTP while the second system will use conventional 
water from the town's supply system. When the water of the WWTP does not meet certain irrigation 

WWTP 

Field 

Non  irrigated  
= 0.045 ha 

Treated wasterwater  
= 0.061 ha 

Conventional 
water 

= 0.022 ha 
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and quality standards then the two types of water will be mixed in a plastic tank in order to irrigate the 
sunflower crop. 

Generally, the drop irrigation systems were designed based on the irrigation needs of the crop, the 
soil characteristics, the availability and the quality of the irrigation water. Based on this, the irrigation 
systems will consist of several application pipes (external diameter 20mm), a distribution pipe (external 
diameter 25mm) and a transmission pipe (external diameter 32mm) which will follow the soil slope. 
Each irrigation network will have a pump and all the hydraulic equipment required for the proper 
operation of the network. 

According to the preliminary irrigation study, the irrigation of the sunflower crop will be repeated 
every 4 to 5 days with 21mm of water and for maximum time of 7 hr according to the needs of the crop. 
The total amount of the irrigated water is calculated at about 20m3 starting just before sowing if it's 
necessary root moisture should be equal to the field capacity (FC). 

 

 
Figure 2: Water balance of the root zone [6] (RAW=readily available water, TAW=total available water) 

 
It is obvious that soil moisture and the irrigation plan will be affected by rainfall during the irrigation 

season. The data coming from the meteorological station and the moisture sensors installed in the field 
will use the Equation (1) that describes the water balance of the root zone (Figure 2), affecting the 
irrigation schedule. 

The daily water balance, expressed in terms of depletion at the end of the day is: 
𝐷𝑆 = 𝑆2 − 𝑆1 = 𝑅 + 𝐼 + 𝐶𝑃 − 𝐸𝑡 − 𝐷 −𝐷𝑃 − 𝑅𝑂 (1) 

where 𝐷𝑆  is the change in soil moisture, 𝑆1 and 𝑆2  are the soil moisture storage at previous and at next 
observation day, respectively, 𝑅 is the rainfall, 𝐼 is the irrigation, 𝐶𝑃 is the capillary rise, 𝐸𝑡 is the 
evapotranspiration, 𝐷 is the drainage, 𝐷𝑃 is the deep percolation and 𝑅𝑂 is the runoff. 

Rainfall, irrigation, and capillary rise of groundwater towards the root zone add water to the root 
zone and decrease the root zone depletion. Soil evaporation, crop transpiration and percolation losses 
remove water from the root zone and increase the depletion. 

3.4. Required IoT Equipment  

The project’s functional requirements led to the final selection of the IoT equipment required for the 
pilot. Specifically, LoRaWAN sensors are installed both at the exit of the WWTP and in both parts of 
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the field. Two external LoRaWAN gateways are used, within the coverage area of all end-devices. One 
gateway is powered by a solar panel, while the other one has a constant power supply. We use the first 
gateway to evaluate the performance of the novel energy efficient communication protocol that has 
been developed and the second one as a backup. A processed quality measuring station has been 
installed to measure the quality characteristics of the treated wastewater from the exit of the WWTP in 
real-time. Quality is monitored, for the existence of disease-bearing micro-organisms (pathogens) such 
as coliforms, biological oxygen demand (BOD), chemical oxygen demand (COD) and nitrates. 
Moreover, additional water characteristics such as temperature, pH, oxidation-reduction potential 
(ORP), conductivity, dissolved oxygen, turbidity, and total suspended solids (TSS) are measured. For 
pollutants, such as heavy metals and organic materials, that cannot be measured in real-time by the 
station’s sensors, the WWTP personnel takes samples at regular interval, and analyzes them in a lab.  

Concerning the irrigated part of the field with treated water of WWTP, a station is installed 
consisting of a meteorological station, a system for measuring soil parameters as well as an NDVI 
measuring system. Specifically, the meteorological station measures air temperature, gust windspeed, 
precipitation, relative humidity levels, solar radiation, wind direction and windspeed and soil 
parameters such as conductivity, humidity and temperature at three different depths (5, 15 and 25cm) 
respectively. An additional soil sensor has been installed in the part of the field that is irrigated with 
conventional water, to monitor soil volumetric water content (VWC), temperature and bulk electrical 
conductivity (ECb).   

Finally, in order to better serve the needs of the project, an additional agrometeorological station of 
the Telecommunication Networks and Advanced Services Laboratory (TELNAS) of the University of 
Western Macedonia (UOWM) is also installed in the non-irrigated area of the field. This station 
measures: air temperature, relative humidity, precipitation, windspeed, leaf moisture as well as soil 
salinity, humidity, and temperature at three different depths (5, 15 and 25cm) respectively.  

4. AUGEIAS Ecosystem Evaluation and Next Steps 

AUGEIAS ecosystem aims to improve sustainable water management and reduce the waste of water 
resources by using treated wastewater in agriculture. An immediate effect is the increase in profits for 
both the WWTP managing authorities and the farmers, as well as the quality and quantity of the 
production. Over-irrigation is also reduced by monitoring soil moisture and forecasting weather in order 
to optimize the irrigation plan. Additionally, the nutrients contained in the treated wastewater, can 
reduce the applications of fertilizers, that are typically used by farmers to improve the quality of crops. 
The treated wastewater relevant subsystems, such as monitoring of characteristics, risk assessment of 
the use of treated wastewater and possible mixing of treated wastewater with conventional water to 
optimize production, will also participate in the second phase of the project. A single integrated 
ecosystem will be implemented that will make real-time decisions regarding the irrigation needs of the 
field, as well as the mixing and pricing of the treated water from the exit of the WWTP.  
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Summary 
Systems analysis in national water resources management has not been widely used in Serbia, 
even though sustainable development philosophy recognizes the need for evaluating 
engineering and management of water-related issues in many directions at different spatial and 
temporal scales. It is well known by national scientists and professionals that systems analysis 
offers a complex of concepts and methods capable to attack almost any problem related to 
water. Advances in information technologies and the provision of global transparency raised 
the significance of systems analysis in water resources, the use of its techniques and tools such 
as simulation and optimization, heuristic and meta-heuristic algorithms, river-basin simulation 
models, databases, accessible software, etc. Friendly communication facilities enabled by the 
internet advanced use of systems analysis methods, techniques, and tools, but their potential in 
real-life management of Serbian water and related resources are not recognized as would be 
expected. The reason is probably the multi-disciplines structure of the systems analysis 
approach and, to some extent, the inherent nature of multimedia art. Because in reality its use 
for water resources planning and especially management (mainly strategic) may look 
complicated, as a consequence commonly other disciplines of science and engineering exploit 
its achievements as their own, and the ‘flavor’ of systems analysis is not visible.  
The paper stresses the importance of using advanced systems analysis techniques in water-
related studies, particularly in searching for ‘best solutions’ in complex water resource systems. 
For instance, recently completed studies showed that weak optimization and multi-criteria 
analysis, as opposed to rigorous (true) optimization, may help decision-makers to easily 
formulate, develop and judge alternative solutions and actions, perform risk analyses and 
produce a wide range of unbiased soft solutions, easy to handle and evaluate before application. 
Participation of stakeholders from different sectors involved or related to water management 
was essential in decision-making and deriving group solutions. Discussions about aggregated 
and especially consensus-based solutions enabled the motivation of participants to search for 
better management scenarios. In addition, sensitivity analyses helped to identify impacts 
brought by different preferences of water users and other stakeholder groups, establishing 
methods for water quality control, enhancing organization and use of facilities, etc. Different 
concepts and methods of systems analysis are discussed in the paper, based on experience 
gained in Serbia. Selected examples of using river-basin simulation models and group decision-
making sessions are briefly described to present what was learned while exploring the 
sustainability of water management plans, evaluating preferential water allocation schemes, 
and assessing possible consequences of water distribution scenarios on the regional scale in 
multiyear periods. 
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Abstract  
In problem-based learning students cooperate in order to solve a “real world” problem. Such 
an approach is different from traditional teaching strategies, particularly lectures, where 
knowledge is transmitted through the teacher. In their efforts to find a solution to the problem, 
students develop skills in collecting, evaluating, and synthesizing resources. In particular, 
problem-based learning contributes to students becoming self-directed learners. This paper 
focuses on the classroom use of a problem-based learning model known as the Richard E. 
Gross problem-solving model. Following presentation of the steps of the model, the paper aims 
to show how students could apply the model via answering the question on how Sociology 
could help in addressing the issue of climate change.  
 
Keywords  1 
problem-based learning, cooperation, sociological imagination, climate change  

1. Introduction 

Traditional teaching practices, such as lecturing, which involves conveying information without 
participation of the audience, encourages passivity in the classroom. Passivity promotes memorization 
[1].  

Involving students in problem-based learning means helping them develop higher order thinking 
skills such as collecting, evaluating, or synthesizing information as opposed to simply recalling it.  

Problem-based learning is a pedagogical approach in which problems constitute both the context 
and the stimulus for learning. In problem-based learning classes, students work together to accomplish 
a specific task, to find a solution to a “real world” problem. “Real world” problems make it possible for 
students to connect between past experiences and the problem they are attempting to solve. The teacher 
becomes a facilitator, supporting students in becoming independent learners and taking responsibility 
for their own learning [2, 3]. 

In the face of the challenge of climate change we need to be able to understand the connection 
between human action and its impact on earth’s biophysical system – which can be called ecological 
imagination. It is also important to be able to see the relationships within society that produce this 
environmentally harmful social structure. This form of visualization – a central concept in sociology – 
was first discussed by C.W. Mills (1959) [4]. Mills named the concept sociological imagination [5]. 

Without a sociological imagination, the majority of people in both the scientific community and the 
general public cannot see the social structure that is around us. And without the ability to see social 
structure, without seeing the restrictions coming from social structure it is difficult to move forward [5]. 
As a result of the inability to see social structure, most people can only see their impacts on the planet 
as individualized consumer actions [6, 7, 5]. 
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This paper discusses how a problem-based learning model, i.e., the one developed by Richard E. 
Gross, Stanford University [8] can be used in the classroom. Following a presentation of the steps to be 
followed, the paper attempts to apply Gross’s model via answering the question on how Sociology 
could help in addressing the issue of climate change. 

Other applications of Gross’s problem-solving model are those by Manolas [9] in designing a 
sustainable society, Manolas and Tampakis [10] in having students solve a problem faced by an 
employee of a toxic-waste disposal company and Manolas [11] in having students construct their own 
radical environmental philosophy, in particular, their own “deep ecology”. 

2. The Richard E. Gross Problem-solving Model 

Gross’s problem-solving model is made up of six steps [8, 12]. It is important to note that the steps 
are connected and that in the application of the model there is usually natural movement from one step 
to the next.  

 
Steps in the Richard E. Gross problem-solving model  
Step 1. Defines the problem, taking account of societal values  
Step 2. Lists the various feasible courses of action  
Step 3. Collects and interprets pertinent data  
Step 4. Reaches a tentative decision based on the data  
Step 5. Acts in accordance with the decision  
Step 6. Evaluates the results and modifies future action accordingly  
 
Step 1: Define the problem, taking account of societal values. In deciding the problem to suggest to 

the class, the teacher needs to determine the suitability of the problem. An important question is whether 
students will be interested in the problem and if the problem is important enough for the students to 
devote time studying it. After the presentation of the problem to the class, the students should be 
prompted to answer questions such as how finding a solution to the problem will be of use to them or 
how it might impact their daily lives. The answers given by the students are written on the board.  

 
Step 2: List the various feasible courses of action. The second step of the model is to consider 

possible courses of action that might be appropriate for solving the problem. The use of questions may 
be useful in the discussion.  

 
Step 3: Collect and interpret pertinent data. The third step of Gross’s model is the collection of data. 

The teacher and students determine the kinds of information needed for solving the problem. Important 
information for solving the problem may come from practices such as reading, experimentation, 
interviews, surveys, role plays, student discussion. Following completion of the information needed, 
the students must determine what types of information are most appropriate for selecting the best course 
of action.  
 

Step 4: In the fourth step the class reaches a tentative decision based on the information collected. 
At this stage, the students give answers to questions such as if they are biased in the decisions made 
and what the consequences of suggested courses of action might be. They also determine which actions 
are most feasible and which are not so important. At this point, the class is left with a few courses of 
action. They must now be aware of the reasons for deciding among the choices left. The questions 
which need to be answered now is if each option will provide a good solution or if it will complicate 
the situation. The class then arrives at a group decision which may involve a compromise.  

 
Step 5: Act in accordance with the decision. The fifth step is the action part of the model. This step 

might include the use of community surveys or interviews, doing a play, writing letters to politicians, 
or designing a video.  
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Step 6: Evaluate the results and modify future action accordingly. During this final step of the model 
the students evaluate what they have accomplished and learned and how they might make use of what 
they learned in the future. 

3. Using the Richard E. Gross Problem-solving Model in the Classroom 

The following is an example of how the Gross problem-solving model can be used in the classroom. 
 
Step 1: Define the problem, taking account of societal values. The problem chosen and written on 

the board is the following: How can Sociology help in addressing the issue of climate change? 
Following announcement of the problem the following question is put to the students: Why should 

we engage in such an activity? The discussion of such a question is important for establishing the 
rationale for such an activity. Following completion of the discussion the class moves to the next step. 

 
Step 2: Lists the various feasible courses of action. Four central questions as reframed by Norgaard 

[5] with regard to the current interdisciplinary conversation on climate change and the Anthropocene, 
i.e., “why climate change is happening, how we are being impacted, why we have failed to respond so 
far, and how we might be able to effectively do so” may be considered such courses of action. In 
particular:   

1. Why is climate change happening? Using sociological concepts such as the notion of risk 
society [13] and treadmill of production [14] how can we see context for both why individuals 
would fail to understand risks or chose high carbon emissions behaviors? Why is it that the state 
may be unwilling to put in place economic or political incentives to reduce them? Despite 
individual participation in these systems, using the concept of social facts [15], how can we 
explain that individual understandings, values, risk assessments, actions, choices and so forth 
are critically constrained by their cultural, economic and political contexts? 

2. How is society impacted? How do class, gender, race, sexuality influence the type and degree 
of exposure to direct or indirect impacts of climate change? How may climate change (and our 
various responses to it) indirectly threaten democratic structures when corporate oil interests 
who benefit from continued high emission scenarios shape policy debates and public opinion? 
How may climate change threaten collective identity? Ultimately, how may climate change 
threaten the legitimacy of our economic and political systems? 

3. Why are we not responding more effectively? How can social context be a significant part of 
what makes it difficult to respond to climate change? How do relationships between oil 
company executives and federal governments shape climate policy and public understanding? 
How in particular political economic contexts, people actually work to avoid acknowledging 
disturbing information in order to avoid emotions of fear, guilt and helplessness, follow cultural 
norms, and maintain positive conceptions of individual and national identity? 

4. How might we respond? Whether and under what circumstances can social movements 
mobilize citizen engagement and political pressure? In the face of the 2015 Paris agreement, 
how can communities mobilize to put pressure on city governments, local employers and 
federal entities? Under what circumstances are people able to move beyond a sense of 
helplessness, guilt or fear of the future and take actions that are in their collective, long term 
survival interest? [5]. 

 
Step 3: Collect and interpret pertinent data. In this step, students determine what additional 

information they need in order to better understand the four central questions as presented above. The 
teacher places the students in small groups with each group covering each of the four questions 
described in step 2. When the formation of the four groups is completed, the teacher assigns each group 
various activities with the aim of gathering additional information. The activities that students in each 
group could do include interviews with other teachers; specialists; and articles they can read about their 
assigned task. An effective way for the students to keep track of the information they collect is to keep 
a research log or journal in which they write down what they find as well as theirs or other peoples’ 
comments on the information gathered.  
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Step 4: Reach a tentative decision based on the data. In this step the groups are reformed so that each 

group has an expert in each of the four questions described in step 2. Each of these new groups should 
now produce its answer on the four questions in a text of 400-500 words in length. The text produced 
by these groups should be presented to the class. The class then discusses the different answers, 
eliminating ideas that might not work. The basic elements of these answers as they emerge from the 
discussion are written on the board. 

 
Step 5: Act in accordance with the decision. In this step the students should determine how to carry 

out the decision they made in step 4. One idea is for the students to produce, as a class now, a 400-500 
words text to be posted in notice boards or published in student magazines, the internet or / and sent to 
other schools. 

 
Step 6: Evaluate the results and modify future action accordingly. The evaluation stage is the key 

moment in time when deeper learning can happen [16,17]. The type of questions which need be 
answered during this stage could be:  

• In reviewing the text produced by the class, what would you drop, modify, or add? Why?  
• What were your most positive and negative learning experiences of the process followed in the 

activity? What made them so positive or negative? [18]. How did these affect the final result?  
• What did you learn from the process? [19]. 
• What questions does your text raise? 
• How feasible are the solutions suggested in the text? 
• In what specific ways would your own life change if what is suggested in the text is done? 

4. Conclusion 

Problem-based learning may promote deeper learning much more than conventional teaching 
methods such as lectures. It provides students with opportunities to apply sociological theory, promotes 
teamwork and communication skills. It emphasizes higher order thinking skills, cooperation and self-
directed learning and builds citizenship skills. This paper discussed the classroom use of a problem-
based instructional model known as the Richard E. Gross problem-solving model. After presenting the 
steps of the model, the paper attempted to apply the model on the question of how Sociology could help 
in addressing the issue of climate change. 
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Abstract  
Efficient ICT tools covering extensive areas consist important tools for tackling poor efficiency 
in participatory irrigation networks. IRMA_SYS, a climate smart irrigation DSS that assists 
implementation of good agricultural practices regarding the use of irrigation water without 
requiring in-situ equipment installation, is implemented to document irrigation practices for 
maize and alfalfa applied by the farmers of the Land Reclamation Organization of Poros, 
located at Ioannina, Epirus. The evaluation of the estimated irrigation timing yielded from 
IRMA_SYS against the actual irrigation dates, demonstrated that in most cases IRMA_SYS 
spotted the irrigation patterns followed by the farmers, respecting the prevailing weather 
conditions. For the maize, a ten-day delay was evident between the IRMA_SYS’ output and 
the first two actual irrigations, while for the rest of the irrigation period the irrigations matched. 
For the alfalfa, the IRMA_SYS suggested to irrigate earlier and apply smaller amounts of water 
frequently. The differences can be explained since the farmers irrigate based only on traditional 
practices and experience, while IRMA_SYS implements a novel soil water budget irrigation 
scheduling approach. 
 
Keywords  1 
IRMA_SYS, Irrigation, Good Agricultural Practices, Maize, Alfalfa 

1. Introduction 

Considering the fact that during the last decades there is an evident decrease of the available water 
resources for agriculture while irrigation demands increase due to poor efficiency of the utilized 
irrigation methods and/or lack of maintenance of the centralized irrigation networks, pressing on the 
application of the EU directive 60/2000 is crucial. Land Reclamation Organizations (LRO) are the legal 
entities that manage participatory irrigation and drainage networks in Greece, so the irrigation water 
use efficiency in the areas of their interest is bonded to the efficient operation of the LRO’s themselves. 

In this context, irrigation tools that are efficient while covering extensive areas without requiring in-
situ equipment installation, is a priority and an important factor for achieving the above-mentioned 
goals. IRMA_SYS is a climate smart irrigation decision support system that assists implementation and 
documentation of good agricultural practices regarding the use of irrigation water since 2015 [1]. It 
provides recommendations to farmers on irrigation management through an integrated IoT system, 
aiming to optimize use of water and energy and saving labor. More precisely, IRMA_SYS uses ICT to 
collect, store and process necessary data from point sources (agrometeorological stations) and transform 
them to maps that cover large areas. In this way, basic weather data and reference evapotranspiration 
are available for each point inside the covered area. This information is then combined with information 
provided by the users for their fields and the irrigation events they apply, to provide irrigation 
management recommendations [2].  
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The present study intents to provide information about the use of IRMA_SYS to document irrigation 
practices for maize and alfalfa applied by the farmers of the LRO of Poros, located on the south side of 
the Ioannina basin, Epirus. Also, evaluation of the estimated irrigation timing yielded from IRMA_SYS, 
against the actual irrigation dates will be presented. 

2. Materials and Methods 
2.1. Study Area 

The study area (Figure 1) consisted of the area covered by the LRO of Poros, located on the south 
side of the Ioannina basin. This LRO covers an area of approximately 1500 ha, but only 500 ha i.e., 
33% are cultivated systematically. The main crops are maize, and alfalfa used for livestock feed, totaling 
414 ha.  

 
Figure 1: Study area limits with maize and alfalfa fields. 

 
Figure 2 presents the soil texture distribution of the study area, from which is apparent that the 

dominant soil texture is Loam (47.2%) followed by Clay Loam (22.7%).  
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Figure 2: Soil texture distribution. 

2.2. IRMA_SYS 

IRMA_SYS (https://irmasys.com - Figure 3a) was installed at the LRO of Poros in 2021 
(https://poros.irmasys.com - Figure 3b). It uses real time (10-min averages) data from two 
agrometeorological stations. Data are sent via VHF to a communication center, which is connected to 
the system’s server. All this information, along with data concerning irrigation events (inserted by the 
user) and weather forecast data, is used to estimate irrigation water requirements on daily time step. A 
modification of the FAO56 [3] soil water budget irrigation scheduling approach is implemented for this 
task. The service is available in both Greek and English languages.  

 

 
(a) 

 
(b) 

Figure 3: IRMA_SYS main web page, https://irmasys.com (a), along with the IRMA_SYS installation for 
the LRO of Poros, https://poros.irmasys.com (b)  
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Also, timeseries of data from the virtual meteorological station of each field are available for 
downloading, based on spatial interpolation of the meteorological stations point data. These data 
comprise from rainfall, air temperature, relative humidity, solar radiation, wind speed and reference 
evapotranspiration according to FAO56 [3]. 

IRMA_SYS provides means of extracting registered information of each of the listed fields, such as 
timeseries of effective rainfall, estimated irrigations and actual irrigations registered by the users. 
During the irrigation period of 2021 actual irrigations were registered for every field inside the study 
area. For the purposes of the present study, actual irrigation timing for the main crops i.e., maize and 
alfalfa, applied by the farmers along with comparison against the estimated irrigations dates yielded 
from IRMA_SYS follows.  

3. Results and Discussion 

Figure 4 presents the rainfall events during the irrigation period of 2021, totaling 153 mm on 
average. During this period three major rainfalls occurred: the first took place on the 15th of May with 
22 mm of rainfall, the second occurred on the 10th of July with 34.4 mm, while the third took place on 
the 29th of September with 25 mm of rainfall.  

 

 
Figure 4: Rainfall events at the area of LRO of Poros during the irrigation period of 2021. 
 

Table 1 presents the distribution of the IRMA_SYS modelled irrigations for the maize crop during 
the irrigation period of 2021. The irrigated maize fields were 131 in total, with 100% of them needing 
three irrigations, while 89.3% of them needing four irrigations and 55.7% of them needing five 
irrigations. For thirty-seven fields, six irrigations were recommended while for one field a total of eight 
irrigations were recommended.  
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Table 1 
Distribution of modelled irrigations for maize during the 2021 irrigation period 

Month 
De

ca
de

 
1st  2nd  3rd  4th  5th  6th  7th  8th  

June 
1         

2 0.8%        

3         

July 
1* 55.0% 0.8%       

2 33.6% 0.8%       

3 10.7% 54.2% 0.8%      

August 
1  42.0% 55.0% 0.9%     

2  2.3% 33.6% 60.7% 1.4%    

3   7.6% 0.9% 79.5%    

September 
1   3.1% 6.0% 17.8%    

2    31.6% 1.4%    

3*      2.7%   

October 
1       100.0%  

2      64.9%   

3      32.4%  100.0% 

Number of 
irrigated fields 

131 131 131 117 73 37 1 1 

* denotes that rainfall greater 20 mm occurred 
 
According to IRMA_SYS, most of the fields (55%) should have been irrigated for the first time on 

the start of July, before the rainfall event that occurred on the 10th. The second irrigation was estimated 
at the third and the first decade of July and August (96.2% of the fields in total), correspondingly. For 
the majority of the fields (55%), the third irrigation period was completed during the first ten days of 
August, while during the second decade another 33.6% completed the same irrigation. The fourth 
irrigation was completed in two major parts: the first one (60.7% of the fields) from 11th to 20th of 
August and the second (31.6% of the fields) from 11th to 20th of September. The fifth irrigation was 
estimated from the 21st of August until the 10th of September. The remaining three irrigations were 
intended for October. 

Table 2 presents the actual irrigations distribution for the maize crop during the irrigation period of 
2021 for the LRO of Poros. All fields but one, were irrigated four times, starting at the end of May, and 
ending on the 10th of September. The field that was irrigated three times, significantly delayed the first 
irrigation, which was performed at 12/7/2021. Most of the farmers irrigated for the first time during the 
last ten days of June up to the 10th of July (73.2% of the fields). The other three irrigations followed by 
a ten-day offset between them, practically ending by the end of August. 
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Table 2 
Distribution of actual irrigations for maize during the 2021 irrigation period 

Month 

De
ca

de
 

1st  2nd  3rd  4th  

May 
1     

2*     

3 2.3%    

June 
1 6.9%    

2 13.0% 3.8%   

3 42.7% 6.1%   

July 
1* 30.5% 22.9% 4.6%  

2 4.6% 41.2% 12.2%  

3  23.7% 29.0% 3.1% 

August 
1  2.3% 39.7% 16.9% 
2   13.7% 37.7% 
3   0.8% 36.2% 

September 
1    6.2% 
2     

3*     

Number of irrigated fields 131 131 131 130 

* denotes that rainfall greater than 20 mm occurred 
 

Table 3 presents the distribution of the IRMA_SYS modelled irrigations for the alfalfa crop during 
the irrigation period of 2021. The irrigated alfalfa fields were 46 in total, with 100% of them needing 
four irrigations, while 69.6% of them needing five irrigations and 52.2% of them needing six irrigations. 
For seven fields, seven irrigations were estimated while for one field a total of nine irrigations were 
estimated.  

According to IRMA_SYS, half of the fields (50%) should have been irrigated for the first time 
during the first ten days of June, while the rest irrigations were uniformly spread across the remaining 
days of June. The second irrigation was estimated at the third decade of June (52.2% of the fields), 
correspondingly. For the majority of the fields (82.6%), the third irrigation period was completed during 
the first ten days of August, while during the second decade the remaining 15.2% completed the same 
irrigation. The fourth irrigation was completed in three almost equal parts, from the 21th of July up to 
the end of August. The fifth irrigation was concentrated at the second decade of August. The remaining 
four irrigations were intended for September. 

 
 
 
 
 
 
 
 
 
 

 



 190 

Table 3 
Distribution of modelled irrigations for alfalfa during the 2021 irrigation period 

Month 

De
ca

de
 

1st  2nd  3rd  4th  5th  6th  7th  8th  9th  

May 
1          

2*          
3 2.2%         

June 
1 50.0%         
2 23.9% 2.2%        
3 23.9% 52.2% 2.2%       

July 
1*  15.2% 2.2%       
2  6.5% 41.3% 2.2%      
3  23.9% 8.7% 26.1% 3.1%     

August 
1   30.4% 26.1%  4.2%    
2   15.2%  71.9%  14.3%   
3    21.7%      

September 
1     3.1% 62.5%  100.0%  
2    8.7% 3.1% 33.3%    

3*    15.2% 18.8%  85.7%  100.0% 

Number of 
irrigated fields 

46 46 46 46 32 24 7 1 1 

* denotes that rainfall greater 20 mm occurred  
 
Table 4 presents the actual irrigations distribution for the alfalfa crop during the irrigation period of 

2021 for the LRO of Poros. All fields, were irrigated four times, starting at the second decade of May, 
and ending on the 10th of September. The majority of the farmers irrigated for the first time during the 
first twenty days of June (73.9% of the fields). The second was after twenty days, while the other two 
irrigations followed in ten-day intervals correspondingly. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 191 

Table 4 
Distribution of actual irrigations for alfalfa during the 2021 irrigation period 

Month 

De
ca

de
 

1st  2nd  3rd  4th  

May 
1     

2* 2.2%    

3 2.2%    

June 
1 34.8%    
2 39.1%    
3 19.6% 4.3%   

July 
1* 2.2% 21.7%   
2 2.2% 50.0% 2.2%  
3  23.9% 23.9%  

August 
1   45.7%  
2   28.3% 21.7% 

3    52.2% 

September 
1    26.1% 

2     

3*     

Number of irrigated fields 46 46 46 46 

* denotes that rainfall greater 20 mm occurred 

4. Conclusions 

IRMA_SYS was implemented to document irrigation practices for maize and alfalfa applied by the 
farmers of the LRO of Poros and model irrigations according to the soil water budget approach. 
Considering the estimated number of irrigations, IRMA_SYS, recognized the irrigation patterns 
followed by the farmers, for most of the fields, respecting the prevailing weather conditions.  

For the maize crop, a ten-day delay was evident between the IRMA_SYS’ output and the first two 
actual irrigations, while for the rest of the irrigation period the irrigations matched. For the alfalfa crop, 
the IRMA_SYS suggested to irrigate earlier and apply smaller amounts of water frequently. The 
differences can be explained since the farmers’ approach is based only on traditional practices and 
experience. 

Conclusively, it seems that farmers are obviously skeptical about weather forecasting and insist on 
scheduling irrigations based only on their established experience. Nevertheless, the calibration 
procedures of IRMA_SYS will consider those practices and evolve them into valuable information for 
further improvement of the system, as systematic improvement of sets of parameters of crops is one of 
the main aspects of the IRMA_SYS approach.  
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Abstract  
Efficient use of water resources is connected to sustainable agricultural practices. Water 
Footprint (WF) has been largely employed for more than ten years as a useful tool for planning 
efficient water and nutrient management strategies at various spatial levels. Greek kiwifruit 
production is constantly growing especially during the last decade, and the plain of Arta (NW 
Greece), is among the hotspots regarding kiwifruit culture in Greece. The irrigation water 
requirements of the crop in that area are high, while fertilisers are usually provided to the crop 
via fertigation methods. In this framework an innovative web application was developed in 
collaboration with Kolios Fruit S.A., a major exporter of agricultural products, which is based 
in Arta. The application is used to handle data during the full range of cultivation practices of 
kiwifruit (pruning, irrigation, fertigation, plant protection, harvest etc.), along with data from 
soil analysis, weather conditions, fruit quality analysis and yield. A component of the that 
application calculates the WF. During the testing of the application the average cultivation WF 
of kiwifruit at the plain of Arta was found equal to 335,47 m3 tn-1. The application provides to 
farmers, agriculturalists, processors, traders, consumers etc., traceability information regarding 
kiwifruit cropping practices as well as information regarding the WF of the fruits.  
 
Keywords  1 
Agricultural practices, efficient water use, environmental labeling   

1. Introduction 

As water scarcity is listed among the major global risks and agriculture is the most significant water user 
in many countries, efficient use of water resources is connected to sustainable agricultural practices. Water 
Footprint (WF), an index that accounts for the amount of water used along a part or the full supply chain of 
a product, has been largely employed for more than ten years as a useful tool for planning efficient water 
and nutrient management strategies at various spatial levels. Greek kiwifruit production is constantly 
growing, especially during the last decade.  

The 9,500 hectares of kiwifruit fields rank the country as the 3rd top global producer. The plain of Arta 
(NW Greece) is among the hotspots regarding kiwifruit culture in Greece. The irrigation water requirements 
of the crop in that area are high, while fertilisers are usually provided to the crop via fertigation methods.  

WF could connect water and cultivation inputs management of kiwifruit cultivation in a single index. In 
this framework an innovative web application, which includes calculation of cultivation WF, was developed 
by the University of Ioannina in collaboration with Kolios Fruit S.A., a major exporter of agricultural 
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products, which is based in Arta. The application was tested for the case of kiwifruit cultivation in the plain 
of Arta. 

2. Description and Main Features of the Application 

The web application is designed to handle data regarding the full range of cultivation practices of 
kiwifruit (pruning, irrigation, fertigation, plant protection, harvest etc.), along with data from soil 
analysis, weather conditions, fruit quality analysis and yield. The cultivation WF is calculated taking 
into account the green, blue and grey components of the index. The application provides to farmers, 
agriculturalists, processors, traders, consumers etc., traceability information regarding kiwifruit 
cropping practices as well as information regarding the WF of the fruits. 

The application is consisted by two main components: the data gathering part used for the 
traceability of kiwi and the data mining used for generating various statistics regarding the kiwifruit 
and the farms. In the first component, farmers, agriculturalists and traders are responsible for gathering 
data from every stage of the traceability chain. The farmers and agriculturalists gather and store data 
regarding their cultivation practices and their harvest through the application. Those data are stored in 
the database through a Restful API service, and they are accessible by interesting parties (Figure 1). 
To enhance the user experience, standard information such as commonly used fertilizers and plant 
protection products are already stored in the database and are accessed via a simple dropdown menu 
from the user. At the end of each harvest period agriculturalists perform chemical analysis on the 
kiwifruit that determines the quality of the product. To complete the traceability chain of the kiwifruit, 
traders are responsible for recording the shipment of the product. The traceability applications provide 
the ability to the traders to quickly perform a forward trace recall in case of an emergency.  

 
 

 
Figure 1: Data gathering and dissemination flow chart 
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In the second component, various elaborate algorithms are used to calculate the green, blue and grey 
components of WF. To begin with, the application, on a daily basis, calculates and stores the crop 
evapotraspiration (ETc) to the database by using crucial data from local agro-meteorological stations. 
The calculation of ETc is made using the methodology proposed by Allen et al. [1]. The meteorological 
data are gathered by accessing the API of Enhydris, a database system that stores meteorological data 
from all around Europe [2]. It also provides an API to allow users to retrieve data from any 
meteorological station stored in their database. An agro= meteorological station is assigned to each farm 
stored in the database based on their proximity, calculated according to the Haversine formula. At the 
end of the year, several algorithms are executed by the system to calculate the green, blue and grey 
components of the WF (Figure 2). The WF was calculated according to the methodology proposed by 
WFN [3]. 

 

 
 

Figure 2: Calculation procedure for Water Footprint 
 
Those data are available to the farmers and also as a marketing tool to allow customers be aware 

that the product and the applied cultivation techniques are eco-friendly. In addition to the WF through 
the application, farmers can find statistics generated by data mining algorithms. Those statistics take 
into consideration the cultivation practices performed in the farm, the location of the farm, and the 
chemical results of the kiwifruit to create a correlation between them and provide suggestions to the 
farmers to increase the efficiency and quality of their products. 

3. Results Regarding Kiwifruit Water Footprint  

During the test period of the application, it was found that the average cultivation WF of kiwifruit 
in orchards supervised by Kolios Fruit S.A. in the Arta plain is equal to 335,47 m3 tn-1. 
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Abstract  
This paper provides a short analysis on how and in what extend the satellite-based technologies 
and smart farming systems can act as new sources of information towards the realization of 
future CAP objectives. The report focuses on the integration of these new technologies in 
support of advanced decision making for the regional/national Integrated Administration and 
Control Systems. 

 
Keywords  1 
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1. Introduction 

There is currently an EU wide effort aiming to achieve environmental protection and optimisation 
of agricultural practices in a combined manner. From a policy perspective, these interrelated objectives 
are mainly pursued through the introduction of regulations like the Common Agricultural Policy (CAP). 
One of the key parameters of CAP is the support of farmers income through a system of agricultural 
subsidies and programmes covering farming, environmental measures and rural development. The main 
building block of the management of payments system is the Integrated Administration and Control 
System (IACS) [1]. IACS consists of a number of computer-based information systems having as 
primary objectives to ensure that transactions financed under the area and animal-based aid schemes 
are carried out correctly and to prevent, discover and follow up on irregularities. 

The new CAP, which is due to begin in 2023, aims to be the key instrument for securing the future 
of agriculture and forestry, as well as achieving the objectives of the European Green Deal paving the 
way for a fairer, greener and more performance-based policy implementation. [2] As agricultural 
policies are widening their scope to contribute to environmental objectives there is also an increase on 
the number of indicators and data sources for monitoring and evaluation of the policies. Consequently, 
there is an increased demand for new data sources to be integrated within the framework of policy 
monitoring.  

Even since 2015, the EU has set the objective of integrating “farm level data with micro-data 
transmission, based on a modular approach with core variables, modules and satellites” [3] introducing 
satellite-based Earth Observation (EO) data products for a systematic and automated agricultural 
assessment in large scale. However, EO based monitoring comes with various limitations as it is mainly 
applicable for medium and large-sized parcels, affected by meteorological conditions, and it is not 
feasible to monitor precisely important sustainability related parameters in detail. With the current 
digital transformation trend in the agricultural production process, there is an enormous and 
underexplored potential for sensors and Farm Management Information Systems (FMIS) that are 
increasingly being deployed by service providers. 

 

 
Proceedings of HAICTA 2022, September 22–25, 2022, Athens, Greece 
EMAIL: n_kalatzis@neuropublic.gr (A. 1); y_efstathiou@neuropublic.gr (A. 2); dominique.laurent@ign.fr (A. 3)  
ORCID: 0000-0002-8103-4012 (A. 1) 

 
©️  2022 Copyright for this paper by its authors. 
Use permitted under Creative Commons License Attribution 4.0 International (CC BY 4.0).  

 CEUR Workshop Proceedings (CEUR-WS.org)  
 



 198 

 
Figure 1: Complementary use of EO and FMIS data in support of CAP monitoring. 

 
This paper provides the key outcomes and future directions towards the further interconnection of 

regional/national IACS systems with innovative information sources, based on the analysis conducted 
in the context of H2020 NIVA project [4]. According to these results the most prominent approach will 
be based on a synergistic utilization of EO based outcomes combined with in-situ farm level data from 
locally operating digital agricultural technologies (Figure1). 

2. Earth Observation in Support of CAP Monitoring 

The CAP monitoring through EO data has been made possible by the Sentinel missions that provide 
free and open high-resolution satellite datasets (spatial resolution of 10m) with frequent visits: the time 
series of Sentinel or other satellite images are a powerful mean to check farmer’s declarations. However, 
accessing and pre-processing these big volumes of images in order to get ARD (Analysis Ready Data) 
is a complex task, raising many issues concerning computing performance, multi-temporal and multi-
level analysis [5]. In the new monitoring approach, the analysis of EO data should provide ‘traffic 
lights’ or ‘colored flags’ (green, yellow or red) with regard to the eligibility status of the parcels. In case 
of yellow lights, i.e. in case of doubts, additional evidence has to be provided by farmers. [6] 

2.1. Sentinel-2 

Sentinel-2 provides optical images easy to be interpreted with valuable information and the pre-
processed products are available as open data. They are the first candidates for crop monitoring. 
However, they suffer from the cloud contamination losing land surface information, creating gaps on 
the time-series. That depends on geographic location and it is more disturbing in northern or 
mountainous areas. 
 

 

Figure 2: The risks of temporal series interpolation 
 
Paying Agencies (PA) are usually accessing L2A products (atmospherically corrected); however, 

dealing with L1C products (Top of Atmosphere) may be envisaged if the PA has satellite image experts. 
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Even for the “standardised” product L2A, there are various options for atmospheric correction 
according to the way to access images: for instance, the Copernicus Open Access Hub [7] and the 
Sen4CAP European project [8] are using different cloud masking algorithms (Figure 2). In addition, 
the Copernicus Hub stores in Long Term Archive images older than a few months, making them more 
difficult to be accessed. 

2.2. Sentinel-1 

Sentinel-1 provides radar images that are powerful but complex products that are more difficult to 
be interpreted. The ARD products are not available as open data from the Copernicus hub. However, 
the ESA provides the SNAP [9] tool that can be used to perform the necessary pre-process operations. 
Despite of these difficulties, S-1 images are also widely used by Paying Agencies due to their power to 
provide useful information, even in case of bad weather conditions. Many case studies showed that 
radar imagery can improve the crop classification accuracy when used in combination with optical data. 
Further, radar images are proved to be very efficient in detecting mowing events in grassland farming 
as well as harvesting in specific crops (e.g., corn). 

2.3. Dealing with Small Parcels  

The resolution of S-2 and S-1 images is not sufficient to monitor all parcels as issues may occur for 
small parcels and also for parcels of specific shape (such as narrow parcels). Using High High 
Resolution (HHR) images such as Planet and SPOT-6/7 or even VHR images such as WorldView or 
Pleiades have been mentioned as potential solutions. [4] 
The (paying) access to the HHR or VHR imagery used to deal with these specific parcels should be 
granted not only to the Paying Agencies (or their sub-contractors) but for transparency reasons also to 
the concerned farmer in order to enable him/her to understand the rationale behind the traffic lights. 

2.4. Invest on IT Infrastructure or Outsource? 

The Copernicus Hub offers free access to Sentinel images but in practice, this access is not so easy 
due to technical restrictions; the storage and handling of these big volumes of data require significant 
IT infrastructure investment as well as specialized employees that increase the overall cost. Extracting 
the information at pixel level means that users will have to get the entire image and will have to deal 
with huge volumes of data. Until now, this is the main available solution on the market. The investment 
on pre-processing and IT infrastructure may be done in the Paying Agency itself (through buying ICT 
material and training staff) or it may be outsourced (through buying predefined services and 
computation power, such as “Copernicus Data and Information Access Service” (DIAS) or other cloud 
infrastructures). It is mainly between being straightforward (lots of preliminary steps already done 
before PA accesses the image data) and being flexible (doing things yourself require more expertise but 
enable to decide on each step of the process).  

3. Farm Management Information Systems 

The concept of “Farm Management Information Systems” (FMIS) is an umbrella term that refers to 
a set of computer-based information systems operating at a farm level which are able to receive data 
streams, store and process them and provide output useful to the various stakeholders (individual 
farmers, farmers associations, advisors, etc.). FMISs are usually offering, the functionality related with 
the digital recording of agricultural activities (also called “Farmer’s Calendar”, “Farm Log”, “Field 
book”) that demonstrates the potential to contain various relevant to CAP monitoring information (e.g. 
use of pesticides, irrigation, fertilizers, harvested yields). There are currently hundreds of FMISs 
available on the market that can support decision making by finding the best practices for farm 
management [10]. The fact that with the help of digital technologies [11] it is feasible to monitor new 
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data items and create new information streams allows the introduction of new CAP indicators but also 
the more efficient monitoring of existing ones. Although the primary functional objective of FMISs is 
to support farming activities they are also a valuable source of information for the needs of CAP 
monitoring. However, the integration of FMIS and digital agricultural technologies in general with the 
IACS systems is a challenging task.  

3.1. Data Availability by FMIS  

“Digital field book” - usually as part of a FMIS- is potentially one of the most valuable information 
sources for IACS. Unfortunately, FMIS are not yet used by a wide range of farmers, the situation 
varying a lot depending on countries and regions. However, the use of digital means for recording 
applied practices is expected to be continuously adopted by more farmers during the next years due to 
introduced legislation but also because it is more efficient for the everyday activities of the farmers. 
Typically, recordings of pesticides applications are more mature to be captured and shared with various 
administrative entities. Similar policies and tools are currently under development for the collection of 
data on utilized irrigation water and soil nutrition status. 

3.2. Data Exchange & Data Interoperability 

The semantics utilized for recording the various information items maintained by FMISs are still 
heterogeneous. However, there are various efforts towards harmonization based on existing well-known 
approaches especially with code lists (e.g. Agrovoc taxonomy, EPPO glossary, code lists for 
agrochemicals). NIVA proposed the use of the eCrop standard [12] as a common data model for data 
exchange between FMIS and IACS and proposes the introduction of “Farm Registry” as a component 
of the new IACS with the role of recording in a continuous way the information provided (Figure 3). 
 

 
Figure 3: Data exchange complexity between FMIS and IACS is significantly reduced with the use of 
standards 

3.3. Quality and Reliability of FMIS Data 

Although in some cases record keeping in “Field Book” is even mandatory the recording of 
information is still fragmented and prone to intentional or unintentional errors. Data related with 
cultivation practices are not reliable given that it is manually imported to FMISs. An approach to 
mitigate inconsistency of manually imported records is to escort them with data derived from additional 
sources (e.g. farm machinery, geotagged photos, environmental sensors and hard copies of invoices). 
Interesting approaches have been recorded including the “building of trust with farmers” [13], the 
combined use of FMIS data with “on the spot checks” [4], and the “provision of rich data sets and 
additional evidences for cross-checking including data from farm machine, sensors and scanned copies 
of invoices” [14].  
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3.4. Organisational Interoperability 

The majority of the FMISs are not considering -yet- the public administrative agencies (e.g. Paying 
Agencies) as potential 3rd party entities that are useful to interact with, either to provide data or to 
retrieve data. This means that currently there are few or even no data exchange mechanisms by FMISs 
explicitly established for connecting with IACS systems. Paying Agencies consider that change in 
legislation is required to enable data exchange from FMIS to IACS. [4] 

4. Conclusions 

This paper presents the key findings on the use of EO and FMIS in support of future IACS operation 
and future CAP monitoring and evaluation based on the analysis of the NIVA project. The overall 
outcomes show that there is high potential for further assisting IACS operations with innovative digital 
technologies but legal, technical and organizational challenges need to be addressed. 
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Abstract  
Aquaculture constitutes a sector of high importance for Greece, however, so far concerns only 
fish and bivalves. On the other hand, freshwater crayfish represent a product of particular 
interest, encompassing a greatly export oriented character. Except from their economic value 
and great protein source, freshwater crayfish species comprise important benthic invertebrates 
and are considered as appropriate model organisms. Nevertheless, Aphanomyces astaci, a 
fungus-like eukaryotic microorganism pathogen spread in Europe, which has been transmitted 
also in Greece from North American crayfish species, devastated native populations causing 
freshwater crayfish plague. Recently, crayfish populations from lake Vegoritida and 
Polyphytos declined, leading local authorities to take measurements for preventing further 
crayfish population reductions. Thus, the development of an aquaculture protocol 
establishment is of urgently high importance not only for commercial activities of local 
fishermen, but for restocking purposes and biodiversity conservation as well. Towards this 
direction, detection of the aforementioned pathogen in order to be aware of a possible disease 
outbreak, represents a core issue. The present study represents a small-scale monitoring for the 
presence of A. astaci in freshwater crayfish populations from in North Greek wetlands, and an 
initial effort for acclimation of pathogen free Astacus leptodactylus individuals collected from 
lake Vegoritida as the first step for an aquaculture protocol establishment. 
 
Keywords  1 
freshwater crayfish, aquaculture, Astacus leptodactylus, Aphanomyces astaci, crayfish plague  

1. Introduction 

Among the various aquatic organisms that are cultivated or farmed worldwide, the vast majority 
belong to fish, followed by bivalves, whereas the crustaceans and decapods are placed in the third 
position [1]. Within this last category, mainly on account of the major species produced in worldwide 
aquaculture, red swamp crayfish Procambarus clarkii come in the second place in terms of quantity, 
after the whiteleg shrimp Penaeus vannamei [1]. Particularly in Greece, aquaculture concerns only fish 
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and bivalves, but no crustacean species so far, with the only exception of few recently licensed marine 
shrimp units which, however, have not initiated yet. 

Freshwater crustaceans have been known to human since prehistoric times, when they were used as 
a primary source of animal protein [2]. The interest in these aquatic animals is also scientific, due to the 
peculiarities in the evolutionary history of this taxon and in its biology and ecology. They constitute 
excellent biological models for anatomists and physiologists and in recent years they have been also 
studied by molecular biologists [3]. 

In Greece, there are three indigenous species of freshwater crayfish, namely the Astacus astacus 
(noble crayfish), the Astacus leptodactylus (narrow clawed crayfish) and the Austropotamobius 
torrentium and one invasive species from North America, the Pacifastacus leniusculus [4]. Among the 
aforementioned, A. leptodactylus individuals are caught in significant quantities in the Lake Polyphytos, 
wherefrom there is also the largest available information regarding their production and trade, mostly 
performed through small scaled exporting companies. It should be noted, that based on their great export 
potential, both species (A. astacus and A.leptodactylus) are valuable for local fishing communities, and 
are thus considered of high conservation priority.  

Similarly to other European countries, freshwater crayfish overfishing practices resulted in 
conservation issues, with sustainable fishing remaining one of the biggest question marks for inland 
wetlands. Keeping this in mind, the establishment of an aquaculture protocol for freshwater crayfish is 
of high importance, in order to maintain biodiversity as well as for restocking purposes [5]. 

The fungus-like oomycete Aphanomyces astaci, introduced in Europe by invasive North American 
crayfish, is responsible for the crayfish plague that devastated many European native crayfish 
populations. Worth noting that A. astaci has been listed among the 100 worst invasive species [6]. 
Hence, monitoring and early detection of this pathogen contributes in population screening for pathogen 
carries, setting legislation in order to prevent a possible disease outbreak [7,8] The scope of the present 
study was the investigation of A. astaci presence in freshwater crayfish from North Greece, the 
collection of pathogen free populations and their subsequent acclimation in laboratory aquaria. 

2. Materials and Methods 

2.1.    Sample Collection 

Astacus sp. crayfish specimens were collected from three different sampling sites, namely lake 
Vegoritida, lake Polyphytos and wetlands Agras-Nisi-Vrita. Collections were carried out with the use 
of specific net-traps, located approximately 8-10 meters from the coast, where they remained for 8 days 
(Figure 1). The 8th day the traps were removed, and the crayfish specimens were collected. Identification 
of collected freshwater crayfish individuals was performed morphologically using specific keys [9]. All 
crayfish individuals were initially examined morphologically for the A. astaci presence before 
transportation to the laboratory [10]. 
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Figure 1: Net-traps (A) used for freshwater crayfish collections, placed in lake Vegoritida (B) 

2.2.    Molecular Assay for the Pathogen Aphanomyces Astaci Detection 

From each sample composed by approximately 50 individuals, half of them were transferred to the 
lab aquaria while the remaining ones were examined for the presence of A. astaci. A partial tissue of 
the uropod, soft abdominal cuticle, eye stalk and walking leg joint of each individual were crashed and 
used for DNA isolation using the NucleoSpin DNA extraction kit (Macherey Nagel, Germany) and 
sterile instruments. A 569-bp fragmant of the A. astaci ITS nrDNA was targeted using the PCR as 
previously described [10]. Considering that the absence of an amplified PCR product may be observed 
due to insufficient amounts of DNA in the PCR reaction, control PCR reactions were run with primers 
used for all Oomycetes and other microorganisms, i.e. ITS1 and ITS4 as described in Oidtmann et al. 
[11]. 

2.3.    Transfer to Laboratory and Acclimation in Aquaria 

All collected freshwater crayfish samples belonging to Astacus leptodactylus species were placed in 
aquaria. Each aquarium was filled with approximately 50 L of water and was equipped with air pump 
(Figure 2). After alive crayfish specimens transfer in the lab, each male individual was placed with two 
females in each aquarium and were fed with commercial growth diet for Sparus aurata as basal diet 
once every week. The water was changed the day after feeding. The temperature was kept stable at ±15 
οC and the conductivity was calculated at ±600 μS/cm. Also, since freshwater crayfish are more active 
during darkness, all tanks were provided with PVC shelters (Figure 2). 

 
 



 206 

 
Figure 2: Aquaria where the collected crayfish were placed (left), equipped with a PVC shelter (right) 

3.  Results 

In total, 150 individuals of freshwater crayfish belonging to two species, namely A. leptodactylus 
and A. astacus, were collected, half of which were examined for the pathogen A. astaci presence, 
whereas the remaining were placed in lab aquaria. Using the primers 42 and 640 [10], an amplicon of 
length 569 bp would be expected if the pathogen were present. PCR products corresponding to A. astaci 
were not amplified in any specimen examined (Figure 3). DNA from these individuals was successfully 
amplified with primers ITS1 and ITS4 (Figure 3) that serve as internal control, corresponding to other 
organism oomycetes as reported in Oidtman et al. [11]. Thus, all collected crayfish specimens were 
scored as pathogen free. 

Post A. astaci detection investigation, pathogen free individuals were placed in the lab aquaria. 
During their acclimation process many different behaviours were observed. Firstly, some female 
crayfish produced eggs as shown in Figure 4A. This specific behaviour may be observed owing to stress 
response of acclimation process. In addition, mating behaviour between individuals was observed 
(Figure 4B). More specifically, the male on the top observed to hold the female firmly with the chelipeds 
and the ischial hooks. Similar mating behaviour has been described in Vogt et al. [12] in marbled 
freshwater crayfish (Procambarus fallax). These results indicate the successful acclimation in the lab 
aquaria, where freshwater crayfish were kept alive for more than two months. 

 
Figure 3: Agarose gel electrophoresis banding patterns of the PCR performed for the investigation of 
the A. astaci presence in tissues of Astacus sp. Lane N: negative control; lanes AL1-AL5: Astacus 
leptodactylus tissue samples; Lane L: DNA Mass ladder (Nippon Genetics); AL1C-AL5C: internal 
controls. 
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Figure 4: A. leptodactylus individual with eggs (A) and two individuals A. leptodactylus exhibiting 
mating behaviour (B) 

4. Discussion 

Native freshwater crayfish species are vulnerable not only to the pathogen causing the crayfish 
plague but to overfishing practices as well. Based on the recently observed population reductions, local 
authorities have forbidden crayfish fishing for commercial purposes in lakes Vegoritida and Polyphytos 
for one year from September 2021 to September 2022. However, it should be noted that it remains 
obscure, if this measurement is followed by all local fishermen (personal communication). 

Despite its great economic value, freshwater crayfish aquaculture remains underdeveloped in Greece 
so far. According to economic prediction models, the post-lignite era is expected to lead to increased 
rates of unemployment in Western Macedonia. These problems could be at some extent mitigated with 
the development of freshwater crayfish aquaculture. Additionally, aquaculture field development may 
provide crayfish stock for restocking purposes in an attempt to support biodiversity balance.  

All Astacus individuals examined were found negative to the pathogen A. astaci. Their transfer and 
acclimation to aquaria was completed successfully and some of them exhibited physiological 
behaviours such as molting, mating and egg production. However, it should be emphasized that these 
behaviours may occasionally be observed due to extensive stress [13]. The above indications during 
acclimation were encouraging for next experimental set ups towards the development of a freshwater 
crayfish aquaculture protocol in Greece. 
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Abstract  
The construction of a forest road is a very expensive project and for this reason the choice of 
the appropriate location is of major importance for the designer. When designing, certain 
criteria must be taken into account, either individually or in combination with each other. In 
the present work, the SWOT analysis (Strengths, Weaknesses, Opportunities, Threats) was 
applied together with AHP (Analytic Hierarchy Process) for the design and construction of a 
forest road in order to have a concentrated and hierarchical weights of SWOT criteria that play 
an important role. in the decisions in order to have the least possible financial burden in terms 
of construction and as little as possible environmental and social impact on the implementation 
of the project. The results from the application of AHP showed that strengths gather 57.7%, 
followed by weaknesses with 18.1% and opportunities with 15.9%. Last of the criteria as a 
whole are threats with 8.2%. Regarding the sub-criteria / factors that have the highest priority, 
the possibility of evacuating an area through the forest road network (such as natural disasters) 
gathers 35.5% for strengths, for weaknesses ecosystem disturbance has the highest percentage 
with 11.1 %, for the opportunities the increase in the yield potential of forest area (extraction 
of wood) with 8.1% and for the threats the possibility of destruction of infrastructure from 
natural disasters with 4.2%. The study area was the forest road network of the city of Xanthi 
(Eastern Macedonia and Thrace, Greece). 
 
Keywords   1 
Design, construction, forest road, SWOT analysis, AHP  

1. Introduction 

Forest roads are the main foundation of forest infrastructure, but on the other hand they are high-
cost constructions and can cause significant environmental damage to forests [1]. According to Picchio 
et al. [2] The forest road network is important for several functions, such as connecting forest areas with 
roads. However, the design of forest roads is not an easy task as it should fulfill multiple conflicting 
objectives [3]. Construction and maintenance costs can increase in unsuitable areas, so great care is 
required when designing forest roads [4]. But it should be taken into account not only the total road 
costs but also the environmental impacts caused by the construction and use of the roads [5]. On the 
other hand, the forest road network plays an important role in the rational management of forests, for 
this reason the best possible planning is necessary [6]. Roads also contribute to forest fire protection 
and therefore play an important role in environmental protection [7]. and they can be used as escape 
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exits in case it is not easy to extinguish the fire [8]. Adaptation to climate change requires a different 
way of thinking when designing forest roads [9], because the rate of erosion depends on the intensity 
of precipitation [10] and the extreme phenomena caused (fires). Thus regular removal of forest biomass 
along forest roads is therefore essential for fire prevention [11,12]. Forest roads are the main structures 
for the development of timber harvesting operations. For this reason it must be ensured that they will 
be open at all times [13]. Even the collected biomass waste can also be transported through the forest 
road network for methane production if disposed in anaerobic digestion facilities [14]. Forest roads 
serve multiple purposes, from recreation to facilitating the transportation of timber products. Many of 
these designed roads can be used in all seasons [15]. They are also used to connect areas, serve the 
residents [16] and help the economic development of the areas [17]. Roads create thinnings in dense 
forests and this is bee-friendly [18], for the development of beekeeping. They can also protect an area 
from poaching through patrols [19]. But according to Skidmore [20] roads also facilitate poaching 
because they connect even the most remote areas. Also the increase in road coverage can lead to fires 
when the population increases in areas that are less populated [21]. According to Demir [22] forests 
must be used according to forestry techniques so as not to alter the structure of the forest. Tampekis et 
al. [23] evaluated the intensity of human impact on the forest ecosystem as well as the absorption of the 
ecosystem from the impacts caused by the construction of forest roads. It must therefore serve the 
interests of both accessibility and sustainability. For this reason, the construction of a forest road 
network must be carefully studied because it can damage the environment [24].  

2. Study Area 

The study area was the city of Xanthi and in particular the forest road network of the area Geraka - 
Xanthi - Kimmeria (Eastern Macedonia and Thrace). The forest road network of the area is 67.76 km 
and includes all categories.This location was chosen because the forest road network connects some 
villages with each other and the inhabitants of these villages are primarily engaged in logging and other 
forest-related occupations. So a well-planned forest road network serves the needs of the residents. 
 

 
Figure 1: Study area of area Geraka - Xanthi - Kimmeria (Xanthi) [25]. 

3. Methodology 

The association of AHP with SWOT contains detailed priorities for the factors included in the 
analysis and thus makes them comparable, with the aim of improving the quantitative database of 
strategic planning processes [26]. The answers were given by the authors who deal primarily with issues 
of forest road construction and forest economics. 
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The information derived from pairwise comparisons can be summarized in a table of weights, where 
the relative weight enters the table as an aij element and the inverse of the 1/aji preference ratio goes to 
the opposite side of the main diagonal. 

𝛢 = (𝑎𝑖𝑗) =

[
 
 
 
 𝑊1 𝑊1⁄ 𝑊1 𝑊2⁄ …𝑊1 𝑊𝑛⁄
𝑊2 𝑊1⁄ 𝑊2 𝑊2⁄ … 𝑊2 𝑊𝑛⁄

. . .

. . .
𝑊𝑛 𝑊1⁄ 𝑊𝑛 𝑊2⁄ …𝑊𝑛 𝑊𝑛⁄ ]

 
 
 
 

 (1) 

When we multiply table A by the permutation of the vector of weights (w), we get the resulting 
vector nw 

(𝐴 −)𝑊 = 0, (2) 

For consistency λmax = n otherwise λmax> n. Table A should therefore be checked for consistency 
with the formula: 

𝐶𝐼 = (𝜆𝑚𝑎𝑥−𝑛)
(𝑛−1) , (3) 

The CI consistency index is determined by normalizing the following difference. The consistency 
index RI is the random index generated for a random order table n and CR is the consistency ratio [27]. 
The general rule is that CR must be CR≤0.1 for the table to be consistent 

𝐶𝑅 =
𝐶𝐼
𝑅𝐼, (4) 

4. Results 

Table 1 presents the Strengths, Weaknesses, Opportunities, Threats from ithe design and 
construction of Forest Road Network. 

Table 1 
SWOT analysis 

Strengths Weaknesses 
S1:Ability to evacuate an area through the forest 

road network (such as natural disasters) 
S2: Protection of the forest from poaching 
S3: Fire protection 
S4: Connection of settlements 

W1:Ecosystem disruption 
W2:High cost of construction -  maintenance 
W3:Corrosion of the deck by the high movement 

of water on the road 

Opportunities Threats 
Ο1:Increasing the efficiency of a forest area (wood 

extraction) 
Ο2:Increase of recreation 

Ο3:Development of various professions related to 
the forest and its functions (eg beekeeping) 

Ο4:Maximize the income of the inhabitants who 
live near the forests 

T1:Possibility of destruction of infrastructure by 
natural disasters 

T2:Increased risk of fire due to increased 
mobility of the population 

T3:Burden of the environment by the mobility of 
the population 

T4:Increase in poaching after easy access to the 
forest environment 
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Table 2 shows the degree of importance after the pairwise comparison of (Strengths, Weaknesses, 
Opportunities, Threats). Positives occupy the largest percentage (57.7%), immediately after 
Weaknesses occupy 18.1%, followed by opportunities with 15.9% and threats have the smallest 
percentage (8.2%).  

Table 2 
Comparisons of  SWOT group 

SWOT group Strengths Weaknesses Opportunities Threats Importance Degrees 

Strengths 1.00 6.80 4.03 4.04 0.577 

Weaknesses 0.15 1.00 2.09 2.58 0.181 

Opportunities 0.25 0.48 1.00 3.20 0.159 

Threats 0.25 0.39 0.31 1.00 0.082 

CR = 0.09      

Table 3 shows the degree of significance after the pairwise comparison of Strengths. The Ability to 
evacuate an area through the forest road network (such as natural disasters) occupies a percentage 
(61.6%), followed by Fire protection with 18.4% and Protection of the forest from poaching with 10.8%. 
Last is Connection of settlements (9.2%). 

Table 3 
Comparisons of  Strengths group 

Strengths S1 S2 S3 S4 Importance 
Degrees 

S1:Ability to evacuate an area through the 
forest road network (such as natural 
disasters) 

1.00 6.42 4.82 5.60 0.616 

S2:Protection of the forest from poaching 0.16 1.00 1.16 0.77 0.108 

S3:Fire protection 0.21 0.87 1.00 4.40 0.184 

S4:Connection of settlements 0.18 1.30 0.23 1.00 0.092 

CR = 0.07      

Table 4 shows the degree of significance after the pairwise comparison of Weaknesses. The criterion 
that is considered more important is Ecosystem disruption with 61.4% followed by High cost of 
construction – maintenance 27.9% and the least important is Corrosion of the deck by the high 
movement of water on the road with 10.7%.  

Table 4 
Comparisons of Weaknesses group 

Weaknesses W1 W2 W3 Importance 
Degrees 

W1:Ecosystem disruption 1.00 3.10 4.40 0.614 
W2:High cost of construction – maintenance 0.32 1.00 3.60 0.279 
W3:Corrosion of the deck by the high movement of 

water on the road 0.23 0.28 1.00 0.107 

CR = 0.08     
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Table 5 shows the degree of significance after pairwise comparison of Opportunities. First in the 
ranking is Increasing the productivity of a forest area (extraction of wood) with 48.5%, second is 
Increasing recreation with 29.9%, third is the Development of various professions related to the forest 
and its functions (e.g. beekeeping) with 14.1% and finally Maximizing the income of residents living 
near forests with 7.6%.  

Table 5 
Comparisons of Opportunities group 

Opportunities Ο1 Ο2 Ο3 Ο4 Importance 
Degrees 

Ο1:Increasing the efficiency of a forest area 
(wood extraction) 1.00 2.37 3.85 4.27 0.485 

Ο2:Increase of recreation 0.42 1.00 2.87 4.64 0.299 

Ο3:Development of various professions related 
to the forest and its functions (eg 
beekeeping) 

0.26 0.35 1.00 2.71 0.141 

Ο4:Maximize the income of the inhabitants who 
live near the forests 0.23 0.22 0.37 1.00 0.076 

CR = 0.09      

Table 6 shows the degree of significance after pairwise comparison of Threats. The respondents 
ranked the Possibility of destruction of infrastructure by natural disasters first with a percentage of 
51.2%, second place came the Increased risk of fire due to increased mobility of the population with a 
percentage of 27.0%. The third and fourth places were occupied by Burden of the environment by the 
mobility of the population (13.9%) and Increase in poaching after easy access to the forest environment 
(7.9%) respectively. 

Table 6 
Comparisons of Threats group 

Threats T1 T2 T3 T4 Importance 
Degrees 

T1:Possibility of destruction of infrastructure 
by natural disasters 1.00 3.20 4.00 4.10 0.512 

T2:Increased risk of fire due to increased 
mobility of the population 0.31 1.00 3.00 4.00 0.270 

T3:Burden of the environment by the mobility 
of the population 0.25 0.33 1.00 2.67 0.139 

T4:Increase in poaching after easy access to 
the forest environment 0.24 0.25 0.38 1.00 0.079 

CR = 0.09      

 

Table 7 presents the overall priority scores of the SWOT factors as well as the priority of each factor.  
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Table 7 
Total priority scores of the SWOT factors 

SWOT group 
Priory 

of 
group 

 
SWOT factors 

 

Priority factors 
within the 

Group 

Overall 
priority 

of the factor 

Strengths 0.577 

S1:Ability to evacuate an area through 
the forest road network (such as 
natural disasters) 

0.616 0.355 

S2:Protection of the forest from 
poaching 0.108 0.062 

S3:Fire protection 0.184 0.106 

S4:Connection of settlements 0.092 0.053 

Weaknesses 0.181 

W1:Ecosystem disruption 0.614 0.111 

W2:High cost of construction – 
maintenance 0.279 0.050 

W3:Corrosion of the deck by the high 
movement of water on the road 0.107 0.019 

Opportunities 0.159 

O1:Increasing the efficiency of a forest 
area (wood extraction) 0.512 0.081 

O2:Increase of leisure 0.270 0.043 

O3:Development of various professions 
related to the forest and its functions 
(eg beekeeping) 

0.139 0.022 

O4:Maximize the income of the 
inhabitants who live near the forests 0.079 0.013 

Threats 0.082 

T1:Possibility of destruction of 
infrastructure by natural disasters 0.512 0.042 

T2:Increased risk of fire due to 
increased mobility of the population 0.270 0.022 

T3:Burden of the environment by the 
mobility of the population 0.139 0.011 

T4:Increase in poaching after easy 
access to the forest environment 0.079 0.006 

 

5. Conclusions 

In the present work, SWOT-AHP was applied for the construction of a forest road network. The 
results from the implementation of AHP showed that the strengths as a whole are superior by 57.7% 
compared to the other criteria. Following are the weaknesses with 18.1% and the opportunities with 
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15.9%. Last of the criteria as a whole are the threats (8.2%), that may exist during the construction of 
forest roads. Regarding the sub-criteria / factors that have the highest priority, the possibility of 
evacuating an area through the forest road network (such as natural disasters) gathers 35.5% for the 
strong points, for the weak points the ecosystem disturbance has the largest percentage with 11.1% , for 
the opportunities the increase of the efficiency possibility of a forest area (wood extraction) with 8.1% 
and for the threats the possibility of destruction of infrastructures from natural disasters with 4.2%. In 
conclusion, we would say that the construction of forest roads has positive benefits both for the 
protection of human life in case of evacuation of an area and for access to the forest in case of fire. It 
can also offer opportunities to increase the income of the inhabitants by engaging in professions that 
have direct contact with the forest. The disadvantages as well as the threats from the construction are 
small scale based on the answers. 

For this reason SWOT-AHP can be a tool that can be used to make rational decisions taking into 
account all the factors that affect it. Thus, it can be used to solve issues related to the functions of the 
forest in general. 
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Abstract  
Air transportation is one of the most important sources of noise and acoustic pollution related 
with the life quality of population, especially in urban areas. The study was conducted during 
the period January-June 2018, in Qereka, the nearest village to the Tirana International Airport 
“Mother Teresa”. There were measured noise levels (LAeq/Day, LAeq/Evening, and LAeq/Night) in three 
building clusters on different distances from the airport runaway axis. Observed results showed 
that LAeq/Day varied from 47.7 dB to 62.8 dB, and LAmax varied from 77.8 dB to 97.9 dB, with 
24 to 47 cases over 70 dB. LAeq/Evening varied from 43 dB to 59.9 dB, while LAmax varied from 
80.8 dB to 89.7 dB, with 10 to 13 cases over 70 dB. LAeq/Night varied from 40.3 dB to 55.9 dB, 
while LAmax varied from 72.8 dB to 102.2 dB, with 3 to 10 cases over 70 dB. Results of the 
population interviews showed that the noise from air transport affects the quality of daily living 
activities of the residential area, mainly with sleep disturbances (87.1%), hearing problems 
(93%), communication interference (87.8%), irritability (64.8%), headache (56.9%), and signs 
of hypertension (32.1%). There was recommended reducing the noise impact in the residential 
areas and the neighborhoods of the Tirana International Airport “Mother Teresa”, applying the 
recommended standards of WHO, EU, and Albanian standards for noise level in residential 
areas, regular monitoring of noise emission, compensation of noise impact, improvement of 
aircraft fleet, etc., in order to minimize the impact in the affected community. 
 
Keywords  1 
acoustic pollution, air transport, health problems, noise, TIA (Tirana International Airport) 

1. Introduction 

Noise is an important public health issue. It has negative impacts on human health and well-being 
and is a growing concern [1]. Environmental noise is defined as: “an unwanted and harmful external 
sound caused by human activities, including noise emitted by vehicles, road traffic, rail traffic, air traffic 
and industrial activities to which people are exposed "in particular in residential areas, public parks or 
other quiet enclosed areas, in quiet areas in open areas, near schools, hospitals and other noise-sensitive 
areas and buildings" [2]. It is the sound which causes any kind of negative effect of biological, social, 
psychological, behavioral and performance nature, on human health and well-being [3], which lead to 
a loss of productivity of workers, put a burden on health care systems and cause a substantial 
depreciation of real-estate value [4; 5]. The analysis of newer surveys (2000–2014) on annoyance due 
to traffic noise shows statistically significant correlations between noise levels and annoyance scores 
with moderate strength of the relationship [6]. WHO [7] at the “Night Noise Guidelines” noticed the 
relations between aircraft noise, sleep quality and health of human and animals. Rocha et al. [8] report 
that the outdoor nighttime aircraft noise around Atlanta International Airport was significantly 
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associated with lower sleep quality, increased prevalence of being highly sleep disturbed and highly 
annoyed by aircraft noise. Lnight was associated with several coping behaviors. Residents were more 
likely to report often or always closing their windows, consuming alcohol, watching TV and using 
music as sleep aids. The European Environment Agency [EEA] [9] reports that with the increase of 
Lnight,outside (aircraft) from 30-40 to 40-55, and >55 dB, the awakening increases from 2.5 to 25, 50, 75 
and 97.75%. The long term noise exposure, either directly or indirectly, affects the autonomous nervous 
system, respiratory system and the endocrine system, changes in blood pressure and heart rate, 
arteriosclerosis, hypertension, Ischemic Heart Disease (IHD) (including myocardial infarction), and 
other diseases, which may be with chronic or acute effects. 

According to the International Civil Aviation Organization [ICAO] [10], although aircraft being 
produced nowadays are 75% much quieter than those manufactured 50 years ago, aircraft noise remains 
the most significant cause of adverse community reaction related to the operation and expansion of 
airports worldwide. This outlook reviews the tremendous progress being made in aircraft noise 
technology and the projected trends of aircraft noise through the year 2036.  
According to WHO Regional Office for Europe [11], critical health outcomes for exposure to high 
levels of noise produced by aircraft traffic (average/night time) for general population are related to 
cardiovascular disease, annoyance, cognitive impairment, hearing impairment and tinnitus, adverse 
birth outcomes, quality of life, well-being and mental health, metabolic outcomes, as well as effects on 
sleep for night noise exposure. It is estimated that around 3.2 million people were highly annoyed by 
aircraft noise, and 1.4 million suffered from high sleep disturbance in 2017 around the 47 major 
European airports [12]. Recent years have seen an increase in the strength of the evidence linking 
environmental noise exposure (road, rail, airport and industrial noise) to health [13]. 

2. Materials and Methods 

The study was conducted during the period January-June 2018 in Qereka village, the nearest 
inhabited area of TIA. Three noise levels, such as LAeq/Day (06:00-19:00), LAeq/Evening) (19:00-23:00), and 
LAeq/Night (23:00-07:00), which are the most daily life and health concerns of the community due to noise 
emitted by the air transport, in three building clusters on different distances from the airport runaway 
axis, such as: 300 m direct exposition (1), 300 m indirect exposition (2), and at the passengers’ bus 
platform (3) were measured. 

A Sound Level Meter (SLM) EXTECH 407764 RS232 / Data logger device, with a memory of 16 
Kbit (16000 thousand measurements), and an error correction of ±1.5 dB (A), and a calibrator OSHA 
Type GenRad 1562-A, were used for the noise level measurements. Measurements were made under 
normal climate conditions, such as lack of precipitation, fog and snow, and wind speed less than 5 m/s. 
The microphone was protected with anti-wind headphones. The apparatus was recorded to make 1 
measurement in 6 seconds in order to catch the current value every 6 seconds, regularly for 24 hours. 
Estec SoundMeter - software that accompanies the device and reads and converts data for further use. 

A questionnaire related to the information and public perception on acoustic pollution coming from 
the air transport was carried out with the population living on 75 families, 25 families for each cluster. 
Cluster 1: 25 families located 300 m with direct exposition (1); Cluster 1: 25 families located 300 m 
with indirect exposition (2), and Cluster 3: 25 families located over 300 m with direct and indirect 
exposition from the airport runaway axis. Seventy-five questionnaires were completed. 

Observed data were subject of the SPSS software processing [14] and the mean data were presented 
as a matrix and graphically (not shown). 

3. Results and Discussion 

Tirana International Airport “Mother Teresa” is the only operating airport used for civic 
transportation in Albania, since 1957. Airport Operator since April 23rd, 2005, is Tirana International 
Airport SHPK, and since December 18, 2020, Kastrati Group SHA is the only shareholder with 100% 
for BOOT-Concession (Build, Own, Operate, Transfer) until 2040 [15]. Data from the airport webpage 
show that, for the period 2005-2017, the mobility or traffic movements raised by 83.6% (from 15,400 
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to 28,270), while the passengers number was raised by 375%, or from 785000 (in 2005) to 3 338 147 
(in 2019) (Table 1) [15]. 

 
Table 1 
Facts and figures about the TIA “Mother Teresa”, modified by the authors 

Traffic data 2005 2010 2015 2017 2018 2019 
Passengers 785000 1536822 1977044 2630338 2947172 3338147 
Aircraft movements 15400 20768 20876 24582 25426 28270 
Cargo (in tons) 2000 2355 2229 2266 2249 2372 
Airport employees  200 312 310 340 377 567 
Employees of other 
companies at the airport  

560 700 700 700 700 700 

 
Since 2006, the Tirana International Airport “Mother Teresa” is publishing the Environmental and 

Social Bulletin [16-20], were, among others, starting from 2009, there are shown the noise levels 
measured during three periodical intervals [LAeq/Day (06:00-19:00), LAeq/Evening) (19:00-23:00), and 
LAeq/Night (23:00-07:00)], according to the EU Directives [21], WHO [7; 2018], and the Albanian 
legislation [22], etc. (Table 2).  

 
Table 2 
TIA noise-monitoring data of LAeq and LAmax 2015-2019, modified by the authors 

Instrument 
location 

Time  2015 
LAeq   LAmax 

2016 
LAeq   LAmax 

2017 
 LAeq  LAmax 

2018 
LAeq  LAmax 

2018 
LAeq  LAmax 

TIA North 
CR: 243/4 

Day 58.3 89.7 63.1 92.2 63.7 94.6 58.3 89.7 63.8 110 
Evening 50.4 90.7 53.3 88.9 56.2 88.8 50.4 90.7 61.8 88.9 

Night 47.7 86.9 49.3 91.2 52.2 89.6 47.7 86.9 57.5 91.2 

TIA North 
CR: 243/4 

Day 59.4 93.5 88.9 91.8 63.1 91.3 59.4 93.5 88.9 113.1 
Evening 52.1 86.5 91.2 91.2 53.3 84.5 52.1 86.5 91.2 91.2 

Night  46.5 84.2 60.1 88.3 53.7 86.9 46.5 84.2 64.9 88.3 
 
There were measured noise levels (LAeq/Day, LAeq/Evening, and LAeq/Night) in three building clusters on 

different distances, as was mentioned above. Observed results (mean values) showed that LAeq/Day varied 
from 47.7 dB to 62.8 dB and LAmax 77.8 dB to 97.9 dB, with 24 to 47 cases over 70 dB. LAeq/Evening varied 
from 43 dB to 59.9 dB. LAmax varied from 80.8 dB to 89.7 dB, with 10 to 13 cases over 70 dB. LAeq/Night 

varied from 40.3 dB to 55.9 dB, LAmax 72.8 dB to 102.2 dB, with 3 cases (on cluster 2 buildings) to 10 
cases over 70 dB (Table 3). 

 
Table 3 
LAeq/Day, LAeq/Evening and LAeq/Night measured in three different clusters (mean values) 

Instrument 
location Time LAeq (dB) LAmax (dB) Cases >70 dB 

Cluster 1  
Day 48.7 87.4 47 

Evening 43 80.9 10 
Night 41.4 81.7 10 

Cluster 2 
Day 47.7 77.8 24 

Evening 43 80.8 10 
Night 40.3 72.8 3 

Cluster 3 
Day 62.8 97.9 25 

Evening 59.9 89.7 13 
Night  55.9 101.2 10 
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There were observed in total 152 cases over 70 dB. Although the obtained mean values of LAeq/Day 

and LAeq/Evening presented by TIA for the period 2015-2019 and several values of monitoring were found 
to be within or closed to the Albanian limits for industrial areas [22], based on WHO standards, these 
values are above the levels adopted in the EU [9], WHO Regional Office for Europe [1; 11] that cause 
problems in the psychosocial dimension and in the quality of life. 

Related to the information and public perception on acoustic pollution coming from the air transport, 
seventy-five questionnaires were completed. The total population of 75 families under study was 443 
individuals, from which 90 individuals or 20.3% of the population were children under 7. Forty-five 
families or 60% of the total had 1 to 3 children under 7 (32, 24, and 34 children, respectively), from 
which 56 children belong to cluster 1 and 2, directly or indirectly exposed to the aircraft noise. Results 
of the population interviews showed that the noise from air transport affects the quality of daily living 
activities of the residential area, mainly with sleep disturbances (87.1%), hearing problems (93%), 
communication interference (87.8%), irritability (60%), headache (46%), and signs of arterial 
hypertension (AH) (23%) (Table 4). 

 
Table 4 
Concerns in the dwelling and community as a result of aircraft noise 

Cluster No of 
population 

Sleeping 
disturbance 

Hearing 
problems 

Communic. 
interference Irritability Headache Signs of 

AH 
1 123 117 123 121 115 112 79 
2 144 132 138 137 97 87 37 
3 176 137 151 131 75 56 26 

Total  443 386 412 389 287 252 142 
% 100 87.1 93 87.8 64.8 56.9 32.1 
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Abstract  
Climate change has become manifest nowadays. Greenhouse gases, waste, industrial and 
nuclear, the burning of fossil fuels, etc. have changed the climate to an extreme degree and 
with adverse consequences for life on Earth. Human activities contributing to climate change 
have implications for ecosystems and natural resources, catches, agriculture and animal 
husbandry, health, nutrition and food, biodiversity, climate, clean water and reserves, clean 
atmosphere, the economy and society as a whole. The aim of this paper is to investigate Greek 
students ’Environmental Attitude based on the Theory of Ecological Attitude. 369 students 
participated in the study. They filled in two research instruments named 2-MEN Scale and the 
New Ecological Paradigm (NEP) Scale. Data was analyzed using Principal Components 
Analysis (PCA), and Confirmatory Factor Analysis (CFA). The findings of the survey show 
that the use of the two scales highlighted seven primary factors: Intent of support, Care with 
resources, Enjoyment of nature, Dominance, Altering nature, Preservation, Utilization in the 
sense of nature exploitation. The structure of the factors of the two models was confirmed. 
Students may have either a biocentric (pre-environmental) or a human-centered 
(antienvironmental) perception but not at the same time. Yet another group of students treat 
biocentrism (Preservation) and anthropocentrism (Utilization) as separate and not necessarily 
relevant features of environmental perception. The NEP scale places respondents consistently 
from a biocentric (NEP) to a human-centered (DSP) global perspective. It was found that the 
attitudes of the girls were statistically higher for the Preservation, factor and lower for the 
Utilization factor. 
 
Keywords1 
Greek students, Environmental, Attitude, Preservation, Utilization  

1. Introduction 

Climate change is more than obvious today. Greenhouse gases, waste, industrial and nuclear, the 
burning of fossil fuels, etc. have changed the climate to an extreme degree and with adverse 
consequences for life on Earth. Its immediate effects include melting ice in Antarctica, rising 
temperatures, extreme weather and floods, and rising ocean levels. Human activities contributing to 
climate change have implications for ecosystems and natural resources, catches, agriculture and animal 
husbandry, health, nutrition and food, biodiversity, climate, clean water and reserves, clean atmosphere, 
the economy and society as a whole. 

There are international actions, environmental movements, theories and policies which strive to offer 
solutions or, better, to prevent further climate change and possibly render possible a return of climate 
conditions to their prior state. The Paris Accord is an agreement within the United Nations Framework 
Convention focusing on Climate Change. It focuses on emissions reduction and the long-term 
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stabilization of rising temperatures on the global level with the threshold being one and a half to two 
degrees below current levels on the Celsius scale, in order to thus minimize the effects of climate 
change. It includes the commitment by EU nations to make the first climatically neutral economy 
feasible by 2050, while pursuing the maximization of the capacities of involved partners to overcome 
the negative impact of climate change and aspiring to render economic activities in harmony with the 
mandate resulting from the need to shift to low carbon dioxide and greenhouse gases emissions [1]. 

2. Literature Review 

However, a theory or theories for environmental ethics is needed, which could constitute the basis 
for a shift in culture in order to render possible the development of a behaviour distinguished by altruist 
motives with respect to human interventions on the environment, which nowadays reflect an extremely 
egotistical and arrogant behavior. The inordinate egocentricity is clearly the culprit here, which stands 
its ground and becomes consolidated based on human rights [2], while allowing man’s speculative 
behaviour. Moreover, it is man who takes decisions on the management of the natural environment, 
nature and their functions and it is thus man who must act thereupon. It is also man who intervenes in 
ecosystems, who is perpetrator, who alters the natural environment in order to create culture [3], 
industrial development and economic prosperity. A key role is played by the dominant world-view on 
nature, which is conceptually shaped by man himself, while what man perceives and conceives about 
nature is both a nature which is conceptually processed, as well as a “nature” for man [3]. Wilson’s [4] 
claim is not mere happenstance, according to which man’s behaviour and attitude is distinguished by 
egotism and altruism. Dawkins [5] adopts a similar viewpoint in his work “The Selfish Game”, where 
it is stressed that man’s attitude is determined by egotistical and not altruistic motives, while the 
egotistical behaviour is determined by genes and not social components. 

It is worth noting at this point that egotistical behaviour constitutes a dominant element which 
activates the forces moving the markets and for this reason the resolution of many environmental 
problems is left to the operation of such markets [6]. The flourishing of human and non-human life on 
earth has an intrinsic value. Besides, the value of non- human life forms is independent from the utility 
for human purposes of the non-human world [7]. Naess is considered to be the father of deep ecology 
and adopts the so-called intrinsic value of all beings which he is in harmony, with respect to this issue, 
with Leopold’s Land Ethic [8], who stressed the intrinsic value of the entire ecosystem and man’s 
obligation to respect its members as a whole.  

There are several theories and approaches to environmental ethics and ecology (deep and shallow), 
anthropocentricity, biocentricity, eco-feminism, the ethics of Care and more. An anthropocentric 
approach focuses on the value of biodiversity for humans to enjoy, or to experience by participating in 
it, or to benefit from it in various ways. On the contrary, the non-anthropocentric approach refers to the 
value of biodiversity in itself [9]. Ecocentrism is the view based on which non-human beings, things 
and nature in its entirety have “intrinsic value” and this “intrinsic value” of a thing does not contribute 
to the value of any other thing [10]. 

The value of care is brought to prominence as the panacea for the protection of the natural 
environment. Gilligan’s theory of moral development is based on relations and more specifically the 
“relation with one’s self” which is directly connected to the feminine gender and its development [11]. 
Women are forced by the social scheme of things to develop the relations they can by themselves, and 
which are none other than the social ones, by staying at home with their mothers, and their decisions 
are borne out of emotions and their logic does not have rights, but, rather, responsibility as its reference 
point. People may oblige one another to show mutual respect and, in addition to this, treat others as “be- 
all end-all”, or “all-important elements” and not simply as a “means”. Consequently, the principle of 
the systemic or pointless harm emerges with respect to the environment, for which we must care, as 
well as with respect to natural systems, where it rests on the regulative dimension of justice [13], and 
to the other, non-human, life forms. Besides, the moral dignity of human nature is mandated by care for 
nature in its entirety [13]. Kant’s ethics, as well as other systems, have unavoidable anthropocentric 
starting points [14]. 

The Theory of Ecological Attitudes suggests that individual that appear to share Preservation 
attitudes in the framework of biocentric attitudes do not inevitably share anemic Utilization in the 
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framework of anthropocentric attitudes. According to this theory people that are placed in one put of 
four quadrants than on each end of a continuum. A high score regarding Preservation and a low score 
regarding Utilization would be anticipated of a robust environmentalist, an individual with deep worry 
about conservation [15]. Likewise, a low score on Preservation and at the same time a high score on 
Utilization would be anticipated of an individual characterized by apathy regarding conservation 
matters and a point of view of nature as a supplier of natural resources that human development can 
used it for its own benefit and profit. Still, an individual could have a high score regarding Preservation 
and a high score regarding Utilization at the same time and showing a deep need connected with 
environment protection as well as need to be benefit using the environment [15]. 

Due to the fact that a new theory for environmental ethics has been deemed necessary, it is 
imperative that we explore the environmental attitudes of young people. Thus, this survey attempts to 
investigate Greek students’ Environmental Attitude based on the Theory of Ecological Attitude. 

3. Methodology 
3.1. Research Instruments 

The literature analysis that identified previously established and tested scales was used to legislation 
and policy for operationalizing the constructs. All constructs were assessed using multi-item measures. 

3.1.1. 2-MEV Scale 

The well-known 2-MEV Scale was used to legislation and policy for operationalizing the constructs 
[15]. All 2-MEV Scale conceptual constructs named Preservation and Utilization were assessed using 
multi-item measures. Preservation construct is conceptualized in the following sub-scales named Intent 
of support, Care with resources, Enjoyment of nature. Utilization construct is conceptualized in the 
following sub-scales named Altering nature and Dominance. Intent of support sub-scale consist of 3 
items (i.e. If I ever have extra money, I will give some to help protect nature, I would help raise money 
to protect nature, I try to tell others that nature is important). Care with resources sub-scale consist of 3 
items (i.e. To save energy in the winter, I make sure the heat in my room is not on too high, I always 
turn off the light when I do not need it anymore, I try to save water by taking shorter showers of by 
turning off the water when I brush my teeth). Enjoyment of nature sub-scale consist of 3 items (i.e. I 
would like to sit by a pond and watch dragonflies, I like to go on trips to place like forests away from 
cities, I like the quite of nature). Altering nature sub-scale consist of 4 items (i.e. People have the right 
to change the environment (nature)*, I like a grass lawn more than a place where flowers grow on their 
own*, To feed people, nature must be cleared to grow food*, Weeds should be killed because they take 
up space from plants, we need*). Dominance sub-scale consist of 3 items (i.e. Building new roads is so 
important the trees should be cut down*, Because mosquitoes live in swamps, we should drain the 
swamps and use the land for farming*, People are supported to rule over the rest of nature*). The 
components of the 2-MEV Scale were scored on a 5-point Linkert scale, with 1 indicating "Strongly 
Disagree" and 5 indicating "Strongly Agree." All items with * were reversed for data analysis purposes. 

3.1.2. NEP Scale 

The well-known NEP scale was used to legislation and policy for operationalizing the constructs 
[16]. All 2-MEV Scale conceptual constructs named Preservation and Utilization were assessed using 
multi-item measures. Preservation’ conceptual construct is constructed by 10 items (It upsets me to see 
countryside taken over by building sites, I enjoy trips to the countryside, Humankind will die out if we 
do not live in tune with nature, Society will continue to solve even the biggest environmental problems, 
Sitting at the edge of a pond watching dragonflies in fling is enjoyable, I save water by taking a shower 
instead of a bath (in order to spare water), I always switch the light off when I do not need it, We must 
set aside areas to protect endangered species, It is interesting to know what kinds of creatures live in 
ponds or rivers and Dirty industrial smoke from chimneys makes me angry). Utilization’ conceptual 
construct is constructed by 10 items (i.e. Worryning about the environment often holds up development 
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projects, We need to clear forests in order to grow crops*, Our planet has unlimited resources*, Nature 
is always able to restore itself*. 

We must build more roads so people can travel to the countryside, Only plants and animals of 
economic importance need to be protected, Humans have the right to change nature as they see fit, 
People worry too much about pollution, Human beings are more important than other creatures and We 
should remove garden weeds to help beautiful flowers grow). The components of the NEP Scale were 
scored on a 5-point Linkert scale, with 1 indicating "Strongly Disagree" and 5 indicating "Strongly 
Agree." All items with * were reversed for data analysis purposes. 

3.2. Research Sample 

369 students participated in the study. 174 out of 369 students were males and 195 females. 

3.3. Statistical Hypotheses 

Τhe current paper examines the following statistical hypotheses.  
Ho1: 2-MEN Scale, is a second order model 
Ho2: NEP Scale, is a first order model 
Ho3: Students attitudes are strongly correlated with biocentric (pre-environmental) attitude 
Ho4: Students attitudes are strongly correlated with human-centered (antienvironmental) attitudes. 
Ho5: Females students have statistically higher perceptions for the Preservation attitude than males. 
Ho6: Females students have statistically higher perceptions for the Utilization attitude than males 

4. Analysis and Discussion 
4.1. Confirmatory Factor Analysis (CFA) 

2-MEV Scale was examined whether is a first or second order model scale. 
For the evaluation of the factor structure of the model of the two measurement scales the good fit 

index x2 / df was used which was less than 2, the Comparative fit index (CFI), the GFI (Goodness of 
Fit), the AGFI (Comparative Fit Index) the and RMSEA (RMSEA = root mean-square error of 
approximation) and were all satisfactory, which satisfied the structure of the exported factor model 
resulting from the use of the 2-MEN and NEP scale. 

The results for a first order factor model related 2-MEN Scale were: X2/df=2.17, CFI=0.94, 
GFI=0.93, RMSEA=0.06, AGFI=0.90, IFI=0.95, indicating an unacceptable model [17] [18]. 

The results for a second order factor model related 2-MEN Scale were: X2/df=1.86, CFI=0.94, 
GFI=0.93, RMSEA=0.04, AGFI=0.90, IFI=0.95 (Table 1). 

The results which satisfied the structure of the exported second factor model resulting from the use 
of the 2-MEN Scale, two first order factors or conceptual constructs named Preservation and Utilization 
and five second order factors or conceptual constructs named Intent of support, Care with resources, 
Enjoyment of nature, Dominance, Altering nature. 

The results for a first order factor model related 2-MEN Scale were: X2/df=1.96, CFI=0,95, 
GFI=0.92, RMSEA=0.04, AGFI=0.90, IFI=0.95 [17] [18] (Table 2). 

The results which satisfied the structure of the exported first model resulting from the use of the 
NEP scale. Thus, NEP scale was a first order factor model related to two factors or conceptual constructs 
named Preservation, Utilization. 

4.2. Principal Components Analysis (PCA) 

2-MEV Scale as well as NEP scale reliability was estimated by Cronbach alpha coefficient (a) as 
well as Composite Reliability (CR) and Average Variance Extracted (AVE). 

Cronbach’ alpha coefficient for 2-MEV Scale counts for 0.987. Its conceptual constructs named 
Preservation and Utilization’ Cronbach alpha coefficient is above the cutoff point of 0.70. Cronbach 



 226 

alpha for Preservation and Utilization equals to 0.814 and 0.865 respectively, values greater than the 
cutoff point of 0.70 that are considered as very satisfactory [19] [20] [21] [22] [23] [24] [25]). 

Cronbach’ alpha coefficient for Preservation’ subcategories named Intent of support, Care with 
resources, Enjoyment of nature equals to 0.840, 0.703 and 0.735, values greater than the cutoff point of 
0.70 that are considered as satisfactory respectively ([26] [27] [28] [29]) (Table 1). 

Cronbach’ alpha coefficient for Utilization’ subcategories named Dominance Altering nature equals 
to 0.930 and 0.777 values greater than the cutoff point of 0.70 that are considered as satisfactory 
respectively [30]. 

Composite reliability (CR) for Preservation’ subcategories named Intent of support, Care with 
resources, Enjoyment of nature equals to 0.790, 0.702 and 0.729 respectively. These values are larger 
than the cutoff point of 0.7 and they indicate internal consistency [17] [31] [32]. Average Variance 
Extracted (AVE) is equal to 0.556, 0.440, and 0.478 for Intent of support, Care with resources, 
Enjoyment of nature respectively. AVE’ Values greater than the cutoff point of 0.5 are considered as 
satisfactory [17] [33] [31] (Table 1). 

Composite reliability (CR) for Preservation’ subcategories named Utilization’ subcategories named 
Dominance and Altering nature equals to 0.912, and 0.852 respectively. These values are larger than 
the cutoff point of 0.7 and they indicate internal consistency ([17][34][32]). Average Variance Extracted 
(AVE) is equal to 0.843, and 0.580 for Dominance and Altering respectively. AVE’ Values greater than 
the cutoff point of 0.5 are considered as satisfactory ([17] [33]) (Table 1). The following indices named 
Eigenvalue, %Variance, Loadings and Communalities are acceptable and revealed the constructed 
validity of 2-MEV Scale [35] (Table 1). 

The measurement model fits the observed data (X2/df=1.86, CFI=0.94, GFI=0.93, RMSEA=0.04, 
AGFI=0.90, IFI=0.95) ([36] [37] [38]). 

 
Table 1 
2-MEV Scale 

Construct Eigen 
value 

Variance 
% Loadings Commu-

n alities 
Cronbach’s 
a 

CR AVE M DV 

2-MEV Scale          
Preservation     .814     

Intent of support 2.699 29.983   .840 .790 .556   
If I ever have extra money, I will give 

some to help protect nature   .759 .715    4.44 .777 

I would help raise money to protect 
nature   .752 .743    4.27 .946 

I try to tell others that nature is important   .725 .749    4.38 .841 
Care with resources 1.847 20.526   .703 .702 .440   

To save energy in the winter, I make sure 
the heat in my room is not on too high   .672 .471    4.22 1.010 

I always turn off the light when I do not 
need it anymore   .663 .794    3.73 1.218 

I try to save water by taking shorter 
showers of by turning off the water when 

I brush my teeth. 
  .655 .766    3.01 1.395 

Enjoyment of nature 1.795 19.941   .735 .729 .478   
I would like to sit by a pond and watch 

dragonflies   .613 .279    3.63 1.096 

I like to go on trips to place like forests 
away from cities   .614 .912    4.49 .747 

I like the quite of nature   .826 .912    4.57 .703 
Utilization     .865 .912 .843   
Dominance     .930     

Building new roads is so important the 
trees should be cut down*   .933 .898    2.99 1.232 

Because swamps, we should drain the 
swamps and use the land for farming   .928 .910    3.04 1.275 

People are supported to rule over the rest 
of nature   .893 .827    2.74 1.318 

Altering nature     .777 .852 .580   
People have the right to change the 

environment (nature)   .827 .698    4.44 .751 

like a grass lawn more than a place where 
flowers grow on their own   .799 .662    4.02 1.014 
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Construct Eigen 
value 

Variance 
% Loadings Commu-

n alities 
Cronbach’s 
a CR AVE M DV 

To feed people, nature must be cleared to 
grow food   .755 .500    4.18 1.097 

Weeds should be killed because they take 
up space from plants, we need   .685 .601    4.11 .916 

X2/df=1.86, CFI=0.94, GFI=0.93, RMSEA=0.04, AGFI=0.90, IFI=0.95 
 
Cronbach’ alpha coefficient for NEP scale counts for 0.901. Its conceptual constructs named 

Preservation and Utilization have Cronbach alpha coefficient above the cutoff point of 0.70. Cronbach 
alpha coefficient for Preservation and Utilization equals to 0.927 and 0.766 [19] [20] [21] [22] [23] [26] 
[27] (Table 2). Composite reliability (CR) for Preservation and Utilization equals to 0.921 and 0.884 
respectively. These values are larger than the cutoff point of 0.7 and they indicate internal consistency 
([19] [30] Anastasiadou et al., 2011). Average Variance Extracted (AVE) is equal to 0.521 and 0.347 
for Preservation and Utilization respectively. AVE’ Values greater than the cutoff point of 0.5 are 
considered as satisfactory [17] [32] [28] [29](Table 2). 

The following indices named Eigenvalue, %Variance, Loadings and Communalities are acceptable 
and revealed the constructed validity of Service Quality scale [35] [36] [37] [38] (Table 2). The 
measurement model fits the observed data (X2/df=1.96, CFI=0,95, GFI=0.92, RMSEA=0.04, 
AGFI=0.90, IFI=0.95) [39] [40] [41] [42] (Table 2). 
 
Table 2 
NEP scale 

Construct Eigen 
value 

Variance 
% Loadings Commu-

nalities 
Cronbach’s 
a CR AVE M SD 

NEP scale     0.901     
Preservation 7.928 37.755   .814 .921 .540   

It upsets me to see countryside taken 
over by building sites*   .795 .488    2.58 1.262 

I enjoy trips to the countryside   .698 .644    3.15 1.319 
Human kind will die out if we do not live 

in tune with nature*   .723 .526    2.59 1.371 

Society will continue to solve even the 
biggest environmental problems   .580 .404    3.72 1.183 

Sitting at the edge of a pond watching 
dragonflies in fling is enjoyable   .704 .576    3.42 1.266 

I save water by taking a shower 
instead of a bath (in order to spare 

water)  
  .652 .494    3.69 1.187 

I always switch the light off when I do 
not need it   .784 .647    3.15 1.341 

We must set aside areas to protect 
endangered species   .735 .574    2.76 1.323 

It is interesting to know what kinds of 
creatures live in ponds or rivers   .820 .688    2.76 1.354 

Dirty industrial smoke from chimneys 
makes me angry   .820 .596    2.92 1.421 

Utilization 2.031 29.872   .766 .844 .357   
Worryning about the environment often 

holds up development projects   .585 .709    3.92 1.159 

We need to clear forests in order to grow 
crops*   .672 .344    3.35 1.271 

Our planet has unlimited resources*   .755 .462    3.78 1.116 
Nature is always able to restore itself   .644 .481    2.26 1.236 

We must build more roads so people can 
travel to the countryside   .547 .467    3.62 1.241 

Only plants and animals of economical 
importance need to be protected   .371 .317    2.15 1.199 

Humans have the right to change nature 
as they see fit   .645 .449    3.77 1.234 

People worry too much about pollution   .536 .453    3.79 1.121 
Human beings are more important than 

other creatures   .526 .313    3.09 1.271 

We should remove garden weeds to help 
beautiful flowers grow   .615 .380    4.21 1.010 
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X2/df=1.96, CFI=0.95, GFI=0.92, RMSEA=0.04, AGFI=0.90, IFI=0.95 
 
Τhe study also examined whether gender differs for Utilization and Preservation factors by t-test. It 

was found that the attitudes of the girls were statistically higher for the Preservation, factor (t=1.08 , 
df=367, p<0.05) related to 2-MEV Scale and (t=2.78, df=367, p<0.05) and related to NEP scale and 
lower for the Utilization factor (t=1.64, df=367 , p<0.05) related to 2-MEV Scale and t=0.46, df=367, 
p<0.05) related to NEP scale. 

5. Conclusions and Implications 

Students may have either a biocentric (pre-environmental) or a human-centered (antienvironmental) 
perception but not at the same time. Still, students treat biocentrism (Preservation) and 
anthropocentrism (Utilization) as separate and not necessarily relevant features of environmental 
perception. The NEP scale places respondents consistently from a biocentric (NEP) to a human-
centered (DSP) global perspective. In this case students who may have either a biocentric (pre-
environmental) or anthropocentric (anti-environmental) perspective but not both. Students also believed 
that although it is certainly understandable that one could have a high rating for conservation, indicating 
a strong desire to protect the environment, but at the same time claimed that the primary purpose of the 
environment is to benefit people, also resulting in a high score in Utilization factor. 

The study also examined whether gender differs for Utilization and Preservation factors. It was 
found that the attitudes of the girls were statistically higher for the Preservation, factor and lower for 
the Utilization factor. The values of the protection of life, of non-harm and distributive justice, the 
responsibility towards future generations with respect to environmental issues are of paramount 
importance, precisely due to the fact that impact of resource exploitation, natural disasters and 
atmospheric pollution have been elevated to the status of being enormous and massive problems faced 
by the planet, while their treatment presupposes the posing of a moral social framework for personal 
and collective responsibility and action. 

The theory of eco-feminism, the theory of the ethics of care and taking account also of Kantian ethics 
with respect to the treatment of animals may be combined to possibly shape a multilevel and 
multidimensional framework by means of which sentients beings could analyze and perhaps offer 
solutions to the complex issues relating to human life, non-human life and the natural environment and 
to shape a culture of love for nature and an ethics of care, account being also taken of the agenda set by 
the Principles for Viable Development. There are indirect duties for people to have with respect to 
animals and plants, which renders well-being and not rights to them, and which in addition include 
extensive aspects of nature, various rare and not so rare species, and biotopes, while also taking 
biodiversity into account [14]. 

Future research may expand the aim of the issue to other countries and differ cultures, different 
environmental policies, different industrial and more especially tourism and hotel industrial 
development etc. Big Data applications, pipeline Dynamic Scheduling of Big Data Streams and 
algorithms can offer an assist to gather and analyse a large amount of data related to Tertiary University 
students [43] [44] [45] [46] [47] [48] [49]. 
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Abstract  
The perception of climate change (i), observations on climate change (ii) and climate change 
adaptation strategies (iii) of 37 transhumance farmers were questioned. The study was carried 
out in Silifke, Aydıncık, Erdemli district of Mersin province in the Mediterranean Region, 
Turkey. The data analysis was done both using qualitative and quantitative methods. Likert-
type scale was used to measure perception on climate changes and adaptation strategies. 
Majority of farmers have heard of climate change (71%). Almost all farmers observed both the 
frequency and severity of extreme climatic events such as drought (58%), heat and unreliable 
rainfall (86%), reflecting actual trends in rainfall and temperature in the study area and farmers 
focused mainly on selling livestock (100%) (mostly to cope with degraded natural 
grassland/feed deficiency) as an adaptive strategy. There is a massive gap on the adaptative 
strategies action plan in the regional administration. In light of the aforementioned findings 
and shortfalls, it is suggested that early warning policy systems be developed with the goal of 
making transhumance farmers aware of future climate variability and potential shocks so that 
they can take proactive steps to employ various approaches that best suit different agro-climatic 
conditions.  
 
Keywords  1 
Transhumance, climate change, Mediterranean, Turkey  

1. Introduction 

The frequency and severity of climate and weather extremes is increasing. These extremes range 
from unprecedented forest fires and heatwaves right above the Arctic Circle to devastating droughts in 
the Mediterranean region. Desertification, biodiversity loss, and land and ecological degradation are 
examples of slow-onset occurrences. So, climate change, which has wide-ranging effects, puts pressure 
on ecosystems. Climate change both affects and is affected by agriculture. Transhumance is one of the 
most vulnerable activities in livestock production systems, as it is the one that is most affected by 
climate change. Drought, water scarcity, and a decline in biodiversity as a result of rising temperatures 
force transhumance farmers to seek plateau/pasture, shift migration routes, reduce agricultural product 
yields, exacerbate existing socioeconomic disparities, and jeopardize cultural heritage. As a result, 
developing and implementing climate change adaptation plans and regulations is critical in order to 
forecast the effects of climate change and limit or prevent them. Scientific research on climate change 
that incorporate observations, data, information, forecasts, indicators, and evaluations are required. To 
benefit from the development of sectoral climate change strategies and action plans, transhumance 
farmers' perceptions of climate change (I) observations on climate change (ii), and climate change 
adaptation methods (iii) were questioned in this study. 
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Many studies in the worldwide literature examine people's perceptions of climate change and the 
need of adaptation, disclose the consequences of climate change on them and how sensitive they are, 
and raise questions about transhumance farmers' viability in the context of climate change (Ayanda et 
al., 2013; Aryal et al., 2013; McGuirk and Nunn, 2014; Aryal et al., 2014a; Aryal et al., 2016; Aryal et 
al., 2014b; Lopez-Saez et al., 2016; Rayamajhi and Manandhar, 2020). Farmers' perceptions of climate 
change, as well as their contribution to and impact on it, were the topic of national studies in different 
production systems yet no tranhumance systems was considered (Çakmak and Gökalp, 2011; Başoglu 
and Telatar, 2013; Polat and Dellal, 2016a; Polat and Dellal, 2016b; Bayraç and Dogan, 2016; Akyüz 
and Atış, 2016; Akyüz, 2019). The study will also contribute to the literature in this regard. 

2. Material and Methods 

The study was carried out in Silifke, Aydıncık, Erdemli district of Mersin province in the 
Mediterranean Region, Turkey (Figure 1). Data collection was carried out in 2020 summer season. 
Complete count sampling method was used to select the respondents for transhumance farmers’ face to 
face questionnaire-survey. Direct observation was done in potential site of Silifke and Aydıncık rural 
municipality to acquire in-depth information on biophysical changes, challenges, and local adaptation 
measures for the seasonal movement cycle. The data analysis was done both using qualitative and 
quantitative method. Likert-type scale was used to measure perception on climate changes and 
adaptation strategies. 

 
Figure 1: Location map of the study area 

3. Results and Discussion 

The average age of farmers was 60 (10.46), their education level was primary (4.89) school and 30% 
of the farmers were illiterate. 29% of the farmers made decisions alone, 57% with their families, and 
14% with the influence of the social environment. Average household size was 8 (4.62). 29% of the 
farmers children were working for in other jobs besides transhumance. The average herd size of the 
farmers consisted of 318 (93.84) head/goats. Approximately 29% of the farmers were engaged in crop 
production besides goat farming. The average pasture areas where they grazed were 66 (15.05) 
da/household.  

Most of transhumance farmers (71 %) did hear and were aware of climate change over the last 20 
years. And 29 % of transhumance farmers were using smart phone and radio as primary information 
source for weather forecast. 
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The transhumance system, which relies entirely on natural resources, is more affected by the impacts 
of climate change. Most of the farmers acknowledged that there is a severe rise in temperature and 
extreme weather events. All farmers perceived an increase in temperature and a decrease in rainfall. 
Transhumance farmers perceived droughts (58%), a decrease in water resources (72%). Also, farmers 
perceived a decrease in biodiversity. 57% of farmers perceived decrease in the number of predator 
attracts and 71% of them perceived decrease in the number of bees and insects population. The rate of 
farmers who observed and did not observe the decrease in natural rangeland/grassland was equal. 
Despite these alterations, the migration path, duration, and time have remained same (Table 1). (Table 
1). Although the farmers did not perceive the incidence of natural disasters as the effect of climate 
change, great fire disasters occurred in the Mediterranean region very soon after the data were collected. 

 
Table 1 
Perceived impact of climate change by farmers* 

 Frequency (%) Mean 
1 2 3 4 5 

Decrease in productivity 14 57 14 15 - 2,29 
Increase in labor cost 29 57 14 - - 1,86 
Change in rainfall - - - 29 71 4,71 
Change in temperature - - - 43 57 4,57 
Change in water resources - - 29 29 43 4,14 
Drought - - 43 29 29 2,86 
Change in the number of predator - 29 14 43 14 3,43 
Change in the number of bees and insects - - 29 57 14 3,86 
Incidence of natural disasters 29 57 14 - - 1,86 
Change of migration route 86 - 14 - - 1,29 
Change in migration time and duration 14 57 14 14 - 2,29 
Increase in use of drugs and chemicals - - 57 29 14 3,57 
Increase in water consumption 14 72 - 14 - 2,14 
Difficulties in paying loans 57 29 14 - - 1,57 
Decrease in natural rangeland/grassland - 14 72 14 - 3,00 

*not agree at all: 1, not agree: 2, undecided: 3, agree: 4, fully agree: 5 
 
All farmers noted that there has been a decrease in annual rainfall. Also, they noted that there has 

been an increase in amount of rainfall in summer and a decrease in amount of rainfall in winter. Many 
farmers reported changes in duration of drought, hot days and cold days (Table 1). Knowing that most 
of the farmers observing the impacts of climate change, we explored those perceived risks to their 
production system varies a lot. 
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Table 2 
Observations on climate change impacts* 

 Frequency (%) 
1 2 3 4 

Amount of rainfall/annual - - 100 - 
Amount of rainfall/winter - 43 57 - 
Amount of rainfall/summer 100 - - - 
Duration of drought 100 - - - 
Flooding - 43 29 29 
Temperature/winter - 29 71 - 
Temperature/summer 86 - 14 - 
Duration of hot days 86 - 14 - 
Duration of cold days 57 43 - - 
Wind speed/drought season 14 43 43 - 
Wind speed/rainy season 14 57 28 - 
Number of new diseases in goats - 71 - 29 

*increased: 1, no change: 2, decreased: 3, undecided: 4 
 
We asked the farmers who stated that they had observed changes in the climate in the last 20 years, 

to indicate the adjustments they made in their farming activities (Table 3). Adaptation strategies of 
transhumance farmers mostly involved changes in feed operation practices and selling livestock. Most 
had adjusted their management of farming resources to climate change with biophysical and farm 
operational adaptation measures, they optimized feed storage (47%), added supplement to their ratio 
(46%), stored water (29%) and sell livestock (100%). 

The research findings are in line with the studies of Rayamajhi and Manandhar in northern Nepal 
(2020) and Aryal et al., (2016) in the Himalayas. In both studies, transhumance farmers perceived 
change in railfall, temprerature, water resources, drought, incidence of natural disasters. And the 
farmers reported change in amount of annual rainfall, winter rainfall, muson rainfall, duration of 
drought, winter temperature and summer temperature. 

 
Table 3 
Adaptation strategies of farmers 

 Yes (%) No (%) 

Change in feed/ratio   - 100 
Supplement use  46 54 
Improved water storage  29 61 
Better feed storage  47 53 
Diverse feed use  100 - 
Sell livestock   100 - 
Rainwater harvesting  - 100 
Considering crop feed production  42 58 

 

4. Conclusions 

This study highlighted the transhumance farmers' perceptions of climate change and which 
adaptation strategies they are considering. Almost all farmers observed both the frequency and severity 
of extreme climatic events such as drought, heat and unreliable rainfall, reflecting actual trends in 
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rainfall and temperature in the study area. Although most transhumant farmers (who are active 
observers of changes in climate and ecosystem) recognized the risks associated with climate change, 
they were not diligent to consider adaptation strategies other than selling livestock to sustain their 
farming which further contributes to their low adaptive capacity. While selling livestock seems a quick 
return subsidy, the risk of decreased livestock production and food security is disregarded. The major 
issue with this inattentive approach is the risk of sustainability of the transhumance production system 
in the future. 

Regional adaptation actions could be established as first step by identifying water and pasture 
availability for future migration routes.  The decision-making process of politicians will be supported 
by using remote sensing, smart weather stations, artificial intelligence and high-performance computing 
technologies in water and rangeland management. Against forest fires that directly affect transhumance 
farmers, climate change adaptation should be integrated into biodiversity friendly afforestation and 
reforestation guidelines and future forest strategy.  Data measuring disaster losses as a result of climate 
change are insufficient. 
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Abstract  
The research paper deals with the ISO 14001 standard to integrate and improve the operation 
of environmental management systems (EMS), which are currently being actively adopted or 
maintained by companies worldwide. Utilizing EMS is either due to internal factors or external 
pressures, with the prevailing reason of customer, community, and company image. For easing 
the use of the EMS, a metamodel based on the ArchiMate language is developed. ArchiMate 
is a widely accepted open standard designed to model enterprise architecture. ArchiMate 
facilitates holistic, structured understanding and enables communication about the enterprise 
and its parts between different stakeholders. The contribution of this paper lies in: Firstly, the 
creation of an ISO 14001 metamodel based on the UML (Unified Modeling Language) domain 
diagram. Secondly, model mapping between this UML metamodel and the resulting ArchiMate 
metamodel. Finally, the resulting metamodel is ready to be used by enterprises in practice. 
Moreover, the metamodel could be further modified and enhanced for, e.g., domain-specific 
industries.  
 
Keywords  1 
ISO 14001, ArchiMate, environmental management system, mapping, metamodeling 

1. Introduction 

Being green is perceived very sensitively today, especially in Western society. Until recently, the 
European Union has been preparing and further approved a green deal, which is supposed to restrict 
significantly non-green companies [1]. Although the current state of the green deal is uncertain due to 
the recent turbulent times, being green is still perceived positively. Moreover, this stance affects the 
efficient processing of internal resources without creating externalities. It also enables to meet any 
restrictions imposed by the government. Finally, yet importantly, the customer's overall perception 
allows companies to increase the demand for products and services from the position of marketing 
communication in terms of corporate social responsibility. This last-mentioned aspect of positioning 
the organization to be better accepted by the consumers could be seen as the primary motivator [2]. 

One way to show (and be environmentally responsible) is to implement the corresponding standard 
of the Environmental management systems (EMS). 

ISO 14000 family of environmental management systems consists currently of ten published 
standards: ISO 14001:2015, ISO 14002-1:2019, ISO 14004:2016, ISO 14005:2019, ISO 14006:2020, 
ISO 14007:2019, ISO 14008:2019, ISO 14009:2020, ISO 14052:2017, ISO 14053:2021. Those 
standards range from general information to specific areas such as material flow cost accounting in 
organizations or further specified in supply chains [3]. 
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However, adopting and maintaining functional EMS could prove to be a difficult task as the 
communication between different stakeholders and the measurable way to defend the financial benefits 
of the EMS financially is one of the main barriers [4]. For this purpose, a metamodel based on the 
ArchiMate language is developed. ArchiMate is a widely accepted open standard designed to model 
enterprise architecture. Furthermore, ArchiMate facilitates holistic, structured understanding and 
enables the communication between different stakeholders about the enterprise and its parts.  

This paper focuses on the ISO 14001:2015 Environmental management systems — Requirements 
with guidance for use (for short ISO 14001, standard or just ISO) that defines the scope of the EMS in 
an organization and provides definitions for terms, critical processes for the successful implementation 
of the EMS, and techniques. For further information on the standard see chapter 2.1. 

2. Research Background 

This section discusses the background of this work. First, the ISO 14001 standard is introduced. 
Then, the language of ArchiMate is described. Next, attention is paid to similar works creating 
metamodels. From here, the methodology of this paper follows. 

2.1. ISO 14001 Standard 

ISO 14001 standard from the year 2015 standard is a successor to the prior version published in 
2005. The current standard consists of main eleven chapters: 

• Chapter 0 – Introduction 
• Chapter 1 – Scope 
• Chapter 2 – Normative references 
• Chapter 3 – Terms and definitions 
• Chapter 4 – Context of an organization 
• Chapter 5 – Leadership 

• Chapter 6 – Planning 
• Chapter 7 – Support 
• Chapter 8 – Operation 
• Chapter 9 – Performance evaluation 
• Chapter 10 – Improvement 

 

 
Figure 1: Link between PDCA cycle and the framework structure of the ISO 14001 
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For mapping purposes and understanding of the concepts, chapter 0, chapter 3, and chapter 4 of the 
ISO standard should be highlighted. The standard itself builds upon the PDCA (Plan – Do – Check – 
Act) methodology, fig. 1. See that the chapters of the standard align with this proposition.  

2.2. ArchiMate 

The ArchiMate language is an open standard that aims to ease the process of managing enterprise 
assets to increase the effectiveness of an organization [5]. ArchiMate could be viewed as a tool enabling 
model creation as a language. Due to the ArchiMate specification, this creation could be realized via 
modeling software. – Computer-Aided Systems Engineering (CASE), one of the free modeling 
software, is Archi [6]. ArchiMate retains its higher-level abstraction, so UML (Unified Modeling 
Language), BPMN (Business Process Model and Notation), and other means represent the realization 
of those concepts. From this point of view, ArchiMate is modeling architecture. These other mentioned 
concepts are used for designing the actual solution. 

The ArchiMate language is quite a new language in comparison to the Unified Modelling Language 
(UML) or the Entity-Relationship Diagram (ERD), which was in the modern form already published in 
Chen’s work in 1976 [7]. Due to this fact, ArchiMate incorporates the best practices from the languages 
that precede him. ArchiMate is influenced by UML, which integrates and somewhat transforms 
structural relations (such as aggregation, composition, and inheritance). On the other hand, it does not 
include multiplicity or class instance notation due to its different abstraction levels [8], [9]. The whole 
ArchiMate language currently breaks down into multiple layers and aspects. The core version has only 
three layers and three aspects (fig. 2). 

 

 
Figure 2: Full and Core ArchiMate framework 

2.3. Methodology 

The process of creating the ArchiMate metamodel is separated into multiple steps. Firstly a UML 
domain metamodel is developed. After that, this model is inspected by the Bunge-Wand-Weber (BWW) 
model [10] to map the elements (and relationships) to the ArchiMate language. 

The BWW model or, more specifically, BWW ontology is a systematic approach to combat 
conceptual modeling problems. It is a way to achieve correspondence between the conceptual 
models/elements used and what the model is about. The adoption of the notions of Bunge enriched the 
work of the Wand and Weber duo. They developed an ontology with a vision to build the foundation 
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for information systems modeling. As such, this ontological model of information systems, the BWW 
model, could be used to analyze and evaluate the (UML) and its domain-specifics [11]. 

A bilingual version of the ISO 14001 standard was used to increase the mapping accuracy. The 
second language is the author's native language (English/Czech). ArchiMate was used in the original 
English version, with a translated dictionary of terms available in Czech (the standard itself is not 
translated into Czech). This paper is inspired by Buchalcevova and her work [12]. However, in contrast 
to her approach, the overloading of elements and constraints is further investigated. Corresponding 
situations can be seen in fig. 3. 

 
Figure 3: Mapping situations between ISO 14001 and ArchiMate language, based on [13] 

3. UML Metamodel Development 

 Since the ISO 14001 standard does not contain any metamodel, the UML metamodel was created. 
In particular, the definitions section (chapter) three was used to create the UML domain metamodel. 
However, during the process, those concepts that did not have a definition were analyzed, and these 
were added to the metamodel due to their importance. Furthermore, there was then an overload between 
elements and binding for the concept of outsourcing. Last but not least, the concept of external 
organization emerged out of scope (fig. 4). 

The UML metamodel consists of 39 elements, from which five are newly added, one is heavily 
overloaded, and one is out of the scope of the EMS, but its processes that are outsourced from the 
organizations are not. For that reason, the external organization is kept in the metamodel. This external 
organization also corresponds with the term “extended enterprise” in the TOGAF (The Open Group 
Architecture Framework) [14]. 
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Figure 4: UML metamodel of the ISO 14001 

4. Mapping UML Metamodel to ArchiMate 

Tab. 1 provides an overview of the mapping between the elements of the UML metamodel and the 
ArchiMate metamodel. Mapping of the relationships was done in the same fashion, where the strongest 
suitable relationship was used. For the final relationships, see the final ArchiMate metamodel (fig. 6). 
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Table 1 
Mapping UML metamodel to ArchiMate 

ISO term label UML metamodel element ArchiMate element name 
3.1.1 Management system grouping 
3.1.2 Environmental management 

system 
grouping 

3.1.3 Environmental policy course of action 
3.1.4 Organization business actor 
3.1.5 Top management business actor 
3.1.6 Interested party business actor 
3.2.1 Environment grouping 
3.2.2 Environmental aspect grouping 
3.2.3 Environmental condition assessment 
3.2.4 Environmental impact outcome 
3.2.5 Objective goal 
3.2.6 Environmental objective goal 
3.2.7 Prevention of pollution function 
3.2.8 Requirement requirement 
3.2.9 Compliance obligations requirement 

3.2.10 Risk assessment 
3.2.11 Risks and opportunities assessment 
3.3.1 Competence capability 
3.3.2 Documented information business object   

XOR   
business object AND data 

object AND artifact 
3.3.3 Life cycle value stream 
3.3.4 Outsource (verb) process   

OR   
relationship, see below 

3.3.5 Process process 
3.4.1 Audit process 
3.4.2 Conformity assessment 
3.4.3 Nonconformity assessment 
3.4.4 Corrective action course of action 
3.4.5 Continual improvement course of action 
3.4.6 Effectiveness outcome 
3.4.7 Indicator assessment 
3.4.8 Monitoring process 
3.4.9 Measurement process 

3.4.10 Performance assessment 
3.4.11 Environmental performance assessment 
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Table 2 
Mapping additional UML metamodel elements to ArchiMate 

Term label UML metamodel element ArchiMate element name 
x.1 Documentation Documented information 
x.2 Records Documented information 
x.3 Activities, products, or services grouping 
x.4 Activity process 
x.4 Product product 
x.5 Service business service   

OR   
application service   

OR   
technology service 

x.6 System grouping 

Due the addition of the other concepts, a second table (tab. 2) is provided in the same way with the 
additional mapping. 

  
Figure 5: Visual representation of the elements in the ArchiMate language 

The visual representation of the elements can be seen in fig 5. The elements are grouped into 
corresponding groups of the ISO 14001 standard: 

• Organization and leadership 
• Planning 
• Support and Operation 
• Performance Evaluating and Improvement 
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5. ArchiMate Metamodel Development 

  
Figure 6: ArchiMate metamodel of the ISO 14001 

With the finalized mapping, the ArchiMate metamodel of the ISO 14001 is developed (fig. 6). As 
can be seen, the elements span mainly the strategic and business layers and the motivational aspect. The 
spatial orientation and position mimic the original UML metamodel, with little changes in the top and 
the bottom parts of element positioning for a more compact look. Also, the System, Documentation and 
Records elements and inner grouping of Activities, products, or services are being intentionally omitted. 
Their addition would visually clutter the presented metamodel in this paper. 

If needed, the metamodel could be easily graphically re-orientated. This ability also follows the best 
practice of enterprise architecture modeling. The rearrangement is helpful because each stakeholder has 
different concerns; therefore, architects use different viewpoints and corresponding views in practice. 
The presented layout should be seen as just one of the metamodel graph configurations. The metamodel 
is then potentially used as an accelerator for the corresponding enterprise architecture's tasks. 

6. Conclusions 

This paper introduced a metamodel for ISO 140001 in the ArchiMate language. The metamodel 
development took multiple steps starting by creating a domain model in the UML standard. 
Subsequently, this model was reviewed according to the BWW model. The mapping of UML elements 
to ArchiMate was then proposed, followed by converting the individual relationships resulting into 
finalized ArchiMate metamodel. 

Although the model is thus verified from a theoretical point of view, it seems more than appropriate 
to validate this metamodel in practice by ArchiMate language experts and actual users of the ISO 14001 
standard who exercise the EMS (in the optimal case, the expert should fulfill both of these criteria. 
Presented metamodel can be further improved by creating specific viewpoints (a technique in the 
ArchiMate standard). Also, further exploration of practical usage could be a foundation for developing 
domain-specific metamodels. 
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Abstract 
The need to satisfy agroecological principles, in order to restore the environmental balance 
without neglecting the economic benefits for producers, makes the sustainability assessment 
of fundamental importance. The study is based on the application of Environmental and 
Economic indicators, developed on the basis of the SAFA methodology, to assess the state of 
sustainability of organic meat farming in Sicily (Italy). For the dimension related to the 
Environment the results were on average positive due to the growing commitment to a rational 
use of resources and the implementation of environmentally friendly practices, but 
improvements are needed to make the sector more sustainable. In the Economic Area the 
results were quite high due to the investments that allowed farmers to increase their economic 
resilience in the long term. The research demonstrates the importance of assessing production 
processes and the difficulties of methodological application and the detection of certain aspects 
of business management. In the agri-food system there are opportunities to achieve ambitious 
objectives, in a market with high consumer needs, where economic and environmental 
sustainability is increasingly strategic. 
 
Keywords 1 
Agroecology, livestock, environment, economics, lab meat  

1. Introduction 

Agricultural production, due to its contribution to climate change, exploitation of natural resources 
and the loss of biodiversity, needs to follow the path of sustainable development. The European 
Commission's aims towards a complete reduction in net emissions of greenhouse gases in 2050 in the 
whole Union [1]. In this context the livestock sector assumes particular relevance, if on the one hand it 
is considered of fundamental importance for the population' s livelihood on the other hand it is the main 
producer of greenhouse gases (GHG). In recent decades the livestock sector has been characterised by 
an increase in the number of animals and production units connected with the rise in feed production 
and the modernisation of stables, as well as the excessive use of antibiotics and vaccines administered 
[2]. It is an important user of natural resources and has a significant influence on air quality, global 
climate, soil quality, biodiversity and water quality, altering the biogeochemical cycles of nitrogen, 
phosphorus and carbon, giving rise to a series of environmental conflicts [3]. In this scenario there is a 
strong need to affirm the application of the agroecology concept, with the primary aim of reducing the 
use of chemical inputs and the impact of agriculture on the environment [4]. It evolves to counter the 
concept of conventional agriculture based on the exploitation of resources, emphasising the context-
specific nature of agroecosystem [5].  
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Fundamental is to educate farmers about the importance of producing in an environmentally and 
economically sustainable way [6], not achieving quantity over quality with the production of food 
surpluses as well as irreversible damage to the environment and the economic issue [7,8]. In this context 
the aim of the research is to provide a framework on organic livestock farming in Sicily (Southern 
Italy), where, especially in mountain areas, it is characterized by adult cow unit lower than normal 
admitted which perform important functions such as maintaining the landscape, avoiding that many 
areas remain uncultivated due to the impossibility to access them, and reducing the possibility of fire 
thanks to the feeding of grazing livestock for most of the year. For this purpose its environmental and 
economic sustainability is analysed in order to highlight strengths and weaknesses of the sector in this 
area. 

2. Materials and Methods 

The study is based on the identification of environmental and economic sustainability indicators in 
order to evaluate the livestock farms' efficiency in Sicily. On the basis of the ‘‘Sustainability 
Assessment of Food and Agriculture Systems’’ (SAFA) framework realized by the FAO [9], indicators 
used in the survey have been created. The cattle farms identified for this research are located in Sicily 
(South Italy). The sample is composed of 6 farms with a surface from 60 to 350 hectares and 
characterized by a family management system as this is the main activity carried out by the interviewed 
farmers. All farms in question follow the principles of organic farming and agroecology in relation to 
the characteristics of the reference territory. The topic considered in relation to the environmental 
dimension and the relative indicators are reported in table 1. 
 
Table 1  
Environmental indicators (*) 

Environmental Indicators 
Atmosphere Animal Welfare  

Greenhouse gas emission reduction target Practices implemented to promote the health of 
the animals 

Practices implemented to reduce GHG 
emissions 

Share of healthy animals 

Air pollutants emission reduction target Practices implemented to reduce the suffering 
and injury risk of animals 

Practices implemented to reduce air pollutant Freedom from stress 
Water Biodiversity 

Target for reducing water consumption or 
water withdrawals 

Description plan for the conservation and 
rehabilitation of the reference habitat 

Practices implemented to increase the 
efficiency or reduced freshwater 
consumption in the operations 

Practices implemented to enhance ecosystem 
functionality 

Target to improve the water quality affected 
by operations  

Practices implemented to protect and maintain 
the integrity of wild plants and animal 
populations 

Practices implemented to reduce or prevent 
the release of pollutants into water 

Share of the utilized area with diverse crop 
rotations  

Soil Materials and Energy 
Practices implemented to increase soil quality 
and fertility 

Share of renewable energy in total energy used 

Share of utilized land in good conditions of 
soil physical structure 

Practices implemented to reduce energy demand 
in operations 
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Plan to preserve soil quality and reduce soil 
degradation 

Target to reduce the generation of waste 

Conservation techniques and soil 
rehabilitation measures implemented 

Practices implemented to reduce waste 
generation 

(*) our elaboration on SAFA indicators 

In relation to the economic area, table 2 show the thematic areas and the indicators developed. 
 

Table 2  
Economic Indicators (*) 

Investment 
Activities in which the company has invested over the last 5 years to improve its performance 
Contribution of enterprise investments to the community's needs 
Maintaining the company's profits in the long term 
Business plan or up-to-date document 
Revenues in the last 5 years adequate to cover expenses 
Processes to determine the total costs of the products 

Vulnerability 
Actions to reduce the negative impact on production volume and quality standards 
Product diversification 
Actions to reduce the risk of input shortages 
Stable business relationships 
Actions implemented to consolidate and diversify income 
Net cash flow in the last five years 
Formal or informal financial sources 
Risk management plan 

Product quality and information 
Hazardous pesticides 
Food contamination 
Share of food products complying with quality norms 
Traceability system 
Certified production 

Local Economy 
Other employees hired in the last five years 
Payment of taxes 
Local procurement 

(*) our elaboration on SAFA indicators 

The indicators were included in a questionnaire and administered to the farmers interviewed. They 
have been developed in the form of open-ended questions and each answer received has been given a 
score ranging from high too low to which corresponds a numerical value [10]. The SAFA framework 
also provides for the attribution of a score expressed as "high", "good", “moderate”, “limited” and “low” 
[11]. To each of them the researchers have attributed a numerical value, according to the Likert scale, 
specifically, the “high” score corresponds to the value 5, the “good” to the value 4, the “moderate” to 
the value 3, the “limited” to the value 2 and the “low” to the value 1, therefore we pass from 5 to 1 
when the answer indicates a worse result. After assigning a score for each of the indicators analysed, 
the average value of the farms surveyed was calculated and represented in the following bar graphs. 
Each farm, indicated by alphabet letters, represent an agroecological peculiarity (table 3) that does not 
mean they have reached the maximum level of sustainability, all of them can still be improved from 
many points of view. However, they represent a starting point and a model for other live-stock farms. 
All of them are characterized by a livestock unit (LU) of less than 1. The reasoned and stratified choice 
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of the farms under investigation was made in order to identify 6 livestock farms expression of the 
different models present in the territory. The selection of the sample was initially made considering 20 
farms, located in Sicily and more specifically in the province of Enna, but not all of them provided 
reliable data for the study and therefore still under review. The data obtained by the farms excluded 
from the sample, once revised and made coherent, will be used for future studies in which the analysis 
will be upgraded. 

 
Table 3  
Characteristics of livestock farms (*) 

Denomination Surface (ha) No. of animals LU Agroecological characteristic 

A 87 35 0.4 Self-production of all livestock feedstuffs 
B 150 35 0.2 Environmental-friendly crop management 
C 350 285 0.8 Use of renewable energy 
D 80 50 0.6 Slow growth in the natural environment 
E 100 35 0.4 Correct water management 
F 60 41 0.7 Circular economy and recycling of materials 

(*) our elaboration  

3. Results and Discussion 

The survey carried out in order to assess the environmental and economic sustainability of livestock 
farms in Sicily gave the following results, summarised in Figures 1 and 2. The first one shows the 
results for the environmental dimension, within which in the atmosphere topic the results obtained by 
the companies are average with good opportunities for improvement. They do not have written plans to 
communicate to stakeholders, but their commitment translates into the implementation of eco-
sustainable practices, proper management of solid and liquid manure, land control activities to avoid 
the risk of fires and the application of minimum processing. The same result can be observed in the 
water theme, in which farmers commit to implementing practices that do not allow the waste of this 
resource, such as the cultivation of species that do not require irrigation and the correct management of 
water inside the cattle sheds. In the soil topic, the results are positive and tending towards the maximum 
value. Farmers implement the controlled application of organic fertilizers toc improve nutrient 
deficiencies, reduction of tillage and cultivation of nitrogen-fixing crops. They pay a lot of attention to 
soil management and they declared that the land is in excellent condition without signs of compaction 
and degradation, due to soil conservation and improvement practices. Another topic in which the results 
are very high is the Animal Welfare. Farmers are committed to reduce the use of veterinary medicines 
and to ensuring the satisfaction of all animals' needs. The 100% of the animals are in good health, they 
are supported in their normal needs and sources of stress are reduced e.g. for the slaughterhouse places 
are chosen near the farm so that the journey is short and all animal transport regulations are respected. 
Biodiversity is another topic considered within the environmental indicators. In this context the results 
are lower than the average value, which means that farms are not very careful about maintaining 
biodiversity, so a process of awareness-raising and improvement is necessary. They only commit to 
crop rotations. The same results are reported in materials and energy topics. Only one farm uses 
renewable energy therefore the need for improvements is underlined. The farm’s practices for reducing 
energy use concern the cleaning of stables and the feeding of livestock when it is not grazing, but a 
particular commitment to reduce energy effort and waste reduction was not reported by any of the 
interviewed farmers. 

Another important dimension of sustainability is the economic area (Fig. 2). The first topic refers to 
the investments made by farm to extend sustainability, for example the use of human resources or funds 
provided by agricultural policies. In this context, the results are positive and higher than the average 
value. Farmers are creating a relationship between the activities and the enterprise's investment. In 
general, all the companies analysed refer to other activities in the territory for the supply of inputs not 
produced directly. All interviewed made investments to improve financial and natural capital in the 



 250 

long term, such as the purchase of new land or the modernisation of machinery to improve production 
performance and reduce pollution. All livestock farms have a business plan drawn up with the help of 
professional figures and they declared to have a positive net profit demonstrating the farms' profitability 
and financial sustainability over time. Moving on to the vulnerability area, all farms have obtained a 
high score as they are able to guarantee the production quantity and quality by reducing the risks that 
could threaten the production process. Farmers, in addition to meat production, also deal with cereal 
and forage production through the practice of crop rotations to diversify their activities. All the 
interviewed declared to have stable relationships always with the same suppliers, with the exception of 
one farms, because it was sometimes forced to find inputs in companies other than the usual ones 
because the latter were not able to supply it. All stated that the level of liquidity to meet the farm's 
financial commitments over the last 5 years is very positive, and they are able to obtain loans both 
formal (from banks or credit institutions) and informal (from families or friends) to face difficult 
situations or to improve production performance. The ability of enterprises to cope with internal and 
external risks was also reported, so the company can implement action plans to reduce the negative 
effects, such as the creation of farm roads that can be used in the event of flooding or the necessary fire 
prevention measures in crops. The area of interest “Product quality and information” obtained high 
scores. All farms have declared the non-use of pesticides, no one has contaminated products, and all 
the products produced are in conformity with the regulations. All interviewed uses the traceability 
system and certification bodies that periodically carry out checks in the farms. The last topic in the 
economic area is “Local Economy”. This refers to the use of local workforce in production process, in 
which farmers have a low commitment, because they are family businesses and rarely use seasonal 
workforce. The results are more positive in other indicators, in fact they regularly pay all taxes and all 
inputs are found in the pertinent territory. 

 

 
Figure 1: Results of the environmental sustainability assessment in livestock farms 
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Figure 2: Results of the economic sustainability assessment in livestock farms 

 
The results of the sustainability levels suggest that the peculiarities presented by the analysed farms 

can be the key to achieve an environmentally and economically sustainable livestock farming. 
Agroecological principles, supported by organic farming, aim to improve production and ecological 
performance. Sicily lends itself to sustainable farming and this is the message we want to disseminate 
in order to increase the number of farms that follow the principles of agroecology. 

4. Conclusions 

Respect for ecosystem balance, ensuring the product's quality, the health of the consumer and of the 
animals reared, as well as guaranteeing an adequate income for the producer, are aspects that need to 
enter into synergy to ensure a sustainable livestock farming system. Significant improvements in both 
the environmental and economic spheres can only be made by respecting the principles of organic 
farming and agroecology. The study highlights the strengths and weaknesses of organic livestock farms 
in Sicily. Regarding the environmental aspect, farms certainly still need to concentrate their efforts to 
achieve significant sustainability levels, especially for biodiversity, use of renewable energy sources 
and the reduction of waste produced during production process. On the other hand, very positive results 
have been achieved in the economic area thanks to the commitment of farmers to use the EU agricultural 
policy aid by increasing investment in the sector. In conclusion, it is possible to affirm that in spite of 
the numerous improvements that the Sicilian livestock sector still needs, an elected model of 
sustainability is certainly beginning to emerge for the companies operating in Sicily. 
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Abstract  
In the context of Industry 4.0, Industrial Internet of Things devices, Cyber Physical systems 
and Big Data solutions constitute the main core of state-of-the-art industrial production. The 
majority of research in this area focuses on smart manufacturing in order to improve the 
production process, increase the reliability and safety of industrial machinery, reduce 
downtimes and optimize the maintenance schedule. This paper proposes a smart solution for 
production monitoring incorporating a decision support system for failure diagnosis in a tin 
can manufacturing process. This study focuses on a predictive maintenance strategy framework 
that will prevent machine malfunction, bottlenecks in the production process and long 
downtimes. In this paradigm, optical sensors will be embedded alongside vibration and 
environmental sensors (i.e., humidity, temperature) for the data acquisition of important Key 
Performance Indicators (KPI). Programmable Logical Controllers and the KEP Open Platform 
Communications (OPC) Server will be utilized in order for the acquired data to be dynamically 
transferred and stored in a MySQL relational database. Afterwards, the database will be 
integrated with a Big Data analytics platform for the process of data mining and decision 
making. As a final step, a dashboard with real time descriptive statistics and an alarm-based 
system will inform the maintenance personnel for upcoming potential failures. This approach 
will connect malfunctions with features/sensors and improve the existing production process 
which will eventually lead on minimizing the production costs and increasing machine 
reliability. 
 
Keywords  1 
Canning Industry, Big Data, Decision Support System, Predictive maintenance 

1. Introduction 

Big data solutions in manufacturing process have been widely researched in recent years. The advent 
of information technologies combined with big data approaches, enable a flexible, responsive and 
decentralized process which leads to smart manufacturing [1]. In order to be competitive, modern 
enterprises will be prompted to modify their production processes and manipulate efficiently data of 
high velocity, variability, veracity, volume and value [2]. In this context, industrial machinery should 
be capable of analysing real-time data and prognosing upcoming potential malfunctions, preventing 
production disruptions (Gokalp et al., 2017).   

This paper focuses on developing a smart manufacturing solution by integrating Industry 4.0 
technologies namely Industrial Internet of Things (IIoT), Cyber-Physical Systems (CPS), Big data in a 
Can manufacturing process. Our research will significantly impact the competitiveness and productivity 
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of the organisation by constructing an autonomous real-time data processing approach. In addition, a 
predictive maintenance solution with data-driven methodologies will be examined in order to increase 
the reliability and safety of production machinery. Several examples exist in literature of predictive 
maintenance applications and bottleneck reduction solutions. A machine learning solution for failure 
classification and identification on motor shafts was presented [4]. The MatrikonOPC simulation server 
was used for the interface between data sources, while the National Instruments (NI) LabVIEW 
software has been used for data acquisition and for developing the solution systems. Accelerometers 
were installed on the motor shaft to measure the vibration on different axes to be used as an input on 
the classification algorithm. The proposed implementation successfully detected the vibration failure of 
the motor shaft. Additionally, [5] presented a machine learning approach for anomaly detection and 
production bottleneck prediction in cold forming manufacturing line. Acoustic emissions, maintenance 
logs and statistical measures, such as mean and standard deviation, were implemented as the input 
features of the classification algorithm. The results indicated a classification of the healthy state of cold 
forming manufacturing line using acoustic emissions with an F1 score of 0,632.  

In more depth, in our research optical sensors will be implemented in each production stage, 
vibration sensors in the frequently malfunctioning beader machine and temperature and humidity 
sensors in the oven respectively. Moreover, the sensors will be integrated in an OPC Server through 
Programmable Logic Controllers (PLCs). As a next step, the OPC Server will establish a real-time 
connection with a relational MySQL database for data storage and further analysis. Furthermore, the 
Pandas big data analysis library and python programming language will be implemented for the process 
of data mining and decision making on critical production processes, i.e. predicting the failure of 
machinery and preventing production bottlenecks. Finally, real-time statistical measurements of KPI 
parameters, prediction outcomes and an alert-based system will inform the production engineers. Figure 
1 shows the proposed methodology as a stepwise process. 

This paper is organized as follows. Section 2 describes the framework of OPC server and the 
connections between PLC and database. Section 3 presents the Big data platform and the conceptual 
methodology of data mining. Section 4 concludes with some remarks and propositions for future 
research. 

2. PLC- OPC Server – Database 

The main scope of the proposed Decision Support System (DSS) is improving the productivity 
through a dynamic process of data acquisition and analysis. The monitoring framework will ensure the 
reliability and safety of machinery, determine production losses at various stages and collect 
quantitative and qualitative characteristics related to the use of raw materials (namely, tinplate, lacquer, 
powder). In combination with photo electric sensors used for controlling the operation of the production 
line in order to avoid bottlenecks, a variety of sensors will be integrated at different production stages 
collecting important measurements of vibrations temperatures, humidity. The acquisition of such 
important indicators will enable the researchers to output descriptive statistical information regarding 
the production process and additionally implement a set of data-driven algorithms for predictive 
maintenance. A set of Siemens PLC will be used in order for the acquired data to be transferred in real 
time with a sampling period of 10sec to the KEP OPC Server. As a proof-of-concept, basic hardware 
connection between a PLC and optical sensors is presented in Figure 2.  
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Figure 1: Proposed methodology as a stepwise process 
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Figure 2: Connection of a PLC to optical sensors (proof-of-concept) 

 
As a next step, the OPC Server inherently stores production data in a relational database and provides 

three data sources to the rest of application. More specifically, the data sources consist of a Data Logger, 
a HTTP Server and a HTTP Client. 

• A data Logger is used to store data directly into a MySQL database at a steady rate of 10 
seconds. The database, being static, also serves as a long-term repository for storing historic data of 
the production line.  
• An HTTP Server is an endpoint that enables bilateral communication between the webserver 
and the OPC Server permitting remote Read/Write functionality for the rest of the application.  
• An HTTP Client broadcasts sensor generated data to a designated web endpoint in real-time. 
 
Our proposed framework is quite innovative, reducing the otherwise complicated process of 

aggregating heterogenous data sources of production process and facilitates their presentation to all the 
stakeholders using state-of-the art software tools. In the following section the process of data mining 
and decision making will be described thoroughly. 

3. Decision Support Systems (DSS) 

In a decision support system where a huge amount of heterogenous is processed, data mining is 
essential. Data mining is the process of manipulating raw data through cleaning techniques, finding 
patterns, creating models, and evaluating the outputs. It includes descriptive statistics and data-driven 
methodologies for decision making. Furthermore, data mining can be divided in three different 
subsections namely, data cleaning or cleansing, data pre-processing and decision making. [6], [7] 
presented an extensive research of data manipulation and data analysis. In the following sections the 
procedure of data mining is described.  

3.1. Data Cleaning 

It is essential for a decision support system that the processed data to be complete and in the proper 
format. In a production process, where real-time data is collected in large quantities from heterogeneous 
sources, data cleaning techniques avoid processing them in the wrong or incomplete form.  The data 
cleansing process involves identifying incorrect, incomplete or inaccurate data and replacing or deleting 
them. In our use case we implement NumPy and Pandas libraries of the python programming language 
for data cleaning. Additionally, commonly used software is Apache Spark and pyspark libraries. 
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3.2. Data Pre-processing 

Data pre-processing in a data-flow application further manipulates important variables prior to their 
implementation in the decision algorithms. Data-pre-processing can be divided as follows:  

• Conversion of the data type into an appropriate format, thus avoiding inequalities between the 
variable types of each column.  
• Data normalization which is important when variables from heterogenous sources show high 
redundancy and thus improving data integrity. 
• Homogenization of the data in order to avoid biased results and ensure data consistency for the 
prediction algorithm.  
• Fabrication of additional features which can be produced by dividing the information of a 
crucial parameter (namely datetime). 
• Deviating the structure of the columns in order to provide the prediction algorithm the 
possibility to find additional correlations. 
• Further analysis with descriptive statistics, i.e. mean, median, mode, standard deviation, 
variability.   
• Additional correlation examination using methods such as Pearson, Kendall, Spearman, Point-
Biserial.   
 
Figure 3 shows a heatmap of important manufacturing variables using the Spearman correlation 

method, python programming language and the seaborn library. 
 

 
Figure 2: Heatmap of important manufacturing variables 

3.3. Decision-making 

Prior to data visualization, the final step in the decision support process is decision making.  
Depending on the predicted value the researcher is opted to select and examine a variety of predictive 
algorithms in order to output an accurate solution. Relatively, the confronted issue can be defined as 
classification, regression, remaining useful life (life expectancy) or a clustering problem. It is essential 
for the decision-making process, the input features and the predictive value through the data mining 
procedures to be thoroughly analyzed and categorized [8]. The limitations of a decision-making 
algorithm is that it requires a large dataset containing non-failure and failure measurements and it can 
be computationally expensive. In this research, where we have to examine heterogenous data, we will 
select the optimal predictive solution relatively to the emerging issue and the production needs. Python 
programming language and the scikit-learn, TensorFlow and keras libraries will be used for the 
algorithm implementation.  
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3.4. Data Visualization  

A dashboard containing real-time crucial parameters and predictive outcomes of the production 
process in combination with an alarm-based system are designed for the proposed use case. As part of 
this process, a service that filters the incoming data is set up before it is stored in the database. If the 
algorithm detects an anomaly, a warning message is triggered and forwarded to the front-end 
application to prompt the user for corrective action. The visual data presentation (Figure 4) is 
implemented using the React framework in combination with a charting engine of the echarts library 
developed by the Apache Foundation. More specifically, the frontend web application queries an 
Express server upon user request and, upon receiving a response, forwards the requested data to the 
echarts React component library in order to be visualized for the user.   

 

 
Figure 3: Example of visual data presentation 

4. Conclusion  

In this article a conceptual framework of a predictive maintenance process for a canning industry 
has been proposed. The added value of the research is the proposition of a smart manufacturing 
framework which enables a real-time condition monitoring significantly improving the manufacturing 
process. The complete data-flow process from heterogenous sources up until the data visualization was 
extensively presented and analysed proposing the implemented software and algorithms for each 
process respectively. As future research, a more extensive analysis on the data-driven algorithms for 
the improvement of the decision-making process and the reliability of industrial machinery is proposed. 
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Abstract  
AGROVOC is a well-known multilingual controlled vocabulary covering the fields of 
agriculture, forestry, fisheries, and food. It is used for dataset annotation, indexing of literature, 
and automated text tagging, and its effective use depends on its continuous update. Currently, 
updates are done manually by a dispersed community of editors. In this paper, we present work 
towards automated update recommendations using large corpora of agricultural text (such as 
the AGRIS database). The work is based on the extraction of agricultural concept mentions 
from text through the deployment of custom trained Named Entity Recognition models and the 
exploitation of Graph Neural Networks to recommend concept and relation additions towards 
predicting future AGROVOC states. The research questions and methodology are presented 
together with the results of an initial experiment. The next steps and future research directions 
are outlined. This work forms part of a PhD research on monitoring and predicting changes in 
knowledge graphs utilising textual data.  
 
Keywords  1 
AGROVOC, knowledge graph, update, Named Entity Recognition, Graph Neural Networks  

1. Motivation 

AGROVOC is a multilingual, structured vocabulary of more than 40K agricultural concepts, concept 
definitions and relations, and concept labels. It is structured as a directed acyclic graph using the SKOS 
standard2 and represents associations between concepts by means of hierarchical and non-hierarchical 
relations. Utilising semantic web technology standards, AGROVOC provides knowledge organisation 
affordances enabling data retrieval. It allows standardised indexing via the unambiguous identification 
of resources, thus making search operations more efficient [1]. AGROVOC is curated by FAO experts 
in collaboration with editors from affiliated organisations. However, the pace at which new information 
and data become available, through the various kinds of publications, poses challenges to keeping it up 
to date. Advances in Natural Language Processing and Machine Learning hold the promise of providing 
technological support to the manual work involved in AGROVOC’s maintenance and curation. In this 
context, the aim of this paper is to present work on the provision of automated recommendations for 
AGROVOC updates based on agricultural text corpora (such as the abstracts in the AGRIS database3). 
The goal is to identify concepts absent in AGROVOC but present in text to recommend for addition to 
an updated vocabulary version. Such recommendations include identifying where in the graph the new 
concepts should be added also specifying links to existing concepts. This work will eventually lead to 
methods for predicting future AGROVOC states based on the computation of diachronic changes.  
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2. Background and Related Work 

There is a growing body of research on the development of knowledge graphs utilising unstructured 
or structured data sources (cf. [2] for a review of literature on automated knowledge graph construction). 
However, less research has been undertaken on automated knowledge graph update [3]. A method based 
on the combined use of Relational Graph Convolutional Networks (R-GCNs) [4], capturing an entity’s 
context in a graph with bi-directional Gated Recurrent Units (bi-GRUs), having the capacity to identify 
the context of a word’s appearance in text, is proposed in [5]. In that work, graph update is approached 
as a task of adding or deleting relations, assuming fixed sets of entities and relation types, to codify the 
information in the text. Fundamentally, research on automated graph update methods has taken the form 
of link prediction (e.g., [4, 6, 7, 8]). However, in such a context, important aspects, such as new concept 
addition, are overlooked. Apart from that, there is also interest in temporal node and graph embeddings 
[9, 10, 11]. Within this context, there has been work in time-aware relational Graph Neural Networks 
(GNNs) predicting new relations based on diachronic changes in the graph [12]. 

3. Description of Proposed Research 

AGROVOC provides affordances for annotation of agricultural data, information retrieval, literature 
indexing, and automated text tagging [13]. Given the pace at which new information becomes available, 
it is important to timely capture domain developments, taking these from food- and agriculture-related 
publications, and integrate them into AGROVOC, to ensure an up-to-date knowledge representation 
enabling accurate resource identification. AGROVOC has grown over the years following changes in 
the domain as shown in Figures 1 and 24. 

 

 
Figure 1: Number of concepts in AGROVOC per year 
 

The number of concepts in AGROVOC (Figure 1) has increased over time, which is to be expected 
given the developments in the fields of food and agriculture. However, changes in the number of relation 
types (Figure 2) have not followed a similar pattern, with the observed drops in the recorded numbers 
requiring further explanation. To acquire further insights into how AGROVOC is updated, the creation 
dates and temporal distribution of concept occurrences in literature (abstracts from the AGRIS database) 
were computed for a random sample of concepts from the 2022 AGROVOC version (Table 1). 

 

 
4 Figures 1 and 2 have been created using data from SPARQL queries submitted to the AGROVOC versions from 2013 and 2022. The queries 
are available in the paper’s GitHub repository. 

https://github.com/herculespan/Data-driven_update_of_AGROVOC_using_agricultural_text_corpora


 262 

 
Figure 2: Number of relation types in AGROVOC per year 

 
Table 1 
Dates of addition of a sample of concepts in AGROVOC and numbers of their occurrence in literature 
before and after their addition to AGROVOC  

Concept Date of addition 
to AGROVOC 

Occurrences in literature 
before creation 

Occurrences in literature 
after creation  

c_5903 2011 422 119 
c_59e0f842 2019 1668 34 

c_25740 2011 143 29 
c_27140 2011 125 19 

c_786c0cff 2019 2843 464 
c_33193 1990 0 494 

c_62e403a1 2019 209 327 
c_41ce07e7 2017 231 307 

 
Despite the small sample size, it is evident that in many cases the number of concept occurrences in 

literature before their addition to AGROVOC is greater than the number of their occurrences after being 
added to AGROVOC. It can be concluded that the addition of new concepts to AGROVOC is not based 
on their frequency of occurrences in literature. This is further supported by the temporal distribution of 
new concept additions illustrated in Figure 35. A high peak in the number of concepts added in 2011 is 
observed (26,667 concepts) with the average number of concept additions per year being much lower 
before 2011 (≅ 66 concepts) and after 2011 (≅ 800 concepts). Based on these findings and considering 
the rapid pace of advances in agriculture, we propose that manual updates appear to not be sufficient 
for the timely capture and representation of new knowledge. 

The proposed PhD research aims to develop, test, and evaluate methods recommending automated 
AGROVOC updates based on text. This forms part of a broader effort on the monitoring and predicting 
of changes in knowledge graphs utilising textual data. To this end, we have posed the following research 
questions:  

1. How can we extract agricultural concepts from text, absent in AGROVOC, and identify which 
ones to propose as new concepts to be integrated into AGROVOC? 
2. Given a new concept to be integrated into AGROVOC what existing relations need also to be 
added to link the new concept to existing concepts? 
 

 
5 The code used to obtain the data shown in Table 1 and Figure 3 is available in the paper’s GitHub repository.  

https://github.com/herculespan/Data-driven_update_of_AGROVOC_using_agricultural_text_corpora
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Figure 3: Temporal distribution of new concept additions in AGROVOC 
 

4. Research Methodology and Experiments 

The research methodology, depicted in Figure 4, has two phases: (i) Extraction of novel agricultural 
concepts from text; and (ii) Generation of recommendations for automated AGROVOC updates. Each 
phase involves the implementation of an experiment. The experiments are described below.  

 

 
Figure 4: PhD research methodology 
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Extraction of mentions of novel agricultural concepts from text: The focus is on the development 

of an agricultural term extraction tool to identify mentions of novel concepts (not seen in AGROVOC) 
in the corpus of texts. Given a version of AGROVOC available at a time point t and a corpus spanning 
across a time frame t+Δt, the goal is to identify new concept mentions and recommend them to be added 
to the vocabulary. The term extraction tool is based on off-the-shelf Named Entity Recognition (NER) 
models. Abstracts of AGRIS publications are used as the tool’s training, validation, and test datasets. 
An initial version of the tool was built based on the spaCy library’s Tok2Vec6 and NER7 components, 
using their default architectures (spacy.Tok2Vec.v2 and spacy.TransitionBasedParser.v2 respectively) 
and the language models shipped with spaCy (en_core_web_sm and en_core_web_lg). Training was 
made on a set of 617 AGRIS abstracts annotated manually with labels of agricultural concepts appearing 
in them. Table 2 lists the best precision, recall and F1-score achieved in the initial experiment and the 
tool configurations giving those results. The results reveal the challenges related to the classification of 
a string as an agricultural term, when manually annotating text with agricultural terms, which has a high 
degree of vagueness, and hence subjectivity, leaving room for different interpretations by humans and 
impacting performance. Optimisation of the term extraction tool based on the use of transformer-based 
architectures and agriculture-related vocabularies and ontologies to unambiguously annotate text is 
currently in progress. 

 
Table 2 
Best precision, recall, and F1-score and configurations of the term extraction tool giving those results 

Model configuration  
(language model - batch size - learning rate) Precision Recall F1-score 

“en_core_web_lg” - 128 - 0.01 50.73% 47.34% 48.97% 
“en_core_web_sm” - 64 - 0.0001 46.08% 54.52% 49.95% 
“en_core_web_sm” - 64 - 0.0001 50.70% 52.96% 51.81% 

 
Generation of recommendations for automated AGROVOC updates: This experiment focuses 

on the generation of automated updates of AGROVOC drawing upon recommendations for adding new 
concepts and relations (from a set of existing relation types) to link the new conceps to concepts already 
in AGROVOC. The method will be based on Deep Neural Network-based Natural Language Processing 
(DNN-based NLP), capturing the context of agricultural concept mentions in text, and Graph Neural 
Networks (GNNs) capable of capturing a concept’s context in the graph, thereby allowing to identify 
where in the graph the new concept should be added and how it should be linked to existing concepts. 
The available AGROVOC versions will be used as ground truth to evaluate the method’s performance. 

5. Discussion 

AGROVOC is an agriculture-related graph knowledge representation structure that can be used in 
various application scenarios. To facilitate an accurate identification of resources, based on its use, it is 
important to keep AGROVOC up to date. However, the rate at which new information and data become 
available together with the issues emerging from the AGROVOC’s update methods currently in practice 
(appearing not to follow the pace of domain developments as made evident from the relevant literature) 
necessitate the adoption of automated update solutions based on means of technological support. In this 
context, this paper has presented a PhD research on automated AGROVOC updates based on the 
extraction of novel concept mentions from text. Further work is currently in progress related to the 
development of the tool for extracting agricultural terms from text towards improving its performance. 
To this end, domain ontologies and vocabularies are intended to be used to annotate text automatically 
and unambiguously for obtaining the tool’s training, validation, and test datasets. Moreover, drawing 
upon transformer-based architectures will help to get better performance results. Future research will 

 
6 https://spacy.io/api/tok2vec  
7 https://spacy.io/api/entityrecognizer  

https://spacy.io/api/tok2vec
https://spacy.io/api/entityrecognizer
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be concerned with the deployment of time aware GNNs predicting future states of AGROVOC solely 
based on the computation of changes that have diachronically occurred in it. 
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Abstract  
Small ruminant production can be an important component of a sustainable agri-food systems 
in terms of providing quality source of plant nutrients, being an income generator, and 
providing an environmentally sound use of certain lands. Animal production is facing a number 
of challenges today; demands for a lower impact on the environment, such as reducing 
greenhouse gas emissions and need to be balanced with a stable production and a good income. 
There are many opportunities to increase the resilience and profitability of small ruminant 
farms in rural areas. The aim of this study is to determine sustainability and resilience of 
livestock production in rural areas of Eastern Mediterranean part of Turkey. For this aim, face-
to-face survey studies will be conducted to 100 livestock breeders in the area. The breeders 
will be selected for scale of farms. At the end of the study farms will be classified as small, 
medium and large and the profitability and production systems will be evaluated for ecological 
principles and profitability.  
 
Keywords  1 
Sustainability, Profitability, Ecological principle, Sheep, Goat, Rural development, Eastern 
Mediterranean, Turkey  

1. Introduction 

The special attributes of farm animals make them particularly important in rural resource poor 
communities compared to other domestic ruminants include: ability to graze and utilize a wide range 
of poor quality forages and browse; efficient utilization of marginal lands; carcasses which are 
conveniently marketed or consumed over a short time period; and flocking instinct which makes 
herding by younger and older members of family possible (Lebbie,2004). 

Animal products (mainly meat and dairy products) have interesting characteristics in their levels of 
flavor, taste, aromas and leanness as well as the specific composition of fats, proteins, amino and fatty 
acids. Their quality is very much linked to historical and cultural uniqueness right through the 
production, marketing and consumption chains. This refers at least in the Mediterranean region, to 
farming systems with dominant extensive grazing situations, specific technologies and conditions for 
slaughtering as well as for the transformation process of cheese making and its maturing (Boyazoglu 
and Morand-Fehr,2001).  

Smallholders are the backbone of the rural economy in especially developing countries that depend 
heavily on agriculture. And the animal farming is one of the most important agricultural sectors for 
smallholder farmers, as it plays a fundamental role in their daily income and self-sufficiency as well as 
food security (Jaklic et al., 2014). In most developing countries, milk production depends on 
smallholder farmers. It also contributes to securing family livelihoods, supporting food and nutrition 
sovereignty, and maintaining food safety (FAO, 2021). According to Ronchi and Nardone (2003), 
livestock systems in Mediterranean areas are far removed from an acceptable level of sustainability, 
considering animal health, environmental impact, quality of products and profitability. Feed availability 
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was identified as one of the major constrains for small ruminant systems in the Mediterranean area.  At 
that time, the economic conditions were deplorable, so small farmers relied on producing milk and 
selling it in the local market in their villages or sending it to city center with a third person, earning 
some money to barter this milk for other food products (Non-cash exchange trading became very 
popular, for example, exchanging cheese for hay. It also appeared that farmers sent their livestock daily 
with the village herds to the pastures; the shepherd supervised them Sidawi et al., 2021). The aim of 
this study is to determine sustainability and resilience of livestock production in rural areas of Eastern 
Mediterranean part of Turkey. 

2. Materials and Methods 

The research study was conducted in Adana district in Eastern Mediterranean part of Turkey (Figure 
1). The altitude and animal population have been taken into consideration while defining the villages 
and districts. These data have been obtained from The Directorates of Agriculture in districts and 
provinces and from the demarches. The animal farmers in villages of Kirazlıyurt and Kayarcık in 
Tufanbeyli, Himmetli in Saimbeyli, Kökez and Dölekli in Aladag, Gildirli, Bolacalı and Güvenç in 
Karaisalı were interviewed. The public survey has been carried especially on the animal farmers out of 
the 10 % of the total house number in each village by Intentional Illustration Method. The numbers and 
the frequency of the questionnaires administered were given in Table 1. As seen in Table 1, totally 118 
questionnaires were carried on. 

 
Table 1 
Questionnaire numbers and distribution by the 
villages and districts 

Research 
Area 

Number of 
questionnaires 

Tufanbeyli 37 
Kirazlıyurt 12 
Kayarcık 25 
Saimbeyli 17 
Himmetli 17 
Aladağ 26 
Dölekli 12 
Kökez 14 
Karaisalı 27 
Gildirli 9 
Bolacalı 7 
Güvenç 10 
Total 100 

Figure 1: Research Area  
 

2.1. Mixed Method Approach 

This study relied on the convergence model in the tripartite design of the mixed method approach. 
The use of a mixed-method design allows questionnaires or surveys and interviews to be conducted 
together (Al Sidavi et al., 2021; Creswell and Clark, 2006).  

As seen in Figure 2, we used the experimental design of qualitative and quantitative surveys and 
interviews as primary data with supporting data of small ruminant sector as indicated by Al Sidavi et 
al. (2021). All data used in this survey were collected by face-to-face methods and farmers were selected 
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and classified for their flock size. All participants’ primary income was sheep and goat farming. Small 
holder farmers were selected for their awareness of environmental, social and economic problems of 
sector and their region, as well. Before starting the interview, the brief information was given on aim 
of the study with demarches of each village. The questionnaire was arranged interconnected with each 
other. To that end, a survey of 36 questions and a Village overview survey consisting of 20 questions 
were asked to owners of smallholders, as well as family members responsible for animal production 
on; i) demographic information, ii) their economic aspects, iii) environmental issues, iv) social situation. 

Data were transferred to an excel sheets as coded data, to show the descriptive statistical results for 
each section of variables. SPSS Version 21 software was used for statistical analyses.  

 
                                          Supportive data                 Primary data  

  
 
 

Figure 2: Experimental design of study (Al Sidavi et al., 2021; Creswell and Clark, 2006). 
 

3. Results and Discussion 
3.1. Demographic Components 

The big part of farmers was older than 30 years old and most of them were between 51-75 years old 
(48%). Average proportion of the overall farm population and livestock holders over the age of 55 in 
the area. Although the ageing of the farm population is evident across regions, the pace and levels of 
ageing differ significantly between as well as within arm business. Rapid rural ageing is occurring in 
livestock husbandry, which have seen significant increases in the proportion of farmers over 55 in less 
than a decade. However, in a number of other agricultural activities, the farm demographic structure 
has remained relatively static for the past two decades. 

All farmers have reading and writing skill, 84.8% of the farmers were graduated primary school 
while only 12% of them graduated from high school. Gender distribution was 45% of participants were 
female and responsible whole procedures of animal farming.  

Some general information according to villages were given Table 2. As it is shown that, the larger 
villages are Kirazliyurt, Gildirli and Güvenç. Household number of Himmetli village is higher than the 
others. Additionally, Kayarcik is the most crowded village in the survey area. Kirazliyurt, Kökez, 
Gildirli, Güvenç, Bolacali and Kayarcik are the mountainous villages. Total surface areas of these 
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villages contain forest, shrubs areas spread on the high mountains. Due to this fact the total surface area 
of these villages are seems to be higher. 

 
Table 2 
Number of households, population and square measure of the survey area (TUIK, 2022) 

Name of Villages Square 
measure (ha) Number of Digits Population 

(person) 
Kirazliyurt 52000 120 870 

Dölekli 200 120 900 
Kökez 3300 210 1260 
Gildirli 8500 80 250 

Bolacali 6000 14 160 
Kayarcik 6000 240 2000 
Himmetli 2300 342 948 
Güvenç 8000 100 600 

 
Mosque, access roads, electricity and communication were available in all villages of the survey 

area. School and clinic are not available in Bolacali while only clinic was not established in Gildirli 
villages. River and springs are reported as water supply of some village such as Gildirli, Bolacali and 
Kirazliyurt while the rest had mains water.  

Only 9,4% of the breeders’ incomes were based on animal production. The others got income from 
especially crop production; the secondary incomes were from animal production (27%). And main 
incomes of the rest of them (18,1) were both animal and crop productions (18.1%). The reason of this 
fact that the politic and socio-economical aspects of the area. The most of animal keepers give up animal 
production due to input price especially feed, restricted grassland areas and, market problems (Table 
3). 

 
Table 3 
Family's main source of income by age group 

Age groups  

Family's main source of income 

Total 
Vegetable 
production 

Animal 
Breeding Both Other 

   
0-30 

      
% 0,6% 0,6% 0,1% 1,9% 3,2% 

 
31-50 

      
% 21,5% 7,5% 14,7% 37,6% 81,4% 

 
51-75 

      
% 4,8% 1,2% 3,3% 6,0% 15,4% 

 
Total 

      
% 27,0% 9,4% 18,1% 45,6% 100,0% 

 

3.2. Social Factors 

Turkish culture and traditions play important role in rural society and directly influence small-
ruminant raising and marketing. Most of the farms were family managed. The member of whole family 
took part in agricultural production; particularly women and teenagers were responsible for the almost 
all agricultural activities of the farms. Women and teenagers were responsible the daily works of animal 
production as cleaning, feeding, milking, mating, shearing, processing, nursing etc. Women were 
working in goat activities 3,9 hours a day in average. Woman continued to work in livestock production 
even if she was pregnant.  Few males (12%) took part in livestock production. Livestock production 
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was unique source of family livelihood in this area. They did not have any other alternatives because of 
land structure, infrastructure and economic conditions. A main income of families was based on 
especially goat and sheep productions. The big part of husbands of the women did not give permission 
for women to go grassland with the flocks (98%). Instead of women the elder daughters and boys go to 
grassland with herd.  Flocks spent the days in higher zones between spring to winter (nomadic system). 
Greatest part of farms (73%) was involved in housing for their livestock in winter. Small ruminant 
production is the main agricultural activity in the research area. Hand milking was almost performed 
by women and young girls (94.0%). Sometimes young boys are also help to their mother. While families 
had not any boys or girls, men managed milking activity (4%). Only 71% of women dealt with cleaning 
barn, pots and pans. In some families, all family members dealt with cleaning (12%) to barn. The 95% 
of the women responsible of milk processing such as cheese, yoghurt etc. Women were manager status 
in these inner activities while teenagers were in helper position. In other words, 88.4% of men were 
major decision maker for whole financial issues. When women were widow or her husbands were old, 
these decisions were given by women. Field studies were generally conducting by women as unpaid 
family labour when small ruminant activities are performing for home consumption.  

On the other hand, to learn women satisfaction from rural life questions of “are you satisfied from 
your life” and “what are your expectations from your daughter’s life” were asked to women. All of the 
women explained that they were not satisfied from their life condition. 

3.3. Economical Factors 

Due to its geographic and socio-economic situation, animal production is very popular in this area. 
Mediterranean and Anatolian weather systems influence climate of the mountains, bringing hot 
summers and cold winters into the area. High Platos of Taurus Mountains are the summer homes of all 
villages and the summer grazing of animal herds. Livestock moves from lower to higher land (nomadic 
system) where it spends the months from spring to winter.  

It was obvious that, a big part of animals was fed by concentrate especially in wintertime, while they 
were housed. Particularly barley, different types of bran, oilcake and hay were given to the goats in this 
period of time. Big part of goats had seasonal breeding. Big part of goats and ewes had seasonal 
breeding. Average 91 % of kids and lambs were weaned while they were 4 to 6 months old.  Residual 
milk was used in feeding together with grazing. Older female child or women were responsible for 
herding in the grazing time. Flocks were grazed in natural forages from March to November. Feeding 
was mainly based on natural grazing and agricultural products like straw, stubble and grains. 

 
Table 4 
Production systems of small-ruminant farming 

Traits  Frequency (%) 
 

Housing Type 
Free (open shed) 27 
Barn  67 
Both 6 

 
Main production 

Meat 15 
Milk 77 
Both 8 

Concentrate feeding Yes 88 
No 12 

Daily milking time 1 time a day 70 
2 times a day 30 

 
Weaning time 

1-2 months 9 
2-4 months 53 
4-6 months 38 

Mating Time Seasonal 71 
Aseasonal 29 
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All animals grazed and utilized uncultivated parts of farms to transform wasteland into high value 
commodities. In this way, goats add value to farm enterprises. Oak trees (Quercus) were used for 
feedstuff. Besides olive or acorn tree branches were used as feedstuff in goat production. Sometimes 
farmers cut the foliage just to feed their animals. This was the big problem in this area due to soil erosion 
and deforestation.  Milk technologies and other conservation methods have developed in the region due 
to the climate changes. As an example, cheese is produced on daily conditions instead of traditional 
methods. Only, in a few regions, cheese fermentation is still done by traditional methods. In the past, 
products were dug into ground or into the snow in highlands where it’s impossible these days. Main 
products of the farms were milk, cheese and yogurt. Farmers’ family consumed average 25% of the 
whole milk. Families prefer to sell their milk as a cheese because of high income opportunity. 
Approximately 89.30% of the feeders produce white cheese and 25.90% produce Tulum cheese. All 
farmers produce “lor, çökelek and butter” additionally. Animals were milked twice a day by women or 
female children. Additionally, they sold live animal when they need cash money. Live animals were 
used or sold only when necessary to meet family needs, especially in case of emergencies, slaughter is 
performed only for needs of the family. 

Due to economic reasons (such as feed expenses and low price of some products in the market) the 
farmers eventually could give up animal production. During the insufficient times of the grasslands, 
animals are kept inside and meanwhile fed by concentrate feeds. Feeding in barn is based on mostly to 
pulp (77, 1 %) and to straw (75, 4 %) but at the same time, concentrate feeds prepared by the factories 
are also given highly (72 %). The farmers declared that in the past they used to take their animals to the 
plains at the end of the winter because the vegetation awakened early, after the reduction of the sources 
in the plains, they used to go to the backward highlands and pasture their animals.  

Some herds which had been raised under semi-intensive systems had higher yield than the others. 
These were big-scale farms and animals were fed with small amount of concentrate together with 
grazing in summertime. Daily concentrate amount was depending on their physiological conditions. In 
addition, new-borns were kept with their mother till they were 6 months old. This is another reason for 
low yield. Mortality rate of lamb and kids was less than 15 %. Main dairy products of the farms were 
milk, cheese and yogurt. Farmers’ family consumed average 25 % of the whole milk. Families prefer 
to sell their milk as a cheese because of high income opportunity. Animal keepers produce white cheese, 
Tulum cheese, lor, çökelek and butter. 

Brucella (34%), Echtyma (54%), Foot and mouth disease (23%) were common diseases in this area. 
Almost all farmers vaccinated their animals (74%). They reported that, if any disease occurred, either 
they asked other farmers or bought medicine by themselves. Only 45 % of farmers called a veterinary 
for their animals. Goats and Sheep were kept in breeding until they are 6 years old. 

3.4. Environmental Aspects 

The animal production systems and concept of climate change which are in mutual interaction with 
each other has recently become a popular subject on the agenda, as Turkey is a party to certain 
international protocols. The impacts of climate change on animal production could be analyzed directly 
or indirectly. Within this framework, an animal’s interaction with environment stemming from its 
physiological structure, as well as issues of the use of natural resource and waste management become 
prominent. Another element of oppression on animal production is political and social and economic 
sanctions which are aimed at decreasing the greenhouse gas emission. The total greenhouse gas 
emission is closely related to the number of animals. In this regard, the use of small number of animals 
in production with higher productivity will become an important strategy in the future in terms of animal 
production. To that end, certain applications particularly aimed at improving the environment and 
genotype will become prominent. An improvement in climate conditions is closely related to an 
animal’s biological ceiling and the economic level. Accordingly, these two factors have an impact on 
the level of productivity to be gained per animal. Therefore, measures to be taken to improve 
environmental factors should be put into practice by taking current conditions into account, which is of 
utmost importance in terms of profitability. In this regard, efforts aimed at improving the genetic 
structure seem to be more feasible with regard to the type of animal to be studied and increasing the 
productivity level per animal. The goats are remarkable as one of the species which will be utilized in 
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animal production in the future due to their performance to benefit from the feed and ability to continue 
their productivity under in all heavy conditions, gain advantage from feeding resources which aren’t 
used by other animals and enjoy less methane emission in return. The biological environmental 
conditions should be taken into consideration in terms of pollution to be caused by preferring 
conventional methods in the use of natural resources in order to increase production in the unit area. In 
this respect, issues of protecting the natural life and organic production become prominent. 
Furthermore, the negative effects on biology deriving from the uncontrolled use of substances cause the 
emergence of new diseases. The polluted environmental conditions are caused by the greenhouse gas, 
which is released in animal production, as well as inability to perform the waste management in an 
effective way. Thus, certain negative conditions emerge in production and human health (Koluman et 
al., 2019) 

 The Mediterranean region is especially important with regard to understanding and practicing the 
impact of climate due to its geographical characteristics and capacity to realize the agricultural and 
animal productions in different altitudes. To that end, the current project evaluates the current situation 
of stockbreeding activities which re conducted in different altitudes and qualities, as well as 
advantageous and disadvantageous sides in terms of the climate change.  

Livestock industry accounts about 25% of the agricultural GNP in the country. Although the share 
of agriculture has relatively decreased in GNP and total exportation, agriculture still keeps its 
importance due to the high rates of the active population in the sector and employment and its direct 
relationship with nutrition. Recently, Turkey has become a net importer of livestock products and is 
increasingly dependent on the world market. While productivity has risen over the last decade, the 
Government’s protective measures have not resulted significant production gains (Table 5). 

 
Table 5 
Scenarios of Livestock Population and Livestock Production for next 60 years (Koluman and Gultekin, 
2011) 

Year 

Livestock 
(head) 

Animals Milked 
(head) 

Number of Livestock 
Slaughtered (head) 

Milk Production 
(ton) 

Meat Production 
(ton) 

Goat Sheep Cattle Goat Sheep Cattle Goat Sheep Cattle Goat Sheep Cattle Goat Sheep Cattle 

Present 
Average 

(1980-2008) 
360337 336600 233853 175764 162726 121971 47156 369010 20562 13498 10380 226565 577 5203 2798 

2070 321208 354007 217676 156678 171141 113534 42035 388092 19140 12032 10917 210892 514 5472 2604 

2071 280147 328533 195522 136649 158826 101979 36661 360166 17192 10494 10131 189429 448 5079 2339 

2072 321208 328533 195522 156678 158826 101979 42035 360166 17192 12032 10131 189429 514 5079 2339 

2073 321208 354007 217676 156678 171141 113534 42035 388092 19140 12032 10917 210892 514 5472 2604 

2074 321208 354007 217676 156678 171141 113534 42035 388092 19140 12032 10917 210892 514 5472 2604 

2075 280147 328533 195522 136649 158826 101979 36661 360166 17192 10494 10131 189429 448 5079 2339 

2076 280147 328533 195522 136649 158826 101979 36661 360166 17192 10494 10131 189429 448 5079 2339 

2077 321208 354007 217676 156678 171141 113534 42035 388092 19140 12032 10917 210892 514 5472 2604 

2078 280147 328533 195522 136649 158826 101979 36661 360166 17192 10494 10131 189429 448 5079 2339 

2079 321208 354007 217676 156678 171141 113534 42035 388092 19140 12032 10917 210892 514 5472 2604 

Estimated 
Average 

(2070-2079) 
304783 341270 206599 148666 164983 107757 39885 374129 18166 11417 10524 200161 488 5276 2472 

 
All the observations and calculations which have been made since 1980s concretely show that the 

climate change exists. Even the most optimistic scenarios mention an increase by 1-1.5°C in the surface 
area temperature in the last 100 years and emphasize that this increase might climb to 2.5-5°C in the 
future. At this point, it should be emphasized that the climate change derives from the “human” factor, 
rather than natural events. In this regard, the fact that the human factor has an impact on the natural 
course should be highlighted. A great many conventional methods which are applied to meet the needs 
of increasing population (food, clothing or subject, etc.) case natural resources to be polluted or 
destroyed. The measures which are considered within this framework contradict to economic sanctions 
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and thus they fail in practice. Therefore, if all the units came together to bring forward a planning which 
is aimed at eliminating the main source of problem with concrete approaches, more realistic perceptions 
on a solution would emerge (Koluman Darcan et al.,2019).  

The “food” is naturally the only indispensable input of life for humanity. Accordingly, agricultural 
activities involving food production and the nature-agriculture relationship have always been on the 
agenda. As mentioned above, the intensive use of conventional inputs in the nature-agriculture cycle 
and the oppression on natural resources have caused agriculture to be put under responsibility and 
questioned in the process of climate change as well. The animal production and herbal production, as 
well as the methods which are applied in the course of these productions, should be firstly considered 
with regard to amounts of greenhouse gas emission.   

The problems such as inability to come up with an alternative to stubble burning and similar 
activities, the lack of an appropriate diet and use of high-quality feed in animal breeding and the 
pollution which emerges during the production and animal transfer processes should be taken into 
consideration in the process of climate change.  At this point, conventional or traditional production 
systems will become another issue to be discussed. The drought index of all plants was prepared through 
a study which was conducted by the Ministry of Agriculture and Rural Affairs (Koluman Darcan et al., 
2019).  

The presentation of advantageous and disadvantageous sides of local gene resources in the animal 
and herbal production within a regional projection would also provide a positive approach with regard 
to the success of programs to be implemented in the long run. In this respect, a solution to the problem 
with genetic and biotechnological approaches would be possible as well. But the local gene resources’ 
resistance and endurance to extreme conditions should be emphasized here. A methane emission in 
which the live weight and productivity level of local animals are considered should be put forth with a 
projection to be carried out. A pilot study which was performed on this issue is indicated below. The 
calculations that we have made on the methane emission with origins of animal in Turkey with regard 
to animal presence according to the annual methane emission data which is released in an enteric way 
or through manures by the cattle, sheep and goats per animal in different ages and physiological 
conditions in the IPCC (1997) data, as well as the agricultural counting results are indicated in the table 
below (Görgülü et al, 2009). 

 
Table 6 
The annual methane emission of the cattle, sheep and goats in Turkey with origins of enteric 
fermentation and manure (Görgülü et al., 2009) 

Species Enteric, ton Manure, ton Total, ton Enteric,% Species, % 
Cattle 675,394 108,457 783,850 86.16 76.53 
Sheep 203,800 6,114 209,914 97.09 20.49 
Goat 29,600 888 30,488 97.09 2.98 
Total 908,794 115,459 1,024,252   

 
The greenhouse gas in animal production is released particularly from animals (enteric 

fermentation), for the manure and feed production and from the areas which are used as grassland. Thus 
it’s of utmost importance to take certain measures with regard to stockbreeding, manure management, 
storage and expansion and the systems which are used for feed production. There is little research on 
these emissions in our country. Furthermore, regarding the feeding conditions and productivity levels 
of our animals, it could be considered that the calculations which were made by us based on the IPCC 
data might not be sound, because the ruminants in our country are fed with poorly digested, rough and 
harvest-residue feeds at inadequate grasslands of low quality.  In line with an assessment from this point 
of view, it could be considered that the methane emission should be higher.  But it’s known that the 
methane emission is related to animals’ consumption of dry matters. It could be indicated that the 
insufficient intake of feeds might limit the methane production and that the high methane production 
which is caused by the lack of ration balances in our country could be relatively compensated by the 
low intake of feeds, though not favoured (Görgülü et al., 2009).  
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It’s estimated that the methane emission caused by ruminants in our country totals approximately 1 
million tons and that more than 85% of this amount is of enteric origins.  Furthermore, it’s considered 
that 76% of total emission is caused by the cattle population. According to statistics from the State 
Institute of Statistics’ (DSI) Branch Office of Environmental Statistics, the methane release caused by 
enteric fermentation totalled 692,000 tons and that the emission caused by fertilizes totalled 37.6 
thousand tons in 2000 (TUIK, 2022). As a conclusion remarks, it’s obviously clear that, climate has 
significant effects on livestock production. Type of grasses, grassland potential, processing of products 
and especially some Physiological aspects of farm animals has been affected adversely. The future 
development of livestock farming systems in mountainous area of East Mediterranean part of Turkey 
in term of intensive systems will largely depend on the application of modern management strategies, 
especially for planning and monitoring functions together with political and financial adjustments. 
Grazing should be planned with new regulation in the area. It has to be emphasized here that small 
ruminant production is essential for this area. People living in this area do not have any other alternatives 
for the sake of life. Moreover, educational studies should be started at utmost priority right away. People 
should be acknowledged on new technologies. And lastly some heat-resistant farm Animal species and 
genotypes should be adapted in the region. Additional feeding is provided all the yearlong to the cattle 
where the sheep and goat consume the concentrate only when they are kept into the barn. Since the 
fruitful land is used for cultivation, and since the forests are prohibited for small ruminants, farmers had 
to start feeding with additional concentrate. Feeding in open land is mainly suitable between 09-17 
hours for the cattle and between 03-21hours for small ruminants. In addition to open feeding lands, it’s 
also possible for the animals to get fed by residues of crop after harvesting. This process didn’t change 
during all those past years. However, it’s been learned by the interviews done by farmers in 
mountainous areas that the goats still got fed in open area even in wintertime. In the past, due to heavy 
snow falls, this was not possible. On the other hand, it’s been also observed that the height of the open 
area feed (grass) is no longer tall when compared to past, as a result of less falling rain. 

Australian pine (pinus nigra Arnold), Cedar (cedrus libani), crimson pine (Pinus butia), Oak 
(Quercus sp L.) and Ocaliptus are common trees of forest area. When compared according to types, 
goats are more selective in feed type, digesting faster and taking better advantage of low-quality feed. 
They are also gaining the advantage of being more resistant to hot climate. Since sheep and goat 
production has low production costs, it’s widely continued in regions, where other types of less resource 
needing cultivation processes are done. When all these arguments are taken into consideration, it’s 
obvious to understand why small ruminant production is more intensive in mountainous areas.   

Hair goat (Kil), Akkaraman sheep and crossbred of Holstein Friesian x Native Black cattle were the 
most common breeds in this area. 92 % of families had goat while 69 % families had sheep. Some 
(76%) of the families had cattle. The average number of cattle was 3-4 heads per family. Besides, 
poultry was also raised for domestic consumption.  

Even if the government had forbidden, goat farmers did not give up goat rearing in forest area, 
because of the mentioned factors in above. 

Grazing in the field edges and harvest residues (stubble) is at the maximum level. Consequently, it 
is seen that grazing in the residues after the harvesting of crop production is more common than grazing 
in the natural areas. Grassland capacity and grassland areas decreased almost 67,8 % and 88.8 % during 
to last 25 years, respectively. The reason of slumping in annual precipitation, cultivation in these areas, 
early grazing and over-grazing and some regulations for grassland using. The pastures of the village 
Gildirli was converted with the percentage of 71.53% by 13 families and 37 different plant species. The 
dominant plant species was determined as Aegilops ovata L.  The pastures of village Kökez was covered 
with the percentage of 65.85% by 27 different species from 15 families. The dominant plant species 
was determined as Bothriochloa ischaemum. The pastures of the village Kirazlıyurt was covered with 
the percentage of 81.04 % by 28 different species from the 10 families. The species Lolium perenne 
was determined as the dominant. Grazing starts in March and ends at the end of November or beginning 
of the December. But in Aladag, due to snowing, grazing starts and ends earlier than the other regions. 

About 87, 3 % of the farmers declared that there have been changes in climate in the areas on which 
they live. Most of them stated that the temperature of the atmosphere increased (82,5 %) and some of 
them stated that the temperature of the atmosphere decreased (2,9 %). However, the farmer’s response 
to these questions by stating their opinions about how the changes in climates affected the animal and 
crop production. It was determined that 77,1 % of the farmers no longer use the traditional ways and 27 
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% of them use only caves and skins of the animals. Milk products technologies and other conservation 
methods have developed in the region due to the climate changes. As an example, cheese is produced 
on daily conditions instead of traditional methods. Only, in a few regions cheese fermentation is still 
done by the traditional methods. In the past, products were dug into ground or into the snow in highlands 
where it’s impossible these days. 

Small ruminant owners indicated a seasonal change in oestrus, and it has moved from spring to 
summer. Additionally, some of the farmers mentioned about the positive (1, 4 %) and negative (8, 6 %) 
effects on the milk productivity occurring in the change of climate conditions. 

4. Conclusions 

This study represents an important step for better understanding the animal production systems in 
East Mediterranean part of Turkey. It’s obviously clear that, productivity per animal should be 
improved with new breed in this area. Moreover, grazing must be planned in this area.  It has to be 
emphasized here that small ruminant production is essential for this area. People living in this area do 
not have any other alternatives for the sake of life. The future development of livestock farming systems 
in mountainous area of East Mediterranean part of Turkey in term of intensive systems will largely 
depend on the application of modern management strategies, especially for planning and monitoring 
functions together with political and financial adjustments. Moreover, educational studies should be 
started at utmost priority right away. People should be acknowledged on new technologies.  The 
economic significance of livestock and research into their uniqueness should increasingly be a priority 
in this area for sustainability of rural development. 
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Abstract  
Large scale monitoring programs and innovative certification schemes have emerged over the 
last few years to tackle issues related to inhuman animal treatment during the food production 
process. However, it is unclear to what extent consumers are willing to trade off animal welfare 
for higher prices. We conduct a valuation experiment to uncover consumer preferences and 
willingness to pay (WTP) for animal welfare labelling. We also investigate whether 
demographic characteristics and attitudinal variables affect WTP. A key finding of the study 
is that respondents place a positive value to animal welfare certification label, and they are 
willing to pay an average premium of 120 cents of a Euro per 400 gr feta cheese carrying this 
label. Moreover, results suggest that women are willing to pay higher premiums than men as 
well as prior knowledge about this label can positively influence purchase decisions. Finally, 
results indicate that the more consumers are conscious about ethically minded behavior in their 
lives the higher is also their willingness to pay for animal welfare label. 
 
Keywords  1 
Animal welfare, Labelling, Willingness to pay, Contingent valuation 

1. Introduction 

The last few years, more and more farms recognize the need to adopt sustainable development 
principles, since the welfare of farmed animals is markedly and progressively decreasing due to the 
prevalence of intensive livestock systems [1]. However, practices towards better standards of animals’ 
living are linked with extra production costs which most of the times are paid by the end user. Thus, it 
is crucial to investigate whether consumers intent to pay a premium for goods produced with animal-
friendly raising techniques, in order costs associated with these techniques to be recouped from potential 
customers. An effective tool used by producers and retailers to inform consumers regarding these 
techniques is the animal welfare certification label. This label is a certification scheme that guarantees 
animals are raised under good housing and feeding conditions and can express natural behaviors. 

Elbakidze and Nayga examined consumer willingness to pay for animal welfare in dairy production 
and concluded that participants on average were willing to pay extra for a scoop of certified ice-cream 
although they were unwilling to pay a premium for certified cheese [2]. The positive effect of animal 
welfare label on consumers WTP in dairy industry was also found among Italian consumers [3]. They 
detected a higher WTP for yogurt labelled with high welfare standards as compared with yogurts 
labelled with intermediate and low welfare standards. 

In this survey we elicit WTP for feta cheese certified for higher animal welfare standards. In the next 
section we present our data collection and questionnaire design. We then present our results in Section 
4 and conclude with a discussion of our findings in the last section. 
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2. Methodology 

The data collection was carried out through personal interviews in a randomly selected sample of 
consumers, in front of the main entrance of various supermarkets of the Prefecture of Attica during 
November 2019. The final sample consisted of 200 consumers and the only criteria that participants 
had to meet was being over 18 years old. As a product of interest was chosen feta cheese since it is 
considered an important fresh product in terms of supply and demand in Greece (it is one of the most 
representative products of the Greek dairy industry) as well as it is an agricultural product that can be 
sold in packages that could carry certification labels. Moreover, the dairy industry has been blamed for 
several ethical issues in relation to animal welfare violations the last few years. 

To uncover consumers’ preferences and willingness to pay for animal welfare labelling we employed 
the contingent valuation method (CVM). Specifically, we created a questionnaire where at the 
beginning subjects where asked whether they knew the label under investigation. After this, all subject 
regardless their response to the previous question received information related to the animal welfare 
label. We did this because we wanted to make sure that all subjects (familiar or not with the specific 
label) would be valuing the specific label having in mind the same information. 

After the previous informative script was read, we used a cheap talk script combined with a budget 
constraint reminder (set up like the one used in [4]) and a consequentiality script [5] to encourage and 
motivate respondents to reveal their preferences with the necessary precision and minimize any 
hypothetical bias in the WTP estimates. Then the willingness to pay valuation question followed where 
consumers were asked to indicate the premium (if any) they would be willing to pay for a pack of 400 
grams feta cheese certified with an animal welfare label over the price (€4.5) of a similar pack of 
conventional product which has not been produced following specific animal-friendly methods.  The 
bid amounts used for the valuation questions (30 cents, 60 cents, 90 cents and 120 cents) were selected 
based on historical prices of feta cheese with different certifications as well as feedback we received 
from the pilot survey. The bids were varied on a between-subject basis so that each respondent saw a 
single price and was asked a Yes/No question about it. Total sample was split equally through the 4 
treatments so that each one received 50 responses. Subjects that negatively responded the valuation 
question were asked to indicate the reason why they did it.  

Besides the standard demographic information (age, gender, education, household size and income 
level), the questionnaire also elicited respondents’ beliefs about the likelihood of hypothetical bias for 
their stated WTP, social desirability bias (using the short form of Marlowe-Crowne Social desirability 
scale - Reynolds’s Form C by [6]) and ethical consciousness (using the Ethically minded consumer 
behavior scale by [7]). Respondents were also asked about other attitudinal characteristics such as 
purchase frequency of feta cheese per week and whether they usually purchase packed or unpacked feta 
cheese. 

3. Results 
3.1. Descriptive Analysis 

Before we proceed with the analysis and results, we first explore the demographic profile of our 
sample. Table 1 shows the basic summary statistics for a set of subjects’ observable characteristics. The 
sample is almost counterbalanced in terms of gender (females were 50.5%) and its average age is 39.56 
years old (min=20, max=78). Most subjects hold a university degree (75.7%), and their average 
household size is 3.2 members. Finally, almost 70% of the respondents state they are the primary 
grocery shopper in the household and 62.53% usually purchase unpacked feta cheese.  

 We also explore whether there are any significant differences between the four treatments along 
demographic characteristics and attitudinal variables. The results indicate that our between-subjects 
treatments do not differ in terms of education (Fisher’s exact p-value = 0.852), income (Fisher’s exact 
p-value = 0.895), purchase frequency (Fisher’s exact p-value = 0.678), type of purchased feta cheese 
package (Fisher’s exact p-value = 0.831), ethically minded score (Kruskal-Wallis 𝜒2 = 4.138, p-value 
= 0.247), social desirability score (Kruskal-Wallis 𝜒2 = 5.980, p-value = 0.113), knowledge of the 
labels (Pearson’s 𝜒2 = 0.362, p-value = 0.948) and major grocery shopper (Pearson’s 𝜒2 = 2.817, p-
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value = 0.421). However, we do reject the null hypothesis of no difference for the between-subjects 
treatments for gender (Pearson’s 𝜒2 = 11.421, p-value = 0.010). 

 
Table 1 
Summary statistics of subjects’ observable characteristics 

Variable name - 
Description  Scale of measurement Frequency Mean (SD) 

Age (Continuous)  39.56 (13.71) 

Gender  1 if male 
0 if female 

 0.50 (0.50) 

Household size (Continuous)  3.20 (1.34) 

Income (Net 
household’s income) 
 

1= < €6.000   
2=€6.001 - €12.000   
3=€12.001 - €18.000   
4=€18.001 - €24.000 
5=€24.001 - €30.000   
6= >€30.000   

=3.00% 
=22.50% 
=22.50% 
=13.50% 
=18.00% 
=20.50% 

3.83 (1.54) 

Education level 1=Compulsory educ/Highschool diploma  
2=Technical school diploma 
3=University graduate 
4=Post-graduate studies 

= 14.50% 
=12.50% 
=42.00% 
=31.00% 

3.90 (1.01) 

Shopper 1 if major grocery shopper 
0 otherwise  

 0.71 (0.46) 

Confidence of response 1= Not confident at all 
2=Slightly confident 
3=Somewhat confident 
4= Fairly confident 
4=Completely confident 

=1.00% 
=1.50% 
=10.50% 
=44.50% 
=42.50% 

4.26 (0.79) 

Feta purchase frequency 
(per week) 

1= 0-250gr 
2=251-500gr 
3= 501-750gr 
4=751-1000gr 
5= >1001gr 

=24.07% 
=26.55% 
=24.07% 
=15.63% 
=9.68% 

2.68 (1.55) 

Ethically minded 
consumer behavior 

(Continuous)  33.30 (7.73) 

Social desirability (Continuous)  7.72 (2.65) 

Familiar 1 if they know the label 
0 otherwise  

 0.21 (0.41) 

Feta cheese type 1=unpacked 
2=packed 
3=other 

=62.53% 
=35.24% 
=2.23% 

1.39(0.52) 

Low food prices are 
more important than 
ethical production 
processes 

1= Completely disagree 
2=Disagree 
3=Neither agree, nor disagree 
4=Agree 
5=Totally agree 

=26.55% 
=42.43% 
=21.84% 
=7.20% 
=1.99% 

2.26 (0.97) 

    
Notes: SD stands for standard deviation.  
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Before we continue with the econometric analysis, we could gain some first insights by comparing 
the positive responses per stated bid. Figure 1 shows WTP responses for feta cheese carrying an animal 
welfare certification label. Firstly, we observe a decline in positive responses when the bid amount 
increases which is consistent with the principles of basic economics. Second, there is a significant 
percentage of subjects that state high values even when the premium over the price of a package of 400 
gr of conventional product is set up to 120 cents of a Euro (which represents a 27 per cent increase in 
the price of feta cheese).  

 

 
Figure 1: Distribution of WTP responses for animal welfare label 

3.2. Econometric Analysis 

Given the nature of the dependent variable, we estimate an interval regression model. In the interval 
regression the lower limit is set to the bid value if the answer is “Yes”, and the upper limit is set to the 
bid value if the answer is “No”. Table 2 shows coefficient estimates from our specification model. 
Results indicate that males and females do differ in their stated WTP and specifically, males are less 
willing to pay a premium for feta cheese with animal welfare label. With respect to attitudinal 
characteristics, ethical minded score seems to positively affect WTP. Thus, the more a consumer 
perceives themselves as ethically minded when making consumption choices, the more willing is to pay 
for animal welfare labeled feta cheese. Moreover, subjects who have prior knowledge about the animal 
welfare certification are willing to pay a higher premium than those who don’t. The rest variables do 
not exert a statistically significant effect on WTP. 
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Table 2 
Interval regression estimates 

 Coefficients   Standard errors 

Constant 214.267 (17892.957) 

Age -0.484 (0.539) 

Gender -19.358* (11.183) 

Household size 7.189 (4.739) 

Income   
 € 6.001-€12.000 -5.908 (36.626) 
 € 12.001-€18.000 -20.248 (36.149) 
  €18.001-€24.000 -38.632 (36.879) 
 € 24.001-€30.000 -13.04 (38.701) 
  >€30.000 -10.504 (37.222) 

Education level   
  Technical school -9.994 (25.071) 
  University graduate -6.485 (20.091) 
  Post-graduate studies 4.898 (21.776) 

Feta purchase frequency   
  251-500gr -16.044 (15.895) 
  501-750gr 2.982 (16.641) 
  751-1000gr 21.184 (21.405) 
  >1001gr 5.914 (29.531) 

Ethical minded consumer behavior 3.273*** (0.926) 

Social Desirability 0.341 (2.117) 

Confidence of response   
  Slightly confident 5.244 (23125.804) 
  Somewhat confident -225.028 (17892.914) 
  Fairly confident -218.129 (17892.903) 
  Completely confident -224.824 (17892.911) 

Familiar 28.372* (15.806) 

Feta cheese type   
  Packed  6.716 (12.226) 
  Other 18.51 (46.937) 

Low food prices are more important 
than ethical production processes 

  

  Disagree 29.778* (15.776) 
  Neither agree nor disagree 14.424 (18.526) 
  Agree 34.757 (23.321) 
  Strongly agree 265.706 (12806.409) 
σu 3.845*** (0.186) 
N 200  
AIC 233.3638      
BIC 345.5066  

Notes: *<0.1, **<0.05, ***<0.01 
 
Using predicted values from econometric model, we can graph the demand curve and calculate the 

mean WTP value for the animal welfare label. The average WTP premium associated with the animal 
welfare label is estimated at 120.17 cents of a Euro. Figure 2 shows the demand curve where each point 
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on the curve indicates the percentage of respondents that would be willing to buy a package of 400gr 
feta cheese with animal welfare label, at the premium projected on the Y-axis.   

 

 
Figure 2: Predicted premiums for animal welfare label 

4. Conclusions 

Given the growing interest for actions that promote sustainability, this study investigates consumers’ 
attitudes and behavior and estimates their willingness to pay a premium for feta cheese with animal 
welfare label. Moreover, we explore whether willingness to pay can be affected by demographic 
characteristic and attitudinal factors.  

We find average willingness to pay premium of up to 27% for animal welfare label which is in line 
with [8] who found the same price increase for certified FAW broiler fillets. We also find demographic 
and attitudinal effects as well. Women are willing to pay higher premiums than men for animal welfare 
label which is consistent with previous studies related to animal welfare valuation [9] and [10], though 
age, income, education don’t exert a statistically significant effect on WTP value. In addition, in 
accordance with [11] we find that knowledge about the animal welfare label can play a significant role 
in influencing purchase decisions. Finally, results indicate that the more consumers are conscious about 
ethically minded behavior in their lives the higher is also their willingness to pay animal welfare label.  

Overall, the positive premium that our respondents are willing to pay suggests that people are aware 
of the need for higher animal welfare standards in feta cheese production, and they believe that their 
individual purchasing habits will make a difference towards a more sustainable future in the Greek 
livestock.  
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Abstract  
The wine industry has evolved thanks to the introduction of new technologies (e.g., sensors, 
digital tools) and the emerging needs of the wine audience, which seeks transparency for the 
wine product to ensure quality, sustainability, food safety and engagement. Since the 
competition in the wine sector is extremely high, transparency via digital means is one of the 
methods that wine enterprises employ to increase their competitiveness, customer loyalty, and 
market share. In this paper, we present the MiB (Message-in-a-Bottle) system, a digital tool 
which exploits different types of data (e.g., weather, traceability etc.) that come from different 
sources (e.g., sensors, Enterprise Resource Planning (ERP) systems) to offer transparency and 
better informativeness regarding the different wine labels. The MiB system applies the 
technique of storytelling in tandem with interactive functionalities to maximize the level of 
engagement. It is developed in the frame of the MiB project and is planned to go into the market 
through Lyrarakis wine enterprise. The proposed approach offers a competitive advantage to 
wine enterprises that can lead to increased sales and profits. 
 
Keywords  1 
Wine industry, storytelling, sustainability, transparency, digital agriculture 

1. Introduction 

There is a growing trend in food awareness, such as reducing the environmental and climate footprint 
of the food supply chain [1, 2]. This trend also applies to the wine industry, as the wine audience requires 
transparency for different aspects of the wine product [3, 4]. For example, wine consumers and wine 
professionals may be interested in details about the vineyard (e.g., soil texture), the wine matching process 
(e.g., use of water), or the wine ingredients (e.g., sugar content). This information is valuable to all involved 
parties in the wine industry, so there is a need for the systematic gathering of information and for applying 
appropriate presentation methods. 

Furthermore, a digital system that exploits information from the wine production chain could improve 
transparency and increase food awareness, and, thus, strengthen brand recognition and customer loyalty for 
the respective wine producer, increasing sales and profits. 
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In the frame of the MiB Project, we developed an information system, called the MiB system [5]. The 
system aggregates meaningful information to create a unique story for each wine label by applying 
storytelling. Storytelling is widely used in the wine sector as an effective engagement technique for 
customers [6]. The storytelling of MiB is based on geological, viticultural, wine making, oenological, 
climatic, cultural and sustainability data.  Data is combined with multimedia content (photos, videos) and 
other achievements (awards, producers biographies) to give to the user the full picture for each wine label. 

MiB offers a suite of applications that allow users to: (a) navigate through wine products and their related 
features by providing a storytelling-based presentation (Main Application), b) obtain food and wine 
recommendations (Le Sommelier Application) c) register each bottle for validating the authenticity of the 
product itself (Authenticity Application), d) interact with a digital label in an augmented reality experience 
(AR Application), and e) manage the available data (Admin UI Application). 

2. The MiB System 

MiB provides a rich ecosystem of services and applications able to create a transparent wine story 
for the users. These users can be either wine producers/enterprises, or anyone who is interested in wine 
from consumers to professionals of the domain (oenologists, sommeliers, retailers). Wine producers are 
the administrators of the system, whereas consumers and professionals constitute the end users. 
Administrators can collect data related to their wine products from various sources such as ERP 
systems, weather stations, or even manually from people that participate in the viticulture or wine 
making process. These data are injected in the system, allowing the presentation of the wine products 
using a storytelling technique [7] in an engaging manner [8]. End users can navigate through the 
available labels and wine characteristics and find the wine that satisfies their needs. 

MiB follows a typical 3-tier architecture consisting of:  the data tier, the application tier and the 
presentation tier. Different applications reside in the presentation tier and they communicate with the 
database (data tier) through RESTful web services [9] (application tier). 

2.1. The MiB Model 

The MiB data model (Figure 1) embraces fundamental entities that typically appear in a wine story 
[10, 11]. Thus, it captures information related to:  

1. label; wine details such as year, flavor, alcohol and acidity (Label entity)  
2. variety; details such as the color and the name (Variety entity)  
3. historic and folklore elements (Cultural entity)  
4. sustainability; information such as water management and farming soil health (Sustainability 

entity)  
5. meteorological; information as captured by the installed vineyard weather sensors (Meteo 

entity)  
6. vineyard; information such as the altitude, location, other viticulture details such as irrigation 

or ripening (Vineyard entity), and the producers (Producer entity)  
7. winemaking; details including a wine making diary (Wine Making Diary entity)  
8. food elements; including recipes and recommendation captured in the respective entities (Food, 

Recipe, Justification entity) 
9. awards: details for specific years of wine labels (Award entity)  
10. authenticity; information that denotes if a specific bottle has been already registered (Bottle 

entity) 

2.2. The Applications 

The MiB system includes five applications: Main Application, Le Sommelier Application, 
Authenticity Application, Augmented Reality (AR) Application and Admin (UI) Application. 
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The Main Application2  (Figure 2) embeds the other applications, except from the Admin UI 
Application3, which is available only for the MiB administrators. It offers a storytelling experience upon 
the ingested wine labels of the database. The Main Application is accessible via the web browser, or 
via QR code scanning. All data are retrieved through the MiB web services, populated in the Main 
Application and presented accordingly in two information layers. The basic layer contains coarse-
grained information: basic description of the label itself, the producer(s), the vineyard, the winemaking 
process, the number of acquired awards (if any), food pairing suggestions and cultural elements. This 
layer is presented to the users through scrolling. The second layer contains more detailed information 
such as sustainability, meteorological, and geological information. This layer is activated by call-to-
action buttons, which are included in different sections of the interface.  

The ‘Le Sommelier Application’ (Figure 3) allows pairing wine with food and vice-versa, enhancing 
both the experience of the user and the information she receives. In contrast to most similar approaches 
that hardcode one-to-one wine-to-dish pairings, our application enables exploring wine suggestions that 
nicely pair to multiple dishes, potentially diverse in flavor and characteristics. Le Sommelier models 
domain-experts’ knowledge in the form of strict and weak prioritized rules, and performs logical 
reasoning using the declarative language Answer Set Programming (ASP) [11]. The application 
executes reasoning by exploiting the state-of-the-art tool Clingo4 to tackle different search problems 
that appear during processing recommendations. 

 

 
Figure 1: The MiB Model 

 

 
2 Demo: https://mibproject.lyrarakis.com/demo/ 
3 https://mibproject.lyrarakis.com/demo-admin/ (username/password: test/test) 
4 https://potassco.org/clingo/ 
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Figure 2: The Main Application 
 

 
Figure 3: The Le Sommelier Application 
 

The Authenticity Application applies a crowdsourcing approach for authenticating bottles. It is based 
on pairs of public and private keys, uses plain QR printers, and requires the active participation of 
consumers for checking and registering authentic bottles, and for providing information for the 
counterfeit ones. This interactive process creates a relation of trust between consumers and producers, 
and can be incentivized by offering a gamification approach to customers that register their bottles. 

 The Augmented Reality (AR) Application (Figure 4) aims at letting consumers interact with the 
digital label of a corresponding wine label, in an engaging way using WebXR5. WebXR is currently 
offered on top of Google’s AR services6 for supported devices. The application overlays a digital 
interactive label on top of the real-world one, which has to be tracked accurately and consistently in 
real-time and in various light conditions.  

 
5 https://www.w3.org/TR/webxr/ 
6 AR services 1.29.213210223 
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Figure 4: The AR Application 

 
The Admin UI Application (Figure 5) offers a content management facility for administrators, 

allowing them to manage the MiB database or add new data, such as the wine making diary of a new 
year for a specific wine label, or adding new photos or videos that will be part of the corresponding 
wine story. In addition, it offers an exploratory service for monitoring the bottles that are available in 
the market, along with any non-genuine bottles and their associated information added by worldwide 
customers. 
 

 
 

Figure 5: The Admin UI Application 

2.3. Added Value from Using the MiB System 

The contribution of MiB is twofold. On the one hand, it offers a system that is easy to use (web-
based, mobile-friendly, platform agnostic, multilingual, easy access) by both administrators and end 
users. On the other hand, it creates benefits for the wine enterprises which employ it.  
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2.3.1. Benefits for Users and Administrators 

The MiB System offers a storytelling experience for wine labels. This experience raises awareness 
by providing accurate and clear information about the entire wine production process. It also gives them 
recommendations for food and wine pairing, as well as relevant recipes that make the wine selection 
process more playful and meaningful. Additionally, the augmented reality application lets consumers 
interact with the digital label while exploiting MiB data. By authenticating specific bottles, the users 
benefit from increased trust in the authenticity of the product.  

MiB Administrators benefit from the data management functionality and the monitoring of 
authenticity. The first allows them to curate wine stories whereas the second gives them an extra level 
of control, especially for receiving information on multiple cases of non-genuine bottles. 

2.3.2. Benefits for Wine Enterprises 

The MiB system offers multiple benefits for wine enterprises. It contributes to transparency because 
it gives access to information related to the wine production chain for any involved parties.  Also, it 
provides an engaging way of presenting wine stories to consumers based on combined data from the 
past (e.g., cultural data, vineyard geological elements) and the present (e.g., data from weather sensors, 
photos, videos).  Moreover, the MiB system contributes to food safety because the authentication of the 
wine purchased guarantees its origin. 

Finally, the system offers an extensible and scalable approach to support additional meaningful 
features for the wine industry. For example, MiB can support the legal obligations that arose for wine 
enterprises in the EU to support access of consumers to nutritional information for each wine7.     

3. Conclusion 

We described the MiB system, a web-based information system developed in the context of the MiB 
project, which allows the wine audience to better understand the characteristics of the wine purchased 
or consumed. The system is composed of five applications. The main one provides a storytelling 
experience and allows users to navigate through the wine characteristics at the desired level of detail. 
Other applications provide value-adding services, such as the ability for optimal wine-food pairing, the 
ability to verify the authenticity of the purchased bottle and the enhancement of the wine drinking 
experience through an AR Application. The functionality of the MiB system is based on data provided 
by the winemaker through the Admin UI application. 

Although the system has been tested over the labels of the Lyrarakis wine enterprise, it is designed 
to be generic and can be easily adapted to support other wine enterprises, as well as other domains (e.g., 
oil, cognac, etc). We argue that using the MiB system will help wine producers stand out from the 
competition, increase customer engagement and loyalty, and, thus, increase sales and profit. 
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Summary 
High ammonia concentrations (>3 g NH4+-N L-1) released from the degradation of nitrogen- 
rich organic waste could lead to suboptimal biogas production during anaerobic digestion (AD) 
due to toxicity events. These toxic events are very common and can yield significant economic 
losses in full scale AD plants. In addition, globally, nutrient-rich (e.g., nitrogen (N) and 
phosphorus (P)) digestate effluents are still discarded in agricultural land, releasing nutrients 
into the environment with adverse effects including the pollution of surface (eutrophication) 
and ground waters, emissions of greenhouse gases, and soil erosion, that in return impact 
human health. This study aimed to assess and advance the integrated scheme of nutrient 
recovery in the form of struvite, and of energy formation as biogas from livestock waste. 
Struvite is a crystalline mineral, which constitutes a slow-release high-value fertilizer, 
containing equal molar concentrations (1:1:1) of magnesium, ammonium, and phosphate 
(MgNH4PO4·6H2O), that can be recovered from nutrient-rich wastewater. The methane in 
biogas is a renewable fuel, that can be produced by the biodegradation of organic matter. The 
effect of a specific feeding strategy during AD on the crystallization of struvite from pig slurry 
at pilot scale was first investigated, while a microbial tracking study was also conducted on 
this experiment. The results showed that the stepwise feeding of the substrate to the digester 
alleviated ammonia inhibition. Experimentally measured methane production efficiency 
reached approximately 90% of the theoretical production, thus indicating an efficient anaerobic 
digestion process. The produced struvite was of very high purity (> 95 w/w) (X-ray 
crystallography (XRF) using reference intensity ratio method). Scanning electron microscope 
analysis revealed the production of typical struvite crystals e.g., orthorhombic. The obtained 
XRF spectra indicated that heavy metals were within the acceptable regulatory limits. No 
carcinogens were detected (polycyclic aromatic hydrocarbons and Cr6+). Finally, pathogens 
such as Salmonella spp. and Escherichia coli, were absent (Regulation (EU) 2019/1009). In 
this study, the production of a high purity product, safe to use in agriculture and horticulture. 
To conclude, this integrated innovative process for recovering energy and nutrients from pig 
slurry can lead to high biogas yield and the production of high-purity struvite organo-mineral 
fertilizer, thus minimizing nutrient losses, safeguarding the declining phosphate rock, and 
making this process energy independent.  
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Abstract  
Fisheries management relies on analyzing data using complex models and software and 
includes the usually manual process of identifying and combining different parts of information 
about stocks and fisheries, which is a time-consuming and error-prone process. Firstly because 
there is no single source of information but rather they are many, and secondly because there 
are alternative ways of modeling and referring to the same piece of information. Approaches 
like the Global Record of Stocks and Fisheries (GRSF), which are the result of the semantic 
data integration of the corresponding information from different data sources, aim to overcome 
such problems, by providing a unified view of the stocks and fisheries information in a 
homogeneous manner. In this paper, we propose a reconciliation framework ensuring that 
similar pieces of information from heterogeneous sources are properly connected during the 
construction of the semantic warehouse of GRSF. 
 
Keywords  1 
Reconciliation, Entity Matching, Stock, Fishery, Species, Water Area, Fishing Gear 

1. Introduction 

The main goal of fisheries management is to monitor, specify and propose regulations and rules for 
protecting the fishery resources, so that their sustainable exploitation is possible. Although there is no 
clear and generally accepted definition of fisheries management, according to [1] the main task of 
fisheries management is the integrated process of information gathering, analysis, planning, 
consultation, decision-making, allocation of resources and formulation and implementation, with 
enforcement as necessary, of regulations or rules which govern fisheries activities in order to ensure the 
continued productivity of the resources and the accomplishment of other fisheries objectives. The key 
indicators for efficient fisheries management are stocks and fisheries. Stocks refer to groups or 
individuals of a species occupying a well-defined spatial range (e.g. swordfish in the Mediterranean 
Sea), while fisheries describe the activities leading to the harvesting of the fish within a particular area, 
using a particular method or equipment and purpose of activity (e.g. the Atlantic cod fishery in the area 
of East and South Greenland).  

Nowadays there are several stakeholders, reporting information about stocks and fisheries at 
regional, national and local levels. These stakeholders maintain their knowledge and publicize their 
contents independently from each other. However, cross-references between the knowledge bases from 
different stakeholders is not a common issue. In addition, the use of common vocabularies or standards 
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for describing particular aspects has not been globally agreed. This leads to the creation of several data 
silos, each one with its own rules and terminology.  

The Global Record of Stocks and Fisheries (GRSF) [5], aims to overcome such problems by 
introducing a workflow that collects and semantically integrates stocks and fisheries information from 
different databases, and present them in a unified manner. More specifically, it is the result of the 
integration of (a) FIRMS [2], (b) RAM [3] and (c) FishSource [4]. During the construction and 
refreshment [6] of GRSF, a reconciliation workflow is applied, ensuring that if there are similar 
resources expressed in a different way they will be properly linked. In the following of the paper we 
describe such cases. More specifically, in Section 2, we further discuss about the problem, in Section 3 
we elaborate with the reconciliation framework and its applicability, and Section 4 concludes our work. 

2. Motivation  

Since the sources contributing stocks and fisheries information to GRSF contain complementary 
information, GRSF provides a merged view of those records. Merging is applied by comparing some 
key elements of the records. For the case of stock records, the elements that are compared are: species 
and assessment area, while for the case of fisheries they are: species, fishing area, management 
authority, fishing gear, flag state. It becomes evident that the accuracy of the information of these 
elements, specify the successful merging or not.  

Of course, there is not a single way of describing those elements. For example, marine species can 
be referred to using their scientific name (e.g. Thunnus albacares), their common name in any language 
(e.g. Yellowfin tuna in English), their 3-Alpha code (YFT), their APHIA ID (e.g. 127027)), etc. In a 
similar manner, an area can be referred to using a common name, a FAO major area code (e.g., 37.3.1), 
a GFCM code, an LME code, an ISO3 code of the exclusive economic zone, etc. The same applies for 
all the aforementioned elements.  

Moreover, it is quite common that different sources use different terminologies for describing their 
contents. For example, in FIRMS species are usually referred to using their 3-Alpha codes, RAM reports 
their scientific name and taxonomy, and FishSource uses various combinations. It is therefore evident 
that before applying any merging activity in GRSF, it is required to build a knowledge base, with the 
different identifiers of each resource, so that they can be efficiently compared. 

3. Reconciliation Framework 

The reconciliation framework is responsible for constructing a knowledge base consisting of the 
different identifiers of the entities. The knowledge base can be afterwards exploited during the 
construction of the GRSF, so that (a) the merging of records from different sources can be executed 
properly and (b) all the records in GRSF use the preferred terminologies with respect to GRSF 
guidelines. Below we introduce the conceptual backbone of the constructed knowledge base, we 
describe the reconciliation framework workflow and we provide more information about the 
applicability of the framework for the purposes of GRSF. 

3.1. Model 

The configuration of the conceptual model for the reconciliation framework of GRSF is shown in 
the upper part of Figure 1. The core element is Term, and is associated with the elements Identifier and 
Information Object. More specifically, a Term can have a preferred identifier, one or more alternative 
identifiers, and many additional information objects. In order to compare two different terms, the 
identifier elements are used. In particular, if two terms have at least one of their identifiers the same 
then they are merged into one. For this reason, we are comparing all the available identifiers and a 
match is confirmed if all the values of an identifier match (i.e. identifier, type, index). For terms not 
having any identifier, we are comparing their additional information objects. The main difference is 
that when two terms have the same additional information object (same value and type), and at least 
one of them does not have any identifier, a suggestion of merging the terms is made and is it up to the 
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user to approve it. The lower part of Figure 1 shows an indicative example for the term about the species 
with scientific name “Thunnus albacares”.  

 

 
Figure 1: The Reconciliation framework data model 

 
Identifier elements are enough for comparing and merging two terms. Practically, this means that as 

soon as two terms have at least one of their identifiers the same then they are matched, no matter if the 
identifier is the preferred or an alternative one. Furthermore, each identifier is associated with an index, 
representing the order of preference. Upon the construction of all the terms, they can be used for 
selecting the most preferred identifier of a term, starting from the preferred identifier (that has always 
index =1), and if that does not exist, the alternative identifier with the lowest index is used. In the 
example of Figure 1 the preferred identifier is YFT (3-Alpha code), the second most preferred is 127027 
(APHIA ID), and so on. The types and indexes of the identifiers are specified during the configuration 
of the GRSF construction/refresh workflow. An indicative configuration of the types and indexes of the 
identifiers for GRSF is given in Section 3.3.  

3.2. Workflow 

Figure 2 shows the overall workflow that is used for constructing GRSF and the placement of the 
reconciliation workflow. The detailed description of the construction workflow and the refreshment of 
GRSF can be found in [5] and [6]. More specifically, the reconciliation KB is constructed using as input 
the transformed data as well as data from external sources. For each concrete resource, a new entry is 
added in the knowledge base with the available information. Of course it is expected that some 
information might be missing during the creation of a new terminology resource. The reconciliation 
framework will take care of complementing the missing information as soon as they exist somewhere 
else (e.g. in another record, a transformed source, or an external source). Particularly, if a term with a 
particular identifier already exist, then its information are complemented with the new ones, otherwise 
a new term is created.  
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Figure 2: The GRSF construction workflow 

 
Figure 3 illustrates an example depicting three stock records, occupying the same species, and each 

source documents that species differently. S1 will create a new term of entity type Species, with 
preferred identifier “YFT”, and additional identifier “Thunnus albacares” with type scientific name. S2 
instead of creating a new term, it will enhance the already created term shown before, because they 
have the same additional identifier of type scientific name. Finally, S3 will further enhance the term 
with an additional identifier. 

 
Figure 3: Creating and enhancing a term 

 
 
After the construction of the reconciliation KB, it is exploited during the construction of the GRSF 

records. This is mandatory, so that records are fully compliant with the GRSF guidelines, that specify 
how the different information of GRSF records should be presented. This is achieved through the lookup 
methods, that allow spotting terms from the KB. As soon as a term is located, its preferred identifier is 
used for the construction of the corresponding GRSF record. If it does not exist, the alternative identifier 
with the lowest index will be used.  
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3.3. Application  

Table 1 shows the list of term types that are reconciled using the reconciliation framework for the 
purposes of GRSF. For each term type, we provide the preferred identifier, and the alternative ones, as 
they have been agreed in GRSF guidelines. 

  
Table 1 The term types and their identifiers  

Term Type Preferred ID / Index Alternative IDs / Index 
Species 3-Alpha[7] code / 1 APHIA[8] ID / 2 

Scientific Name / 3 
Areas (assessment, fishing) FAO[9] code / 1 GFCM[12] / 2 

LME[10] / 3 
MRGID[11] / 4 

ISO-3[13] (EEZ) / 5 
Fishing Gear ISSCFG[14] code / 1 ISSCFG abbrev. / 2 

ISSCFG category / 3 
Flag State ISO-3 / 1  Legal name / 2 

Management Authority Acronym / 1  Full name / 2 

4. Conclusion  

This paper demonstrates the reconciliation framework that facilitates the semantic data integration 
of data sources with stocks and fisheries and is compliant with the GRSF guidelines and best practices. 
Although we focus on the particular use case, the framework is generic enough and can be used across 
different domains as well. In fact, in this paper we have described its configuration on top of the GRSF 
construction workflow, with the objective of efficiently comparing and locating similar entities that 
have been described using different identifiers.  
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Abstract  
The use of electronic means to help with tasks such as pastoralism is a way of intelligently 
optimizing the activity. As any autonomous system, it requires human intervention in case of 
failure, and therefore it needs an autonomous mechanism that draws the attention of the human 
operator whenever the system or the animals evolve to undesired conditions. The present work 
progresses an existing alarm system, used in the SheepIT gateway, which can monitor the 
behavior of animals and equipment, warning human supervisors of the occurrence of unwanted 
events and the need for intervention. Concretely, given the lack of coverage of Internet access 
in rural areas, the system was integrated with a satellite interface to guarantee communication 
and the timely delivery of alarm messages. The paper compares the overall networking 
performance of the satellite link, against a Wi-Fi laboratorial baseline. 
 
Keywords1 
Smart-agriculture, Internet-of-Things, Sensors, Satellite  
 

1. Introduction 

The use of ICT Technologies for supporting livestock activities is a strategy that aims to increase 
productivity and reduce their environmental impact. By allowing tasks to become automated, the cost 
of labor and, consequently, of the final products, is reduced. 

As part of the SheepIT project [1], an autonomous system was developed for the postural 
conditioning of ovines used for grazing within a vineyard, without threatening the vines or the grapes. 
Using smart collars and beacons, posture data was collected, and actuators allowed for conditioning 
measures. Despite being automated, the system requires human supervision to guarantee animal and 
crop safety: animals are often attacked and abducted, systems fail or lack maintenance, and often animal 
behavior requires supervisory action. 

Tests under the scope of SheepIT [6] demonstrated the importance of liberating the shepherd, both 
because the task of guarding animals implies enormous loneliness that renders the profession 
unattractive, and because it allows the person to be involved in other agricultural tasks related to the 
treatment of the vines, thus, reducing labor cost. 

To free the shepherd and allow him to carry out remote supervision, an application for monitoring 
animals and equipment was developed, integrated with the SheepIT gateway. The application monitors 
communications from the system's collars and the beacons, [2] sending alarms whenever supervision is 
needed. 

The proper operation of an alarm system depends on fast communication so that it is possible to 
trigger the necessary corrective measures, which in rural areas is not very easy due to the lack of radio 
coverage of WLAN technologies, and sometimes even mobile networks. Presently, several technologies 
for extended coverage or Machine-to-Machine (M2M) characteristics exist and are deployed, such as 
NB-IoT, Sigfox, and others. However, such solutions are mostly deployed in or close to urban centers, 
leaving rural areas with large coverage gaps or without access to all the characteristics needed by M2M 
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scenarios [3]. As a way of mitigating the lack of coverage, while providing a performance link, the 
system documented in this paper was extended with a satellite communications interface, increasing 
the alarm generation capability. 

The paper continues in Section 2 with the description of the implemented system, followed by 
Section 3 which evaluates its performance in terms of latency of communications and bandwidth 
consumed. Section 4 concludes the paper and points out future work. 

2. The Architecture of the Electronic Sheepshead 

SheepIT was originally built providing a posture control mechanism that prevents the sheep from 
eating the vine leaves and grapes, allowing them to be used for animal-based weeding. The mechanism 
was implemented in a collar carried by the animals and integrated in a wireless sensors network (WSN) 
that simultaneously monitors the behavior of the animals [4] and localizes them [5]. The WSN includes 
a set of fixed nodes, and a gateway that aggregates and filters the information, performs the localization 
of animals within the infrastructure, and interconnects the WSN with a cloud-based alarm generation 
system. 

While grazing, the animals are tempted to also eat the vine leaves located at a higher height, which 
are important for the vineyard. The system, thus, monitors the height at which the animals are eating 
leaves, checking for a configured threshold value. Once this maximum height is violated, the system is 
activated, and it starts the conditioning process. The analysis over time of the animal behavior [6] shows 
that the animal keeps trying to exceed the maximum height, and that the collar is the defense of plants 
against animal attack. 

SheepIT’s main use case consists of animal grazing in Adriano Ramos Pinto vineyards, in the Douro 
region, where the relief is especially rugged [7], and where cellular communications have irregular 
coverage, hindering communications between the WSN and cloud infrastructure, impairing the dispatch 
of alarm messages. SheepIT infrastructure was built in order to monitor animal behavior, to transfer the 
monitoring data to a system stored in the cloud, allowing for long-term data analysis via the web, 
assisting in the determination of trends, or even prediction of behavior. 

The gateway integration (whose internal architecture is illustrated in Figure 1) with the cloud, 
required that two tasks were carried out: first, optimizing the encoding of animal monitoring messages 
in order to reduce the signallling volume and, second, integrating the satellite communications interface 
for sending alarm messages. 

The communication between the gateway and the cloud application was initially implemented 
through a RabbitMQ [8] producer API with the information encoded in JSON. To evaluate the best 
solution for highly available and fault-tolerant message processing capability, we tested three different 
information encoding APIs, namely Apache AVRO [9], MessagePack [10] and Protocol Buffers [11]. 

For our experimental network setup we used the EchoStar Mobile satellite network and the Hughes 
4200 portable data terminal. The Hughes 4200 acts as a concentrator in the field to which the edge 
computing device (collecting data from the SheepIT sensors) is connected to upload data in the SheepIT 
cloud service. The use of satellite connectivity enables deployment of SheepIT technology in rural and 
remote unconnected areas and guarantees 24/7 smart monitoring.  
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Figure 1: Internal architecture of the gateway 
 

2.1. Pasture Alarm System 

The alarm system was implemented in the SheepIT gateway and it monitors the periodic 
communications forwarded by fixed WSN beacons, reporting the data sensed by the collars. Those 
periodic communications allow the detection of various events of interest related to animal behavior 
and health, as well as other events that require prompt intervention by the herd supervisor. 

Alarms can be generated by the gateway or by the cloud system. Table 1 summarizes the types of 
alarms generated by the system, the source, the context in which they are generated and size (bytes). 

One of the alarms generated by the system is the detection of the excess of infractions carried out 
by an animal, since there are animals that do not accept to be conditioned, and therefore must be 
removed from the vineyard. 

Network nodes need battery power to operate, and the system periodically monitors their charge, 
and informs the system supervisor, especially about the collar battery charge, as these are the key 
elements which guarantee that the animals do not threaten the vineyards. Moreover, the alarm system 
triggers an alarm to the supervisor as soon as the battery charge drops below the minimum threshold 
set. 

With consequences like those of battery drainage, two other events can happen: equipment failure 
and inactivity. The first may be due to the equipment inoperability, in which case it leaves the animal 
free to eat whatever it wants, threatening the plants; the second is related to a pattern of sensor-detected 
accelerations, which are not very common in the normal behavior of the animals and denotes that the 
equipment was abandoned on the ground, leaving the animal free as well. 

The last type of alarm generated locally by the gateway is the panic alarm. In particular, the gateway 
continuously compares the accelerations measured by the collars with the baseline of the acceleration 
values and for each of the animals present in the system. Thus, it detects herd disturbances, such as herd 
interaction with strangers or other animals such as stray dogs. 

The cloud also monitors the herd data received and can generate alarms, for example, signaling a 
potential illness due to a continuous decrease in animal activity. As the message is generated in the 
cloud, it is not exchanged in the satellite/Wi-Fi links, and thus its size is irrelevant. 
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Table 1 
System alarms 

Alarm 
type 

Source Alarm context Message size 
(bytes) 

Battery Gateway Battery level of the network nodes drops below a 
minimum threshold 

1134 

Absence Gateway Network node is no longer detected after several 
communication cycles 

1147 

Infraction Gateway Animal crosses a threshold of infractions per unit of time 1161 
Panic Gateway Pattern of accelerations of herd elements in the same 

period is detected 
1159 

Inactivity Gateway Pattern of collar inactivity is detected, indicating that the 
collar may have fallen off the animal. 

1134 

Health Cloud Prolonged decrease in activity has been detected for an 
animal 

- 

 

3. System Evaluation 

The system was functionally validated and tested to characterize its performance in terms of volume 
of traffic generated and in terms of latency. During the system tests, a gateway was implemented using 
a Raspberry PI 3 Model B+, and the cloud application was hosted in a Ubuntu 20.04.4 LTS server 
virtual machine enabled with 8GB RAM and 2 cores, hosted at the datacenter of the Instituto de 
Telecomunicações. 

We started by testing the signaling volume produced by each of the interconnection APIs. For the 
tests, a simple client of the gateway was used, simulating various amounts of each of the types of alarms, 
using each of the encoding APIs, and the signaling volume of the alarm transport messages was 
measured through a network sniffer.  

The results illustrated in Figure 2 showed greater efficiency of the MessagePack API, in the transport 
of alarm messages. 
 

 
Figure 2: Message encoding sizes for different alarms and encoding APIs 
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The latency of the system in the transport of alarms was also tested, both in the case of transport via 
Wi-Fi and in the case of using the Satellite Link, and the results are illustrated in the plots of Figure 3.  

 

 
Figure 3: System latency with Wi-Fi and Satellite connectivity 

 
Results show a considerably higher latency time for the satellite case, with the difference increasing 

along with the size of the messages. In the case of smaller messages, there is a difference in latency due 
to the difference in the path taken by the two technologies. For larger messages the total latency value 
reaches 1.5 seconds, a value much higher than the necessary in the Wi-Fi connection, that is due to the 
bandwidth available in the case of the satellite connection. 

4. Conclusions 

The alarmist component in an electronic grazing system like the one developed in the SheepIT 
project is essential, to free the human supervisor for other tasks, or simply to free him from an arduous 
and lonely task. Present work made possible to implement a system that monitors animals and network 
devices, generating and sending a set of alarms, to guarantee the safety of animals and plants. 

Most vineyards are in rural areas, with very low population density, and therefore have poor cellular 
coverage, making it difficult to connect to the Internet. In this context, we integrated the gateway with 
a satellite interface, thus allowing a means of accessing the Internet, even in very difficult access places 
such as the uneven slopes of the Douro region. 

The system was functionally validated to evaluate the communication latency as well as the volume 
of signaling produced during its operation. Three information encoding APIs were tested and it was 
verified that MessagePack allowed better performance. 

The results made it possible to verify that the values are perfectly acceptable and compatible with 
the system alarm function. For future work, we will also consider a LoRaWAN-satellite integrated 
environment supported with AI-assisted opportunistic transmission.  
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Summary1 
In last decades, concern about the health of pollinator and their provided pollinating service is 
grown exceptionally. Most prevalent concern is the decreasing number of honeybee colonies, 
reported by beekeepers. Main stressors that can lead to the loss of colonies are considered to 
be: use of pesticides, loss of habitat, decrease in diverse food sources and also pathogens. Often 
the real cause of colony loss, is not clear, which means the reason lies in combination of 
different factors. Factors that individually would have not caused the lethal outcome. Due to 
intensive agriculture in most regions honeybees are managed, natural pollinators, managed 
bees and other organism have had to adapt to new food sources and living conditions. Mixed 
food sources honeybees are dependent both, on natural landscapes with natural forage plants 
and agricultural landscapes with concentrated agricultural plants. Critical aspect for 
beekeepers, to achieve maximum honey production is the selecting the best location for the 
season, for their colonies. Natural nectar sources are ensuring constant food source through the 
foraging season. Agricultural crops in the other hand are proven to be the dominant source of 
honey for many Estonian honeybee colonies. This means, beekeepers have to communicate 
with the farmers to choose the best location for their colony groups. Certain agricultural crops 
are considered to be good forage plants, and attractive to pollinators. This study will give an 
overview of the pollen sources that occurred in the honey across Estonian honeybee colonies 
in the summer of 2021. Study is based on honey samples collected from 60 different colonies, 
in June, July and August. Data about crops in agricultural landuse is provided be ARIB (The 
Agricultural Registers and Information Board).   This gives a overview of changes in food 
sources through the foraging season.  Also giving insight on the attractiveness of agricultural 
crops in the sense of effort and reward taking into account the distance and size of the visited 
fields. These results can be used by beekeepers to adjust their colony group placement in certain 
landscapes to ensure maximum potential for honey production and also to assess risks 
accompanied by crops in the area with intense use of potentially dangerous agrochemicals. For 
the farmers, this study will be a good indicator of, which crops are pollinated and does the 
communication between the farmer and beekeeper is enough to provide sufficient pollination 
for their crops. First results show that agricultural crops were present in the pollen in all three 
months of sample collection. Average percentage of agricultural crops were highest in June 
and July, when rapeseed Brassica napus was the dominant culture, present in more than 20 
samples with the 53% average of all the pollen detected in these samples. Also, buckwheat 
(Fagopyrum esculentum), clovers (Trifolium L.) and horticultural crops where present in the 
sampled honey. Results show that not all agricultural crops, considered attractive foraging 
crops in close proximity of colonies, would not necessarily be present in the honey. Or are 
present, but the amount of pollen is not proportional with the distance and size of fields with 
observed crops. Attractive and productive field crops for the honeybees are considered to be: 
California bluebell (Phacelia tanacetifolia), Sainfoin (Onobrychis viciifolia) Honey clover 
(Melilotus albus) Fodder galega (Galega orientalis) White clover (Trifolium repens), 
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Buckwheat (Fagopyrum esculentum), Rapeseed (Brassica napus), Alfalfa (Medicago) Pink 
clover (Trifolium hybridum), White mustard (Sinapis alba), Red Clover (Trifolium pratense). 

 
Keywords   
Pollinators, pollen, land use, floral resources, honeybee  
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Summary 
Due to climate change, the associated increase in temperatures and simultaneously high milk 
yields, dairy cows are increasingly exposed to heat-related stress situations. High metabolic 
performance of high-performance animals additionally shifts their thermoneutral zone to lower 
temperatures. Often only climatic parameters such as the temperature-humidity index are used 
to assess the heat stress in dairy cattle.  
Different studies additionally use animal-specific parameters for an earlier detection of heat 
stress. Geischeder, 2017 identified the physiological parameters respiratory rate and body 
temperature as suitable indicators for individual animal heat load. In another study, the 
behavioural parameters rumination and locomotor activity showed a correlation with heat load 
(Heinicke et al. 2020).  
For the detection of heat stress in dairy cattle, animal-specific parameters recorded via sensor 
systems (automatic milking system, weighing troughs, pedometers and boli) on one 
experimental farm will be used in the first step to identify suitable behavioural and 
physiological parameters. The respiratory rate, which is recorded by visual animal observation 
of focus animals, serves as a reference value. For the prediction model, data from different 
sources were combined. The identification data of 12 focus animals (age, lactation status, 
lactation number, breed) were combined with data from pedometers (ENGS Dairy Solutions), 
that are used to record locomotor activity, lying and feeding behavior. The rumen boli 
(SmaxTec) continuously record locomotor activity, rumination activity, body temperature, and 
drinking cycles. Likewise, the barn climate and environmental data were recorded by a weather 
station. Furthermore, animal-specific feed intake can be recorded at this experimental farm via 
weighing troughs. 
Visual recording of respiration rate was performed on 3 days each in July and September 2021. 
Breathing rate was counted once per hour for 15 seconds in all focal animals, using lateral flank 
movement. These data are then extrapolated to 1 minute. This results in one value per hour per 
focal animal. A further data collection will take place in 2022, starting in June 2022 until the 
end of August 2022. All recorded parameters will be compiled in a database to form a complete 
data set and analysed with the statistics program Rstudio to find relevant parameters that 
individually change during heat stress. First results are expected in summer 2022. In addition, 
the data collected by the various sensor systems will be used to create prediction models for 
recognizing individual animal heat load. These models will essentially incorporate behavioral, 
physiological and environmental data.  
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Abstract  
In this paper, implement strategies to mitigate loss of newborn with the overall goal of 
improving production efficiency will be discussed. The aim of this study was to determine 
newborn lambs’ survival and growth rates in semi-intensive farm conditions in a private farm 
in Kyrenia -Northern part of Cyprus. Totally 320 dairy indigenous ewes (160 heads Awassi 
and 160 heads Chios x Awassi crossbreds) were investigated during 2020-2021 production 
season. Animals were split into two groups as experimental and control groups and housed in 
semi-open barns. Ewes were mated natural methods as ram effects in May. Then, 2nd months 
of pregnancy, ultrasound test was performed. After the lambs were born, umbilical cord care 
was performed, and birth protocol was applied. The lambs were housed in a closed lamb rearing 
unit under intensive conditions. For experimental groups of each genotype, 2.5 cc. feed additive 
(Makrovit Portacure diakes productTM) was given orally from birth to 5th days after birth and 
3 days after weaning to strengthen the intestinal flora, to meet their electrolyte and vitamin 
needs, and to strengthen their immune system.  
At the end of the study, it was observed that the fertility and prolificacy rate of pure Awassi 
were lower than Chios x Awassi crossbred ewes in both control and experimental groups. The 
mortality rate of control groups of each breed was higher than experimental groups within first 
30 days after birth (p<0,01). There were no lamb loses after 30 days and in the post-weaning 
period. Our results showed that the using feed additive in critical periods of newborn lamb’s 
rumen microorganisms, decrease mortality rate, improve immunity and leads to a better 
performance.  
 
Keywords  1 
Lamb survival, Awassi, Chios, crossbred, feed additives, newborn periods  

1. Introduction 

Lamb production is an important source of income for sheep farmers and at the same time, the future 
of farms is the strategic production of countries against imports. All kinds of animal production such as 
milk, meat which have economic value in livestock, occur depending on the fertility. The sustainability 
of animal production depends on the survival of the newborn as well as the yields. For this reason, 
newborn losses should be kept to a minimum. The economic success of sheep-goat farms largely 
depends on increasing the number of offspring per animal at weaning and reducing production costs 
(Ünal et al., 2018). Lamb losses vary depending on the care, feeding and conditions provided at many 
stages of production. The care, feeding, shelter and mating practices applied in the enterprises 
significantly affect the number and genetic structure of the animal in the herd. Feed cost is at a high 
level with 60-80% in business inputs. However, lamb losses cause 15%-30% income loss. This issue 
has been covered in the past by Watson (1957); Haughey (1983); and Alexander (1984) focused on the 
improvement of sheep breeding efficiency and significant progress was made. However, later studies 
focusing on the survival of lambs Walker et al. (2002), Kleemann and Walker (2005a), and Croker and 
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Harper (2006) gained priority. Lamb losses generally occur within the first ten days after birth (Holmøy 
and Waage, 2015) of which occurs between 4-21% (Ipsen, 2013) depending on hereditary and 
environmental factors.  It is possible to say that the loss of offspring occurs due to prenatal, hereditary 
and maternal effects. Alexander and Peterson (1961) report that 88% of deaths occur in the first three 
days, while Johnston (1980) reports that perinatal deaths are 77.8%. In Turkey, Lamb losses vary 
between 9.50-14.43% (Ünal et al., 2018) depending on the genotype and production system.  In today's 
conditions, as the control of the way of breeding has shifted to conditions, care, feeding and managerial 
practices have gained weight rather than genetic factors. Prenatal preparation, birth and immediate 
postnatal practices cause significant differences in offspring losses. Breeders now have to produce in a 
more competitive environment. For this reason, the number of offspring obtained per year becomes 
even more important. 

Many farmers frequently asked how they could increase survival rate of newborn lambs. It is 
estimated that every year 5 million newborn farm animals are dying in Turkey. It is not easy to answer 
this question as it depends on many factors including lambing rate, management and feeding practices 
and production system. It is possible to reduce newborn losses with prevention strategies of improve 
management and nutrition system while others are harder to address.  Once patterns are identified, it is 
possible to target those that have the greatest potential to effect.  

In this paper, implement strategies to mitigate loss of newborn with the overall goal of improving 
production efficiency will be discussed. 

2. Material and Methods 

Totally 320 dairy sheep (160 Awassi, 160 ChiosxAwassi CROSSBREDS) and their off-springs were 
determined in private semi-intensive farm in Northern Cyprus during 2020-2021 production season. 
Sheep were reared in semi-open barns and fed in May by flushing (concentrate feed containing 18-19% 
HP, 2500 Kcal/kg ME + good quality hay + grazing on medium quality pasture for 4 hours a day) and 
mated by using ram effect method (20:1; ewe/ram ratio). Fresh and clean water was freely supplied to 
the animals in both groups. 

At the 2 months of gestation ultrasonic pregnancy test was performed to all experimental animals. 
After the lambs were born, umbilical cord care was performed, and birth protocol was applied. The 
lambs were housed in an intensive lamb rearing unit under intensive conditions. Experimental group 
lambs were oral fed by 2.5 cc. feed additive (Makrovitt Portacure diakes productTM) two different 
periods in early stage of their life as; every day from birth to 5 days after birth and 3 days after weaning. 
The additive was dissolved in boiled and cooled water at 37ºC and given orally with sterile injectors 
directly to the lambs. This feed additive was used to strengthen the intestinal flora of ruminants, to meet 
their electrolyte and vitamin needs, and to strengthen their immune system. The content of the product 
used is given below. 
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Table 1 
Content of Makrovit Portacure DiakesTM product used in the study 

Active Substance 
 

Substance name Level in 
Premix 

 

Unit 
 

Immune Boosters 
MOSS Moss Beta Glukan+Oligosaccarit 30,000 mg/kg 
Egg İmmunglobulini IgY  Egg products 12,500 mg/kg 

Mannan 
 

Saccharomyeces Cerevisia  
Cell Wall Ext. 

10,800 mg/kg 

Glucan Saccharomyeces Cerevisia 
 Cell Wall Ext. 

13,200 mg/kg 

Probiotics 
Enterecoccus Faceum Enterecoccus Faceum Ncimb 104 15 9x1010 CFU/kg 
Maya Saccharomyces Boulardi 9x1010 CFU/kg 
Amino Acids 
Glisin Glisin Monohidrat 5,000 mg/kg 
Carbohydrates 
Lactoz Monohydrat B-D Galactopyranosyi-D-Glucose 298,720 mg/kg 
Protectors    
Citric Acit Anhdri  Citric Acit Anhydri 48,730 mg/kg 
Electrolytes 
Klor Sodium chloride 85,500 mg/kg 
Potassium Potassium chloride 20,300 mg/kg 
Sodium (Na) Sodium bicarbonate (NaHCO3) 67,300 mg/kg 
Vitamins 
Vitamin A Retinol Acetate 2,000,000 IU/kg 
Vitamin C Ascorbic Acid 7,000 mg/kg 
Vitamin K Synthetic Menadione 7,000 mg/kg 
Vitamin D3 Cholecalciferol 400,000 IU/kg 
Vitamin E Alpha Tocopherol Acetate 2,000 mg/kg 
Vitamin B1 Thiamine 1,000 mg/kg 
Vitamin B2 Ribofavin 1,250 mg/kg 
Vitamin B6 Pyridoxine 1,000 mg/kg 
Vitamin B12 Syanocobalamin 10 mg/kg 
Carrier    
Yeast  Dry yeast (Cell Wall Ext..)  qsp  
Dextrose Dextrose Monohidrat   

 
The lambs were raised from birth to weaning according to the protocol developed by us (Table 2) 
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Table 2 
Lamb rearing protocol developed by us 

Days Experimental groups  Control groups  

1-3 1 cc Vitamin E selenium+ colostrum+ 1 cc B 
complex vitamin + Diakes 2.5 cc 

 
 

1 cc Vitamin E selenium+ 
colostrum+ 1 cc B complex vitamin 

3-5 Mother Milk + Diakes 2.5 cc Mother Milk 

5-14 Mother Milk Mother Milk 
14 -21 Lamb starter  Lamb starter  

21-30 Lamb starter +good quality straw separated 
from the mother during the daytime and the 
mothers are taken to single milking 

Lamb starter +good quality straw 
separated from the mother during 
the daytime and the mothers are 
taken to single milking 

30-45 The lambs are separated from the mother and 
kept with their mothers for 3 hours after 
evening milking. 

The lambs are separated from the 
mother and kept with their 
mothers for 3 hours after evening 
milking. 

45 2.5 cc diakes are given to weaning lambs for 3 
days 

Weaning 

 
When the lambs were 14 days old, they separated from their mothers between 8.00 in the morning 

and 16.00 in the afternoon, and the mothers were milked by automatic milking machine in the afternoon. 
Enterotoxemia vaccines were made on the 20th day and then lamb starter feed (%16 HP, 2300 Kcal/kg 
ME) was started.  On the 21st day, quality dry grass was chopped freely in 2-cm size and given as straw. 
On the 30th day, the lambs were completely separated from their mothers and kept with their mothers 
for 3 hours after milking in the afternoon. Mothers were milked twice a day. On the 40th day, the 2nd 
booster enterotoxemia vaccines were made and lambs were weaned on the 45th day. In this period, 2.5 
cc diakes application was applied orally to the trial lambs for 3 days. During the experiment, the number 
of mating sheep, pregnant ewes, bred ewes, number of lambs born, birth weight, first 3 days, 14th day, 
30th day 456th day and after weaning were determined.  

The obtained findings were compared with the statistical program SPSS (21) and the comparison of 
the groups was determined by the t-test method. 

3. Results and Conclusions 

Values related to reproductive parameters of Awassi and crossbred of Chios x Awassi ewes were 
given in Table 3.  The treatment effects on the number of pregnant ewes, birthing ewe, lambs’ number, 
birth live weight of lambs (kg), the fertility rate (%), and prolificacy (%) of experimental groups are not 
significant. Bu the mortality rate of the groups during 0-14 and 0-30 days of the groups is statistically 
significant (P<0.01). The reproductive parameters of experimental groups of ewes and off springs were 
given in Table 3. 
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Table 3 
Reproductive parameters of experimental groups 

 
Traits 

Awassi 
 

Chios x Awassi 

Control Treatment f Control Treatment f 
Number of mated ewes 80 80 NS 80 80 NS 
Number of pregnant ewe 78 79 NS 77 78 NS 
Number of birthing ewe 78 79 NS 77 78 NS 
Number of lamb 83 86 NS 132 138 NS 
Birth live weight (kg) 4.8±0.5 4.6±0.2 NS 2.1±0.1 1.9±0.3 NS 
Fertility rate (%) 1.03 1.07 NS 1.65 1.73 NS 
Prolificacy (%) 1.06 1.08 NS 1.71 1.76 NS 
Mortality rate (0-14 days) (%) 5.3 2.3 P<0.05 12.26 5.6 P<0.01 
Mortality rate (0-30 days) (%) 1.3 0 P<0.01 8.4 3.2 P<0.01 
Mortality rate (30-45 days) (%) 0 0 NS 2.2 0 P<0.01 
Mortality rate (After weaning) (%) 0 0 NS 1 0 NS 
Weaning weight (kg) 18.68±1.05 19.65±1.02 NS 12.21±2.06 14.86±2.22 P<0.05 

 
While examining Table 3, it is understood that the number of lambs for Awassi breed is 83 and 86 

and for ChiosxAwassi crosses, 132 and 138 for the control and treatment group, respectively. The mean 
birth weight of the lambs was 4.8±0.5 and 4.6±0.2 kgs for Awassi control and treatment groups and 
2.1±0.1 and 1.9±0.3 kg for ChiosxAwassi crosses. The mean weaning weight of the lamb was 
18.68±1.05 and 19.65±1.02 kg for Awassi control and treatment groups and 12.21±2.06 and 14.86±2.22 
kg for ChiosxAwassi crosses. Differences between groups were statistically significant (P<0.01). In the 
number of lambs, the Chios breed is superior with 1.03 versus 1.72, and the mean birth weight is 2.0 
versus 4.7 versus the Awassi breed is superior (Table 3). The 0–14 day mortality rate in Awassi sheep 
was 2.3 versus 5.3 for the Awassi control and treatment group. It was higher in the control groups with 
12.26 versus 5.6 for the treatment group in ChiosxAwassi crosses. 

In this study, it was observed that the fertility values of pure Awassi ewes were lower than Chios 
Awassi crossbred ewes, but Awassi lambs had a higher average in terms of living lamb rates (Table 3).  

Mortality and growth rates of Awassi and Chios x Awassi lambs are given in Table 4. The effect of 
breed on 0-30 and 0-14 day mortality rates was determined as P<0.05, and at the level of P<0.01 in the 
period between 15-30 days. The differences between breed groups are statistically significant (P<0.01). 
There were no lamb loses after 30 days and in the post-weaning period. 

 
Table 4 
The comparison of mortality and development rate of Awassi and Chios x Awassi lambs 

Traits Awassi Chios x Awassi f 

Mortality rate (0-14 days) (%) 2.3 5.6 P<0,05 
Mortality rate (0-30 days) 0 3.2 P<0,01 
Mortality rate (30-45 days) 0 0 NS 
Mortality rate (After weaning) 0 0 NS 
Birth live weight (kg) 4.6±0.2 1.9±0.3 P<0.01 
Weaning weight (kg) 19.65±1.02 14.86±2.22 P<0.01 

 
The fact that the fertility of the Chios x Awassi sheep is higher than that of the Awassi sheep can be 

explained by the effect of the reproductive ability of the Chios sheep, which is included in the genetic 
structure of the Chios x Awassi crossbreed sheep. As a result of the comparison made in terms of the 
number of sheep giving birth to twins (twin rate), the observed variables were found to be statistically 
insignificant. 
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The weighing weight of lambs has increased from 18,61 to 19,65 kg for the (Awassi) group and 
from 12,21,3 kg to 14,86 kg for (Chios x Awassi) group with notable superiority for the lambs received 
yeast supply as shown in Figure 1. From table 4, it appears that lambs received feed supplement had a 
more cumulate body weight gain than those of control group (19.65±1.02 kg vs. 18.68±1.05 kg for 
Awassi and 14.86±2.22 kg vs.12.21±2.06 for Chios x Awassi crossbreed statistical analysis revealed 
that weighing weight of the groups differ each other (P<0,05). 

Boran and Torun (2018) report the lambing rate for Awassi as 64.00%. Turkyilmaz et al. (2021) 
reported the survivability of Awassi lambs from weaning to 96.2%, 84.6% and 80.8%. Üstüner (2007) 
reports Awassi sheep birth rate and lamb yield as 85.71% and 96.43%. Tekin et al (2001) reported the 
survivability of 75.47% and 90.6%. As a result of this study, the lambing rate of Awassi sheep was 
higher than the values of Boran and Torun (2018) and Turkyilmaz et al. (2021); Üstüner (2007), Tekin 
ve ark (2001). 

4. Conclusions 

The comparison of mortality and development rate of Awassi and Chios x Awassi lambs showed 
that the feed additive usage decreased mortality rate with higher weaning weight. Lamb number and 
higher body weight at weaning time is very economical advantages for producer. Here, the Chios 
crosses sheep gave birth to twins, but the mortality rate is high because there are small births weights 
and there are no multiples. The teat diameter and maternal instinct of the Chios sheep cross is also weak, 
therefore, it is necessary to emphasize the importance of such practices in order to reduce mortality, 
especially in this group.  

Our results showed that the using Diakes products in the diet of lambs which may stimulates rumen 
microorganisms and leads to a better performance. 
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Abstract  
There is an increasing need for the development of information systems that can optimize field 
management by leveraging the information obtained from the huge volume of data related to 
spatial variation within agricultural fields. To that end, an integrated soil mapping system for 
directed soil sampling is presented in this paper. The system architecture is analysed, 
highlighting the interactions between the individual subsystems toward capturing their internal 
structure. The final product constitutes a useful and effective tool for supporting field 
management as a result of in-depth study using state-of-the-art sensors, data fusion and 
decision-making algorithms. The benefits of using such a system are multifold including: (a) 
Optimization of the application of inputs on the farm; b) Reduction of the environmental 
footprint of agricultural practices; c) Increase of the economic benefit from the cultivation. 
   
Keywords  1 
Precision agriculture, variable rate application, soil information management system, 
subsystems interconnection  

1. Introduction 

Given the triple challenges that should be addressed by agriculture, namely feeding a steadily 
growing world population, ensuring a livelihood for agrarian society, and preserving the natural 
environment, farmers are increasingly relying on precision agriculture. Precision agriculture refers, 
among other, to the possibility of varying application rates leading to more efficient use of inputs in 
accordance with the actual crop demands. In particular, variable rate application is of critical 
significance, as application of inputs, including seeds, water, fertilizers, and pesticides, takes place with 
reference to data gathered by sensors. In this context, the development of management zone maps is 
critical in order to guarantee high efficiency. For that purpose, the acquisition of data related to spatial 
variation within the field is essential [1,2]. However, of greater importance is how to exploit this 
information in the application of variable rate inputs and, in addition, how to manage these inputs in 
the most cost-effective way. As a consequence, reliable and user-friendly information systems that can 
tackle all these issues are required as a means of providing a technology delivery mechanism, the 
scarcity of which has long been recognized as a major barrier for precision agriculture to be widely 
adopted [3,4]. Furthermore, recent research has shown that the implementation of variable rate 
technologies appears to be very heterogeneous, with low adoption in small-scale farms and wide uptake 
in large-scale farming systems [5]. In this work, a Soil Information Management System (SIMS) is 
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presented that aspires to demonstrate the benefits for small, medium and large-scale farming systems. 
The system architecture with the interconnection of the subsystems, the procedures and the benefits are 
discussed. 

2. SIMS at a Glance 

In brief, SIMS provides individualized results for each field, based on soil parameters mapping. At 
the same time, it automatically performs data analysis and data fusion of all levels of information. As 
an intermediate product, maps for targeted soil sampling are exported for increased efficiency of the 
sampling process, by taking the minimum possible samples, which are as representative of the sampled 
field as possible. The information system relies on a modular structure for the purpose of ensuring 
adaptability and flexibility by also following a system-of-systems (SoS) approach. The latter approach 
favors the interconnection of individual sensing, decision-making and action subsystems into an 
integrated framework. Hence, it offers access to the users to implement the optimal agricultural practice 
in each case. SIMS consists of three main subsystems, namely the “Initial Data Acquisition”, the “Data 
Analysis & Decision Making”, and the “Targeted Sampling” subsystem. 

The procedure begins with the in-field and remote data collection. The system automatically 
downloads satellite images form Copernicus (Sentinel 2 mission). Other layers of information include; 
(a) Landscape mapping using a high-precision geolocation device (RTK-GNSS) for the production of 
digital terrain models; (b) Creation of three-dimensional point cloud by utilizing photogrammetry from 
imagery acquired by unmanned aerial systems; (c) Mapping of soil electrical conductivity; (d) Mapping 
of soil pH, by using an electronic pH meter; and (e) Mapping of soil compaction, by using a digital 
penetrometer. 

The second step includes the data fusion of all layers of information using Fuzzy Clustering 
algorithms and the generation of zones for directed soil sampling. Next, directed soil sampling is 
performed on the basis of the sampling zone maps. The action is supported by a dedicated application 
for Android devices, which navigates the producer in the field to the sampling points. The final step is 
the delineation of application management zones and the exporting of prescription maps for variable 
rate applications. 

The system is anticipated to support fully automated operations by using robotic vehicles for 
agricultural applications. Therefore, a situation awareness study is also carried out for the autonomous 
navigation of robotic vehicles within the fields, similar to recent studies like [6], for fully automatization 
of the mapping of soil properties and for obtaining all levels of information to supply the SIMS with 
the necessary information. 

In summary, the three main actors involved in conducting the measurements are the user, an 
Unmanned Aerial Vehicle (UAV) and an Unmanned Ground Vehicle (UGV). In particular: 
• The users, through the use of the specially developed Android application (app), are guided across 

the field to selected sampling points. This app also enables them to record the measured parameters. 
Apart from the soil sampling, the user, may also be responsible for measuring soil pH and soil 
compaction using handheld digital pH meter and soil penetrometer respectively and import the 
values in SIMS system via the app.  

• The UAV, following the flight plan received from the central information system, undertakes the 
appropriate mission for the specific field of interest. The results are then provided in geo-referenced 
data files to the “Data Analysis & Decision Making” subsystem to be processed and generate the 
orthomosaic and the 3D point cloud. 

• The UGV, through the routing plan received from the central information system, undertakes to 
conduct soil compaction measurements. Moreover, a conductivity meter attached to the UGV maps 
the soil electrical conductivity providing an insight of the soil variability. Furthermore, the high 
precision RTK-GNSS installed on the UGV provides the ground-based measurements for exporting 
the digital terrain model.  
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3. Subsystems Interconnection  

This section presents the architecture of SIMS information system analyzing the interactions 
between the individual subsystems. The system architecture was strategically designed tailored to the 
needs of digital agriculture contributing to efficient management of the agricultural practices. The flow 
of the information that is exchanged throughout the operation of SIMS, can be seen in Figure 1. In this 
graphical representation, an overview of the interactions that take place within each subsystem and 
between them is illustrated. Subsequently, the interactions of the three main actors involved in 
performing the measurements, i.e., the user, the UAV and the UGV, follows to understand the flow of 
information that take place. Dotted lines used in Figure 1 indicate the procedures that can be performed 
manually by humans, in the absence of a UGV. As a general observation, the information exchanged 
between the three main subsystems are bidirectional. The core of the system is the “Data Analysis & 
Decision Making” subsystem is where the data is processed and all layers of information are fused in 
order to analyse them and find the optimal solution. The other two subsystems feed the main subsystem 
with the appropriate information for the analysis, while the targeted sampling subsystem is also 
responsible for taking actions for the zone-based targeted sampling.  

 
Figure 1: Graphical representation of the interactions that take place within each subsystem as well 
as between them; color correspondence with the subsystem: salmon represents "Initial Data 
Collection", green the "Data Analysis & Decision Making", and blue the "Targeted Sampling”. 

3.1. Interactions of System Components Involving the User 

As shown in Figure 2, the user interacts directly with the Android app to be guided to the selected 
sampling points and enter the measured values to the system. The Android app, in turn, interacts with 
the SIMS information system via the cloud service to send the measurements. The user undertakes only 
the manual measurements at the targeted locations exported by SIMS using the mapping data from the 
UAS and soil EC mapping. The manual, point measurements in the case study of this work, include the 
soil compaction using handheld penetrometer or the pH using handheld electronic Ph meter. After 
navigating to the measurement locations and acquiring the values, the information is sent to the central 
subsystem "Data Analysis & Decision Making" of SIMS for processing. The same protocol is also 
followed for the targeted soil sampling. The samples are sent for laboratory analysis and the results are 
entered in the platform as input for exporting recommendations. 
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Figure 2: Interactions of system components and the workflow involving the user during the 
measurement at the targeted location in the field.  

3.2. Interactions of System Components Involving the Unmanned Aerial 
Vehicle 

The SIMS platform exports the flight plan that the UAV should follow in the field. The UAV 
equipped with accurate RTK-GNSS performs the flight, and takes a series of high-resolution aerial 
photographs with an appropriate degree of overlap between them. After the analysis, the detailed 3D 
point cloud of the field of interest is produced. This layer of information is them imported in the "Data 
Analysis & Decision Making" subsystem for processing. 

  

 
Figure 3: Interactions of system components and the workflow involving the unmanned aerial vehicle.  

3.3. Interactions of System Components Involving the Unmanned Ground 
Vehicle 

The utilization of the UGV can be involved both at the initial data acquisition and at the targeted 
measurements field operations. It is a robotic platform that can support mounting of several agricultural 
sensors. In our use case the EM38 for mapping the soil ECa and the RTK-GNSS are utilized for the 
initial measurements of soil properties and landscape spatial variability. Through the "Initial Data 
Collection" subsystem the data are loaded in SIMS and the "Data Analysis & Decision Making" 
subsystem produces the zone map for targeted soil sampling and data acquisition. The UGV then 
receives the measurement locations and is guided autonomously in the field for the acquisition of the 
measurements. In accordance with the above, the UGV interacts directly with SIMS to receive the 
routing plan to follow during the measurements. In our use case, a customized mechanism is designed 
to mount the digital penetrometer on the UGV for the soil compaction measurements which are 
transferred to the controller via Bluetooth and to the SIMS platform via the cloud service.  

 

 

 

Figure 4: Interactions of system components and the workflow involving the unmanned ground 
vehicle for measurement of soil EC, soil surface elevation and soil compaction. 

4. Conclusions 

In summary, SIMS is an information system dedicated to soil management based on field variability 
measurements. It is developed following a system-of-systems (SoS) approach. In this paper the 
interactions occurring between the individual subsystems were briefly described with a view of 
comprehending the internal causal structure of the interconnections determining system behavior. The 
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system is foreseen to provide a support tool for field management decision making (identifying 
problematic areas - hotspots, supporting implementation of agricultural applications in variable rates 
based on field variability, etc.). Consequently, the proposed field management is the result of a thorough 
investigation of all the parameters that are critical for the development of the crops. The aim is to make 
available to farmers and farm managers, digital agriculture technologies that may lead to yield 
maximization, increased application efficiency, reduced inputs and energy minimizing the 
environmental footprint of agricultural activities.  
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Abstract  
It is vital to establish and use a traceability system in the fresh supply-production chain. It is a 
consumer requirement, a useful tool for farmers to add value to their products and a single way 
to ensure the quality of food products. Nowadays, traceability systems incorporate Information 
and Communication Technologies (ICT), such as IoT, cloud computing and Big Data, aiming 
to provide cost-effective production and traceability functionalities. IoT and cloud computing 
cover a range of different technologies that can be used to satisfy traceability requirements and 
facilitate rational decision making. In this work, we exploit the capabilities of these 
technologies and propose a smart traceability framework for kiwifruit. We design, develop, 
and apply the proposed scheme to a Greek kiwifruit farming. The results show that traceability 
requirements for transparency, safety and quality are satisfied. Moreover, this implementation 
provides meaningful insights related to intelligent fresh fruit traceability. 
 
Keywords  1 
Kiwifruit traceability system, internet of things (IoT), cloud computing, smart traceability 

1. Introduction 

During the last decade, traceability, namely the capability of consumers to access the history of the 
products they buy and consume, has achieved significant importance because of market globalization 
and the need for safe and quality products [1]. Consumers are forming a new lifestyle based on the 
awareness of the need for environmental protection, are avoiding the waste of resources, adopting 
healthier eating patterns, seeking fresh, tasty, nutritious, and safe foods, and are turning to the 
consumption of fruits and vegetables, which they believe will offer them concrete health benefits. One 
such fruit is the kiwi, which is rich in vitamins and antioxidants and provides many health benefits to 
humans. For this reason, it is now included in the daily diet. At the same time, modern farmers, who 
have introduced kiwifruit in their agricultural production, do not only use it for their consumption but 
mainly for trade. This new situation poses significant challenges for the food production/marketing 
sector in terms of ensuring food safety, environmental protection, and profitability from farming.  

The key issue is the application of traceability in this sector, which is a long and complex process 
and concerns cultivation, packaging, storage, and distribution at the point of sale. Traceability is a 
valuable tool, appropriate for ensuring the safety of kiwifruit, supporting its quality, and promoting it 
in the global market. Traceability is “the ability to trace and follow a food, feed, food-producing animal, 
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and other substances to be consumed, through all stages of production, processing, and distribution” 
[2]. A traceability system is an efficient process that may track a product and trace related information 
of the product as it moves along the supply chain (forwards and backwards) and enhances the 
management of safety and product recall. It satisfies the regulatory obligations, enhances consumer 
confidence, and improves business performance.  

A crucial part of developing a traceability system is a comprehensive understanding of all the steps 
involved in producing a product, including description and engineering (technologies, techniques, tools) 
[3]. Gautam et al. [4] propose a traceability system for kiwifruit, using Radio Frequency Identification 
(RFID) tags. Cao et al.[5], also include RFIDs technology and uses the 2D coding to establish a 
traceability system of the kiwifruit breeding. The objective of this work is to design and develop an 
accurate tracking and tracing system, starting from the cultivation to the distribution of kiwifruit. It 
should be applied in a Greek company operating in terms of farming and trading of kiwifruit. The 
implementation will be based on the Internet of Things (IoT) and cloud computing technologies. IoT 
enables the anytime and anywhere connectivity of anything, while cloud computing allows the 
performing of complex computation [6]. These technologies are the most appropriate, economic, 
integrated, decision-making and security solutions for implementing traceability systems [7]. 

Our contribution is threefold:  
• We propose and develop an advanced kiwifruit traceability system 
• The insights gained from this work may be helpful to others involved in cultivating and 

producing kiwifruit. 
• Our implementation will be applied to other similar sectors with a few modifications. 

The remaining work is organized as follows: Section 2 presents the kiwifruit supply chain, Section 
3 describes the system’s design and implementation, Section 5 presents the conclusions of this work. 

2. Traceability for Kiwifruit 
2.1. The Kiwifruit Supply Chain 

Greece is the fourth largest exporter and fifth largest producer of kiwifruit globally [8]. The supply 
chain network of kiwifruit comprises various stages, including planting, cropping, harvesting, grading, 
storing, processing, and selling. 

As illustrated in Figure 1, following the harvesting procedure, kiwifruit is taken to the packing plant, 
sorted according to their qualitative and quantitative characteristics. Then, they are stored under suitable 
conditions until they are made available for sale through the distribution system. At all these stages, a 
tremendous amount of data is generated and collected but never communicated. Furthermore, Praat et 
al. [13] claim that the summarization of information has significant value for the growers and guides 
them in decision-making. Our implementation bridges the gap. The integrated traceability system will 
be able to file and communicate information regarding the quality and origin of the products and 
guarantee consumer safety. Integrating a traceability system into the supply chain shall record and 
transmit information concerning the products’ quality, the root, and food safety. 

 

 
 

Figure 1: The entire supply chain of kiwifruit. 

2.2. System Requirements 

According to Bougdira et al. [3], the requirements of a traceability system can be classified into four 
categories: business (the goals of the system), functional (from the user's perspective), and operational 
(interactions between entities), and technological (tools and technologies). 
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• Business requirements: the implementation of an integrated intelligent traceability system, 
which can track the flow of kiwifruit, trace the relevant information, control the conditions of 
all the processing/storing procedure, check the quality of the products, and comply with the 
national and European regulations. The system records data and events and can handle 
heterogeneity and operate everywhere in an autonomous and secure manner.  

• Functional requirements: it refers to data capturing, storing, processing, sharing with 
users/consumers, to recording of events and time, to the communication with the environment 
(e.g., via sensors and environment control system at the storage room of kiwifruit). 

• Operational requirements: they include a) the identification and localization process b) 
systematic recording, transmitting, accessing, and linking data, processes and information c) 
custom security, access options and data integrity d) decision-making tasks and monitoring 
activities, e) the information retrieval process. 

• Technical requirements: the use of technologies, techniques, and tools for a) the identification 
and/or verification process b) the automated data capturing and transmission c) the traceability 
data management and d) the processing of data in real-time. 

2.3. The Information Pathway  

The development and implementation of the traceability system is necessary to monitor and record 
information at every stage and link of the product life cycle. According to Olsen and Borit [10], 
traceability is defined as “the ability to access any or all information relating to that which is under 
consideration, throughout its entire life cycle, by means of recorded identifications”. The information 
is associated and linked with the identity of each product (or each batch of products). The system keeps 
track of each Traceability Resource Unit (TRU), - the batch in our case - and the information attributes 
associated with it. The process of collecting, recording, and transmitting information should be 
automated, capable of operating in real time [18] and allow for rapid recall of information in future 
time. Therefore, the traceability system shall include information on all the processes of production, 
processing, and marketing of kiwifruit, as well as on the date and time they take place. In terms of our 
implementation, we distinguish the following areas, where data is captured:  

• Farm data logging subsystem (farm specifications, fertilization, etc.),  
• Subsystem for data collection, 
• Chemical control subsystem (hardness, solids, sugars), 
• Harvesting subsystem (harvesting crew, date, quality control, total tonnage), 
• Storage subsystem (cold store number, temperature, date, storage date), 
• Processing subsystem (processing and packaging, class, number, etc.), 
• Database management subsystem. 
Links among the subsystems allow data exchange and the effective operation of the entire system.  

2.4. The Main Components of the Traceability System 

Our implementation is an integrated traceability system that adopts the multilayer approach [7], [12], 
[13], 14]. The kiwifruit traceability system includes the following components:  

A. Identification: for our implementation the Traceable Resource Unit (TRU), “which is under 
consideration” [18], is defined as the batch. Each TRU is assigned a unique code, so that it can 
be tracked and traced along its route throughout the supply-production chain. The EAN-13 
Barcode is used as the unique code. It is generated from the system. 

B. Data acquisition: it is achieved either using a portable device (scanner, smartphone camera) or 
via an easy-to-use mobile application by using auxiliary forms, when automatic data entry is not 
possible. As for the first case, initially, the traceability codes are printed and placed on TRUs. 
The automation of the data collection process eliminates data errors due to manual data capturing 
[15]. For each subsystem (stage of production) the characteristics and attributes of the products 
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to be collected are defined. The captured data, collected at each of the seven different stages as 
defined above, is stored in the system and is available for future searches. The recording ensures 
the association of the entity identifier and its properties [3]. 

C. Data processing and management: the collected traceability data are transformed into suitable 
formats [16] for communication, processing, storage, monitoring, and future retrieval. The 
information retrieval process of a TRU involves its identification (e.g., using a code), tracking 
or tracing while its monitoring allows users to make decisions.    

D. Applications: an act that allows users to interact with the traceability system.  

Data transmission is supported by an underlying network while its exchange in the application layer 
is based on Application Programming Interfaces (APIs). 

3. The Architecture of the Kiwifruit Traceability System 

This section introduces the whole design scheme of the traceability system and describes in detail 
the implementation of each part. Figure 2 depicts the points of interest of the kiwifruit supply chain, 
which are the most critical control points of a traceability system. The kiwifruit traceability system is 
based on IoT and cloud technologies. In terms of functions, it can be divided into the following parts: 
Application, IoT Platform, data sensing/data input.  

 

 
Figure 2: The key points of the supply chain of kiwifruit and the collected information 

3.1. Application 

The application, with a user-friendly interface, automates data collection by reading barcodes and 
entering them into the traceability platform. At the same time, the application allows user input of data 
via forms, if the automated process is not possible. The application is the front-end development or 
otherwise known as the client-side development, that is the part where users interact with a traceability 
system. The application development is based on agile methods and the use of web technologies (html, 
CSS, JavaScript).  

 
 
 



 324 

3.2. IoT Platform 

The IoT platform is an enabling architecture at cloud level, which allows the monitoring, 
management, and control of a wide range of end devices. It provides businesses with a flexible way to 
securely build their cloud-based applications and services. Using IoT platform facilities, services and 
functionalities simplifies the data communication and integration between the physical layer (hardware) 
and the server system (software). The IoT platform, using the client-server communication model, 
provides storage facilities, data processing and analyzing and, tracking and tracing services. The IoT 
platform is the back end of the system. Its development is based on multi-layer technologies: MongoDB 
was selected as the database, APIs were developed using REST architecture, while data is exchanged 
between traceability subsystems using JSON standards. The implementation details are described in 
Figure 3. 

 

 
Figure 3: The architecture of the kiwifruit traceability system.  

3.3. Data Sensing 

For data collection, apart from sensors, we mainly use smart phones and related devices (e.g., tablets, 
laptops), which feature “portability, mobility, accessibility to Internet” [17]. This type of data capturing 
results in a faster, efficient, and error-free acquisition of data. The sensors are placed in the field to 
collect meteorological data (temperature, humidity, pressure, etc.). Collected data is delivered to the 
IoT platform via the network (Figure 2). The attachment of QR codes on product batches automates the 
data acquisition process along the supply chain, reduces the implementation cost and provides an 
integrated solution [7]. 
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3.4. Using and Testing the Application 

Extensive real-life tests were carried out to verify the correct functioning of the system. Each test is a 
sequence of steps corresponding to the execution of a specific stage of the system. Our goal is to test 
its functionality and efficiency. In a typical example, the administrator creates the users and assigns 
roles to them (user-worker, operator, etc.). The process starts with a user logging to the system and 
inputting his credentials using the simple-to-use mobile application. If the user is a worker, he or she 
interacts with the system and runs various activities and tasks. Such an example of steps is illustrated 
in Figure 4, which is related to farm activities (creating, processing, viewing, and deleting). The input 
or collected data are transferred to the cloud via a communication network. In particular, the automatic 
and manual collection of data in the system, the recall and display of data, in accordance with the 
requirements of the specifications, were tested. In this study, user activities and sub-activities are 
performed while the system’s performance is left for future work. 
 

 
Figure 4: A view of front-end of the kiwifruit traceability system. 

4. Conclusion and Future Work 

In this work, we present an integrated kiwifruit traceability system, based on IoT and cloud 
technologies. It comprises the IoT platform, capable of tracking and tracing the batches of products 
using QR codes, and an application running on smart devices and supports seamless communication 
among the system's components. Our solution may be applied to other related sectors following some 
adaptations. 
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Summary 1 
Safety standards in the field of food retail have an important and increasing influence on 
building confidence of these companies with their suppliers and contribute in an equally 
decisive way to the formulation of marketing strategies they implement. Although in recent 
years particular emphasis has been given on reducing selling prices of foodstuff, as a direct 
consequence of the economic crisis, there is evidence that food safety issues are of decisive 
importance in the consumer selection process (FAO, 2017). For this reason, a series of controls 
and certifications are applied, in order to mitigate food safety degradation phenomena. All of 
these processes aim to control and monitor logistics centers, in an efficient and effective way, 
meeting required safety standards. 
In order to minimize risk, associated with the production mainly of fresh agricultural products, 
it is necessary to implement innovative pest control monitoring systems and evaluate their 
efficiency. Based on similar previous surveys, there is a necessity to further strengthen their 
storage monitoring systems at the “dark room” of retail stores. The adoption of new 
technologies to enhance food safety will be used as a means of diversifying service delivery to 
consumers. The need to assess consumer beliefs in this particular timing, where SARS-CoV-2 
virus is the catalyst for significant shifts of purchasing habits, is quite high. For this reason, 
this survey aims to raise all issues related to the aforementioned aspects, and cluster consumer 
decision making processes.  
Principal Component Analysis (PCA) results verified that consumers emphasize on health and 
safety issues during food purchase process. More specifically, quality and safety of products is 
one of the most important factors building consumer loyalty. In addition, noteworthy subjective 
norms are the concerns related to food safety when chemical disinfestation protocols are 
applied. More than 45% of consumers are willing to pay a premium price in order to buy food 
products with a label certifying disinfestation protocols are chemical free. It was also verified 
that demographic characteristics of the respondents are closely related to food safety concerns. 
Based on this, consumers with high educational standards high purchasing power are those 
who are more interested in buying safe products and pay attention on the quality characteristics 
of agricultural food products they purchase. 
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Summary 
Nowadays, more and more companies use the social media networking to attract more 
customers. This modifies consumers’ attitudes and companies, or other stakeholders cannot 
detect these modifications due to the big volume and the diversity of the produced information. 
In the case of the Food and Beverage (F&B) sector, which is one of the most dynamic sectors 
in Greece, the use of social media networks is very high for multinational and large companies. 
Delivery or take away food or coffee is very common, with the vast majority of consumers to 
order from aggregators’ platforms (online digital markets). Thus, a large amount of data 
containing useful information concerning the consumers’ preferences is generated from these 
online digital markets. The produced data (evaluations) which is generated rapidly can be large 
and cannot be mined and analyzed in real-time due to the lack of resources. Greek and many 
other European languages, show a low density of linguistic resources and knowledge bases, 
making it difficult to perform text mining and natural language processing tasks. The situation 
is getting even more difficult by the fact that Greek is a high-dimensional language with a lot 
of complex grammatical and syntax rules. The purpose of this research is to propose some 
Natural Language Processing tools for performing effective text mining tasks in the Greek 
Language helping the stakeholders in extracting, analyzing, and inferring meaningful 
information. The tools are tested in a dataset that contains 80,500 customers’ reviews written 
in Greek Language and the findings will be practical and significant, as not enough attention 
has been paid to Natural Language Processing techniques and tools used in combination with 
non-English, like the modern Greek language.  
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Summary 1 
Faba bean (Vicia faba L.) is an important grain legume with high protein content 
(approximately 25- 30%) and high nutritional value. It is broadly cultivated in temperate areas 
for human consumption and as an animal feed. Although the exact origin of Faba bean is 
unknown, it is accepted that it was one of the earliest food legumes to be domesticated and has 
probably been cultivated since the Neolithic period. According to FAOSTAT (2016), the total 
cultivated area of Faba bean reached approximately 2.15 million ha, yielding more than 4.14 
million tons. Faba bean production ranked seventh among all legume crops worldwide. 
Nevertheless, Faba bean cultivars have anti- nutritional compounds such as tannins, which are 
primarily located in the seed coat which limit their use for both human and animal 
consumption. In this respect, the characterization of the genetic diversity in Faba bean is an 
important parameter for genetic and biodiversity studies, germplasm characterization, as well 
as for introducing genetic variability in plant breeding. Technical advances in molecular 
genetics allowed the application of molecular markers for measuring genetic variation at the 
DNA level. The advantages of using DNA markers is that they are not affected by 
environmental factors, plant developmental stages and have been successfully used for 
studying the genetic diversity in various crop species, including Faba bean. The present study 
aims to assess the genetic diversity among 53 varied Faba bean populations provided by the 
Hellenic Agricultural Organization “DEMETER” seed bank. To determine the genetic 
diversity of the studied populations, six SCoT DNA markers were used. A total of 114 loci 
were obtained with 37.95% being polymorphic and 62.05% monomorphic within or between 
populations. Among the populations, VF37 exhibited the highest level of polymorphisms (P= 
57.02%) and VF78 the lowest (P= 21.05%). According to Shannon’s information index VF37 
had higher levels of genetic variation (0.328) compared to other populations. In addition, 
population VF36 showed two private bands followed by VF37 and VF57 with one private 
band. Furthermore, the AMOVA (Analysis of Molecular Variance) showed that 56% of the 
total genetic variation was attributed to differences within populations and the rest (44%) was 
attributed to differences among populations. SCoT markers are useful tool for the detection of 
genetic diversity among Faba bean populations and encourage targeted crossing strategies. The 
present study is a first step towards the development of an efficient breeding program. 
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Abstract  
This paper presents research concerning the Greek Generation Z cohort's (N=544) behavior 
towards certified products with geographical identification with emphasis on local traditional 
food products, via an online questionnaire applying a nonprobability sampling frame. 
Questions referred to knowledge of certified and local products and purchasing behavior. 
Descriptive analysis and market segmentation based on reasons for purchase were applied. 
Segmentation is built on the reasons for purchasing products with geographical identification 
and specifically, local traditional products. Segmentation with cluster analysis revealed two 
distinct groups of consumers. Marketing directions are provided in order to raise the 
consumption of local traditional food products.  
 
Keywords  1 
Local traditional food products, Generation Z, Marketing, Greece  

1. Introduction 

Cayot [1] asserts that the term “traditional products” (TP) denotes products made from certain raw 
materials and/or in accordance with a long-established recipe and/or process. Trichopoulou et al. [2] 
point out that TP has unique characteristics that distinguish them from others that are similar and/or fall 
into the same category of using the traditional ingredient, traditional composition, and method of 
production and/or processing. The same researchers state that these products are "passed down from 
generation to generation", they are ready-made in a particular way that is in line with the gastronomic 
heritage of the region and are characterized by their particular organoleptic properties [2]. There is no 
single definition of traditional products, while plenty may be found in academic literature [3]. The 
European Union and EC Regulation 509/2006 for traditional products states: “Traditional, means, 
proven usage in the community market for a time period showing transmission between generations; 
this time period should be the one generally ascribed as one human generation, at least 25 years” [4]. 
Local traditional products (LTP) are considered crucial components of each region and may be utilized 
as symbols of it [5] since they are produced only in particular areas of the European Union, are protected 
by law [6] and so are "attached" to these areas or regions. Consumer characteristics and even more 
specifically the generational cohort that a consumer belongs in, impact his/her food choices [7,8]. 
Therefore, this research is focused on the youngest adult generational cohort, i.e., Generation Z, and 
explores knowledge and behavior towards local traditional food products (LTFP) and groups 
participants according to their behavior (specifical reasons for purchase LTFP). 

2. Materials and Methods 

The targeted population was adult members of the Generation Z cohort being 18-25 years old [9] 
the year that the research was implemented. Specifically, the research took place during the months of 
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February and March 2021. The data was collected exclusively online, and, in this manner, 544 valid 
questionnaires were gathered. The online questionnaire which was utilized for this survey was adopted 
from Mamalis et al. [10]. Questions were related to knowledge of Protected Designation of Origin 
(PDO), protected geographical indication (PGI) products, and Local products (LP). They were also 
asked if they can recognize (in general) the different certified product warranties, and how often they 
check food labels for geographical indication certifications before purchasing. Additionally, the 
frequency of consuming locally certified products was explored, as well as the point of purchase. Lastly, 
the reasons for choosing local products over non-local are explored (employing a 5-point attitudinal 
Likert Scale) and based on these reasons, segmentation analysis is realized through K-Means Cluster 
Analysis. 

3. Results 
3.1. Demographic Profile of the Subjects 

Thirty-three-point one percent (33.1%) were men while 66.9% were women. No member of the Gen 
Zers was married or had a child. Concerning education, 68.8% had compulsory education (Lyceum), 
26.1% had a university degree, and 5.1% had a post-graduate degree. As to profession, 66.9% were 
university students, 19.9% were private employees, 3.7% were businessmen, and 9.6% were 
unemployed. The majority of the sample (80.5%) had a personal net monthly income of up to 500,00€, 
and the rest 19.5% over 500.00€ per month. 

3.2. Knowledge of Certified Food Products 

Participants were asked if they knew what PDO and PGI products were, and if they could recognize 
certification product warranties (Table 1). As Table 1 presents, Gen Zers have knowledge mainly of 
what a local product is, while they lack knowledge of what PDO, PGI, and overall, they also lack the 
ability to recognize the different certified product warranties. 

As to how often participants checked the food geographical indication certifications, 27.9% stated 
always or often, 29.8% stated occasionally, and 42.3% stated rarely or never. 

 
Table 1 
Knowledge and recognition of food product warranties (%) 

Knowledge and recognition of food product warranties No Not sure Yes 

Knowledge of what a PDO product is 24.3 42.6 33.1 

Knowledge of what a PGI product is 47.8 44.9 7.4 

Knowledge of what a LP product is 3.2 12.2 84.6 

Recognition of the certified product warranties 32.7 43.0 24.3 

 

3.3. Consumption and Purchasing Behavior of LTFP 

Fifty-two-point four percent (52.4%) purchase LTFP at least once per week, 29.0% purchase LTFP 
rarely (several times per year), and 18.6% purchase LTFP occasionally (2-4 times per month).   

The most purchased LTFP was honey (64.7%), feta cheese (61.0%), and olive oil (60.3%). As to the 
point of purchase of locally certified products, 17.6% answered from a shop that sells local food 
products, 63.6% from the supermarket, and 18.8% directly from the producers. The main reasons for 
purchasing LTFP are presented in Table 2. 
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Table 2 
Reasons for purchasing LTFP 

LTFP are 1 2 3 4 5 MS Median  

1. Healthy  4.8 0.4 27.8 41.7 25.4 3.83 4.00 

2. Safe  4.8 6.4 28.3 41.2 19.3 3.64 4.00 

3. Nutritional  1.5 1.8 19.1 48.5 29.0 4.02 4.00 

4. Delicious  1.5 9.2 17.6 37.9 33.8 3.93 4.00 

5. Authentic 
products 

1.5 5.1 20.6 30.1 42.6 4.07 4.00 

6. Promoting their 
area of origin 

3.3 1.8 13.6 32.4 48.9 4.22 4.00 

7. Supporting local 
producers 

1.5 0.0 17.6 19.5 61.4 4.39 5.00 

3.4. Segmentation 

K-Means Cluster Analysis was implemented for segmentation of Generation Z members based on 
reasons of purchase. K-Means Cluster Analysis was implemented to all seven items since factor analysis 
offered with one dimension (reliability of scale α= 0.925). K-Means Cluster Analysis delivered two 
clusters, whereas ANOVA tests revealed that the two clusters differ in all items. Table 3 provides with 
the two clusters, their final cluster centers (FCC), and ANOVA results.  
 
Table 3 
Groups of Generation Z consumers based on purchasing of LTFP 

LTFP are 1 
N=444 

2 
N=100 F Sig. 

1. Healthy  4.17 2.56 372.802 .000 

2. Safe  3.98 2.32 353.543 .000 

3. Nutritional  4.27 2.90 376.577 .000 

4. Delicious  4.26 2.50 458.548 .000 

5. Authentic products 4.40 2.64 499.378 .000 

6. Promoting their area of origin 4.52 2.86 420.438 .000 

7. Supporting local producers 4.64 3.32 276.561 .000 

 
Cluster 1: The "LTFP buyers." This group incorporates 444 consumers, which have positive attitudes 

towards all reasons for purchasing and consuming local traditional food (FCC>3.95). The main reason 
for purchasing LTFP is to support local producers and simultaneously promote the area of origin.  

Cluster 2: The "Indifferent consumers". This group has 100 participants with 2.00<FCC<3.30 in all 
cases. They belong in the indifferent category since only two items have FCC<2.51, while no item has 
FCC>3.51. Two reasons could justify their behavior. First that they "just purchase them" because they 
are sold where they live, without paying attention for other reasons, and so could be sold at lower prices 
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than similar products due to low distribution costs, or there are other variables that are not incorporated 
in these study that affect them. 

4. Conclusions 

The present study had its aim to delve into the Generation Z cohort's knowledge of geographical 
indications as well as their behavior towards LTFP.  More than 65% and 90% do not know for sure 
what a PDO and a PGI product are respectively, while they do have knowledge of what an LP is. 
Additionally, more than 70% do not recognize geographical identification labels. This indicates the 
need for educating these young adults on the national and European geographical identification labels. 
Moreover, more than 40% stated that they rarely or never check the food geographical indication 
certifications, indicating that it is crucial to educate this segment on the importance of geographical 
indication certifications. The primary reasons for purchasing local LTP are to support the local 
producers and to promote their region of origin, while segmentation analysis promoted two consumer 
segments, the "LTFP buyers", and the "indifferent consumers". The segments of this study are similar 
to the segments that Mamalis et al. [10] found, who segmented consumers (N=400) aged 18-55 based 
on motives of purchasing LTFP and found two segments the "Local traditional buyers." and the 
"Indifferent occasional purchasers".  

From a marketing perspective, highlighting the place of origin to better promote local products and 
educating consumers on the importance of geographical identification labels is crucial. 

5. Research Limitations and Future Research 

The central restriction of the survey is the sample, place, and size of research, i.e., 544 Greek 
Generation Z members. Additionally, it employed a nonprobability sampling method via the internet, 
which required internet access at the time of the research. Lastly, other elements for reasons of purchase 
could be incorporated, such as access to other products and price as a motive for purchase. These 
limitations can be drivers of further research. 
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Abstract  1  
Soil properties are of great importance in crop management, as they highly affect plant growth, 
crop production and product quality. In order to examine these properties, soil samples must 
be collected from the entire surface of the field. An effective soil sampling requires careful 
selection of the total number and the location of the samples. Therefore, soil properties can 
present heterogeneity along the field. For that reason, distributing sampling points evenly along 
the field is not considered as a best practice. In this research, in order to define the location of 
sampling points, the field was divided into homogenous management zones based on electrical 
conductivity (ECa) values. An equal number of points was distributed in each zone and a 
sampling map was created. Subsequently, a path for autonomous navigation was generated 
based on the created sampling map. More specifically, points of the map were distributed in 
the shortest possible distance order for the robotic platform to move while collecting the 
samples. In order to test the accuracy of the path planning, the proposed path was uploaded to 
the robotic platform and the movement was mapped. The path that was followed by the robotic 
platform was quite similar to the simulated path. The results of this research suggest that 
sensors such as a penetrometer can be mounted on an autonomous robotic platform in order to 
collect data from sampling points by moving along the created path. 
 
Keywords 
Soil sampling, soil mapping, path planning, UGV, management zones 

1. Introduction 

Soil sampling plays an important role in the collection of information about soil properties which 
highly affect plant growth, crop production and product quality. In order to succeed an effective soil 
sampling, it is crucial to find different methods to collect soil samples fast and with low cost [1]. New 
technologies, such as innovative sensors for mapping agricultural parameters as well as geolocation 
devices (GPS), can help the achievement of this goal. Furthermore, successful soil sampling depends 
on the wise selection of the total number and the location of samples in the field [2]. Nowadays, a 
common practice is to be collected soil samples from random locations in the field. However, soil 
properties present heterogeneity even over small distances thus soil can show significant variability 
along the field. For that reason, a good practice is to divide the field into homogenous management 
zones based on certain parameters and create variability maps. Generally, in precision agriculture, these 
maps are developed according to data collection, data analysis and interpolation [3]. By consulting these 
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variability maps, sampling points can be distributed more effectively along the field by taking into 
consideration the needs of each area of the field. 

In this study, a use case of path planning for an autonomous robotic platform according to created 
sampling maps has been performed. The final path contains all the sampling points sorted in such an 
order that the robotic platform moves the shortest possible distance to collect the samples. The path was 
uploaded to the robotic platform (Thorvald, Saga Robotics) and the movement was mapped to examine 
the tracking accuracy. 

This procedure of soil sample collection can be very useful as it can be inserted into automated 
steering systems and mobile platforms. Smart farming tries to integrate agricultural technologies of that 
kind as they are still not widely prevalent at the field [4]. The selected points can be uploaded in an 
Android app which will guide the user in the field to collect samples or in an unmanned ground vehicle 
(UGV) for autonomously collecting of soil samples. The use of an autonomous robotic system has many 
advantages. More especially, each sample is georeferenced and can be analyzed separately from the 
rest. Consequently, a map that presents the path of the robotic platform can be created resulting in the 
procedure can become completely autonomous [5].   

2. Methodology 

The methodology that was followed in this work can be separated into five parts. Initially, soil 
electrical conductivity (ECa) data were collected from the entire surface of the field and it was divided 
into three homogenous management zones. Afterwards, 10 sampling points were selected in each 
management zone. Consequently, at the end of the process 30 sampling points were selected along the 
field. These sampling points was selected empirically according to the field size so that points cover all 
the area of the field adequately. Then, a greedy algorithm was applied to solve a traveling salesman 
problem (TSP). At the end of the procedure, the shortest distance possible path was created, for the 
robotic platform to follow all the points only once. Finally, the generated path was uploaded to the 
robotic platform and the traveled distance was mapped. 

2.1. Data Acquisition 

The ECa values were collected by scanning the field surface with an EM38 sensor. The ECa 
expresses the ability of soil to conduct electrical current. In general, it is affected by many physico-
chemical properties such as soil salinity, bulk density, soil temperature, organic matter etc. For that 
reason, analysis of ECa has been applied to determine the spatial variation of plenty of edaphic 
properties. Moreover, it can be measured quite easily and fast and usually is related to crop yield. 
Consequently, ECa is a common tool in the research of spatio-temporal characterization of properties 
that affect crop yield [6]. The EM38 device is a sensor that carries dense datasets and it is the most 
extensively used electromagnetic interference (EMI) sensor. The measurement unit for the ECa was 
µSiemens cm-1. Figure 1 presents the points where ECa was measured in the field. 

 

 
Figure 1: ECa measurement points in the field. 
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2.2. Creation of Management Zones 

For the creation of the management zones, a rectangular grid was generated around the entire surface 
of the field. Then the values that were outside the boundaries of the field were discarded. In order to 
assign ECa values to the points of the grid, the inverse distance weighted (IDW) interpolation method 
was applied. According to this method, the value of ECa for each grid point was estimated by averaging 
the weighted ECa values of known sample points that are close to the grid point. The closer a known 
sample point was, the more weight it had to the process. At the end of this procedure, each point of the 
grid acquired an ECa value based on the nearest known values of samples. 

The next step was to be decided to which of the three management zones each grid point belongs. 
For that reason, the quantiles classification method was implemented. This method distributes a set of 
values into groups that contain an equal number of values. The quantiles method equation is presented 
below. 

𝑁𝑜 𝑜𝑓 𝑝𝑜𝑖𝑛𝑡𝑠 𝑝𝑒𝑟 𝑧𝑜𝑛𝑒 =
𝑡𝑜𝑡𝑎𝑙 𝑝𝑜𝑖𝑛𝑡𝑠 𝑜𝑓 𝑔𝑟𝑖𝑑

𝑡𝑜𝑡𝑎𝑙 𝑛𝑜 𝑜𝑓 𝑧𝑜𝑛𝑒𝑠 , (1) 

According to the equation, the total number of points that belong to each zone is calculated by 
dividing the total number of grid points with the number of classes. 

Based on the values of ECa of the grid, a contour plot was created to display the relationship between 
x, y coordinates of grid points and the value of ECa. Each zone is extracted as a polygon and is projected 
on a map. Simultaneously with the map, a legend is also produced which indicates the boundaries of 
ECa in each zone (Figure 2). 

 
 

 
Figure 2: Contour plot of ECa in the field and. 

2.3. Creation of Sampling Points 

In this section equally distributed sample points were created in each zone. The concept was to create 
a new grid for each zone, then partition the grid into 10 equal clusters and obtain the centroid of each 
cluster. Generally, clustering is a method that divides a set of points into groups (clusters). In this study, 
the number of clusters was set equal to the number of sampling points. In order to create clusters, k-
means clustering method was implemented. Given a set of points (x1,…,xn), where xi was a 2-
dimensional real vector, k-means clustering tries to divide the n points into k(≤n) sets S={S1,…,Sk }. 
The algorithm initially chooses k points as initial cluster centers. Then, Euclidean distance between 
each point and each cluster center was calculated and points were assigned to the nearest cluster. Finally, 
the averages of all clusters were updated, and the process was repeated until the inertia or within-cluster 
sum-of-squares criterion was minimized [7]. 

𝑖𝑛𝑒𝑟𝑡𝑖𝑎 =  𝑎𝑟𝑔𝑠𝑚𝑖𝑛 ∑ ∑ ‖𝑥𝑗 − 𝜇𝜄‖
2,

𝑥𝑗∈𝑆𝑖

𝑘

𝑖=1

 
 

  (2) 

Where μi is the center of all the points xj in Si. After the creation of clusters, the coordinates of cluster 
centers were calculated. Figure 3(a) presents the scatter plot of clusters with their centroids and Figure 
3(b) present the centroids. 
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a) b) 

 
Figure 3: a) Scatter plot of clusters with their centroids and b) The centroids on the contour plot. 

3. Results 

After the generation of the sampling points, the shortest possible path in order the robotic platform 
to approach each point exactly once, was calculated by solving a Travelling Salesman problem (TSP). 
To succeed that, the Greedy algorithm was applied. Greedy is a heuristic algorithm that seeks the local 
optimum at each stage assuming that it is part of the global optimum [8]. This algorithm was ideal for 
this study as it requires minimal computational time. This is due to the fact that it does not take into 
consideration all points and edges but it only picks points that have the lowest weight for each iteration 
[9]. Subsequently, the created path was uploaded to the autonomous robotic platform (Figure 4a). The 
robotic platform was moved autonomously in a field that was in an early stage of cultivation hence it 
could navigate without row restrictions. The complete traveled distance of the robot was recorded and 
projected onto the map (Figure 4b). As can be seen, the robot platform, autonomously followed a 
complete path through the entire area of the field. This indicates that any sensor will be mounted on the 
robotic platform can collect samples from the selected sampling points completely autonomously.  

 

  
a) b) 

 
Figure 4: a) The autonomous robotic platforming and b) The complete travelled distance in the field. 

4. Discussion and Conclusion 

In conclusion, this work presents an innovative way to create paths for autonomous robotic platforms 
navigation based on created sampling maps. More specifically, sampling points were generated in 
specific locations in the field. To select the most appropriate locations, variability maps were created 
based on the values of electrical conductivity in the field. The field was divided into three management 
zones and 10 points were created in each zone. Finally, by solving a TSP problem these points were 
rearranged in such an order that the robotic platform traversed all the points once at the least possible 
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distance. The completed path was uploaded in an autonomous robotic platform (Thorvald, Saga 
Robotics) and its traveled distance was recorded. 

This research suggests that sensors can be mounted on an autonomous robotic platform to acquire 
data from different soil properties by following the created path of sampling points. More especially, a 
digital penetrometer can be attached to the robot to collect data for soil compaction. Measurements of 
pH can also be obtained from the created sampling points. In addition, usage of the sampling points in 
mobile application should be further investigated as it can become a useful tool for farmers. Finally, 
future research is needed for path planning in orchards as trees can be considered obstacles and 
consequently an automatic obstacle avoidance system must be generated. 
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Abstract 
The article examines the effects of Human Resource Management (HRM) practices on the 
quality of service, customer satisfaction, and organizational performance in the urban hotel 
industry. The data was gathered through a survey of urban hotels in Cyprus. Quantitative 
method was used in order to collect necessary data from human resource managers, employees, 
and consumers from each urban hotel under study. Specifically, the researchers used 
questionnaires. According to the research findings, HRM practices have a significant impact on 
customer satisfaction. The strongest association was found between organizational performance 
and customer satisfaction, which is a significant finding because it is proven for the first time 
in a study related to the Cypriot urban hotel industry. HRM practices and service quality 
practices both have an impact on customer satisfaction. Finally, this study supports the close 
relationship between HRM practices and hotel performance. The research findings reveal that the 
HRM practices have an extremely effect on customer satisfaction. The strongest correlation 
was between organizational performance and customer satisfaction, which an outcome of a 
major importance since it is confirmed for the first time in a study connected with Cypriot urban 
hotel industry. HRM practices as well as service quality practices reveal their consequences on 
customers satisfaction. Finally, this research confirms the strong connection between HRM 
practices and Hotel Performance. 
 
Keywords  1 
HRM Practices, quality service, customer satisfaction, organizational performance 

1. Introduction 

The tourism industry in Cyprus has always been a significant contributor to the island's economy. 
Tourism and hospitality contribute over 15% of the island's GDP [1].  However, the Cyprus hotel business 
faces significant challenges as a result of the volatile and continuously changing external environment in 
which it operates. There is a big difference between today's commercial settings and those in the past, 
where competition played a significant role. Because of globalization, customers' demands for high-
quality, timely services have put businesses under pressure, causing them to be unable to manage all 
functions on their own. Because of the growing rivalry, many hotels have had to discover new ways to 
maintain their current clientèle while also attracting patrons from competitors. 

Human resource management is an essential component or function of any firm, but especially so for 
hospitality organizations that rely on customer service and other people-related activities as an element 
of their Unique Selling Proposition. HRM practices that improve service quality, customer satisfaction, 
and hotel performance constitute a realistic approach for hotels to stay competitive. Service quality, on 
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the other hand, is often intangible and non-standardized [2]. Evaluating service quality is essentially 
subjective and largely in the hands of customers. Furthermore, the efficacy with which front-line staff 
engage with clients has a significant impact on service quality [3]. 

HR Management Practices are HR-related management projects that include HR planning, staffing, 
selection, training, reward, performance evaluation, and development [4, 5]. [6] define HRM systems as 
interconnected HR operations meant to ensure that employees have a broad variety of outstanding talents 
and capabilities that are employed to meet the organization's goals. Numerous studies have shown the 
importance of customer-service professionals in generating and providing exceptional service [7]. Much 
has been written about Human resource management practices and their impact on organizational 
performance in the HRM literature [8, 9, 10, 11, 12, 13]. These studies did not examine organizational 
performance from the viewpoints of employee service quality and customer satisfaction. Similarly, 
socialization of HRM methods has been highlighted as a channel for improving knowledge and 
information transfer, resulting in a better understanding of various degrees of customer satisfaction and 
demands [14].  

Given the foregoing, this article explores the relationship between HRM practices, service quality, 
customer happiness, and organizational performance in the context of the Cypriot hotel business. The 
following sections analyze selected literature on the HRM – service quality, HRM – customer satisfaction 
and following parameters in the hotel business, and the research issues. The final part is devoted to the 
research methods. The findings are discussed in the fourth section. The article concludes with practical 
consequences and suggestions for future research initiatives. 

2. Literature Review 

The literature review is based on a) the relationship between human resource management techniques 
and service quality; b) the relationship between service quality and customer satisfaction; c) the 
relationship among HRM practices and organizational performance, and d) the relationship between 
HRM practices, service quality, customer satisfaction and organizational performance. 

Many HR researchers have previously emphasized that in service businesses, quality improvement 
must be centered on recruitment, training, development, and pay package [10, 15, 16, 17, 18]. It is also 
true that in a labor-intensive industry, good human resource utilization can provide a company with a 
competitive advantage [19]. According to [20] hotel contract personnel should be given the appropriate 
training in order to provide high-quality service. Earlier HRM studies have found a favorable association 
among employee views of company HR procedures and customer judgments of organizational service 
effectiveness in the service industry [21, 22, 23]. These lead us to the the first research question: “Are 
HRM practices favourably related to the development of service quality in hotels?” 

The literature has extensively highlighted the strong relation among service quality and customer 
satisfaction [24, 25, 26]. Customer satisfaction is a broad sensation that is impacted by the quality of the 
service or product, the cost incurred, as well as other external and personal elements [27]. According to 
[28], customer happiness requires service experience and is affected by perception of service quality. 
Customer happiness is a central element in the service sector, success in the hospitality industry. It is 
described by [29] as both the result of individual service operations and the quality of service experience. 
Furthermore, [30] claimed that attaining and maintaining a high level of customer satisfaction offers 
numerous advantages for businesses. In addition, customer happiness has always been a goal for 
businesses, since it aids in customer retention and market share growth [31, 32, 33]. Based on this, the 
second study question ensues: "Does the Service quality dimension positively correlate with customer 
happiness in hotels?" 

According to [34] there is a positive association among service quality and company performance in 
the hotel industry. Moreover, according to [35], the connection between HRM systems of resourcing-
development and reward-relationships and organizational performance is regulated by HRM activities 
of skills and behaviors. [36] found that HRM practices have a beneficial impact on providing efficient 
and optimal service, which results in increased customer satisfaction and, as a result, the improved 
performance of the organization. 

Many researchers have claimed that HRM practices have a significant impact on service organization 
performance, quality service delivery, and customer satisfaction [10, 37, 38, 39, 40, 41]. These 
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researches were primarily carried out with regard to single HRM practices rather than other significant 
variables such as service quality and customer happiness, and hence their findings may be deemed 
biased. However, Customer satisfaction has been found as an important indicator of corporate 
profitability as well as a driver of word-of-mouth behavior and commitment [42, 43]. As a result, the 
impact of HRM management on firm performance is also considered in this study. The third research 
question, thus, is: “Is there any link among HRM practices and organizational performance?” 

Many studies have recognized the significance of comprehending the relationship between 
employees, customers, and organizational performance [44]. According to [45], happy and motivated 
employees resulted in satisfied consumers, and satisfied customers spend more, increasing 
organizational profits and revenues. As a result, the fourth final research question is: “Is there any 
connection between HRM practices, service quality, customer satisfaction, and hotel company 
performance?” 

3. Methodology 

Data collecting and sampling Data were gathered from HR managers (8), employees (160), and 
consumers (160) in hotel organizations in Cyprus' urban areas. The survey methodology was chosen 
because it was thought to be the most efficient way of reaching a large number of respondents, and the 
necessary data allowed for the use of a mail-administered questionnaire with closed questions. The 
sample businesses were chosen from the Ministry of Tourism, Government of Cyprus, which serves as 
a resource center for business information and maintains pertinent records of hotel companies. To gather 
a sample, we contacted the HR managers of more than 18 hotels in Cyprus's urban centers. Questionnaire 
packets were distributed to each hotel's HR manager between January and March 2022. Each packet 
contains 30 staff questionnaires, 30 customer questionnaires, and 1 HR management questionnaire. We 
respectfully requested that the employee and customer questionnaires be distributed by the HR 
managers. HR managers gathered the questionnaires and placed them in an envelope at the hotel's 
reception. The questionnaires were collected by the researcher at each hotel's reception desk. Eight hotel 
firms responded to the whole sample by returning 20 staff and 20 customer questionnaires. Thus, 8 HR 
managers (44.44 percent response rate) and 20 responses from employees and 20 responses from guests, 
from each hotel, returned valid questionnaires. We received 160 questionnaires from employees and 160 
questionnaires from customers in total. 

4. Measure Development 

The literature analysis that identified previously established and tested scales was used for the 
operationalizing of the constructs. All constructs were assessed using multi-item measures.  Presciently 
the following scales were used.  

HRM Practice: We assessed 27 existing HRM practices using a 7-point Likert scale ranging from 1 
'Strongly Disagree' to 7 'Strongly Agree. The scale incorporates the following six key characteristics of 
HRM practices as discussed in the literature (e.g. [9, 10, 11, 12]): a) recruitment and selection, b) 
manpower planning, c) job design, d) training and development, e) quality, and f) pay system. 

Service Quality: Items for measuring perception of service quality are adapted from previous 
literature [46, 47, 48, 49, 50]. To abbreviate the survey and evaluate the sensory component, 15 items 
(three for each of the five aspects) are identified from SERVQUAL's 22 items. Service quality 
components were rated on a 7-point Linkert scale, with 1 indicating "Strongly Disagree" and 7 indicating 
"Strongly Agree".  

Customer Satisfaction: Customer satisfaction was measured in this study using three factors based 
on research by [47, 51, 52]. These factors are a) the degree of happiness with his or her decision to 
patronize the hotel, b) the degree of a customer's experience with the service, and c) the degree of the 
perceived method of service. A Linkert Scale scoring method of 7 points, with 1 indicating "Completely 
Dissatisfied" and 7 signifying "Completely Satisfied".  

Organizational Performance: We used multiple organizational performance variables (profitability 
against business unit objectives, sales volume against business unit objectives, ROI against hotel 
industry average, profitability against hotel industry average, sales growth against hotel industry 
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average, market shares against hotel industry average, and overall assessment of company performance 
against hotel industry average). Earlier research has uncovered a close relationship between subjective 
and objective measures of performance [10, 53, 54] that were measured using the ideology of a 
perception score of the organization’s effectiveness. These measures were utilized in the current article 
to examine the performance of the hotel business in the Cypriot context. The components of the 
organization were scored on a 7-point Linkert scale, with 1 indicating "Strongly Disagree" and 7 
indicating "Strongly Agree". 

5. Statistical Hypothesis 

The objective of current study is to evaluate the effect of Human Resource Management practices on 
the quality of service, customer satisfaction, and organizational performance in Cypriot urban hotel 
industry.  In addition, the current paper examines the following statistical hypotheses.  

Ho1: Human Resource Management practices are strongly correlated with quality of service. 
Ho2: Human Resource Management practices are strongly correlated with organizational 

performance. 
Ho3: Human Resource Management practices are strongly correlated with customer satisfaction. 
Ho4: Quality of service is strongly correlated with organizational performance. 
Ho5: Quality of service is strongly correlated with customer satisfaction. 
Ho6: Organizational performance is strongly correlated with customer satisfaction. 

6. Analysis and Discussion 

Instrument’s reliability was evaluated by Cronbach alpha coefficient as well as Composite Reliability 
and AVE. Cronbach’s alpha coefficient for HRM practices scale counts for 0.973. Its conceptual 
constructs named Recruitment and selection, Manpower planning, Job design, Training and 
development, Quality circle and Pay system have Cronbach’s alpha coefficient above the cutoff point 
of 0.70. Cronbach alpha coefficient for Recruitment and selection, Manpower planning, Job design, 
Training and development, Quality circle and Pay system equals to 0.897, 0.929, 0.904, 0.908, 0.914 
and 0.833 respectively [55, 56, 57, 58, 59, 60, 61] (Table 1).  

Composite reliability (CR) for Recruitment and selection, Manpower planning, Job design, Training 
and development, Quality circle and Pay system equals to 0.922, 0.949, 0.934, 0.935, 0.946 and 0.942 
respectively. These values are larger than the cutoff point of 0.7 and they indicate internal consistency 
[63, 64]. Average Variance Extracted (AVE) is equal to 0.665, 0.824, 0.780, 0.783, 0.815 and 0.766 for 
Manpower planning, Job design, Training and development, Quality circle and Pay system respectively. 
AVE’ Values greater than the cutoff point of 0.5 are considered as satisfactory [64] (Table 1). The 
following indices named Eigenvalue, %Variance, Loadings and Communalities are acceptable and 
revealed the constructed validity of HRM practices scale [65] (Table 1). The measurement model fits 
the observed data (X2/df=1.79, CFI=0,95, GFI=0.93, RMSEA=0.04, AGFI=0.90, IFI=0.95) [66, 67, 68, 
69]. 
 
Table 1 
HRM practices scale 

Construct Eigen 
value Variance % Loadings Commu-

nalities 
Cronbach’s 
a CR AVE M DV 

HRM  98.278   .973   5.9278 .64921 
A. Recruitment and selection 7.481 44.007   .897 .922 .665 5.8115 .65052 

1. Harmonized and term 
conditions 

  .874 .764    6.11 .880 

2. Single status for all staff   .853 .629    6.04 .917 
3. Internal promotion norm   .840 .727    5.97 .820 
4. Employment test criteria   .793 .582    5.50 .709 

5. Merit element in selection   .763 .705    5.61 .810 
6. Multi-skilling and experience   .761 .580    5.65 .636 

B. Manpower planning 3.865 22.735   .929 .949 .824 5.8375 .73395 
1. Formal manpower planning   .926 .858    6.05 .823 
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Construct Eigen 
value Variance % Loadings Commu-

nalities 
Cronbach’s 
a CR AVE M DV 

2. Work culture   .908 .825    6.02 .781 
3. Career planning   .899 .807    5.68 .821 

4. Involvement of all departments   .898 .807    5.61 .810 
C. Job design 3.396 19.976   .904 .934 .780 6.1047 .76040 

1. Flexible job description   .935 .770    5.91 .827 
2. Development of learning 

organization 
  .905 .819    5.84 .977 

3. Cross-cultural job design   .877 .874    6.10 .818 
4. Team working   .811 .658    6.57 .821 

D. Training and development 1.307 7.688   .908 .935 .783 6.2766 .73630 
1. Need based training and 

development criteria 
  .873 .762    6.52 .832 

2. Formal system induction   .899 .808    6.09 .842 
3. Learning organization   .873 .762    5.96 .823 
4. Formal training and 

development 
  .894 .800    6.54 .831 

E. Quality circle .447 2.630   .914 .946 .815 6.2766 .73630 
1. Staff involvement in objective 

setting 
  .923 .851    5.71 .732 

2. Production/service staff 
responsible for their service 

  .904 .817    5.66 .768 

3. Employee’s involvement in 
quality circles 

  .941 .885    5.73 .689 

4. Regular use of attitudes 
surveys 

  .841 .707    5.93 .949 

F. Pay system .211 1.243   .833 .942 .766 5.2600 .64459 
1. Staff informed about market 

condition and company 
performance 

  
.905 .820 

   
5.89 .990 

2. Merit element in pay package   .800 .640    5.96 .910 
3. Formal appraisal for all staff   .921 .849    6.13 .845 

4. No-financial incentives   .887 .737    2.18 .381 
5. Social appreciation and 

recognition   .858 .786    6.15 .892 

 
Cronbach’s alpha coefficient for Service Quality scale counts for 0.991. Its conceptual constructs 

named Tangibles, Reliability, Responsiveness, Assurance, Empathy and Sensory have Cronbach alpha 
coefficient above the cutoff point of 0.70. Cronbach alpha coefficient for Tangibles, Reliability, 
Responsiveness, Assurance, Empathy and Sensory equals to 0.994, 0.927, 0.994, 0.995, 0.994 and 0.968 
[55, 56, 59, 60, 61, 70, 71,72] (Table 2). Composite reliability (CR) for Tangibles, Reliability, 
Responsiveness, Assurance, Empathy and Sensory equals to 0.964, 0.954, 0.996, 0.996, 0.991 and 0.984 
respectively. These values are larger than the cutoff point of 0.7 and they indicate internal consistency 
[62, 63, 64]. Average Variance Extracted (AVE) is equal to 0.898, 0.873, 0.988, 0.988, 0.975 and 0.968 
for Tangibles, Reliability, Responsiveness, Assurance, Empathy and Sensory respectively. AVE’ Values 
greater than the cutoff point of 0.5 are considered as satisfactory [62, 63] (Table 2). The following 
indices named Eigenvalue, %Variance, Loadings and Communalities are acceptable and revealed the 
constructed validity of Service Quality scale [65] (Table 2). The measurement model fits the observed 
data (X2/df=1.77, CFI=0,95, GFI=0.94, RMSEA=0.04, AGFI=0.90, IFI=0.95) [66, 67, 68, 69]. 
 
Table 2 
SERVQUAL Scale 

Construct Eigen 
value Variance % Loadings Commu-

nalities 
Cronbach’s 
a 

CR AVE M SV 

SERVQUAL  82.123   .991     
A.Tangibles 5.919 21.921   .994 .964 .898   

1. This hotel has up-to-date 
equipment 

  .947 .989    6.39 .963 

2. This hotel’s physical facilities are 
visually appealing 

  .945 .988    6.38 .962 

3. This hotel’s employees are well 
dressed and appear neat 

  .952 .989    6.42 .966 

B. Reliability 4.253 15.751   .927 .954 .873 6.05 1.002 
1. When this hotel promises to do   .959 .919    6.05 1.002 
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Construct Eigen 
value Variance % Loadings Commu-

nalities 
Cronbach’s 
a CR AVE M SV 

something by a certain time, it does 
so 

2. This hotel keeps its records 
accurately 

  .955 .788    6.39 .957 

3. This hotel provides its services at 
the time it promises to do so 

  .888 .911    6.08 .994 

C. Responsiveness    3.806 14.098   .994 .996 .988   
1. This hotel does tell consumers 

exactly when services will be 
performed 

  
.996 .985 

   
6.44 .947 

2. This hotel’s employees are 
always willing to help customers 

  .994 .987    6.48 .949 

3. This hotel’s employees respond 
to customer requests promptly 

  .992 .991    6.46 .948 

D. Assurance   3.587 13.285   .995 .996 .988   
1. I can trust employees of this 

hotel 
  .996 .993    6.51 .949 

2. This hotel’s employees know well 
their jobs to help customers 

  .993 .986    6.49 .949 

3. This hotel’s employees get 
adequate support from this 

restaurant to do their jobs well 

  
.996 .993 

   
6.51 .949 

E. Empathy   3.563 13.194   .994 .991 .975   
1. Employees of this hotel know 

what my needs are 
  .989 .994    6.49 .943 

2. This hotel has my best interests 
at heart 

  .994 .997    6.51 .943 

3. This hotel has operating hours 
convenient to all their customers 

  .979 .990    6.49 .943 

F. Sensory 1.046 3.874   .968 .984 .968   
1. This hotel serves quality food 
with a high degree of excellence 

in its presentation 

  
.984 .969 

   
6.43 .962 

2. This hotel’s food is consistently 
served in the freshest state and 

with an uncommon degree of visual 
and olfactory appeal 

  .984 .969    6.41 947 

 
Cronbach’s alpha coefficient for Hotel Performance scale counts for 0.969. Composite reliability 

(CR) for Hotel Performance equals to 0.980. This value is larger than the cutoff point of 0.7 and they 
indicate internal consistency [62, 63, 64]. Average Variance Extracted (AVE) is equal to 0.858 for Hotel 
Performance scale that is considered as satisfactory [62, 63] (Table 3). The following indices named 
Eigenvalue (6.858), %Variance (85.722), Loadings and Communalities are acceptable and revealed the 
constructed validity of Service Quality scale [65] (Table 3). The measurement model fits the observed 
data (X2/df=1.69, CFI=0,95, GFI=0.92, RMSEA=0.04, AGFI=0.90, IFI=0.95) [66, 67, 68, 69] (Table 
3). 
 
Table 3 
Hotel Performance scale 

Construct Eigen 
value Variance % Loadings Commu-

nalities 
Cronbach’s 
a 

CR AVE M SD 

Hotel Performance 6.858 85.722   .969 .980 .858 6.2656 .44966 
1. Profitability compared to 

business unit objectives  
  .903 .816    6.38 .486 

2. Profitability compared to hotel 
industry average 

  .903 .816    6.38 .486 

3. Market share compared to 
business unit objectives 

  .903 .816    6.80 .486 

4. Market share compared to 
major competitor  

  .871 .758    6.00 .709 

5. Sales growth compared to 
hotel industry average 

  .956 .913    6.25 .434 

6. Sales volume compared to 
business unit objectives  

  .956 .913    6.25 .434 
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Construct Eigen 
value Variance % Loadings Commu-

nalities 
Cronbach’s 
a CR AVE M SD 

7. Return on investment 
compared to hotel industry 

average  

 
 .956 .913 

 
 

 
6.25 .434 

8. Overall assessment of your 
company’s performance 

compared to hotel industry 
average  

  .956 .913    6.25 .434 

 
Cronbach’s alpha coefficient for Hotel Performance scale counts for 0.882, Composite reliability 

(CR) for Customer Satisfaction scale quals to 0.931. This value is larger than the cutoff point of 0.7 and 
they indicate internal consistency [62, 63, 64]. Average Variance Extracted (AVE) is equal to 0.858 for 
Customer Satisfaction scale that is considered as satisfactory [62, 63] (Table 4). The following indices 
named Eigenvalue (2.456), %Variance (81.882), Loadings and Communalities are acceptable and 
revealed the constructed validity of Service Quality scale [65] (Table 4). 
 
Table 4 
Customer Satisfaction scale 

Construct Eigen 
value Variance % Loadings Commu-

nalities 
Cronbach’s 
a 

CR AVE M SD 

Customer Satisfaction 2.456 81.882   .882 .931 .858 6.2458 .94908 
1. The degree satisfaction or not 

for the decision that he/she 
patronizes the hotel  

 
 .766 .586 

   
6.21 1.078 

2. The degree of a customer’s 
feeling of service  

  .967 .935    6.26 1.043 

3. The degree of the perceived 
degree of the method of service   .967 .935    6.26 1.043 

 
Hypotheses testing: According to correlation analysis the posed six null hypotheses are confirmed. 

More especially Human Resource Management practices is strongly correlated with quality of service 
(r=0.831, p<0.01), with organizational performance (r=0.893, p<0.01) as well as customer satisfaction 
(r=0.905, p<0.001). Consequently, the hull hypotheses Ho1, Ho2 and Ho3 are acceptable. In addition, 
quality of service is strongly correlated with organisational performance (r=0.833, p<0.01) as well as 
customer satisfaction (r=0.906, p<0.01). Consequently, the hull hypotheses Ho4 and Ho5 are acceptable. 
Finally, Organizational performance is strongly correlated with customer satisfaction (r=0.981, p<0.01). 
Therefore, the hull hypothesis Ho6 is acceptable. 

7. Conclusions and Implications 

The current paper examines the effect of Human Resource Management practices on the quality of 
service, customer satisfaction, and organizational performance in the Cypriot urban hotel industry. The 
structural equation model validated the measurement model fit in related to observed data.  Accordingly, 
the conceptualized HRM practices model constitutes a valid model, with a very good fit as well as 
SERVAQUAL, and a Hotel Performance model. Furthermore, the research findings show that HRM 
practices have a significant impact on customer satisfaction. The strongest association was found to be 
between organizational performance and customer satisfaction, which is a significant finding because it 
is proven for the first time in a study related to the Cypriot urban hotel industry. HRM practices and 
service quality practices both have an impact on it. Finally, this research confirms the strong connection 
between HRM practices and Hotel Performance [10]. Future studies may broaden the scope of the issue 
by including more countries and cultures. Future research may expand the scope of the issue to other 
countries and different cultures. Big Data applications, pipeline Dynamic Scheduling of Big Data 
Streams and algorithms can assist us in gathering a large amount of data from the websites of hotel 
industries, to assess the impact of HRM practices on Hotel Performance [73, 74, 75, 76, 77, 78, 79]. 
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Abstract  
This paper investigates on the effectiveness of climate adaptation measures in countering 
climate risk damage. Our paper provides a-depth costs and benefits assessment associated with 
the adoption of the climate adaptation measures in Italian farms. Concerns about global 
warming are currently attracting interest of global policy makers and the issue is central to the 
political and scientific debate. This paper use methodology that will be implemented in LIFE 
project "ADapation in Agriculture"- ADA which aims to help improve adaptation to climate 
change and promote sustainable and inclusive growth in the agricultural sector. In this context, 
we provide a methodology framework for costs and benefits assessment of adaptation measures 
to climate change and their economic and environmental effects at the farm-level in Italy to 
improve farmers ability to face current and future climate risks. We provide an exemplary 
estimation model based on entity of damage avoided - deriving by adverse climatic events with 
the climate adaptation measures adoption. The results provide a methodology to represent costs 
and benefits associated with the reduction of the climatic risk that countering the adaptation 
measure. The use methodology approach could be to support farmers in choosing to adoption 
of appropriate climate adaptation measures. This framework is a prerequisite for identifying 
the specific support interventions for adaptation measures, mainly deriving from rural 
development measures to which farmers will be able to access. Our challenge is to outline 
specific measures for the agricultural sector, to counteract impacts of climate change also at 
local level.  

 
Keywords  1 

        Climate change, adaptation measures, costs/benefits assessment  

1. Introduction 

The overall aim of this paper is to investigate on the effectiveness of Climate Adaptation Measures 
(CAM) (EU COM 2021/82; Reg. CE 2021/1119) in countering climate risk damage. Our paper provides 
a-depth costs and benefits assessment associated with the adoption of the CAM in Italian farms. 
Concerns about global warming are currently attracting interest of global policy makers and the issue 
is central to the political and scientific debate. According to a Eurobarometer survey of 2021, after 
diseases, the economy and world hunger, the climate is considered the fourth emergency in Italy. 
However, in Italy, eight out of ten people consider climate change a "very serious" problem (84%, 
higher than the EU average of 78%) and more than six out of ten respondents (63%, equal to the EU 
average) consider it to be responsible national governments rather than the European Union (56%, in 
line with the EU average of 57%). It’s extremely clear and well-known that agricultural is responsible 
of climate change but it’s also vulnerable (Parker et al., 2019). In the next decades, the intensification 
of hard-to-predict extreme weather events will put pressure on the agricultural sector, impacting 
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farmers' incomes and farm’s survival. According to a Special Report by the European Court of Auditors, 
despite more than 100 billion euros being devoted to climate change mitigation (over a quarter of EU 
agricultural expenditure in the 2014-2020 period), for over ten years, greenhouse gas emissions 
produced by agriculture have not decreased. The report shows that most of the measures financed by 
the Common Agricultural Policy (CAP) have limited potential for mitigating climate change; the CAP, 
therefore, has failed to incentivize the adoption of effective environmentally friendly practices. 
However, the fight against climate change will continue to be one of the strategic objectives of the CAP 
even in post 2020. Following a public consultation launched by the European Commission on the CAP 
Future, in 2017 the Commission has presented three legislative proposals for the CAP 2023-2027 
reform, approved after three years of negotiations. The Commission included three general objectives 
in its reform strategy, including "to bolster environmental care and climate action and to contribute to 
the environmental and climate objectives of the EU" and nine strategic goals focused on social, 
environmental, and economic factors, including "contribute to climate change mitigation and 
adaptation" (Reg. 2021/2117). In this context, scientific research on the effectiveness of climate 
adaptation measures for farmers contributes to the debate on the reduction of economic and 
environmental risks related to climate change under different fields of analysis (De Leo et al., 2022; 
Giuca et al., 2022). At the first, the scientific literature suggests that climate change impacts on 
agriculture to be site-specific (El Chami and Daccache, 2015). For this reason, adaptation measures 
show efficacy by more heterogeneous results and the adopation vary across regions and agrosystems.  
A field of existing literature focuses on the factors that drive the willingness to take adaptation measures 
and the socio-economic (Frame et al., 2018) and agronomic conditions (Ulukan et al., 2008; Dednath 
et al., 2021) influencing their adoption. Kabir and Alam (2021) provide a conceptual model for 
identifying the determinants affecting farmers in the adoption of adaptation measures to climate change. 
In the same direction, a field of existing literature focuses on the factors that drive the willingness to 
take adaptation measures. The results show that farmers' adoption of adaptation measures appears to be 
influenced by socioeconomic factors such as age, education level, household size, household income, 
farm size and agricultural experience (Bryan et al., 2009; Masud et al., 2017 [a], 2017 [b]; Kabir et al., 
2020). This consideration suggests that climate change measures are a robust part of public policies, at 
local, national, and global levels. 

2. Data and Research Methodology 

The methodology illustrated will be implemented in LIFE project "ADapation in Agriculture"- ADA 
(execution stage) which aims to help improve adaptation to climate change and promote sustainable 
and inclusive growth in the agricultural sector. In this context, we provide a methodology framework 
for costs and benefits assessment of adaptation measures to climate change and their economic and 
environmental effects at the farm-level in Italy to improve farmers ability to face current and future 
climate risks. The methodology approach is based on collect cost and benefit data deriving from: i) desk 
research; ii) questionnaire administration with CAWI methodology (Computer Assisted Web 
Interviewing). The data are obtained through questionnaires and cross-sectional data are collected from 
Italian FADN detector. The questionnaire includes questions closed and open-ended response and used 
samples and standardized questions to carry out a structured interview; iii) open interview to 
agricultural experts. 

Data collected, stored in a database, are: 
• The range of costs to be incurred for the implementation of the measure2. 
• Degree of effectiveness of the measure in relation to the risks (high, medium, low). 
• Further economic benefits.  
• Environmental benefits. 
• Possibility of public funding. 
 

 
2 We collect range investment costs, and average annual cost per hectare. These annual costs taking into account the depreciation of the 
investment and the maintenance cost of the investments. 
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This collect data are used in an exemplary estimation model to evaluate cost and benefits of CAM 
adoption. The exemplary estimation model is based on entity of damage avoided - deriving by adverse 
climatic events - with the CAM adoption. Adverse weather events are growing frequently. Considering 
the average of the yields’ losses in agriculture in last year with strong effect on income (European 
Environmental Agency, 2021), for simplified our model assume that adverse climatic events can cause 
damage on average equal to or greater than 30% of the value of the farm's production with a high 
likelihood. The damage is calculated using FADN data and the average farm value Gross Production 
farm is considered for type of farming and its economic size.  

The benefit of each measure is calculated on estimate effectiveness of the measure to prevent/reduce 
such damage. 

The following assumptions were made regarding effectiveness of the measure: 
• High = capable of reducing the damage from 70% to 100% 
• Medium = capable of reducing the damage from 30% to 70% 
• Low = capable of reducing the damage from 10% to 30% 
In our approach we considered the average damage reduction based on the previous assumptions. 
Furthermore, other economic benefits are considered. Benefits related to the improvement of 

production quality, the possibility of benefiting from CAP payments, the environmental benefits that 
can have positive economic repercussions, as they are increasingly appreciated and requested by 
consumers.  

The adoption of the measure could entail economic benefits independent of the occurrence of the 
adverse climatic event. The measure could provide a qualitative improvement of the production 
(organoleptic properties, better size that allows a better placement on the market etc…) and / or an 
increase in yields. The economic value of this benefit depends on the adaptation measure, as well as on 
the specificity of the farm, so can be suitably valued based on the measure considered. 

The possibility of receiving public contributions deriving from the CAP must be considered (e.g.: 
measures of Rural Development Program) and this public support differs according to the adaptation 
measure considered. 

Furthermore, we wanted to recognize a small economic value, of symbolic type, that we could value 
in a little percentage of the value of production, that we will be tailored for each measure, to any 
environmental benefits brought about by the implementation of the measure.  

Aware of the difficulty of estimating the economic value of these benefits, we felt right to consider 
their contribution. 

In fact, environmental benefits are increasingly pleasant by consumers and can therefore have 
positive economic repercussions as they are increasingly appreciated and requested by consumers. In 
the long term they can also increase yields.  

Finally, the overall average benefit is compared to the average cost to be incurred for the adoption 
CAM. 

In our exemplificatory estimation model we have assumed the follow possible average annual costs 
per hectare: 

• low: 250    
• medium: 500    
• high: 1000   
• very high: greater than 2000  
The cost per hectare was multiplied by the average UAA (utilized agricultural area) of farm type 

and class of economic size. The farm average UAA come from FADN data (2017-2018-2019). 
Taking into account the average annual costs of implementing the measures and the related benefits 

is possible to calculate the follow evaluation indicators: 
• Impact of the net benefit3/ on cost (net benefit/cost) 
• Cost impact on gross production (cost/gross production) 
• Incidence of the benefit on the gross production (loss avoided)/(net benefit/gross production) 

 

 
3 Net benefit = Benefit – Cost. 
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3. Results and Conclusions 

The results provide a methodology to represent costs and benefits associated with the reduction of 
the climatic risk that countering the adaptation measure. The use methodology approach could be to 
support farmers in choosing to adoption of appropriate CAM. This framework is a prerequisite for 
identifying the specific support interventions for adaptation measures, mainly deriving from rural 
development measures to which farmers will be able to access.  

 This paper contributes to the research issue providing a methodological framework and in-depth 
assessment of adaption measures capability to reduction economics and environmental damage due to 
climate risk.  

In this paper we apply the methodology approach to the following type of farms: open field 
horticulture, fruit, wine. Table 1 shows the data that were used to estimate the cost-effectiveness of 
adopting the measure. 

 
Table 1 
FADN data used for the simulation of the cost-effectiveness of adopting the measure (average values) 

Supply chain Farm size 
Production 

value (€) 
UAA (ha) 

Open field horticulture Large 260.790 20,2 
Open field horticulture Medium 73.161 3,5 
Open field horticulture Small 24.964 1,5 

    

Fruit Large 248.332 23,7 
Fruit Medium 65.321 7,0 
Fruit Small 21.908 2,8 

    

Wine Large 240.397 29,0 
Wine Medium 47.128 7,7 
Wine Small 16.566 3,5 

 
Considering only the benefit deriving from the effectiveness of the measure in avoiding probable 

damage, estimated at 30%, the results obtained are shown in table 2. 
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Table 2 
Impact of the net benefit on cost 

Supply 
chain 

Farm size 
Hight effective  Medium effective  Low effective 

250 500 1000 2000  250 500 1000 2000  250 500 1000 2000 

Open field 
horticulture 

Large ***** ***** ***** ***  ***** ***** *** #  ***** *** # ## 

Open field 
horticulture 

Medium ***** ***** ***** ****  ***** ***** ***** ***  ***** **** ** ## 

Open field 
horticulture 

Small ***** ***** ***** ****  ***** ***** **** **  ***** *** # ## 

                

Fruit Large ***** ***** **** **  ***** ***** *** #  **** ** # ## 

Fruit Medium ***** ***** **** **  ***** **** ** #  **** ** # ## 

Fruit Small ***** ***** **** *  ***** **** ** #  *** # ## ## 

                

Wine Large ***** ***** **** *  ***** **** ** #  *** # ## ## 

Wine Medium ***** ***** **** #  ***** *** # ##  ** # ## ## 

Wine Small ***** **** ** #  **** ** # ##  ** # ## ## 

 
If benefits minus costs is higher than cost the legend is: for values from 0% to 10% = * = convenient; for values from 10% 

to 50% = ** =good; for values from 0% to 100% = ***very good; for values from 100% to 200% = **** high; > 200 =*****= 
very high. If the costs exceed the net benefits the following legend should be considered when assessing the cost-
effectiveness of the measure: for values from 0% to 50% = consider the value of additional benefits; for values from >50% 
consider farm specificities. 

 
The simplified model considering the supply chains involved (fruit and vegetable; wine) the main 

considerations emerge. 
If the adaptation measure is highly effective its adoption for farms is convenient for each average 

costs considered. It’s exception medium/small wine farms in case of cost per hectare is very high. In 
this type of farm, the convenience could be achieved by considering any additional benefits. If the 
measure has low effectiveness and implementation costs are high and/or very high, the adoption of the 
measure should be evaluated according to farm specificities and considering any further benefits. In 
case of a high average cost the presence of additional benefits might be sufficient for horticultural and 
fruit farms. 

In the case of a measure with moderate effectiveness and very high costs the farm specificities must 
be considered. 

The limitation of the model consists in its exemplification due to the use of average data and 
estimates that cannot be replaced by the structural, economic and patrimonial characteristics and also 
by the productive context in which the farm is situated. However, the model findings provide interesting 
information for adaptation measures. 

Yet, it should provide a valuable tool to support environmental economists and policies. Climate 
changes directly affect productivity by affecting the profitability of farmers, especially small and 
medium-sized farmers, and their ability to survive, also negatively affecting the quality of production. 
This consideration suggests that climate change measures is a robust part of public policies, at local, 
national, and global levels. In addition, an overview of possible policies to support adaptation to climate 
change in agriculture was created. In line with the EU adaptation strategy (EU COM 2021/82), our 
paper contributes to scientific literature to make farmers more resilient to climate change. Our challenge 
is to outline specific measures for the agricultural sector, to counteract impacts of climate change also 
at local level. 
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[7] L. Parker, C. Bourgoin, A. Martinez-Valle, P. Läderach, Vulnerability of the agricultural sector to 
climate change: The development of a pan-tropical Climate Risk Vulnerability Assessment to 
inform sub-national decision making. PLoS One (2019) 1-25. 
doi.org/10.1371/journal.pone.0213641. 

[8] M.H. Kabir, M.J. Azad, M.N. Islam, Exploring the determinants and constraints of smallholder 
vegetable farmers’ adaptation capacity to climate change: A case of Bogura District, Bangladesh, 
Journal of Agricultural and Crop Research (2020) 176–186. doi.org/10.33495/jacr_v8i9.20.159.  

[9] M. H. Kabir, M.M. Alam, Developing a conceptual model for identifying determinants of climate 
change adaptation, Journal of Climate Change (2021) 25–35.doi.org/10.3233/JCC210003. Life 
ADA-ADapation in Agriculture. URL https://www.lifeada.eu/it/.  

[10] M.M. Masud, R. Akhtar, S. Nasrin, I.M. Adamu, Impact of socio-demographic factors on the 
mitigating actions for climate change: A path analysis with mediating effects of attitudinal 
variables, Environmental Science and Pollution Research (2017a) 26462–
26477.doi.org/10.1007/s11356-017- 0188-7.  

[11] M.M. Masud, M.N. Azam, M. Mohiuddin, H. Banna, R. Akhtar, A.S.A.F. Alam, H. Begum (2017). 
Adaptation barriers and strategies towards climate change: Challenges in the agricultural sector. 
Journal of Cleaner Production (2017b) 698–706. doi.org/ 10.1016/j.jclepro.2017.04.060.  

[12] Regulation (EU) 2021/1119 of the European Parliament and of the Council of 30June 2021 
establishing the framework for achieving climate neutrality and amending Regulations (EC) No 
401/2009 and (EU) 2018/1999 (‘European Climate Law’) 2021. URL: https://eur- 
lex.europa.eu/legal-content/en/TXT/?uri=CELEX%3A32021R1119. 

[13] Regulation (EU) 2021/2117 of the European Parliament and of the Council of 2 December 2021 
amending Regulations (EU) No 1308/2013 establishing a common organisation of the markets in 
agricultural products, (EU) No 1151/2012 on quality schemes for agricultural products and 
foodstuffs, (EU) No 251/2014 on the definition, description, presentation, labelling and the 
protection of geographical indications of aromatised wine products and (EU) No 228/2013 laying 
down specific measures for agriculture in the outermost regions of the Union Special Reports- 
European Court of Auditors (2021). Common Agricultural Policy and climate Half of EU climate 
spending but farm emissions are not decreasing. Publication office of European Union 2021. URL: 
https://www.eca.europa.eu/Lists/ECADocuments/SR21_16/SR_CAP-and Climate_IT.pdf.  

[14] S. Debnath, A. Mishra, D.R. Mailapalli, & N.S. Raghuwanshi. Identifying most promising 
agronomic adaptation strategies to close rainfed rice yield gap in future: a model-based 
assessment. Journal of Water and Climate Change (2021), 12(6), 2854-2874, 
https://doi.org/10.2166/wcc.2021.094. 

[15] S. Giuca, S. De Leo, A. Di Fonzo, M. Gaito, G. Bonati.  Economics Implication for Farmers in 
Adopting to Climate Adaptation Measures June 2022, Contributed paper presented at IFAD 
Conference 2022, Jobs, innovation and rural value chains in the context of climate transition: 

https://doi.org/10.1016/j.agsy.2015.08.008
https://rica.crea.gov.it/index.php?lang=en
https://doi.org/10.1111/j.1439-037X.2008.00306.x
https://www.eca.europa.eu/Lists/ECADocuments/SR21_16/SR_CAP-and
https://doi.org/10.2166/wcc.2021.094


 359 

Bridging the gap between research and policy. At: Online and at IFAD headquarters in Rome, 
Italy, 21-24 June. 

[16] S. De Leo, G. Villani, G. Bonati, A. Di Fonzo, S. Giuca, A. Volta, G. Antolini, & A. Vecchi (2022). 
Cost-Benefit Assessment Associated to the Climate Adaptation Measures Listed in the CAMBIA 
Library. Contributed paper presented on IAERE Tenth Annual Conference, 21-23 April 2022, 
Cagliari (Italy). 

 



 360 

Active Transportation in Urban Environments: Lamia Citizens’ 
Views for the Use of the Bicycle 
 
Stilianos Tampakis 1, Veronika Andrea 2, Paraskevi Karanikola 2, Eleni Mexi 2 and Antonis 
Tampakis 1  

 
1 Department of Forestry and Natural Resources, Aristotle University of Thessaloniki Greece 
2 Department of Forestry and Management of the Environment and Natural Resources, Democritus University 
of Thrace, Greece 

 
  

Abstract  
Academics, organizations, and urban planners are increasingly focusing on bicycles as a mode 
of transportation to improve the urban transportation system and create more sustained 
communities in densely populated areas. The study aims to highlight from a citizen-based 
perspective the use of bicycles in the urban environment of a Greek city; and the possible 
strengths and/or weaknesses to encourage green mobility using bicycles. The findings revealed 
an average preference for the use of bicycles, as well as a negative assessment of existing 
bicycle infrastructure and safety concerns. Citizens seem to emphasize the contempt for the 
rules of the Highway Code by both bicycle and motorcycle riders.  
 
Keywords  1 
cycling, healthy mobility, sustained communities, urban environment, urban planning, green 
mobility  

1. Introduction 

Active urban transportation development has designated the bicycle as a landmark of sustainable 
urban transportation and integral part of green mobility. While it should be noted that the COVID-19 
pandemic has drastically altered mobility routines and transportation schemes, proving that cycling 
should be encouraged as a healthy mobility solution to replace public transportation and car use in daily 
life [1]. 

Urban planning plays a critical role today in building sustained communities and tackle climate 
change effects, as most of the planet population lives in urban environments [2]. It should actively 
engage the citizens to participate and secure Democratic and participatory procedures that would lead 
to sustained mobility [3]. As a result, citizens' perspectives are regarded as extremely valuable data for 
overcoming impediments and increasing efficiency in urban planning and promoting active 
transportation. 

Cycling in the city is a timesaving, healthy and green mobility transport option which in many 
countries was further developed with smart applications and renting systems. Norway is regarded as a 
best practice in terms of regulations, city dweller culture, and bicycle infrastructure, with a more than 
250-kilometer bicycle network in Oslo [4]. Whilst the use of bicycle cannot be considered a sustainable 
and beneficial mobility solution if it is not also safe. A lack of infrastructure means a lack of safety for 
cyclists, with children being particularly vulnerable. Several studies have found that the low rate of 
bicycle use is largely due to safety concerns [5]. 

The study aimed to provide insights about active transportation development in the urban 
environment of Lamia through the citizens ‘perspective and regards the use of a bicycle. The scope of 
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the research along with its findings is considered indicative for academics, public and private 
companies, and urban planners, as it shed light on the citizens’ views on the use of bicycles as regards 
cycling frequency; an association of cycling in the context of a healthy mobility and lifestyle; 
characteristics and individual issues in bicycle use; factors influencing their decision to use it; 
infrastructure; reasons for the use of bicycle and preferable distances; suitability of the city for the use 
of the bicycle in terms of spatial planning and design; road safety and road Highway Code compliance 
issues for both bicycle and motorcycle riders. 

2. Materials and Methods 
2.1. Study Area 

The study area is the city of Lamia, situated in central Greece, inhabited by 52.006 citizens on an 
area 413.5 km². 

The urban network of bicycle paths in Lamia consists of 7.5 km of route and connects the southern 
end of the city (Ambliani area) with the center (see details on the map in Figure1). Includes two small 
lanes (for walking and cycling) flower beds with greenery and sidewalk (Figure 2).  
 

 
Figure 1: Map of Lamia with bike infrastructure (in pink color), Source: Dimos Lamieon [6]. 
 

 

Figure 2: A view of a bicycle lane in the city of Lamia, Source: Dimos Lamieon [6]. 
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2.2. Methodology 

Since of its simplicity, simple random sampling was chosen over other approaches because it 
required the least amount of knowledge concerning the population [7]. The formulas for simple random 
sampling were used to estimate the proportion of the population and the standard error of the proportion 
of the population sp. [8]. A pre-sampling of 50 persons was conducted to determine the sample size for 
each quantitative and qualitative variable using basic random sampling formulas: where t = 1.96 and e 
= 5% [9]. The sample was estimated to be 400 citizens for possibility (1-α)100=95%, e=0,049.  

Hierarchical Log-linear Analysis was used to examine two groups of four variables. Prior to using 
Hierarchical Log-linear Analysis, the expected frequencies in the contingency table were examined 
[10]. Tabachick and Fidell's criteria [11] were used to group classes together. The Statistical Package 
for Social Sciences (SPSS 27) was used to analyse the data. Before performing the Hierarchical Log-
linear Analysis, we ensured that there were no weaknesses with low expected frequencies. 

3. Results 

The use of bicycles is seen positively by 54% of Lamia residents, neutrally by 32.8%, and negatively 
by 13.3%. Whereas similar studies in other Greek cities show higher acceptability, with 79.5% in 
Orestiada [12], 82.8% in Alexandroupolis [13], 2019), and 90.5% in Preveza [14]. 

The residents of Lamia reported that they always ride a bicycle in a percentage of 3.5%, 9.3% often, 
13.3% sometimes, 17.8% rarely, 56% never, and 0.3% did not answered. Bicycle use was higher in 
other Greek cities, with inhabitants in Orestiada claiming that 5% of them always go by bicycle [12], 
Alexandroupolis 13.3 % [13], and Preveza 28.2% [14]. As a result, it could be claimed that citizens' 
positive attitudes toward bicycle riding in their city are linked to their increased use (more frequent 
use). 

Cycling is associated with embracing a healthier lifestyle that includes walking and cycling as well 
as perceiving the behavior of the social environment. In response to the question "what is the distance 
over which the use of a car, motorcycle, or public transportation is required," 50% of citizens agree that 
they should use a vehicle for distances up to 2.5 km and the remaining 50% for distances greater than 
2.5 km. (Table 1). 

 
Table 1 
Distance over which the use of a car, motorcycle or public transport is required. 

Distance Percent Cumulative percent 
always 32.8% 32.8% 

100 meters 1.5% 34.3% 
300 meters 0.8% 35.0% 
500 meters 1.8% 36.8% 

1 Km 3.3% 40.0% 
1.5 Km 3.5% 43.5% 
2 Km 6.5% 50.0% 
3 Km 11.3% 61.3% 
4 Km 10.85 72.0% 
5 Km 28.0% 100.0% 

 
Cycling knowledge is not a barrier, as 75.5% say they are familiar with it. However, the proportion 

of citizens who do not know how to ride a bike is quite high at 24.5%. Surprisingly, the residents state 
that the use of bicycles by their fellow citizens would lead them to such a decision at a rate of 64%, 
while 36% say it would not. 

For the variables "bicycle parking places", "distance that requires the use of car, etc.", "imitation of 
other citizens" and "bicycle use" Hierarchical Log-linear analysis was applied. No interaction was 
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observed per 3 criteria, as the X2 for Pearson’s test is 4.469 with probability (p) = 0.484 and because 
the X2 likelihood ratio is 4.512 with probability (p)= 0.778. The hereunder are the interactions: 

• Citizens who admit they are influenced by whether their fellow citizens ride bicycles, by 
imitating them, say they rarely ride bicycles.  Those who do not follow their peers, on the other 
hand, claim that they never ride a bicycle. 

• Citizens who state that they are influenced by whether their fellow citizens ride bicycles, by 
imitating them, express a positive attitude toward cycling. Those who do not follow their peers, 
on the other hand, claim to be neutral or negative about bicycle use. 

• Citizens who claim to be affected by whether their fellow citizens ride bicycles, copying them, 
claim that motor vehicles are required for distances greater than 2.5 km. Those who do not 
follow their fellow citizens, on the other hand, claim that motor vehicles are required for 
distances of less than 2.5 km. 

• Citizens who say they are positive about cycling, say they travel from always to rarely cycling. 
Those who say they are neutral or negative about cycling, on the other hand, say they never ride 
a bicycle. 

The citizens of Lamia characterize their city as absolutely suitable for the use of bicycles as a mode 
of transportation at a rate of 0.5 %, 8 % as vey suitable, 30.8% quite suitable, 43.5 % less suitable, and 
17.3% unsuitable. For a city to be suitable for bicycle use it should have the necessary infrastructure 
and a well-established driving culture for all kind of road users. 

The infrastructure for bicycle use is classified as moderate by 39.3 %, poor by 34.8 %, very bad by 
13.5 %, good by 11.5 %, and very good by 1 %. 

As regards safety issues 35% of citizens say that motorists rarely respect cyclists, while 32.8% say 
that this happens sometimes, 11.3% state it never happens, 17.8% often and always 3.3% of the citizens.  

Respectively, 36.5% of the citizens state that sometimes cyclists follow the Highway Code rules, 
rarely 29.3%, often 20.8%, never 10% and always 3.5% of the citizens. According to Vlastos et al. [15], 
any cyclist, experienced or inexperienced, tends to ride freely and is not constrained by Highway Code 
rules. A large proportion of citizens accept this freedom in cycling without fixed rules [12]. Thus, when 
asked if mandatory training and examinations for young cyclists should be required, 51.5% of citizens 
replied positively while 48.5% were negative. 

Hierarchical Log-linear analysis was applied to the variables "city suitable for cycling", 
"infrastructure for bicycle use", "motorists respect cyclists" and "cyclists follow the Highway Code". 
No interaction was observed per 3 criteria, because the X2 for Pearson’s test is 2.744 with probability 
(p) = 0.738 and as the X2 likelihood ratio is 2.608 with probability (p)= 0.760. The interactions are as 
follows: 

• Citizens who rate the bicycle infrastructure as very good to mediocre say Lamia is very to quite 
suitable for cycling. On the contrary, those who rate the bicycle infrastructure as poor to very 
poor claim that the city is less to unsuitable for cycling. 

• Citizens who classify the bicycle infrastructure as very good to mediocre claim that motorists 
always to sometimes respect cyclists. Those who believe that bicycle infrastructure is poor to 
very poor claim that motorists rarely, if ever, respect cyclists. 

• Citizens who believe that bicycle infrastructure is very good to mediocre state that adult cyclists 
follow the Highway Code rules on a scale from always to sometimes. On the contrary, those 
who describe bicycle infrastructure as poor to very poor claim that adult cyclists rarely, if ever, 
follow the Highway Code. 

• Citizens who believe that Lamia is very to quite suitable for cycling believe that adult cyclists 
follow Highway Code rules on a scale of always to sometimes. On the contrary, those who rate 
the city on a scale of less to unsuitable for cycling believe that adult cyclists rarely, if ever, 
follow Highway Code rules. 

• Citizens who are of the opinion that motorists respect cyclists on a scale of always to sometimes 
state that adult cyclists follow the Highway Code rules on a scale of always to sometimes. On 
the contrary, those who claim that motorists rarely, if ever, respect cyclists also claim that adult 
cyclists rarely, if ever, follow the Highway Code rules. 

The bicycle as a means of transportation is easily accessible to children. Safety in the city for children 
is important. 41.5% and 35% of the citizens consider that the bicycle as a means of transport, in the 
city, especially for minors, is not at all and a less safe, respectively. An average opinion was given by 
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20.3% who answered that the bicycle is quite safe, and only 2% and 1.3% answered that it is very or 
absolutely safe respectively. In fact, according to the citizens, the junior cyclists rarely (31%) or 
sometimes (24.3%) follow the safety rules when traveling with their bicycles. Lower percentages 
receive other options such as often (21.5%), never (17.8%) and always (5.5%) respectively. 

Finally, cost issues such as purchasing and maintaining a bicycle do not appear to be an impediment 
to bicycle use for 71% of citizens, while 28.8% consider it an impediment and 0.3% prefer not to answer 
the question. 

4. Conclusions 

The scope of the research, as well as its findings, are considered indicative since they shed light on 
citizens' views on developing and promoting active transportation in Lamia's urban environment using 
bicycle. Therefore, it provides important insights into citizens' perspectives on bicycle use as well as 
specific challenges that should be addressed.  

Almost one in two of the citizens in Lamia are positive with the use of bicycle, which is considered 
as a low rate compared to the views of other citizens in Greek cities with similar characteristics.  This 
finding is accompanied by low frequencies in the use of bicycle in the city.  

There is an association of cycling in the context of a healthy mobility and lifestyle, as lamia residents 
admit they should use active transportation by bike to cover short distances until 2.5 km. The majority 
of citizens appear to have cycling skills, which is not a barrier to further developing this mode of urban 
transportation; in fact, nearly 8 out of 10 report knowing how to ride a bike. 

The use of hierarchical Log-linear analysis revealed a positive correlation among factors influencing 
citizens' decisions on bicycle use, such as the use of bicycles by their fellow citizens in terms of 
imitation, and the adoption of healthier mobility and lifestyles in everyday life transportation for 
distances up to 2.5 km. 

Eventually, most of the responders take a critical stance on the city's suitability for bicycle use in 
terms of spatial planning and design, which is explained by their perception of insufficient cycling 
infrastructure. This was also supported by the results of the hierarchical Log-linear analysis performed 
on the respective variables. In addition, it appears that road safety issues require additional organization 
and control. Furthermore, the citizens highlight the issue of motorists who appear to disregard cyclists' 
use of roads. Possibly they intend to emphasize the importance of stricter Highway Code compliance 
for both bicycle and motorcycle riders. 
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Summary 
The Ethics of synthetic meat is an emerging field in applied Ethics. As the world's 
population grows, stakeholders, scholars and manufacturers have begun to hypothesize 
new strategies to meet growing food needs and to prevent food production from having a 
deleterious environmental impact. Among the various strategies adopted, the creation of 
synthetic meat deserves special mention. This technology has aroused both hopes and fears 
among consumers and scholars involved in the agri-food sector and, lately, among moral 
philosophers.  
In this contribution I will dedicate myself to focusing on the moral issues raised by the 
production and/or consumption of synthetic meat.  
In the first part I will outline some moral arguments against synthetic meat.  
First, I will dwell on the so-called repugnance argument according to which the reluctance 
regarding certain types of foods (or other things) should be taken as a moral indication 
about the permissibility of using such products.  
Second, I will address the argument of naturalness according to which synthetic meat 
should be rejected because of its unnaturalness and because of the serious consequences it 
would have on the moral character of people who use it.  
The third argument concerns the distraction of attention from the production of plant-based 
foods that would result from investing in synthetic meat. Investing in synthetic meat would 
make these other production lines lose ground.  
Finally, I will consider an argument that I think is the biggest concern from a moral but 
also an economic point of view with respect to this product.  
The large-scale introduction of synthetic meat will generate the loss of thousands of jobs, 
because of the reduction in the number of workers needed to carry on production and 
because of the increasing processes of automation that will include the introduction of 3D 
Printers and artificial intelligence.  
In the second part of the contribution, I will try to provide counterarguments to show how 
none of the previous objections are able to provide robust moral reasons to hinder the 
production and consumption of synthetic meat and, on the contrary, I will focus on some 
arguments in favor of the consumption of synthetic meat.   
In the concluding remarks, I will focus on two aspects: 1) that investment in a given 
technology should not lead us to overshadow the necessary moral transformations required 
for the structuring of less environmentally impactful lifestyles; 2) that when faced with 
far-reaching problems, it is always appropriate to adopt a multi-focus strategy, avoiding 
placing excessive hopes and expectations on a single technology but, at the same time, also 
avoiding underestimating the potential contributions that a given technology can offer us 
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Abstract  
Internship programs organized by universities are vital since they introduce students to a real 
business environment while reinforcing the reputation and attractiveness of the institution. This 
research study examines university business students’ satisfaction with internship programs 
concerning various factors, such as internship effectiveness, organization, object, and 
implementation company. A specially developed questionnaire was conducted and applied 
during March to May 2021, and 173 cases were collected. The research outcomes of student 
satisfaction were analyzed with the Multicriteria Satisfaction Analysis (MUSA) method. 
MUSA is considered an aggregation–disaggregation approach developed on the qualitative 
analysis regression. According to the calculated weights put on the criteria, the organization of 
the internship was the most crucial criterion, while more emphasis should be put on the object 
of the internship and on the internship effectiveness which the students underappreciate. 
 
Keywords  1 
Business students, student satisfaction, internship program, multi-criteria analysis 

1. Introduction 

Education is an instrument that helps societies move forward since, without education, society would 
collapse as its established members expire. Knowledge dissemination is the main objective of an 
educational system. According to Bass (1997), education consists of all the knowledge that a person 
has acquired up to the present time and continues to grow until the end of the person's life. Therefore, 
the education received in schools, universities and lifelong learning training centers is a small part of a 
person’s education, including other informal education sources such as the knowledge gained through 
the occupational and social experience during a person’s life (Gupta et al., 2010). Greece has a high 
percentage of formal educational attainment among the OECD member countries since 87% of the 
population aged between 25-34 are graduates of at least upper secondary education. 

In comparison, 42.8% hold a tertiary education degree. On the other hand, Greece has the highest 
percentage among the OECD countries of the unemployment rate for the tertiary education graduates, 
at 23.2% (OECD, 2020). Given the difficulty of filling vacancies with staff with appropriate knowledge 
and skills, the consequences of the Greek debt crisis of 2009-2018, and also the pandemic, new 
initiatives are needed, including an emphasis on student internships.  

An intern “is someone working in a temporary position with an emphasis on education rather than 
employment. Thus, an internship is similar in several respects to an apprenticeship” (Weible, 2009). An 
essential prerequisite for the successful implementation of an internship program is the study of the 
satisfaction of the students that take part in internships. The internship helps students understand the 
business environment and enables companies to take advantage of new knowledge, skills and 
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innovative ideas, which students transfer through close contact with the academic and research 
community. Also, companies that offer quality internships have the opportunity to create a pool of 
valuable human resources, through which they can draw capable future executives, upgrade their 
corporate image and promote their reputation as employers (employer brand). This cooperation between 
universities and businesses must be strengthened since sometimes there is a gap between the theoretical 
knowledge offered by the universities and the actual job demands (Bhaskar, 2009). 

Therefore, this paper aims to explore student satisfaction and locate and analyze the factors that are 
involved in it by applying a multi-criteria methodology known as MUSA (Grigoroudis and Siskos, 
2002, Drosos et al., 2019). 

2. Materials and Methods 

The research aims to measure student satisfaction from the internship program organized by the 
school of Administrative, Economics and Social Sciences at the University of West Attica.  

The University of West Attica is situated in the area of Egaleo in Athens-Greece. It is the third-
largest university in Greece under the criterion of registered students since it has over 50,000 registered 
students in 27 departments operating under five schools. This university was established in 2018 
because of the Technological Educational Institute of Athens and the Technological Educational 
Institute of Piraeus merger. Since 2018 there has been a new course program offered to all students. 
Still, the old program is also in operation until the graduation of students who have selected to get the 
degree of a technological orientation.  

The questionnaire was applied to 173 business students who followed an internship program for 
2021. The survey was conducted in March-May 2021. In this research, customer satisfaction criteria 
and sub-criteria are selected based on an extensive review of the relevant literature (Drosos et al., 2019, 
Skordoulis et al., 2018, Drosos et al., 2021a, Drosos et al., 2021b, Papasotiriou et al., 2019, Drosos et 
al., 2015, Drosos et al., 2014, Drosos et al., 2020). The satisfaction criteria were based on the relevant 
literature concerning customers' satisfaction, as follows: 

• Implementation company: satisfaction from the private or public company which offered the 
internship experience to the students 

• Object of internship: satisfaction from the daily tasks and job relevancy to the student’s 
previous knowledge 

• Internship organization: satisfaction from the total organization and monitoring of the 
internship program from the university 

• Internship effectiveness: satisfaction from the benefits and knowledge gained from the 
internship program 

Table 1  
Sample Demographics 

  % Percent 
Gender Male 34.2 
 Female 65.8 
Age 23 years or less 24.7 
 24 years and up 75.3 
Year of study 4th  19.2 
 5th 11.0 
 6th 13.7 
 7th 21.9 
 8th 19.2 
 9th  15.1 
Selected Program Old course syllabus  24.7 
 New course syllabus  75.3 
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The satisfaction survey results were based on MUSA's multi-criteria model (Multicriteria 
Satisfaction Analysis). The Multi-criteria Satisfaction Analysis (MUSA) method was used to measure 
customer satisfaction. The technique is an ordinal–regression-based approach used to assess a set of 
collective satisfaction functions so that the global satisfaction criterion becomes as consistent as 
possible with customers' judgments (Grigoroudis and Siskos, 2002). This method inferred an additive 
collective value function Y* and a set of partial satisfaction (value) functions Xi*, given customers' 
global satisfaction Y and partial satisfaction Xi according to the i–th criterion (ordinal scaling). The 
main research objective was to achieve the maximum consistency between the value function Y*and 
the customers' judgments Y. Based on the modelling of preference disaggregation approach (Jacquet-
Lagreze and Siskos, 1982, Siskos and Yannacopoulos, 1985), the ordinal regression equation was 
termed as follows:  

 

 

(1) 

 

Where  represents the estimation of the global value function, n represents the number of criteria, 
bi is a positive weight of the i–th criterion, σ+ and σ− are the overestimation and the underestimation 
errors, respectively, and the value functions Υ* and Xi are normalized in the interval [0,100]. The global 
and partial satisfaction Y* and Xi* are monotonic functions normalized in the interval [0,100]. Thus, 
in order to reduce the size of the mathematical program, removing the monotonicity constraints for Y* 
and Xi*, the following transformation equations were utilized: 
 

 

 
 

 
(2) 

where y*m is the value of the ym satisfaction level, xi*k is the value of the xik satisfaction level, 
and α and αi are the number of global and partial satisfaction levels. According to the aforementioned 
definitions and the assumptions, the basic estimation model can be written in alignment with the 
following linear program formulation: 
 

 

(3) 

 
where M is the number of customers, n is the number of criteria, and xi*j, y*j are the jth level on which 
variables Xi and Y were estimated.  
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3. Results 

The results given by MUSA method showed that students seem to be totally satisfied with the quality 
of internship. Based on Figure 1, the total student satisfaction amounted to a high 94.27% scoring. 

 

 
Figure 1: Satisfaction Function 

 
Concerning calculating the weights presented in Figure 2, the criterion of “Internship organization” 

had the highest weight 55.3%, followed by “implementation company" at 21.34%. In comparison, the 
"Internship effectiveness" criteria and "object of internship” had 11.89% and 11.47%, respectively. 

 

 
Figure 2: Satisfaction Criteria Weights (importance) 

 
Figure 3 pointed out that most of the survey criteria showed a reasonably high satisfaction rate. The 

criterion of " Internship organization" sustained the highest satisfaction with a percentage of 93.74%, 
followed by the criterion " implementation company" at 90.27% scoring. In comparison, students were 
also very satisfied with the criterion of "Internship effectiveness" (84.87%). Finally, the criterion with 
the lowest satisfaction rate is "object of internship". 
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Figure 3: Students' Satisfaction with the Main Criteria(performance) 

 
Figure 4 confirmed the initial results regarding the demanding level of students based on forming a 

global satisfaction function and the degree of the average total demand index. Students were less 
demanding regarding the Internship organization, which was the criterion with the highest level of 
importance. 

 

 
Figure 4: Students' satisfaction Demanding Criteria. 

 
Moreover, the action diagram of Figure 5 denoted that none of the criteria fell in the action area 

(high importance-low satisfaction). This means that there were no critical criteria in which students 
were dissatisfied. Furthermore, the criterion of Internship organization fell in the leverage opportunity 
area, so this criterion may be considered as the competitive advantage of UNIWA business school 
internship program, which should be further improved and promoted. 
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Figure 5: Action Diagram. 

4. Discussion 

Through the internship program, the first contact of the graduate students with their profession is 
achieved. The student integrates into the work environment of a well-organized company that is active 
in the broader field of the student's specialization and actively participates in the production process. 
Students acquire experiences beneficial for their subsequent professional career in procedures 
concerning the operation and organization of a business, which are impossible to achieve, through the 
teaching of a course (Knouse and Fontenot, 2008). Graduates begin to recall the theoretical and 
laboratory knowledge they acquired during studies at the Educational Institution, apply it in practice, 
and cope with the assigned problems. Until now, in the educational process, this was done 
hypothetically through exercises, topics, and exams, while now, it is called to face a real problem for 
the first time. From the most crucial issue, such as assigning a study, supervising a production process, 
coordinating a workshop on a construction site, dealing with a fault, customer service, patient care, etc., 
to the most insignificant, concerning the daily operation of the business. 

During the internship, the student is in a transitional stage, he /she is certainly not an employee, but 
neither is he/she a student in the classical sense of the word. The student is trained in a real work 
environment, and this does not require full integration in it. To achieve this, students must show 
responsibility, work harmoniously with their colleagues, obey their boss's orders, be formal, polite, 
discreet, willing, and generally show their best self. 

In the context of the evaluation of the internship prepared by the student, the supervising professor 
regularly visits the company to have a complete picture of the conditions of education/work of the 
student. These visits are usually a first-class opportunity for the supervisor professor to get acquainted 
with the company's executives. Consequently, they are the starting point for essential collaborations, 
which mainly concern solving technical problems that its available staff cannot address. A typical 
example of the benefits of an internship for both the Department and the company is that combining 
the institution's experience and internship results in most remarkable work. The solution to the 
company's real problem encloses an immediate and tangible application. It requires the direct 
cooperation of the student, the supervising professor, and the company's executive. 

The internship can be a competitive point to attract students to the university since that program can 
improve the university's reputation and connection to society and also help businesses in a period of 
economic development (Weible, 2009). 
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5. Conclusions 

This satisfaction survey highlighted the competitive advantages of the internship program offered to 
business students at the University of West Attica. According to the calculated weights put on the 
criteria, the organization of the internship was the most crucial criterion, while more emphasis should 
be put on the object of the internship and on the internship effectiveness, which the students 
underappreciate. An improvement to those areas, should make the internship experience more targeted 
to the student’s personal needs and ambitions. The university policymakers should continue to invest 
in internship programs since this includes many advantages and connects the student to the real business 
world.  
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Summary 
Bulk railcars are a common method of moving commodities in the United States. Allowances 
are given for the practice of treating railcars with fumigates during transit because the routes 
are limited access and not on public roads. Recent technology has become available for 
monitoring phosphine gas (PH3) fumigation on railcars which log the phosphine concentration 
and temperature of the test point in the railcars. Industrial cooperators allowed for the 
monitoring of fumigations for two shipments of corn grit, which were being transported in 
hopper bottom railcars. Several sensing units were used in each railcar and spaced across the 
top layer. Data were collected during the eight-day trip from grain mill to processor. The 
phosphine concentrations at the top varied with time with phosphine spiking over 1600 ppm 
and gradually settling to over 300 ppm at the end of the eight days. Total gas dosage was 
estimated as concentration*time (CT) over the eight days as 115,000 and 125,000 ppm*hr at 
the top of each railcar. Because access to lower depths in the railcar were not available, 
supplement experiments were performed with small columns of corn grits (2.5 m height x 0.55 
m dia) to test for phosphine below the top surface. A higher and lower phosphine treatments 
were applied to the columns. These tests found significant phosphine penetration into the bulk 
at 2 m depth with ~380 ppm after two days and going down to ~260 ppm after eight days with 
the high phosphine treatment. Bioassays of both phosphine susceptible and resistant, adult 
Rhyzopertha dominica (F.), lesser grain borer, and Tribolium castaneum (Herbst), red flour 
beetle, were included at both the surface (0 cm), 25 cm and 60 cm below the surface. All 
insects, at all locations, were dead after eight days. The railcar and the fumigation treatments 
were additionally modeled with a CFD simulation approach. The simulation models were 
shown to provide estimates of the phosphine concentration and distribution which matched 
well the observed data, validating the CFD approach as an efficient tool for future planning 
and analysis of similar fumigations.  
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phosphine, lesser grain borer, red flour beetle, computational fluid dynamics, wireless sensors, 
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Abstract  
The land use and land cover pattern of landscapes are key elements of basic landscape 
structure; accordingly, this pattern has an important role in landscape management, nature 
conservation and preservation. In the other hand the human impact on the ecological 
environment has attracted a significant amount of attention. In this study, hemeroby index (HI) 
was used to quantify the degree of human disturbance, and the relationship between HI and 
landscape pattern metrics was explored in a region of Central Portugal. The main objectives of 
this study were to analyze the temporal and spatial characteristics of landscape pattern, and its 
relationship with different degrees of human disturbance. The Spearman’s correlations were 
determined to reveal the statistical connections between the landscape metric parameters and 
the HI values. At a landscape level the Mean Perimeter-Area Ratio (MPAR) showed a 
significant statistical connection with the HI. At a class level most of the metrics can be used 
to estimate the spatial changes of the hemeroby level, with Mean Patch Size (MPS) and Mean 
Perimeter-Area Ratio (MPAR) showing significant statistical connection with the hemeroby 
index, for agricultural areas, pastures and seminatural areas. 
 
Keywords  1 
Landscape pattern, human disturbance, land use cover change, GIS 

1. Introduction 

Exploring the impact of human activities on the landscape pattern is an increasing concern, and 
monitoring and evaluating human interference has become one of the hotspots and important areas of 
landscape ecology research [1,2]. Some scientific research has been carried out on the spatial 
differentiation of human disturbance and its relationship with landscape patterns [3, 4]. 

According to the pattern and process paradigm, the land cover pattern predicts the ecological 
processes occurring in a given landscape [5], and landscape metrics are suitable to quantify the 
landscape patterns and reflect the structure or spatial configuration of the landscape [6]. 

The hemeroby index is an integrated indicator used in several studies (e.g., [3, 4, 7]) to express the 
impacts on ecosystems associated with the human-induced disturbance in a landscape [8]. The higher 
the degree of hemeroby, the more disturbed and transformed a landscape becomes due to human 
influence [9]. 

The study aimed to investigate the relation between human disturbance intensity and landscape 
pattern configuration and diversity. The objectives of this study are (1) to analyze the temporal and 
spatial characteristics of landscape pattern and human disturbance in the process of land use change in 
mainly rural territories, and (2) to explore the relationship between the landscape pattern metrics and 
the human disturbance under different disturbance intensities, in order to reveal how landscape-pattern-
change tendencies can be used as indicators to estimate the anthropic changes in the landscape. 
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2. Materials and Methods 

The Beira Interior region is an administrative division in eastern Portugal that includes two main 
subregions: Beira Baixa and Beiras/Serra da Estrela (Fig. 1). The region covers an area of 10919 km² 
and has a population of 325086 inhabitants. It has elevations ranging from 47 to 1993 m. This territory 
is mainly occupied by forest, agroforestry uses and agricultural land. 

 
Figure 1: Location of the study area. 

 
The Portuguese Land Use/Land Cover (LULC) databases (COS 1995; COS 2007; and COS 2018) 

were applied to calculate the landscape metrics. Patch level and landscape level metrics were calculated 
for 121 quadrats of 10 km2 each, covering the study area, with the Patch Analyst extension of the Arc 
GIS 10.8 software.  

The LULC classes were categorized in a scale of hemeroby levels ranging from ahemerobic (no 
anthropogenic influence) to metahemerobic (biocenosis completely destroyed). For that purpose, a 
seven-point scale was used to classify land use according to the degree of hemeroby by modifying [10] 
methodology. The average value was calculated for each 10 km2 quadrat areas. 

Landscape configuration was quantified through a set of metrics. Statistics describing the 
distribution of patch area such as Mean Patch Size (MPS) were computed as they provide central 
tendency. Mean Shape Index (MSI) provides indications of the fragmentation degree of the different 
land cover types. Total Edge (TE) includes all landscape boundary and background edge segments. 
Mean Patch Fractal Dimension (MPFD) and Mean Perimeter-Area Ratio (MPAR) describe landscape 
complexity [11]. The average value was also calculated for each 10 km2 quadrat areas. 

We revealed the statistical connections between landscape metrics and hemeroby index value for all 
10 km2 quadrates of the Beira Interior region on a landscape level with IBM SPSS Statistics 22 software. 
The distribution of the variables was analyzed with the Shapiro-Wilk test, but most variables did not 
follow the normal distribution; therefore, we applied the non-parametric Spearman rank correlation 
coefficient [12]. Based on land use maps from 1995, 2007, and 2018, we specified those class-level 
landscape metrics that show a statistically significant relationship with the hemeroby index at the 0.01 
level of significance.  
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3. Results 

In Figure 2 are presented the LULC maps for the three years (1995, 2007 and 2018), and changes in 
surface area of the LULC classes between 1995 and 2018. The main land use classes in the study area 
are cultivated land and forest land.  

During the study period the cultivation of arable lands and the pasture area decreased in the last 
decades, and this abandonment induced an increase in seminatural and forests areas (Figure 2b).  

 

 

 
Figure 2: Land cover maps and Land use changes between 1995 and 2018: a) land cover maps; b) total 
area per land use (km2). 

 
According to our estimations, the average hemeroby index value maintained stable during the study 

period: 3,65 in 1995; 3,62 in 2007; and 3,64 in 2018. Corresponding to an α-euhemerobic level 
(moderate to strong human impacts). 

As shown in Table 3, at a landscape level the index Mean Perimeter-Area Ratio (MPAR) showed a 
strong negative correlation with the hemeroby index (p < 0.01) in 1995, 2007 and 2018. That suggests 

a) 

b) 
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that complex landscapes are good indicators of low levels of hemeroby. In fact, areas of more intensive 
agricultural and forestry use tend to occupy large areas of territory with low spatial diversity. The other 
metrics did not show a significant relationship with the hemeroby index.  

At a class level Mean Patch Size (MPS) and Mean Perimeter-Area Ratio (MPAR) showed significant 
correlation with the hemeroby index, for agricultural areas, pastures and seminatural areas.  

 
Table 3 
Spearman’s correlations between the hemeroby index and the landscape metrics in 1995, 2007 and 
2018. 
 

 TE MSI MPS MPFD MPAR 

1995 2007 2018 1995 2007 2018 1995 2007 2018 1995 2007 2018 1995 2007 2018 
Landscape level 

(All classes) 
 0.159 0.068 0.057 0.710 -0.008 0.055 0.017 -0.028 0.096 -0.070 -0.119 -0.008 -0.325* -0.332* -0.263* 

Class level                 

Artificial surfaces  0.055 0.134 0.148 0.003 0.078 0.098 0.105 0.158 0.169 -0.097 -0.005 0.014 -0.167 -0.164 -0.131 

Agricultural areas  0.260* 0.241* 0.226 -0.143 -0.120 -0.103 0.600* 0.551* 0.509* -0.506 -0.453* -0.416* -0.734* -0.669* -0.600* 

Pastures  0.423* 0.276* 0.222 0.267* 0.164 0.110 0.494* 0.355* 0.299* -0.008 -0.063 -0.043 -0.515* -0.416* -0.337* 

Agroforestry  0.350* 0.245* 0.177 0.274 0.185 0.135 0.393* 0.279* 0.216 0.002 -0.012 -0.005 -0.460* -339* -0.243 

Forest  -0.057 -0.098 -0.076 0.125 0.031 0.012 -0.269* -0.212 -0.127 0.177 0.101 0.051 0.193 0.154 0.099 

Seminatural areas  -0.140 -0.289* -0.279* 0.011 -0.149 -0.088 -0.259* -0.405* -0.415* 0.133 0.018 0.099 0.200 0.253* 0.334* 

Bare ground  -0.246 -0.307* -0.375* -0.245 -0.306* -0.381* -0.209 -0.253* -0.341* -0.099 -0.205 -0.297* 0.123 0.064 0.170 

Water bodies  0.106 0.194 0.261* 0.009 0.073 0.147 0.143 0.246 0.290* -0.120 -0.090 0.006 -0.247 -0.278* -0.242 

*Correlation is significant at the 0.01 level. 

According to the change in hemeroby index value verified between 1995 and 2018 (Figure 3), the 
naturalness degree increased in 60% of the quadrats and decreased in the remaining quadrats, with a 
clear difference between the eastern and western part of the study region. This tendency could be related 
to the land abandonment that induced an increase in semi-natural areas in the east part of the Beira 
Interior region, and an increase in the intensive monocultural forest in the west part of the region. 

 
Figure 3: The estimated change in the hemeroby index values in Beira Interior region between 1995 
and 2018. 
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4. Conclusions 

We can conclude that landscape metrics could be appropriate for describing the hemeroby level of 
the landscape and for predicting the possible changes of vegetation-based naturalness at a regional scale, 
confirming the results of previous studies in different countries. 

At a landscape level the Mean Perimeter-Area Ratio (MPAR) showed a significant statistical 
connection with the hemeroby index. At a class level Mean Patch Size (MPS) and Mean Perimeter-
Area Ratio (MPAR) show significant statistical connection with the hemeroby index for agricultural 
areas, pastures and seminatural areas. 

The use of a set of structural and hemeroby indicators can be useful for planners and decision-makers 
to analyze trends in land use patterns at a regional level and to design of new policies for reducing the 
anthropic impacts on ecosystems. 
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Abstract  
The Disease Classifier tool that is capable of classifying images displaying sick plant parts as 
well as human or animal skin disorders is presented in this paper. It is based on earlier 
applications (Plant Disease and Skin Disease) and classification techniques developed by the 
author for Windows Phones. These tools have been redesigned using Microsoft Xamarin 
platform and thus they can be deployed on Android or iOS smartphones. Images displaying 
either plant or skin disorders can be classified in the Disease Classifier environment based on 
the features of the lesions appearing on a plant leaves or fruits or the skin. New useful services 
have also been integrated in the Disease Classifier tool: a) the diagnosis rules are dynamically 
loaded without requiring recompilation and b) the features extracted when a new photograph 
is analyzed can be used automatically to train the tool on new diseases using a relatively small 
training set. These services, in conjunction with the employed simple but efficient 
classification algorithm, make the Disease Classifier a powerful assistant for end users such as 
agronomists since they can extend the tool for the support of new diseases. 
 
Keywords  1 
Plant disease, skin disorders, dynamic configuration, trained by the end user, Xamarin 

1. Introduction 

Several mobile applications have been recently presented for plant disease diagnosis [1]. Maize 
diseases are diagnosed using a smartphone application in [2]. Crop diseases are recognized using an 
intelligent mobile application based on fuzzy inference in [3]. Artificial Intelligence (AI) methods based 
on Convolutional Neural Networks (CNN) have been extensively used to classify plant diseases. A 
CNN learning algorithm performing early plant disease diagnosis and classification with 98% success 
rate is demonstrated in [4]. Twelve plant diseases are recognized by a CNN network as described in [5].  

Similar image processing techniques have also been recently presented e.g., for hand, foot and mouth 
diseases [6]. Several medical image processing techniques have been simulated and compared in [7]. 
Various image processing techniques that have been applied both for plant disease diagnosis and 
medical imaging are discussed in [8]. A simple but efficient classification method has been proposed 
by the author initially for plant disease diagnosis. It was implemented as a Windows Phone application 
(Plant Disease) since it was developed using Microsoft Visual Studio 2015. The classification method 
employed in this application is based on grading the supported diseases according to whether the 
extracted features fall within strict or loose limits that have been defined during training. The training 
can be performed using a small fraction of photographs from the available dataset [9]. The same 
classification method has been also applied for skin disorders in the Skin Disease application described 
in [10]. One of the drawbacks of the Plant and Skin Disease applications was the practically abandoned 
target platform (Windows Phone). Moreover, the limits of the features in each disease had to be 
estimated manually, converted to C# classes and embedded to the application source code. 
Consequently, the application had to be rebuilt for a different set of supported diseases.  
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The Disease Classifier application described was developed using Microsoft Xamarin platform thus, 
it can be deployed either on Android or iOS smart phones. Moreover, feature extraction from 
photographs displaying a non-supported disease can be used to automatically train the system on new 
diseases. In the Disease Classifier application, the disease recognition rule files cab be loaded 
dynamically and the application can switch between different sets of supported diseases. In this way, 
the end user (e.g., an agriculture research institute or an agronomist) can customize the tool for the 
requirements of his customers (pricing policy, supported diseases). 

The classification method and the early Plant and Skin Disease applications are described in Section 
2. The new Disease Classifier application and its use are discussed in Section 3. 

2. The Plant and Skin Disease applications 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1: The basic steps followed in the Plant and Skin Disease applications. 
 
The Plant Disease and Skin Disease applications described in [9] and [10], respectively are based 

on the operations shown in Figure 1. Initially the Rules file has to be selected that contains the feature 
ranges for each disease. Then the image is selected and segmented, followed by feature extraction. The 
feature values are compared with the ranges in the Rules file to grade each disease. The image is 
classified as the disease with the highest grade. Before giving more details on the steps displayed in 
Figure 1, the features used in the employed classification method have to be described. Table 1, lists all 
the classification features that represent meaningful aspects of the image such as the number of spots 
and their area. When a new image is selected in the second step of Figure 1, it is segmented in 4 regions 
using appropriate thresholds. For the sake of simplicity, it was assumed that the background was white. 
The rest of the image it is assumed to display the plant or skin part. Pixels in this part, that are darker 
than another threshold are assumed to belong to the lesion spots. In some diseases, the lesion spots are 
brighter than the normal part and in this case they are marked as spots if their color is brighter than the 
threshold. Finally, a halo with a configurable pixel thickness (e.g., 5 pixels) is defined around the spots 
since in most diseases the spots are surrounded by a region of distinct color. As shown in Table 1, the 
number of recognized spots, their relative area, and the gray level of the spot, the normal part and the 
halo regions are some of the features used in the classification process. Then, for each one the three 
regions of interest, a histogram is constructed for each color [9]. These histograms indicate how many 
pixels exist with a specific color level (0-255) in one the three regions. It has been experimentally shown 
that in most cases these histograms are single lobes. It is expected that the histogram lobes extracted 
from pictures displaying the same disease would be similar. However, instead of using a complicated 
pattern matching method for histogram similarity, we simply compare the start, the end and the peak of 
the lobes. In this way, an overall number of 32 features are used as shown in Table 1.  
 

Rules’ File 

Select Image 

Segmentation 

Feature Extraction 

Disease Grading 

Disease Classification 

Statistical Processing 



 384 

 Table 1 
Features used in the employed classification method 

Feature Description 

Spots Number of lesion spots (islands). Very small spots can be considered as 
noise 

Spot Area The fraction of the lesion spot pixels in the displayed plant or skin part 
Spot gray level The average gray level of the spot pixels  

Normal part gray level The average gray level of the normal part pixels 
Halo gray level The average gray level of the halo pixels  

Histogram lobe start The color (red, green or blue) level where the histogram lobe (spot, 
normal, halo) starts  (9 parameters) 

Histogram lobe end The color (red, green or blue) level where the histogram lobe (spot, 
normal, halo) ends (9 parameters) 

Histogram lobe peak The histogram lobe peak position (9 parameters) 
 

After the segmentation of the image, the extraction of the 32 features listed in Table 1 takes place 
(4th step of Figure 1). During training on a new disease d, the feature f values of the training photographs 
are examined to find its range in terms of strict limits (fds_min, fds_max). Loose limits (fdl_min, fdl_max) are 
arbitrary defined by extending the strict limits either by a constant number or by a fraction. The strict 
and loose limits for each disease form the rules file required when a new photograph is analyzed (1st 
step of Figure 1).  

Each feature f can participate in the disease d grade with a different weight wfd. When a new 
photograph has to be classified in one of the supported diseases, its extracted feature values are 
compared with the strict and loose limits of each disease d and a grade Gd is estimated as follows: 

𝐺𝑑 = ∑ 𝑥𝑠𝑓𝑤𝑠_𝑓𝑑
𝑓

+ ∑ 𝑥𝑙𝑓𝑤𝑙_𝑓𝑑
𝑓

, 
(1) 

𝑥𝑠𝑓 = 1, 𝑖𝑓   𝑓𝑑𝑠_𝑚𝑖𝑛 ≤ 𝑓𝑑 ≤ 𝑓𝑑𝑠_𝑚𝑎𝑥, otherwise 0 (2) 
𝑥𝑙𝑓 = 1, 𝑖𝑓   𝑓𝑑𝑙_𝑚𝑖𝑛 ≤ 𝑓𝑑 ≤ 𝑓𝑑𝑙_𝑚𝑎𝑥, otherwise 0 (3) 

 
 

 
(a)      (b)   (c) 

Figure 2: The main page of the Plant Disease (a)and the Skin Disease application before (b) and after 
segmentation (c) [9][10]. 

 
The analyzed image is classified to the disease d with the highest grade Gd. The user selects the input 

photograph from the main page of the Plant Disease application displayed in Figure 2. In Skin Disease 
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ver. 1.0, a Threshold in gray level was used to segment the lesion spots and a second threshold for the 
Background. The field Min Spot Area determines the minimum number of pixels, a spot has to consist 
of, in order to be taken into consideration (otherwise it is recognized as noise and ignored). In Plant 
Disease ver. 2.6 different spot and background thresholds are determined for each one of the red, green 
and blue colors. More sophisticated automatic segmentation methods can also be tested by checking 
the Altern checkbox instead of Manually. If the spots are brighter than the normal plant or skin part, 
then the Invert checkbox has to be ticked. In the segmented image shown in Fig. 2c, the background is 
displayed in white, the spots in black, the halo in gray and the normal part in darker gray. The histograms 
for each one of these regions can be previewed from the corresponding buttons (Spot Col, Norm Col, 
Halo Col). 

3. The Disease Classification Application 

The Disease Classification application presented in this paper has been developed using Microsoft 
Xamarin platform in Visual Studio 2019. Porting the older Plant and Skin Disease applications from 
Visual Studio 2015 to Xamarin is not straight forward. Thus, the interface of the new application had 
to be developed from scratch, incorporating the necessary improvements. The development of the 
Device Classification in Xamarin allowed its deployment as an Android or iOS mobile application.  

 

   
 
   (a)    (b)           (c) 

Figure 3: The entry page (a) of the Disease Classification application, the main page for photograph 
selection and analysis (b) and the page displaying the extracted feature values (c). 

 
The most important advantage of the new application that has been developed, is the support of the 

dynamic loading of the disease recognition rules (step 1 in Figure 1). This step required a new project 
build in the earlier applications. The strict/loose limits estimated from the training phase are now stored 
in a plain text file that can be picked in the first page of the application (see Figure 3a).  

The format of the rules file is relatively simple: the number of diseases D is listed in the first line 
followed by D pairs of lines. Each pair contains the disease name (first line) and a message in the next 
line. This message can be displayed if the image is classified to the corresponding disease. Then, D 
more pairs of lines follow with the strict/loose limits and the weights of each feature. More specifically, 
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in the first line of the pair for a specific disease d, the features limits are listed in the order: fdl_min, fds_min, 
fds_max, fdl_max (4×32 features=128 values in a single line separated with commas). In the following line 
of the pair, a weight is listed for the specific feature loose limits and one for the feature strict limits (64 
values). The next page (Figure 3b) is similar to the main page of the Plant Disease ver. 2.6.  

After successfully segmenting the input image, the feature extraction takes place and the feature 
values are displayed in the page shown in Figure 3c. Although, the feature values were also listed in the 
earlier Plant and Skin Disease applications, the administrator had to copy the feature values to a 
spreadsheet in order to extract manually their ranges. Then, the strict and loose limits of these feature 
ranges had to be transformed in C# classes, incorporated in the source code of the applications (the path 
with the dash-line in Figure 1). In the Disease Classification application, the button Train has been 
added that accumulates the feature values from the training images in a single file that is processed 
automatically in order to generate the rules file that is now loaded dynamically after the training is 
finished. 

4. Conclusions 

A mobile application for disease classification, developed in Microsoft Xamarin for Android and 
iOS, was presented in this paper. It is based on earlier Windows Phone applications that have been 
developed by the author for plant and skin disease diagnosis. The Disease Classification tool allows the 
dynamic disease rule definition. This service in conjunction with the automatic training that is 
performed using a small image set, allow the extension of the supported diseases by an end user that is 
not necessarily qualified in computer science. 

Future work will focus on experimenting with plant and skin diseases using publically available 
datasets and testing extensions of the employed classification algorithm. 
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Abstract  
This paper presents a novel, low-power, low-cost autonomous bird monitoring system for the 
process of capturing migratory bird activity. The proposed system includes an end-node device 
with PIR sensors and a mobile phone application for data acquisition and visualization. The 
authors have experimented with their implementation using birds in captivity. The authors' 
preliminary results have shown that their implementation can operate flawlessly with no 
interventions, especially at night. The authors present their prototype implementation, 
capabilities, preliminary experimentation, and future directions.  
 
Keywords  1 
IoT, embedded systems, Birds Monitoring system, IoT autonomous systems, bird migration 

1. Introduction  

Twice every year, a vast number of birds move between the western Palearctic and Africa, 
connecting the two continents and their different biomes [1]. Birds travel between geographically 
distinct locations to take advantage of seasonally predictable resources, thus supporting their 
reproduction and overall survival. Migration, therefore, is a fundamental stage in the life history of 
birds. Migratory songbirds have experienced massive declines in the last decades, and climate change 
has already been proven to affect their behavior [2]. Unraveling the adaptive response mechanisms of 
phenotypic traits to novel or changing environments has one major precondition: the accurate 
characterization and quantification of the migratory phenotype.  

The beginning of bird migration in spring and autumn occurs at specific periods determined by the 
endogenous circadian and circannual rhythms [3]. Many long-distance migrating songbirds show 
diurnal activity before and after the migratory seasons but have evolved the ability to migrate 
exclusively at night. As a result, they develop intense nocturnal activity during the spring and autumn 
migratory periods, known as migratory restlessness, when kept in cages.   

This behavior typically consists of wing fluttering while the bird is perched and is expressed as the 
amount of activity within a given time period. Therefore, research on bird migration has been based on 
measuring migratory restlessness in captive individuals as it can also be used as a direct indicator of a 
bird's internal migratory drive. In contrast, its occurrence and intensity in captive birds mirror the 
migration patterns of birds in the wild [4, 5]. This paper presents an activity monitoring system based 
on commercially available Passive InfraRed sensors (PIRs). The authors describe hardware 
configuration, necessary programming code, and developed android application capabilities, which 
researchers can use to make their system record animal activity. The authors also provide a sample of 
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activity data for House sparrows (Passer domesticus), collected for three days, and validate the 
functionality of their implemented measuring prototypes.    

2. Related Work  

Several data logging systems exist that monitor animal activity. Nevertheless, they are mainly 
designed for laboratory environments and are costly and energy-consuming [6, 7, 8, 9, 10]. Those 
solutions are robust and easy to deploy in laboratory conditions as a trade-off. Additionally, those 
systems cannot operate autonomously in an open environment. When working with natural populations 
of non-model species, data collection may be performed under field conditions, making it challenging 
to use for the previously mentioned solutions. Therefore, developing an inexpensive and easily 
assembled activity monitoring system would be of major importance for researchers working in remote 
locations where field stations are established to collect activity data to be used in bird migration 
physiology studies.  

Furthermore, the recording and storage of data through the mobile application makes the process 
easier and user-friendly, including for scientists working in the field [11]. Also, the users can benefit 
from the performance of research projects such as those that study the quality of habitats, population 
dynamics in migratory birds, and how past events affect animal life-history traits within a season [12].  

3. Proposed Monitoring and Data-logging System   

The following subsections present the authors' implementation and proof of concept 
experimentation. In brief, the authors' MCSL-Birds end-node device implementation and functionality 
are presented in detail in section 3.1. Sections 3.2 and 3.3 focus on the implemented data-logging device 
parts and data management mobile phone application capabilities. Finally, in section 3.4, the authors 
illustrate their experimentation setup and preliminary data results taken from the MCSL-birds system.  

3.1. MCSL-Birds System Functionality   

MCSL-Birds system functionality is illustrated in Figure 1. The MCSL-Birds detection process 
includes four stages. The PIR sensors in Figure 1 (1), are interrupt-triggered whenever they detect any 
movement activity inside the cage (see Figure 2, (2)). Furthermore, when a PIR sensor detects motion, 
it switches its data input pin from LOW to HIGH until the movement is over. In order to filter the short-
time intervals of movement activity close to the repeating trigger mode delay of the PIR sensors, a 
filtering process is used that deletes the movements triggered in short-range intervals between 1500-
3000 ms (see Figure 1, (1),(2)).   

 

Figure 1: MCSL-Birds system data-logging and data-management functionality   
  

The detected movement intervals are periodically stored in a CSV file every five minutes (see Figure 
1, (3)). In addition, these records also include the CPU's time interval (CPU up-time) or the current 
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absolute measurements time. If taken from the Wi-Fi transceiver via Network Time Protocol (NTP), 
that is. The latter requires Wi-Fi Internet connectivity or a nearby Point-to-Point Wi-Fi Network Time 
Protocol concentrator device (Figure 1, (3)). Finally, the user can access the stored data using a mobile 
application (Figure 1, (4)) implemented over Bluetooth Low Energy [13].  

3.2. Data-logging End-node Device  

The proposed MCSL-Birds system end-node device consists of a dual-core 32bit mini-ARM board 
that includes onboard Wi-Fi b/g/m and Bluetooth Low Energy (BL3 4.2) transceivers. It also has an 
embedded MicroSD card slot capable of storing up to 32GB of sensory data and four Passive InfraRed 
sensors – PIRs, connected to the board's GPIO digital input pins. The MCSL-Birds end-node device 
prototype is illustrated in the following Figure 2.  

 

 
Figure 2: MCSL-Birds system end-node device and device packaging 

  
The end-node device transceivers and interfaces used are as follows:  
  
1. 32bit ARM CPU and BLE 4.2 transceiver: The CPU calculates asynchronous movements 

using interrupt service routines when the PIR sensors detect birds' motion. The BLE transceiver 
communicates and passes the real-time data per PIR sensor to the mobile phone application.   

2. GPIO input Pins: The input pins are connected to the four PIR sensors, operating in repeating 
mode (each sensor appropriately attached to a bird's cage), triggering HIGH input when 
movement is detected every PIR sensor interrupt interval of TINT=1500ms.   

3. MicroSD Card: It periodically stores movement data (in ms) and measurements timestamps 
per PIR sensor in CSV format.   

4. Micro-USB power cable: It is used for powering up and debugging end-node device output 
via the Serial interface. The Type-A end of the USB cable can be connected either directly to a 
12V voltage regulator with USB output attached to a 12V-10W PV panel that is charging a Pb 
12V/24Ah battery for autonomous operation or to a 1500mAh LiPo battery pack for 24h 
continuous operation.     

5. Wi-Fi transceiver: It is used for the acquisition of time for long-term experiments if an 
appropriate Network Time Protocol concentrator device with Internet connectivity is nearby.  

  
The CPU GPIO input pins are connected to each PIR sensor in order to sense trigger input pulses 

per interrupt interval TINT from each cage when movement is detected, as shown in Figure 3.   
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Figure 3: PIR sensors attached to the end-node device  

  
Each PIR sensor includes two rheostats that adjust the sensor sensitivity and the triggering time 

delay. For the MSCL-Birds system operation, both rheostats are adjusted to their minimum value 
placement, corresponding to 3 meters of movement detection range. The PIR sensors are also capable 
of two trigger options setup modes: (1) repeatable mode and (2) non-repeatable mode. The difference 
is that in a non-repeatable mode, in which the MCSL-Birds system is working, the output of PIR sensors 
is switched to LOW when no motion is detected, and the PIR interrupt time interval TINTis elapsed.   

MCSL-Birds end-node device is a low-cost and low-power device. Its total cost is less than 60€, 
without calculating PV panel and battery costs. End-node device power consumption is 80-90 mA while 
running and storing the data to the SD card and 110-120 mA when the user receives the data, via the 
BLE transceiver, from the mobile application.   

Preliminary end-node device measurements have shown that the end-node device can operate 
continuously for ten hours using a 1Ah-12V battery. It can also operate as an autonomous device for at 
least three months using a 10W-12V PV panel and 24Ah-12V deep depletion Pb battery. Unfortunately, 
comparing with other measuring devices is not possible since energy consumption is not their target, 
and cost information for other devices is unavailable.  

3.3. Mobile Phone Application  

 The MCSL-Birds system includes a mobile application that is capable of data acquisition and 
visualization from the end-node devices over BLE. The mobile phone application Users Interface (UI) 
is illustrated in Figure 4. The application can acquire and show real-time PIR data or fetch all the data 
stored in the end-device SD card during the end-device operation. It is also capable of clearing the 
stored SD card data. Additional parameters such as setting the data-logging time interval or the Wi-Fi 
NTP concentrator Access Point Network (APN) can be set via the end-device Serial port, using 
appropriate AT commands.    

 Specifically, the mobile application's main activity contains six push buttons, as shown in Figure 4 
(left activity screenshot). The push-button functionalities include: 1) Connecting/disconnecting via 
Bluetooth Low Energy (BLE) to the MCSL-Birds BLE SSID of the end-node device, 2) recorded data 
clean up (Clear push button), 3) real-time data visualization to a separate activity UI and 3) Entire data-
logged acquisition and storage to the mobile phone external SD card using a separate activity. The 
Figure (activity on the right) shows how the recorded data are presented as the cumulative duration of 
the motion detected in the 5 minutes detection period for each of the four connected PIR sensors (in 
ms) and the total data-logging time (in secs).     
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Figure 4: MCSL-Birds mobile phone application User Interface  

3.4. Experimental Setup and Data Analysis   

The authors' preliminary experimentation with the MCSL-birds implementation has been performed 
as follows: Two House Sparrows (one male and one female) were captured using mist-nets near the 
University of Ioannina campus (39°37'N, 20°50'E). Both birds were kept on a natural photoperiod with 
food (a mix of seeds and dried insects) and water provided ad libitum for three consecutive days. 
Sensors were mounted on the top of 50 x 30 x 30 cm cages lined with a cotton cloth to avoid visual 
contact between individuals (Fig. 5). Activity data were collected for three days, stored in an SD card, 
and downloaded as comma delimited text files (.csv). Data were then imported in R 4.0.5 (R Core Team 
2022) for subsequent analysis.  

 

  
Figure 5: Birds cages lined with cotton cloth   
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An actogram (see Figure 6) was produced to visualize each individual's activity within a 24-hour 
cycle. Mean hourly activity data for each sparrow during the course of three days were also produced 
(see Figure 6). Activity patterns were consistent with the avian circadian clock. Both individuals 
showed high activity levels during the early morning, followed by a midday drop-in activity and a 
subsequent peak during the evening hours. These results confirm that the monitoring system collected 
movement data accurately and can subsequently be used for full-scale data collection in research 
projects. By acquiring high-quality data regarding migratory disposition, we could associate the 
duration of migration stopovers with gene expression levels regarding metabolic, physiological, and 
behavioral processes. Such data could be further used to model the migratory birds' response to climate 
change scenarios regarding fuel deposition, flight range, and the possible mismatch of important 
stopover sites in the Mediterranean [14].  

  

 

Figure 6: MCSL-Birds system validation. Actogram for the visualization of birds' activity  

4. Conclusions and Future Work  

This paper presents a new low-cost and low-power system for the process of data-logging migration 
birds' activity during the seasonal migration periods. The proposed system includes a data-logging end-
node device and a mobile phone data management application. It is an autonomous, low-power, low-
cost system that can continuously track birds' activity. The authors' preliminary experimentation of their 
proposition has shown that the system can accurately capture bird activity time in cages. As part of their 
proof-of-concept quality assurance, the authors set as future work further testing of their proposition as 
well as the inclusion of the system setting of end-device parameters to a separate activity in their mobile 
phone implementation rather than over the serial interface. The authors also set as an important future 
work the ability and experimentation with their end-node device to detect bird activity close to the birds' 
nests and in their natural environment gathering points. 
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Abstract 
Agri-food has proven a predominant sector that supports the Greek economy over time. 
According to the annual financial reports of Bank of Greece the agri-food sector in Greece 
represents 3% of GDP, compared to an average of 1.5% of EU GDP. The purpose of this 
research study is to examine customers’ satisfaction with the products produced and offered by 
THESgala in Greece in relation to various factors, such as products, stores, human resources, 
customer service and prices. A specially developed questionnaire was conducted and circulated 
from February to May 2020, thus, 500 questionnaires were collected. The research outcomes 
of customers’ satisfaction were analyzed with the Multicriteria Satisfaction Analysis (MUSA) 
method. MUSA is considered as an aggregation–disaggregation approach developed on the 
qualitative analysis regression. The results given by MUSA method showed that customers 
seem to be totally satisfied (90.84%) from the quality of the products that were offered by 
agricultural cooperative. 

 
Keywords  1 
Agricultural Cooperatives, Customer Satisfaction, Multi-Criteria Analysis. 

1. Introduction 

In recent years companies are particularly active at pursuing an international competitive and 
economic environment. In this competitive environment both the quality of products and services 
offered by a company and the consequent satisfaction or dissatisfaction of customers, are very important 
issues for companies’ profitability and marketing growth (Drosos et al., 2021a, Skordoulis, et al., 2020). 
Such businesses’ philosophy is that the continuous improvement of business performance can be 
directly or indirectly related to the optimal satisfaction of customers while creating added value for 
them. 

On the other hand, the rapid international developments in the business world are creating new 
standards and organizational conditions of the production sector. Within this framework enterprises 
would develop and utilize more effective implements and methods, enabling them to evaluate the 
service and product quality as well as the satisfaction of their domestic and foreign clients (Drosos et 
al., 2021b, Karagianni, et al., 2017). 

Attracting new customers while retaining existing ones and building relationships with all customers 
is a strategic tool for companies’ competitive advantage, while achieving long-term and sustainable 
growth. Modern business units are pursuing to attract a loyal and satisfied customers in order to increase 
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sales, reduce production and operating costs, while building significant market shares (Papasotiriou et 
al., 2019). 

Over the past two decades customers’ satisfaction is a primary target of companies aiming to be at 
the top of the modern business market. The main purpose of businesses is, foremost, to meet the 
customers’ expectations through the products or services offered in order to create loyal customers over 
time (Boshoff and Gray, 2004). 

It is also noteworthy that customer satisfaction is a very important factor of companies’ survival in 
today's competitive market. According to Rust and Zahorik (1993) and Trubik and Smith (2000), high 
levels of customer satisfaction can lead to customer retention, especially in highly competitive and 
saturated markets, such as financial services. Research has shown that improving the quality of services 
and consequently customer satisfaction is critical to the success of financial institutions (Allred and 
Addams, 2000). Similarly, the litarature-noted key-factors of quality in the agri-food sector are linked 
to a) simultaneously analyzing system (or functional) quality and information (or technical) quality, 
and, b) to interpret how to measure these factors. The relevant research approaches are able to capture 
quality and to provide useful insights for managers and professionals in the agri-food sector (Moretti et 
al., 2017). 

An important category of collective, national and international, entrepreneurship are agricultural 
cooperatives. Like any modern business, agricultural cooperatives are called to cope with a highly 
competitive business environment, formulating strategies to enhance customer satisfaction and to 
provide quality products and services (Elliott et al., 2018, Gezahegn et al., 2019). The agricultural sector 
mostly through cooperatives can also promote new innovations and methods in farming industry 
(Leontopoulos et al., 2015). Particular emphasis is given to the new generation of cooperatives that are 
considered a modern organizational model of rural collective entrepreneurship. New Generation 
Cooperatives are appearing more and more often, as producers attempt to increase their marketshare 
and to generate added value products (Grashuis and Su, 2019, Gava et al., 2021) 

THESgala Cooperative was founded in 2011 by a group of producers with radically new views and 
philosophy. The year 2013 was a milestone year for the cooperative, when it decided, in addition to the 
primary production sector, to expand into the production and distribution of dairy products. In 2013 the 
network of stores with Milk Vending Machines THESgala was developed in Larissa, followed by 
Thessaloniki in 2015 and Athens in 2016, respectively. From 2017 onwards the business plan was the 
transformation of the stores into cooperative corners of Greek daily food products and the development 
through franchise stores of managerial and marketing expansion. However, this innovative idea 
subsequently failed due to increased economic debts and miscalculated expansion policy; the company 
declared bankruptcy in 2020 and by mid-2022 the company has ceased its last Milk Venting Machines. 

2. Materials and Methods 

In this research work a survey was conducted to measure customer satisfaction who buy milk from 
the milk vending machines of the THESgala cooperative. The survey was conducted from February - 
May 2020 on a total sample of 500 people in the Prefecture of Attica. In this research, customer 
satisfaction criteria and subcriteria are selected based on an extensive review of the relevant literature 
(Drosos et al., 2019, Skordoulis, et al., 2018, Drosos & Tsotsolas, 2014, Drosos et al., 2015, Drosos et 
al., 2018). The satisfaction criteria were based on the relevant literature concerning customers’ 
satisfaction, as follows:  

• Products: satisfaction with the offered services and products of every mobile telephony 
company 

• Stores - Branch network: a criterion that concerns the space of the branches and their network. 
• Human resources: satisfaction from the company staff. 
• Customer service: refers to the satisfaction of consumers with the service they receive 
• Pricing policy: a dimension that focuses on the cost of services. 
According to the data presented in Table 1 the percentage of women who participated in the survey 

amounted to 53.00% with the corresponding percentage of men reaching 47%. According to the 
research data, the age group of 18-25 years was the age group with the highest participation rates in the 
research. The percentages of this solar group amounted to 26.21%. The age group with the lowest 



 397 

participation rates was that of <18. The percentages of this solar group reached 6.21%. Regarding the 
monthly gross family income, as shown in Table 1, the largest percentage of participants (51.03%) 
gained a monthly income of less than 1,000 Euros. 

 
Table 1 
Sample Demographics 

  % Percent 

Gender Male 47 
Female 53 

Age 

<18 6.21 
18-25 26.21 
26-34 14.48 
35-44 16.55 
45-54 24.14 
>55 12.41 

Monthly Income 

<1000 51.03 
1001-2000 38.62 
2001-3000 6.90 
3001-4000 3.45 

Educational Level 

Lower Secondary School 1% 
Upper Secondary School 29% 
Vocational Training 21% 
Graduate 22% 
Postgraduate/Doctorate 27% 

 
The satisfaction survey results were based on the multicriteria model MUSA (Multicriteria 

Satisfaction Analysis). The Multi-criteria Satisfaction Analysis (MUSA) method was used in order to 
measure customer satisfaction. The method is an ordinal–regression-based approach used for the 
assessment of a set of collective satisfaction functions in such a way that the global satisfaction criterion 
becomes as consistent as possible with customers’ judgments (Grigoroudis and Siskos, 2002).  This 
method inferred an additive collective value function Y* and a set of partial satisfaction (value) 
functions Xi*, given customers’ global satisfaction Y and partial satisfaction Xi according to the i–th 
criterion (ordinal scaling). The main research objective was to achieve the maximum consistency 
between the value function Y*and the customers’ judgments Y. Based on the modeling of preference 
disaggregation approach (Jacquet-Lagreze and Siskos, 1982, Siskos and Yannacopoulos, 1985) the 
ordinal regression equation was termed as follows:  

 

(1) 

 
Where  represents the estimation of the global value function, n represents the number of criteria, 

bi is a positive weight of the i–th criterion, σ+ and σ− are the overestimation and the underestimation 
errors, respectively, and the value functions Υ* and Xi are normalized in the interval [0,100]. The global 
and partial satisfaction Y* and Xi* are monotonic functions normalized in the interval [0,100]. Thus, 
in order to reduce the size of the mathematical program, removing the monotonicity constraints for Y* 
and Xi*, the following transformation equations were utilized: 
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 (2) 

where y*m is the value of the ym satisfaction level, xi*k is the value of the xik satisfaction level, 
and α and αi are the number of global and partial satisfaction levels. According to the aforementioned 
definitions and the assumptions, the basic estimation model can be written in alignment with the 
following linear program formulation: 
 

 

(3) 

where M is the number of customers, n is the number of criteria, and xi*j, y*j are the j–th level on 
which variables Xi and Y were estimated.  

3. Results  

The results given by MUSA method showed that customers seem to be totally satisfied from the 
quality of the products that were offered by THESgala. Based on Figure 1 the total customer satisfaction 
amounted to the high 90.84% scoring. 

 

 
Figure 1: Satisfaction Function 

 
In the context of the research conducted the criterion of "Prices" sustained the greatest weight 

(33.98%), followed by the criteria of "Products" with a percentage of 25.82%, the "Stores - Branch 



 399 

Network" (17.97%), the "Customer Service" (11.72%) and finally the "Personnel" with a percentage of 
10,81%. 

 

 
 
Figure 2: Satisfaction Criteria Weights 

 
Figure 3 pointed out that most of the survey criteria showed a fairly high satisfaction rate. The 

criterion of "Prices" sustained the highest satisfaction with a percentage of 93.17%, followed by the 
criterion "Product" with a 91.82% scoring, while customers were also very satisfied with the criterion 
of "Stores - Branch Network" (87.65%). Finally, the criteria with the lowest satisfaction rates were 
those of "Personnel" and "Customer Service", being amounted to 79.33% and 78.53%, respectively. 

 

 
 
Figure 3: Customer Satisfaction with the Main Criteria 

 
Figure 4 confirmed the initial results regarding the demanding level of customers on the basis of 

forming a global satisfaction function and the degree of the average total demand index. In particular, 
customers were less demanding regarding the Prices, which was the criterion with the highest level of 
importance. 
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Figure 4: Customer satisfaction Demanding Criteria. 
 

Moreover, the action diagram of Figure 5 denoted that none of the criteria fell in the action area 
(high importance-low performance). This means that there were no important criteria in which patients 
were dissatisfied. Furthermore, the criteria of products and prices fell in the leverage opportunity area, 
so these criteria may be considered as the competitive advantage of THESgala which should be further 
improved and promoted. 

 

 
Figure 5: Action Diagram. 

4. Discussion 

The sale of raw milk from vending machines is allowed in several European Countries. Since 
unpasteurized milk could harbor food-borne pathogens, the boiling treatment is highly recommended 
before consumption, thus, the effect of storage temperatures recorded in domestic refrigerators and the 
domestic boiling of industrial microwaving on the microbiological, and nutritional quality of raw bovine 
milk from vending machines, all were literature evaluated (Pannella et al., 2019).  

The quality of milk is commonly examined using a pH sensor and its quantity is determined using 
an ultrasonic sensor. The milk can be segregated into third categories depending on its quality as first 
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quality, second quality, and rejection (Suthagar et al., 2019). The details such as cost, quality, and 
quantity of milk can be marketable based, thus, a switch can be used for quality selection based on 
customer preference. Milk is vended based on the monetary note deposited and, on the quality, selected 
by the customer. The entire system is commonly maintained with a refrigeration temperature of 4°C 
(Suthagar et al., 2019).   

Milk vending machines are considered supply chains showing that consuming milk in proximity, 
eliminating intermediaries between producers and consumers and, therefore, reducing the use of 
resources and energy (packaging and transportation), has environmental advantages. Subsequently, 
milk distribution, electricity consumption and consumer transport caused the largest impacts. When the 
environmental profiles of pasteurized milk consumption in supermarkets and vending machines are 
benchmarked, the vending machine has a considerably lower impact (Pereira et al., 2018).  

The affectionate parameters of milk selling through milk vending machines are related to technical 
problems with sales, which intent to diversify milk selling towards high profitability of the sale. Such 
vending machines operating reasons are correlated with the share of this selling channel on producers’ 
total sales of milk. Vending machines should be inhibited by misinformation from state authorities, 
while other problems are weak support by media and low consumer awareness. The most realistic 
expectations of the operators concerning the development of the situation of the milk vending machines 
cannot be linear optimistic (Doležalová et al., 2014). 

It is also noteworthy that the main causes of failure of vending supply chain from a socioeconomic 
point of view can be attributed to the following: farmers’ lack of processing and marketing capacities, 
the difficulty of networking and collaboration with other key stakeholders, the necessity to raise 
consumer awareness of the benefits of pasteurized milk and the limited range of dairy products offered. 
Therefore, a close short supply chain can bring significant environmental and socio-economic benefits, 
while the isolated entrepreneurship is not sufficient and the transformation of the food system towards 
a circular model requires political and societal commitment (Pereira et al., 2018). 

5. Conclusions 

The results of this satisfaction survey highlighted the competitive advantages of the milk vending 
machines of THESgala cooperative on which the cooperative should continue to invest in order to 
maintain and increase its customer base. Customers reported a high level of satisfaction from the milk 
venting company THESgala. Moreover, the most important satisfaction criteria (according to MUSA 
method) were found to be those of a)products and b)prices. Those are considered as the competitive 
advantage that the company should work on. On the other hand the criteria of store branch-network are 
of low importance and high satisfaction, implying that the company could move resources from the 
branch-network to reinforce the most important satisfaction criteria of products and prices.  
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Abstract  
In Burundi, Rwanda, Kenya, Tanzania, and Uganda, agriculture is still the backbone of the 
economy. A significant concern remains to adequately feed the galloping population mainly 
living dispersed in rural areas with fragmented agricultural lands. We used the comprehensive 
Feasible Generalized Least Square regression for estimation. Our analysis sought to seize the 
effects of the dispersion and agglomerated habitat, the agricultural land size per capita on the 
growth of the food production index. We also considered other essential control variables 
whose influence improved the results. Findings reveal that reducing the disseminated habitat 
by promoting the agglomerated ones stimulates the food production index growth through 
more efficient land use. An increase in the agglomerated population of 1% accelerates the 
development of the food production index of 0.961 %. Results also revealed that other variables 
such as the ratio of agricultural researchers per 100 000 farmers, the percentage of cultivated 
land irrigated, and agricultural land size per capita influence the dynamics of the food 
production index. We suggest that promoting the people to live in agglomerated areas could 
liberate the agricultural land size per capita. That enables to envisage viable farming models, 
facilitating agricultural mechanization, innovations policy, and allowing for agricultural 
automation, innovations policy high productivity. 
 
Keywords 1 
Dispersed-Population, High-Yields, Large-Farms, Merging-Land, Viability 

1. Introduction 

Food production index growth remains the primary determinant of food security and rural welfare 
in most East African developing countries. More than 90 % of this region's people depend on agriculture 
for their income and still mainly live in rural areas [1].  While agriculture is one of the East African 
countries’ key sectors, it remains primarily subsistence agriculture [2].  

Although East Africa ‘s agriculture is the pillar of people’s livelihoods, agricultural land is scarce 
due to high demographic pressure and the dispersed habitat. An accelerated population growth rate 
explains the excessive fragmentation of land and the decrease in the size of farms households (less than 
0.05 hectares of agricultural land area per household) [3, 4]. Yet, agricultural land availability can 
enormously increase agricultural productivity [5]. Under these conditions, we cannot claim better 
productions and rational use of cultivable land [6]. In other words, the small plot is an obstacle to the 
modernization of agriculture because "the small plot is no longer profitable from rational mechanized 
and motorized work" [2]. Hence, in conducting such a study, the following paper targets increasing 
knowledge of a successful paradigm for the best agrarian rural space management associated with food 
production levels.  

 
Proceedings of HAICTA 2022, September 22–25, 2022, Athens, Greece 
EMAIL: simeon.ndoricimpa@gmail.com (A. 1); zjclxy@swu.edu.cn (A. 2); MohammadHeydari1992@yahoo.com (A. 3)  
ORCID: 0000-0001-5748-9060 (A. 1); 0000-0001-6015-52804 (A. 2); 0000-0003-3942-2107 (A. 3) 

 
©️  2022 Copyright for this paper by its authors. 
Use permitted under Creative Commons License Attribution 4.0 International (CC BY 4.0).  

 CEUR Workshop Proceedings (CEUR-WS.org)  
 



 
 405 

The specific objectives are to:   
• Assess the relationship between the population distribution and better yields.  
• Verify which land-use model able to supply the maximum attainable output 
• Investigate the kind of habitat model capable of bringing scattered households together into 

one area and increasing the size of agricultural land per capita. 

2. Literature Review 

Despite some efforts to promote agriculture, this sector faces multiple and severe problems that 
hamper its development in East Africa countries. The industry's slow growth combined with the 
increasingly manifest inability of agriculture to meet the needs of rural families and the absence or 
scarcity of basic infrastructures [6, 7]. With the agricultural land scarcity, households cannot produce 
enough to meet their minimum food security requirements and generate a certain income level.   

Farmers in East African countries produce to consume, not to sell [1]. Farmers currently do not 
produce enough food to satisfy the high demand [8]. Nevertheless, developing countries like Eastern 
Africa, with economies more than 50% dominated by the agricultural sector, have to prioritize the 
development of agricultural programs [9]. Agriculture contributed to 40%; 29,04%; 24,21%; 27%; and 
28,74% of the Gross Domestic Product (GDP) for Burundi, Rwanda, Uganda, Kenya, and Tanzania, 
respectively [10]. 

East Africa countries are fundamentally rural nations: more than 90% of the population lives isolated 
in the countryside with fragmented families [2]. According to some economic theorists, developing a 
country without creating its rural environment and industry without developing agriculture [10]. East 
Africa is one of Sub-Saharan Africa's heavily populated agricultural regions with a dispersed population 
[11]. The isolated population distribution makes it challenging to access essential infrastructure [12]. It 
accentuates individualism and isolation, which probably explains the slow penetration of modern 
technologies into the rural world and the weakness of trade [13]. 

The distribution of habitat dictated by the population density may explain the habitat distribution at 
two angles [14]: a strong population density contributes to the constitution of the aggregation of the 
habitat. In contrast, the opposite explains the habitat dispersed [6]. The distributed character habitat 
implies a fragmentation of the habitat and reduces plots per capita[15].  

Conversely, East Africa countries are characterized by low rates of urbanization (i.e., the most 
population living isolated in the countryside with less than one hectare of farmland per family), 
dispersed habitats, exclusively manual agricultural, and self-subsistence farming [16]. Economic 
growth mainly depends on the agricultural sector [17]. However, as this latter depends on agricultural 
lands’ availability, it is still a priority for policy-makers.  

This calls for urgency to reconcile the logic of the agricultural space development by restructuring 
the disseminated rural habitat and the growth of agricultural production that arises in rural areas. Due 
to the demographic pressure, it is necessary to find a better way to optimize the land use and the 
dispersal habitat by adopting a new agricultural systems model in rural areas of East Africa countries. 
This may hold the attention of many researchers. 

3. Materials and Methods   
3.1. Materials 

We used the Eviews 9 software to study the stationarity of the series and the various tests and 
estimates. We employed annual, and panel databases collected from the [18] for 5 East African 
countries (Burundi, Kenya, Rwanda, Tanzania, and Uganda) and cover 26 years, from 1990 to 2015. 
The 26 years were chosen to observe the dynamics in the food production index achieved through the 
rural habitat distribution (population density) and the farm size. Variables used are described as follows: 
(1) FPI: Food Production Index: the indices indicate the relative level of the overall volume; (2) PD: 
Population Density is people per square kilometers; (3) ALSPC: Agricultural Land Size per Capita (in 
hectares); (4) PUP: Percent of Urban Population which refers to the proportion of the population living 
agglomerated in urban areas. It is, therefore, a group of dwellings constituting a village or a city 
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independently of the administrative limits; (5) EA: Employment in Agriculture, percentage of the total 
employment; (6) RARF: Ratio of Agricultural Researchers per 100 000 farmers; (7) PU: Pesticides 
Used (kg/ha); (8) ARS: Agriculture Research Spending; (9) PCLI: Percentage of Cultivated Land 
Irrigated; (10): PTS: the Size of the Total Population.    

3.2. Methodology  

The comprehensive Feasible Generalized Least Square (FGLS) regression has been used for 
estimation. Our analysis sought to seize the effects of PD, ALSPC, and PUP (taken as interest variables) 
on the growth of the food production index (FPI: dependent variable). We also considered other 
essential control variables whose influence improves the results, such as EA, PU, RARF, ARS, PTS, 
and PCLI. 

The integral panel composition methodology was analyzed individually from 1990 to 2015. 
Therefore, we have adopted the transcendent logarithmic form for the following reasons: 

• The linear, logarithmic form makes it possible to identify elasticities immediately, that is to say, 
the degree of sensitivity of the explained variable to a variation on an explanatory variable; 

• The transformation of the variables into a logarithm allows the series to be stationary, and 
consequently, the estimations of the equations with the modified variables give good results; 

• The series' transformation into a logarithm makes it possible to ensure the estimated models' 
linearity. It is also the basis of reducing the quantities of figures of the variables to be used. 

The data in this understudy is a long panel and the random interference term 𝜀𝑖𝑡 . Specifically, 
GroupWise heteroscedasticity, autocorrelation within a panel, and contemporaneous correlation may 
have heteroscedasticity and autocorrelation. For such problems, some tests are then required.  

The model takes the below formula: 
𝑦𝑙𝐹𝑃𝐼𝑖,𝑡 =  𝛽0 + 𝛽1𝑙𝑃𝐷𝑖,𝑡  + 𝛽2𝑙𝐴𝐿𝑆𝑃𝐶 𝑖,𝑡  + 𝛽3𝑙𝑃𝑈𝑃𝑖,𝑡 +  𝛽4𝑙𝐴𝑅𝑆𝑖,𝑡 + 𝛽5𝑙𝑅𝐴𝑅𝐹𝑖,𝑡 + 𝛽6𝑙𝐸𝐴𝑖,𝑡

+ 𝛽7𝑙𝑃𝑈𝑖,𝑡 +  𝛽8𝑙𝑃𝐶𝐿𝐼𝑖,𝑡 + 𝛽9𝑙𝑃𝑇𝑆𝑖,𝑡 +  𝜀𝑖𝑡  
Where ylFPI is the logarithm of the Food Production Index; lPD is the logarithm of Population 

Density; lPUP is the logarithm of the Percentage of Urban Population; lARS is the logarithm of the 
Agriculture Research Spending; lRARF is the logarithm of  the Ratio of Agricultural Researchers per 
100000 farmers; lEA is the logarithm of the Employment in Agriculture; lPU is the logarithm of the 
total of the Pesticides Used; lPCLI is the logarithm of the Percentage of Cultivated Land Irrigated; lPTS 
is the logarithm of  the Size of the Total Population;  with 𝜀𝑖,𝑡  ~𝑒𝑟𝑟𝑜𝑟 𝑡𝑒𝑟𝑚 

4. Results   
4.1. Descriptive Statistics 

The values of the standard deviations (Table 1) show that the distributions of the variables 
considered do not deviate from the mean, except the PD variable. This one is closer to the mean. 
Besides, among all the variables, FPI, ALSPC, EA, and PTS variables are relatively stable and normally 
distributed (Prob. Jarque-Bera> 5%). 
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Table 1 
Descriptive analysis 

 FPI ALSPC ARS EA PCLI PD PTS PU PUP RARF 

 Mean  4.520887 -0.716530  4.081292  4.247348 -0.502901  5.013638  22986753 -2.576751  0.972513  1.451757 
 Median  4.577279 -0.667322  3.980992  4.255749 -0.482562  5.497168  24844480 -2.525729  1.033603  1.193922 
 Maximum  4.974663  0.133350  6.022721  4.530447  0.799757  6.133398  47878336  0.207014  1.239472  2.501436 
 Minimum  4.158883 -1.608948  1.824549  3.786006 -1.792760  3.332205  5438957. -4.605170  0.607469  0.587787 
 Std. Dev.  0.201424  0.498494  1.269192  0.245176  1.023265  0.981858  12761165  1.594590  0.161772  0.566918 
 Skewness -0.250871 -0.176417 -0.144159 -0.446808 -0.130049 -0.579390  0.018077 -0.134105 -0.654147  0.428689 
 Kurtosis  2.132523  2.044593  1.549816  2.169727  1.471240  1.544526  1.796427  1.578511  2.302738  1.677908 
 Jarque-Bera  3.347538  3.457645  7.287201  4.959678  8.015863  11.53726  4.832980  6.975222  7.326032  8.276745 
 Probability  0.187539  0.177493  0.026158  0.083757  0.018171  0.003124  0.089234  0.030574  0.025655  0.015949 
 Sum  361.6710 -57.32239  326.5033  339.7878 -40.23208  401.0911  1.84E+09 -206.1401  77.80107  116.1405 
 Sum Sq. Dev.  3.205155  19.63118  127.2570  4.748776  82.71868  76.15963  1.29E+16  200.8745  2.067436  25.39033 
 Observations  80  80  80  80  80  80  80  80  80  80 

Source: Author (software output). 
 

From 1990 to 2015, the variables under analysis displayed disparities trends observed at a different 
level. All variables (dependent and independent) evolve from top to bottom. Regarding the food 
production index, we detect an exponential development for Tanzania and Kenya (figure1).  

From 1990 to 2015, East Africa country recorded a slow rate of urbanization population. Tanzania 
and Kenya own a high rate of agglomerated population with a high level of agricultural size per capita 
(figure 3/C). Regions with a high rate of dispersed and rural habitats have small agricultural land area 
per capita.  Nevertheless, countries with a high agglomerated population hold large land areas (figure 
1& figure 3 A/C). Further, the agricultural land size per capita variable has decreased in response to the 
growth of the total population size (figure 1 & figure 3).  

During the last 26 years under observation, the population of the East Africa region has almost 
doubled (figure3/D). This demographic explosion did not follow the growth of the agricultural land 
area, whereas, 90% of that population still depends on the agriculture sector. This has led to 
considerable fragmentation of farm size per capita, which is currently less than one hectare (figure3/A). 
Besides, the food production index growth does not follow at the same rate as the increase in population 
(figure3/B & figure3/D).  

By exploring the relationship between variables (figure 2), theoretically, until now, in East African 
countries, we note that agglomerated habitat (PUP) correlates positively with the growth of the size of 
agricultural land per capita (ALSPC).  
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Figure 1: Variables evolution. Source: Author (software output). 
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Figure 2: Relation between the food production index and the Percentage of the Urban Population.  
Source: Author (software output). 

 

 

Figure 3: Auto-assessment and relationships between interest variables. Source. Author (software 
output). 

4.2. Correlation and Causality between Dependent and Interest Variables 

Remember that a variable X variable is said to cause Y if Y's future values can be better predicted 
using both X and Y than it can by using the past values alone.  

According to the results from table 2, there are unidirectional causalities between dependent and 
interest variables:  
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• Population density (PD) causes both the agricultural land size per capita (ALSPC) and the 
percent urban population (PUP).  

• The population density does not cause directly on the growth of the food production index in 
East Africa. The population density indirectly explains the dynamics of the East African 
region's food production index (FPI) through the percentage of the urban population. Figure 4 
summarizes the causal links found between variables.  

 
Table 2 
Results of Block Exogeneity Wald Tests 

K                            Dmax Dependent  
variables 

Explanatory or causal variables/Probability 

 

 

 

 

 

4                                  1 

 LFPI ALSPC LPD LPUP 

LFPI - 5.14 
(0.07) 

5.51 
(0.06) 

0.13* 
(0.03) 
 

ALSPC 137 
(0.50) 

- 14.46* 
(0.00) 

2.72 
(0.25) 
 

LPD 4.11 
(0.12) 

1.12 
(0.57) 

- 4.38 
(0.11) 
 

LPUP 4.38 
0.11) 

3.57 
(0.17) 

7.13* 
(0.02) 

- 

Source. Author (software output); (.): Probabilities (p-value); *: significant at 5%;  
and values = statistics of x2; k: optimal lag of the level VAR (SIC);  
dmax: maximum order of integration of variables. 

 
Figure 4: Causality between dependent and interest variables. Source. Author (software output).   

4.3. Feasible Generalized Least Square (FGLS) Regression  

The data in this study is a long panel. The random interference term it may have heteroscedasticity 
and autocorrelation. For such problems, we need to test first:  

(1) Groupwise heteroscedasticity： the p-value that both ordinary least squares (OLS) and the FGLS 
strongly reject the original hypothesis of homovariance, that is, there is heteroscedasticity between 
groups. Probability ˃ Chi2 (113.76) = 0.0000;  

(2)  Autocorrelation within the panel: According to the results of the Wald test, the p-value is 0.0818, 
there is intragroup autocorrelation; 

(3) Contemporaneous correlation:  results of this test show that the p-value of Breusch Pagan LM 
statistic is 0.0011, which strongly rejects the original assumption of "no contemporaneous correlation", 
that is, it is considered that there is a contemporaneous correlation. 

Above (1), (2), and (3) effects exist, so the FGLS method should be used for estimation.  
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Table 3 
Cross-sectional time-series FGLS regression 

 FPI  Coef.  St.Err.  t-
value 

 p-
value 

 [95% 
Conf 

 Interval]  Sig 

EA -.232 .236 -0.99 .325 -.694 .23  
RAFRF .014 .009 1.68 .093 -.002 .031 * 
PU -.06 .058 -1.05 .296 -.173 .053  
ARS 0 0 0.07 .941 -.001 .001  
PCLI .099 .055 1.82 .069 -.008 .206 * 
PD .961 .268 3.58 0 .435 1.487 *** 
PUP -.061 .047 -1.30 .193 -.153 .031  
ALSPC -.636 .318 -2.00 .045 -1.258 -.013 ** 
Indivi : base 1 0 . . . . .  
2 1.387 .503 2.76 .006 .401 2.374 *** 
3 2.058 .597 3.45 .001 .888 3.228 *** 
4 .695 .217 3.20 .001 .27 1.121 *** 
t -.014 .007 -1.89 .058 -.028 0 * 
Constant .693 1.94 0.36 .721 -3.108 4.495  
 
Mean dependent var 4.532 SD dependent var   0.243 
Number of obs   104 Chi-square   203.202 
*** p<.01, ** p<.05, * p<.1 

Source: Author (software output) 
 
A high agglomerated population (high density) influences positively and significantly the food 

production index (table 3). An increase in agglomerated population (PD) 1% accelerates the food 
production index (FPI) growth of 0.961 %. Results from table 3 reveal that RARF, PCLI, and ALSPC 
variables also influence the dynamic of FPI. 

5. Conclusion and Discussion 

From 1990 to 2015, the agricultural land size per capita variable has not progressed in response to 
the increasing population and the disseminated habitat associated with acute scarcity of agricultural 
land. Countries (Tanzania and Kenya) with a high percentage of urban population (agglomerated 
habitat) display a high level of food production and high agricultural land per capita size. This implies 
that increasing the number of people living in agglomerated areas will liberate and expand the scope of 
agricultural land per capita. Besides, countries with a high rate of the dispersed rural population 
(Burundi, Rwanda, and Kenya) display a small agricultural land per capita and a low level of the food 
production index.  

The population density variable is assimilated to a given region's dispersion and agglomerated 
habitat, which correlates with the availability and size of agriculture land per capita [19].  

Densely populated areas provoke an agglomerated habitat. Rising the agglomerated habitat could 
increase the size of agricultural land per capita and the food production index.  

Therefore, we can deduce that urbanization contributes to liberating and increasing the agricultural 
land size per capita, gradually fragmented by the dispersed rural population. A problem remains:  how 
to improve the food production level to feed the galloping population adequately? This population 
mainly lives scattered in rural areas with fragmented agricultural lands. In East Africa, mitigating the 
current dispersed character of the habitat distribution deserves particular attention to alleviate food 
security issues and the increasing population [16]. Therefore, different viewpoints have been developed 
by various researchers. 

Many scholars hold a relationship between farm structure, thus size, and its productivity. They 
emphasize that the isolated population negatively correlates with land use, whereas agricultural land 
availability increases agricultural productivity enormously [11]. The demographic pressure and the 
dispersed habitat cause the farmland to decline. This hampers its appropriate and sustainable use [6]. 
Researchers assert that the land area's size influences the farming system's efficiency and the best yields 
[20]. Large farms are more beneficial than small farms in terms of financial profitability, productivity, 
and agricultural technological development, such as facilitating agricultural mechanization and 
innovations policy [21, 22]. A firm can maximize its output efficiently using the inputs and technology 
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at its disposal [23]. The increase in the size of farms can be brought about by the land consolidation 
policy of households, reducing production costs (investments), and positively influencing agricultural 
productivity growth [22, 24]. Large farms facilitate farm research and development and the 
establishment and use of agricultural infrastructure. Land consolidation makes it possible to mix small 
isolated plots, making it easy to achieve agricultural investments [25, 26]. The success of the farmland 
consolidation policy requires solving the disseminated rural habitat. These issues remain concerns in 
East Africa's rural areas [27]. This will contribute to making more viable agricultural land use. In the 
past, some nations were essentially agricultural societies, living atomized and dispersed in rural areas, 
and are now experiencing tremendous socioeconomic transformations. This has been achieved thanks 
to the increasing rate of urbanization and the establishment of new rural economy units: the village 
programs and agricultural cooperatives.  

The impact of grouping villages has been perceived as the best to accelerate developmental work in 
interior villages [28]. The latter are considered as models guaranteeing the self-organization of a 
collective way of life [29]. Many scientists have already shown the multiple advantages of grouping 
populations into villages to increase the size of the area and agricultural productivity. The villages unite 
the people living dispersed in a given territory, allowing the grouped populations to enlarge their 
cultivation plots and live with them near them [30]. Reconstituting villages enables efficient and 
sustainable land use [31]. The reinstalling of rural villages increases the agricultural size and income of 
rural population. In short, this policy makes it possible for agricultural collectivization programs and 
other economic activities [32]. If the rural people live in villages, it would be possible to preserve and 
recover residential, and agricultural land. Once the rural populations embrace villages, it becomes easy 
to set up some public infrastructures such as irrigation systems, bridges, roads, schools, and hospitals 
to improve living conditions and household income inhabiting these villages.  

The grouping of rural populations in villages reflects a fundamental transformation of rural forms 
into a purely collective approach [32]. Villagization policies have already shown their positive effects 
in many African countries as well as in Asian countries. In Tanzania and South Korea the grouping in 
villages of the populations (Ujamaa and Saemaul, respectively) dispersed in rural areas has allowed 
people to reduce agricultural imports due to independent production. The agrarian reform operated by 
Tanzania and South Korea through the village policy concluded as a production village made it possible 
to abolish private property through community collectivization [32].  

Since the second half of the twentieth century, through collective efforts, China has modernized its 
agriculture through science and technology. The households' resettling into collectivities make the best 
success in farming [33-37]. This country initiated a village creation policy just after the Tanzania 
independence period. It was a question of reinstalling dispersed farms to live and work together. This 
collective life has allowed the acquisition of large farms exploitable sustainably [9, 26]. Reconstruction 
villages in favor of rural areas makes it possible to increase arable land, agricultural land, infrastructure, 
and public services. In doing so, Rwanda has set up a land model to bring together populations in 
villages (Umudugudu). This enabled that country to maximize its soils production and occupation [38]. 
In Ethiopia, the program to reinstall and the group dispersed households by gathering them in the 
positive effects on improving the livelihoods of these households. The village lifestyle allowed families 
to increase the size of their land properties and abandon traditional agricultural practical modes [27, 
39]. The village policy's success has grown the rural population dispersed and abolished small 
individual farms; turning them into collective farms and accelerating the rapid urbanization process [32, 
40]. To enable agricultural producers' groups to promote commercial agriculture and not that of 
practical remembers, decision-makers in sub-Saharan African countries invest in agricultural R & D to 
develop appropriate technologies [12].  

Thus, promoting innovative research for agricultural development and extension is helpful by 
improving agricultural practices and high-yielding varieties. This requires to initiation of the farming 
producer to support services programs. As a result, the latter must be mobilized to join and group 
themselves in associations or cooperatives, proper channels of technological relays. 

The agriculture sector is vital for a large segment of the East African countries' population. This 
sector is a significant opportunity to drive East Africa's economic growth  [7]. The Eastern Africa region 
can alleviate the current food security problem and the low-income level of East African farmers 
through increasing agricultural productivity [1]. Increased agricultural productivity in sub-Saharan 
Africa could positively impact food security [41]. Indeed, the Sub-Sahara Africa region owns 
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agricultural potentialities that improve and stimulate its economic sector growth [41]. Thus, Eastern 
African countries can rethink ways to revitalize their agricultural production factors to find sustainable 
solutions linked to genuine major challenges such as hunger, malnutrition, rural poverty, and the rural 
exodus [12].  

There is a closer correlation between the habitat distribution and the increase in the urban population 
rate paired with agricultural area per capita dynamics. The increase in the proportion of people living 
in urban areas contributes to the rise in the urbanization rate by facilitating the release of rural land. 
This will consequently incite land enlargement through land consolidation and agricultural land size 
per capita availability. Accordingly, once the East African countries own large agricultural areas, they 
can envisage viable farming models allowing high productivity of cultivated land. 

Within East African countries, agriculture is the pillar of the economy and people's livelihoods, 
although the land is scarce due to high demographic pressure. Simultaneously, agricultural inputs are 
not easily accessible due to high costs and low incomes; technological innovation is limited, and 
mechanization is almost non-existent. Thus, the policy-makers need to rethink how to model the optimal 
and efficient agricultural land use required to increase farm productivity and secure sustainable 
livelihoods. Knowing that more than 90% of the East African population are farmers living dispersed 
in rural areas with an income below the world poverty threshold, we assume that, like strategy, decision-
makers can regroup households into villages that will allow for land consolidation. This could help 
liberate and expand farms. Hence, the cultivated land could be exploited economically and with better 
productivity.  

The grouping of rural populations into villages will allow the change in the farming systems and the 
implementation of an optimal agricultural production and productivity model. Additionally, it facilitates 
intensive agriculture (using inputs and equipment such as tillers, mechanical threshers, and harvesters) 
and crop specialization, stimulating agricultural production maximization. This production system can 
promote agricultural mechanization mode to raise productivity and increase agricultural incomes. The 
success of this mechanization requires an increase in the size of cultivable areas.  

Reducing the disseminated habitat by promoting the agglomerated ones stimulates the food 
production index growth through a more efficient land use resulting from grouping the rural population 
into villages through the land consolidation policy.  
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Summary 
Agricultural operations are continuously exposed to hazardous situations which can cause their 
unexpected disruptions. The experiences from the COVID-19 globally in the agrarian industry 
revealed the need for proactively defining policies to prevent the dramatic consequences of 
such unexpected business interruptions. A recent study from the Organization for Economic 
Co-operation and Development (OECD) (OECD, 2020) analyzes the necessity to rely on 
resilience – oriented policies to minimize the negative consequences of disruptive events in 
agriculture such as the pandemics or the natural hazards. Nevertheless, the ideal source for 
charting recovery policies are the continuity and process recovery data provided directly from 
the agribusiness practitioners. Nowadays, multiple companies which operate in the agrarian 
sector have started to chart continuity plans which can be activated in the event of a disruption. 
However, there is no evidence from the literature that these data are organized in sophisticated 
database management solutions. Due to the fact that big data is undoubtedly one of the assets 
that dominantly foster decisions nowadays, it can be realized that big data solutions for hosting, 
analyzing and manipulating continuity data in agribusiness is an issue of major importance. 
Business intelligence tools may support simultaneously decisions based on descriptive On-line 
Analytical Processing (OLAP) Reports as well as predictive rules induced via machine learning 
tools for more sophisticated data manipulation of the aforementioned data reports. To build 
such solutions, it is crucial to define data dimensions, namely Function, Agrarian Business 
Unit, Recovery Team, and Resumption Timeframe Required, as well as measurable facts such 
as estimated resumption timeframe, number of critical/non critical operations. A star, 
snowflake, star flake or constellation data warehouse schema can be utilized for the conceptual 
and the logical design. Moreover the SQL Server database management system may be utilized 
for the physical database solution. SQL Server may support subject-oriented and time-variant 
business intelligence solutions as well as OLAP reporting services. Machine learning 
predictive decisions can then be supported by classification or regression tools constructed 
using the exported data in combination with specialized software packages such as the R-
Package for the induction of classifiers such as the decision trees, k-NN, k-Folds, SVM and 
naive bayes, as well as regression analysis patterns for the exported business continuity data. 
Additionally, specific data mining tasks, such as the association rule induction, can assist in 
exploring precise relationships among business continuity variables that affect the recovery 
procedure. The results which can stem from thorough business continuity big data processing 
and analysis can be used as feedback regarding risk management policy charting and process 
availability estimation in the agricultural industry. 
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Summary 
Entomophagy can be considered as an alternative protein source substituting traditional 
animal-based proteins. Benefits related to this are minimal requirements in water and land and 
lower greenhouse gas emissions. Although insects have been part of Asian, African and Latin 
American people’s diets, in Western societies consumption of whole or processed insects is 
viewed with distrust and doubt, usually causing negative emotions. The present survey 
attempts to identify and analyze the factors affecting the final choice and preference of young 
consumers for insect eating. Thus, based on the Health Belief Model and the Theory of Planned 
Behavior, a questionnaire was created and distributed to 343 consumers aged 18-45. Principal 
Component Analysis results verified that young consumers recognize the benefits derived from 
entomophagy (high nutritional value, environmental protection, their contribution to food 
insecurity). More specifically, participants believe that they would adopt entomophagy mainly 
due to low environmental footprint, nutritional value and taste. The nutritional value seems to 
be a priority over the above reasons, while they seem to be less concerned about the low cost 
(only 4% of the respondents). Moreover, they recognize potential hazards relevant to insects’ 
consumption, including microbiological and chemical risks as well as the possibility of an 
allergic reaction. Another interesting finding is that the higher the percentage of plant proteins 
consumed by the respondents, the less they identify risks arising from insects’ consumption. 
In contrast, there is a high correlation (p- value <0.01) between animal protein intake and 
confidence in insect eating. From the analysis of the respondents΄ socio-economic 
characteristics, consumers of lower educational level believe on a higher level that purchasing 
costs of buying insects or insect-based food products are high. Greater willingness to purchase 
insect-based foods was observed in male respondents compared to female ones. It is also 
noteworthy that the majority of respondents had limited knowledge about entomophagy and 
were not fully informed about the positive health benefits of this type of foodstuff. Regarding 
the form of insect-based foods and products that were most likely to be selected, whole insects, 
as well as desserts with whole insects, would be less preferred. On the contrary, processed 
foodstuff such as spaghetti, cookies, flour, bars or burgers, are more acceptable as they are 
more familiar to consumers. In conclusion, although food neophobia is the most important 
limiting factor to insect consumption, consumers are gradually adopting more sustainable food 
choices and protein alternatives, aiming to reduce animal protein intake. 
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Summary  
The agri-food sector in Cyprus has high potential in the production of fresh fruits and nuts, 
which are cultivated, due to climatic requirements, in the mountainous and semi-mountainous 
areas of Troodos, covering the central part of the island. Restrictive social, economic and 
environmental factors are leading to a steady decline in agricultural production in these areas 
leaving this potential untapped. The aging of the rural population, depopulation, increased 
production costs due to high dependency on external inputs (e.g., agrochemicals, fuels) and 
highly fragmented farms, along with adverse climatic conditions that prevail in recent years, 
cause uncertainty in fruit production. 
The growing negative effects of climate change on the agricultural sector are undermining 
significantly both yield and fruit quality and thus require the development and use of 
techniques and tools capable of mitigating these effects. Among other practices, the use of 
protective nets is one of the most effective and environmentally friendly methods, which is 
argued that interacts positively with climatic factors and thus affects yield (i.e., prevents 
production losses) and fruit quality. 
The purpose of this study is to evaluate the effects of protective nets (anti-hail and anti-rain 
nets) on a sweet cherry orchard in terms of microclimate components and related tree canopy 
traits. To this end, Internet of Things (IoT) technologies (e.g., smart sensors) and hand-held 
instruments have been deployed in an orchard for sensing aerial environment (solar radiation, 
air temperature, relative humidity and wind speed), soil factors (soil temperature, moisture, 
electrical conductivity), and canopy traits (leaf temperature and stomatal conductance). 
Microclimate data and canopy traits from a covered and a non-covered, by protective nets, area 
of the orchard were collected, stored, and analyzed aiming at identifying the impact of 
protective nets on orchard microclimate and canopy traits, and evaluate the use of IoT 
technologies as a decision support system for farmers and agronomists. 
The first results showed that protective nets significantly shaped orchard microclimate, mainly 
through the reduction of incident solar radiation and the change in light distribution within 
orchard canopy. The change in orchard microclimate due to the protective nets resulted in 
reduced reference evapotranspiration and leaf temperature on the top of the canopy. Overall, 
this study provides evidence that the use of IoT technologies in semi-controlled environments, 
such as orchards with protective nets, is necessary for sensing the local microenvironment and 
provide decision support to farmers and agronomists. 
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Abstract  
The present study investigates the adoption of Information and Communication Technologies 
in farmers of the Regional Unit of Serres, as well as their need for information – advisory 
regarding the importance of the adoption of ICT. The research area is characterized by a variety 
of soil and climatic conditions, which resulted in the formation of large differences in the 
practice of agriculture in the specific area. Among the results of the research, the existence of 
the increased need and desire of the target group for training on ICT is of particular interest, as 
well as their strong will to be informed on a daily basis about the weather conditions as well 
as the cultivation -irrigation needs of their agricultural crops  
 
Keywords  1 
Agricultural consultants, agricultural advisory, ICT, precision agriculture, agricultural 
extensions, agricultural education  

1. Introduction 

The use of Information and Communication Technologies in agriculture is extremely important. 
Globalization has created a new dynamic in the competitive situation which has led the agricultural 
sector to reduced incomes resulting in the intensification of agricultural production, [1]. Until recently, 
farmers, in order to cope with this problem, turned to intensive use of fertilizers, which, however, had 
no visible effects on increasing production. In contrast, farmers nowadays have the opportunity to be 
trained in new technologies based on precision agricultural applications, aiming at achieving better 
results in agricultural production and at the same time ensuring the protection of natural resources. The 
paper aims to investigate the adoption of Information and Communication Technologies, as well as the 
need for information – advisory regarding the importance of the adoption of highly recognizable ICTs 
(mainly computers, internet and cellphone), in farmers of the Regional Unit of Serres. 

2. Literature Review 

The development of ICTs is vital to competitiveness in today’s ever – growing digital global 
economy. Investing in ICT is an integral part of agricultural – and vocational – education and 
contributes to the effective implementation of lifelong learning and training, [2]. In order to be able to 
integrate ICT in the curricula, it is necessary a general review of the role of education, as well as the 
educational material provided. New technologies in agricultural education, which are mainly used as 
literature support tools in various forms, can upgrade the educational process, [3].  
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The use of ICTs in European Union countries already has a significant impact on the agricultural 
sector. Their dissemination is marked by the number of actions and organizations that systematically 
deal with the penetration process of ICTs in the agricultural sector. EFITA [4] is a federation that has 
been systematically involved in this effort, for a decade since its establishment. 

There are several studies, which have analyzed farmers’ information needs, based on which possible 
applications of information and communication technologies can be identified. The majority of the 
specific studies evidence that the primary function of such an organized public service in agriculture is 
to enable easier transfer of knowledge, [5].  

The adoption of ICT follows the pattern of the adoption of other innovative actions. Thus, their 
degree of diffusion is related to the degree to which individuals can learn to use technology, [6, 7, 8, 9, 
10]. Among ICT, the use of internet in Greece occurred to be advantageous, due to its low cost, [11]. 

It is essential for the lucrative function of agricultural holdings, agricultural consultants to motivate 
farmers, as well as to upskill them and expand their capabilities with substantial and innovative 
techniques [12]. Furthermore, agricultural consultants could inform farmers about certain specific 
mobile applications [13] along with intelligent monitoring and automated control tools [14, 15].  

According to a recent study, farmers are more likely to adopt a mobile technology as a part of their 
smart-way of farming, when they really understand the importance of ICTs in agriculture. [16].  

The introduction of ICT in the training process and in counseling programs in general is not a simple 
application. Policies that have not considered every parameter that need to be taken into account, failed. 

3. Methodology 

A fully structured questionnaire of 40 questions was used for the research needs. The main thematic 
sections of the questionnaire refer to the demographic characteristics of the farm managers / 
respondents, the use or not of ICT and their emerging needs for counseling - training on issues related 
to them. Given the pandemic (COVID-19) restrictions, the preferred method used to complete the 
questionnaires was by telephone, in a sample of 100 farmers - heads of agricultural holdings in the 
wider area of Serres. Part of the results is presented in the next chapter. 

4. Results 

The sample of the survey (100 farmers in Serres) consisted mostly by male farm holders (82%). 
Their mean age is 58 years old, while only a small percentage (10%) is under 35 years old. The 
interviewees are mostly married (80%). Regarding the educational level of the respondents, the largest 
percentage (48%) has only graduated from elementary school, a percentage of 37% has completed high 
school and a smaller percentage of 9% are graduates of higher education. Furthermore, in a large 
majority of cases (80%), farmers are exclusively engaged in agriculture.  

Regarding the possession and use of ICT, about 7 out of 10 farmers own a personal computer, which 
is mostly installed in their house and not in their exploitation. Although the PC is used daily, however, 
it is used by less than half of the farmers themselves, since the rest of the daily users are their children. 
The internet usage rate is slightly lower, as almost 6 out of 10 respondents use it. Regarding the use of 
e-mail, it is observed that it is much more limited, compared to the use of the PC and the Internet. In 
particular, only 23 out of 71 farmers who have a PC use an e-mail account. On the contrary, it is 
observed that the mobile phone is an exception and is widely used by farm holders. Nine out of ten 
farmers own and use a mobile phone, of which about 60% have a mobile phone with internet access. 

Farmers being interviewed consider as the most important reason for using a computer, the 
professional use and in particular the management and the accounting monitoring of their farm. This 
group of farmers mainly concerns either those who have automated some tasks on their unit, or those 
who mainly use the computer for Internet access and use of e-mail. 

Farmers consider the use of internet important, mainly because it enables them to search for 
information and use social media, as well as because it provides them with amusement. It has therefore 
been observed that internet use is not necessarily linked to searches related to their exploitation activity. 
Farmers, who use Internet, evaluate as the most important factor for its use, purely professional use, as 
well as their children’s communication. However, the reason why some farmers do not possess an 
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internet access is because they do not assume it is necessary and at the same time they consider it to be 
a somewhat expensive service. 

Almost every farmer in the sample considers mobile phone as an integral part of their daily lives. 
Respondents who possess a new generation mobile would like to be informed through it, both for 
impending dangerous weather phenomena, as well as about cultivation care of their crops (e.g. need for 
irrigation using sensors in their plots). 

As far as it concerns farmers who do not have a computer, the most important reason for not owing 
one is the fact that they consider the pc to be a useless / unnecessary tool, as well as both lack of time 
for its use and lack of computer skills. Regarding reasons for not using Internet, respondents state that 
it is notable the non-possession of a computer and the lack of internet usage knowledge. Furthermore, 
e-mail is considered as a non-essential service by the majority of farmers, who insist on not obtaining 
one, although some Services (e.g. OPEKEPE) henceforth inform producers principally via e-mail. 
Additionally, those who do not yet own a mobile phone, declare reluctant to acquire one. 

Analyzing social variables, it is concluded that age and level of education are the main determinants 
of possession or not a computer, its professional use and the desire to acquire one, as well as whether 
or not farmers use internet or desire to obtain an internet connection. Furthermore, mainly educational 
level and secondarily age and marital status are key determinants of whether or not farmers respondents 
use e-mail or desire to obtain one. 

5. Conclusions 

Regarding the importance of the ICT adoption in farmers' daily life, it is observed that the need to 
inform and advise producers is extremely important, in order to improve the financial results of their 
farms and consequently to improve their standard of living. The application of ICT in agriculture 
requires skills which, however, cannot be acquired in a short time and without proper training. 
Moreover, it should be emphasized that agricultural advisory needs to be done on a rather practical than 
theoretical level, aiming at clear objectives and results - as observed in some cases in recent years. The 
state should therefore ensure the proper training of agricultural advisors by promoting a more effective 
system of agricultural advice and at the same time provide specific incentives for the acceptance and 
use of Information and Communication Technologies by farmers and livestock farmers. 
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Summary 
Agriculture consumes more than 80% of available water in the Mediterranean, while climate 
change restricts the availability of water resources. The Internet of things (IoT) technology can 
contribute significantly to water use efficiency and crop productivity, providing real-time and 
accurate information on soil moisture and weather data. Recent advances in the IoT have 
increased the available open-source software and hardware needed to collect and transmit real-
time data. The development of economically viable solutions for irrigation management 
includes the integration of different elements such as signal processing, data recording, 
transmission devices, data analysis, and visualization. Message Queuing Telemetry Transport 
(MQTT) is a lightweight messaging protocol, with a small code footprint, used in IoT types of 
connections. The use of MQTT over mobile networks combined with low-cost IoT sim cards 
provides a low-cost solution for long-distance M2M data transfer. An important parameter for 
the rational management of available irrigation water in olive groves is the use of reliable soil 
moisture sensors capable of measuring low soil moisture levels. Among many technologies 
available for the measurement of volumetric water content (VWC), capacitance-based 
moisture sensors are a reliable and relatively low-cost solution. TEROS 12 sensors provide 
precise soil moisture measurements with simultaneous measurement of soil temperature and 
electrical conductivity. 
This work presents an IoT-based monitoring system for irrigation management using IoT end 
nodes with TEROS 12 moisture sensors, deployed in the olive grove area of Merambelo in 
Eastern Crete. Each node i) uses an ESP32 devkit development board programmed with 
Arduino IDE to take measurements from the moisture sensor every two hours and transmit data 
to the MQTT broker in the cloud, ii) is powered with two 18650 rechargeable lithium-ion 
batteries, iii) is charged with a photovoltaic solar panel providing enough power even during 
winter days, iv) is equipped with SIM800L GSM modem for connectivity. Microcontroller 
firmware and data upload frequency can be updated over the air. ESP32 board uses SDI 12 
communication protocol to read VWC, electrical conductivity and temperature from TEROS 
12 intelligent sensor. The MQTT broker forwards the information to ThingsBoard, an open-
source IoT platform for data visualization, which allows creating rich dashboards. 
Meteorological data from neighboring weather stations are integrated into the same platform 
offering accurate and reliable real-time information on a unified dashboard. Data from weather 
stations and end nodes are stored in a database and are available to any internet-connected user. 
The service is available to the farmers offering spatial and temporal information for irrigation 
scheduling and decision-making. 
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Summary 
Even though insect-based food has already been integrated as part of their diet within a 
significant percentage of the world’s population, that was not the case in Western countries 
until recently. Insects have been emphasized not only as an alternative source of protein with 
the potential to replace traditional meat products designated for human consumption but also 
for improving their feed-conversion and resource (water, land) efficiency, making these types 
of food a promising way to counteract numerous upcoming global food challenges. Insect-
based food represents a niche market in the EU since it is a rather new trend for European food 
habits. The absence of a completely formulated and appropriate legal framework impedes the 
mass production of insects, their derivatives, and therefore the development of this market. 
However, according to the EU’s legislation (No. 2015/2283), edible insects have been added 
to the “Novel Foods” category, and so their production and their trade have started, but only in 
specific European countries, such as Belgium, the Netherlands, Denmark, Germany, Austria, 
Sweden, and Finland. It is expected that the rest of the European countries will follow this path 
in the foreseeable future and more consumers will become aware of the opportunities and 
benefits provided by insect-based food, not thoroughly for direct human consumption, but also 
as a protein-rich animal feed. In most European countries though, the edible insect market is 
imminent, yet not present, so the consumers’ existing knowledge and attitudes towards the 
forthcoming market of edible insects were studied.  
This survey tries to assess consumers’ attitudes and beliefs towards insect food. Therefore, a 
questionnaire has been created and 302 active Greek consumers participated, divided into 4 
age groups (18 – 50+ years old). The results of this research indicated that the vast majority of 
the respondents (more than 70%) are not familiar with insect-based food and its benefits, but a 
significant percentage of them are willing to try and learn more about these types of food. 
consumer profiles derived from Principal Component Analysis (PCA) of the sample are in 
agreement with the existing literature, referring to the fact that a positive attitude towards 
insect-based food is following the existing knowledge on the particular topic. Although this 
observed tendency of “neophilia” to taste and discover more about edible insects, does not 
signify the participants’ willingness to buy these types of food and incorporate them into their 
diet. It is quite interesting to be mentioned the unwillingness of the consumers to pay a higher 
or even the same price for an insect-based product, compared to the price of its conventionally 
produced equivalent, contrasting with the fact that the production cost of an insect-related food 
product is still relatively high in Europe since this market is in an early stage. 
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Summary 
The aim of this work, performed in the framework of the One Health (OH) European Joint 
Program, was to identify barriers (issues) and opportunities (suggestions) for an integrated OH 
surveillance of food-borne diseases in Belgium, France, Sweden, Norway. 
Information has been collected through 20 interviews with professionals with selected profiles 
from the four countries (human epidemiologists, persons from administration in charge of 
planning the annual food chain surveillance, veterinary epidemiologists, transversal 
coordinators of national agencies positioned on the link between risk analysis and management, 
coordinators of the human and veterinary National Reference laboratories). The information 
collected through the interviews has been analysed following the thematic analysis 
methodology.  
According to the analysis performed, the barriers and opportunities identified by the 
interviewees were grouped in eight themes: (1) Data governance, (2) Set-up and operations of 
the surveillance system, (3) Coordination, (4) Communication, (5) Regulations (political 
legislations and procedures), (6) Industry’s challenges, (7) Funding, (8) Training and 
education. The most important barriers for all countries were indicated for the themes (1) and 
(2). A detailed analysis of the collected information has also been performed per identified 
theme, with various practical issues and opportunities being identified, taking into account the 
particularities of each country. 
The results show that there is room for improvement in food-borne disease surveillance of 
microbiological pathogens towards a OH approach, especially regarding the themes identified 
as most important. The results can be used when revising existing systems, or when developing 
new systems for food-borne disease surveillance from a OH perspective.  
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Surveillance, One Health, qualitative methodology, food borne diseases  
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Summary 
Precision agriculture involves modern crop surveillance methods, such as spectral vegetation 
indices via satellite remote sensing. This study examines the performance of Normalized 
Difference Vegetation Index (NDVI) and Normal Difference Moisture Index (NDMI) spectral 
indices as irrigation management tools. The IRMA_SYS (https://arta.irmasys.com) intelligent 
irrigation decision support system for the plain of Arta, which has an area of 45000 hectares, 
provides means for downloading the above-mentioned indices for each field. These indices are 
obtained from the available Sentinel-2 satellite images i.e., every 2 or 3 days. These images 
have pixel dimension of 20 m that attains the spatial accuracy of each spectral index. 
The study was carried out for two mandarin orchards. The fields were coded in IRMA_SYS 
as: a) field 728, with an area of 5000 m2 and b) field 729, with an area of 30000 m2. Also, a 
complete meteorological dataset is available for each field through IRMA_SYS, by spatial 
interpolation of data from seven agro-meteorological stations in the area. Daily values of 
temperature (°C), solar energy (W m–2) and rainfall (mm) were obtained from 15/3/2021 to 
28/10/2021. Also, NDVI and NDMI values were obtained for a characteristic point for each of 
the two fields. The total effective rainfall for field 728 was 232 mm while for field 729 was 
252 mm, correspondingly. The two farmers followed different irrigation strategies: The owner 
of field 728 applied 2 irrigations totaling 59 mm with an average of 29.5 mm, while the owner 
of field 729 applied 7 irrigations totaling 78 mm with an average of 11.2 mm. 
Based on the analysis performed, the aforementioned indices are strongly related to rainfall or 
irrigation, since in both fields’ irrigation was followed by a clear upward trend in the values of 
the two vegetation indices. In particular, the NDVI index seems to be more responsive than the 
NDMI index in cultivation practices such as weed removal. It should be noted that after rainfall 
or irrigation, the variation of both indices is not immediately noticeable, but a period of 2 or 3 
days is required since the trees do not correspond instantly to the applied water. Therefore, the 
changes of the vegetation indices should be evaluated not as individual values but as 
continuous time series. This evaluation should consider information concerning cultivation 
practices carried out during this period.  
Conclusively, irrigation is reflected through the NDVI and NDMI vegetation indices, to a 
satisfactory degree so that they can be used under specific conditions as a tool for monitoring 
crops within the context of precision agriculture practices. 
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Summary 
Kato Nevrokopi potatoes were characterized in 2002 as Protected Geographical Indication -
PGI products, due to their unique qualitative characteristics that rise from the elongated cold 
period in the cultivation region. Taking into consideration current CAP’s suggestions about 
economic development, environmental protection, and support of rural communities, IoPotato 
aims to evaluate inputs’ use efficiency of Kato Nevrokopi potatoes’ cultivation for providing 
to the point solutions for minimizing the operational and environmental cost of this process. 
More precisely, special focus was given on acquiring field data related to potato cultivation 
like temperature, air humidity, leaf humidity and soil moisture which are critical points for 
decision making from the farmers’ side. In order to achieve this, three meteorological stations 
have been installed, transferring hourly data for the above-mentioned parameters. Collected 
data are stored and processed in a cloud system. Through this process, each farmer has access 
to his profile, while agromanagers can obtain an overview of the region. Furthermore, in 
cooperation with EAS Dramas farmers’ cooperative, field data regarding to the amount and 
monetary values of all variable cost expenses (seed potatoes, plant protection products, 
fertilizers, irrigation, energy and labor), as well as the quantity and price of the final product 
have been collected. Data Envelopment Analysis (DEA) was used to assess input use efficiency 
of the production protocol of Kato Nevrokopi potatoes. It has to be stated that input-oriented 
approach was used to minimize the environmental impact through the used inputs and to reduce 
the capital intensity for potato farmers. Particular attention was given to slacks computation, 
highlighting excessive use of resources for each farmer. In this way, farmers can produce a 
PGI product with the least environmental impact, which can be key elements for creating a 
diversified product and entering in premium markets. 
Results indicate that only few potato farmers achieve high-efficiency scores, while the majority 
of them have to redesign their production protocol. Acquired results were transferred to local 
farmers in a simplified version, showing to them their potential for further inputs minimization. 
Collecting and storing environmental and economic data year by year provides the opportunity 
to gradually improve the technical efficiency of used resources. In this way, EAS Dramas 
cooperative can design a resilient production protocol to climate change and sharp price 
increases. All in all, IoPotato implements an interdisciplinary approach between academics, 
agromanagers and farmers to promote integrated farming techniques with the use of 
contemporary agricultural tools, contributing to the achievement of sustainability in the 
agricultural sector.  
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Abstract 
Drought is a significant meteorological phenomenon that can seriously impact natural 
ecosystems. Drought assessment and monitoring should be continuous in regions of high 
ecological importance, for the conservation of natural vegetation distribution and dynamics. In 
this study, we analyzed monthly precipitation data obtained from five meteorological stations 
in the Nestos’ river sub-basin in Greece in order to detect drought episodes during the period 
1955-2018 by employing the Standardized Precipitation Index (SPI). The results indicate that 
the coastal and altitudinal lower areas of the region faced more frequent and more severe 
drought events during the recent years compared to the past, whereas the climatic conditions 
in the mountainous areas are more favorable. The hydrological years 1977-1978, 1984-1985, 
1988-1989, 1998-1999 and 1999-2000 were the years of the most severe droughts in the basin. 
From the trend analysis of the SPI it appears that the lower part of the sub-basin is anticipated 
to face even more droughts in the future. These patterns may have significant impacts on the 
natural rainfed vegetation, especially at the river’s Delta where habitat types of high priority 
are located. Thus, the need to adopt measures for the conservation of the local ecosystem is 
critical, considering also that the local habitat types are characterized by high demands for 
water availability. 
 
Keywords 1 
SPI, drought, Nestos, Mesta, trends, Mann-Kendall, Sen slope, DrinC software 

1. Introduction 

The Mediterranean basin includes diverse types of habitats and it is considered a biodiversity hotspot 
[1,2], due to the combination of climate conditions and the variety of geographical and topographical 
features of the region. Climate shifts and extreme events, such as droughts, in this area may lead to 
alterations of the ecological balance and cause pressures to human activities. Many studies have 
identified trends, especially in precipitation timeseries [3-9], as well as in drought patterns [10-13], 
indicating a tendency to drier conditions [14,15] in various areas within the Mediterranean region. The 
efficient management of drought risks is essential for compensating the impacts of droughts on several 
sectors, including the economy, the societies and the environment. To this end, proper understanding, 
identification and monitoring of drought characteristics is essential, especially in economically and 
ecologically important and vulnerable regions. Additionally, year to year drought conditions is critical 
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to be monitored for assessing the effects on the sustainability of the natural rainfed ecosystems [16], as 
decreased precipitation and droughts have a strong impact on plants’ growth dynamics [17,18]. 

Nestos is a transboundary river, shared between Bulgaria and Greece. The river delta, which is 
located in the Greek sub-basin, is considered as of high ecological significance. Many parts of the basin, 
including Nestos’ Delta, have been declared as Natura 2000 protected sites. Especially the river’s Delta 
hosts a variety of priority habitats that require high water availability in order to be sustainable. 
Therefore, drought monitoring is crucial in this region, considering also that the hydrological regime of 
Nestos river is rather sensitive to drought episodes [19]. Furthermore, drought analyses using proper 
tools, such as drought indices, is important for indicating appropriate management measures in 
transboundary rivers [20]. 

The present study is based on previous studies by Proutsos et al. [21,22] that analyzed the 
precipitation trends in the Greek part of Nestos river and assessed the changes occurred since the 1950s. 
In this work, the drought conditions of this region are evaluated, analyzing the annual changes of the 
SPI drought index and assessing the spatial variability in the basin. 

2. Study Site and Climatic Data 

The geophysical pattern of the study area, which includes the Greek sub-basin of Nestos river, is 
presented in Figure 1. Details about the characteristics and information concerning the high ecological 
importance of the area can be found in Proutsos et al. [21-23]. 

 
Figure 1: Geophysical map of the Nestos’ sub-basin (Greece) along with the positions of the five long-
operating meteorological stations. 

 
The climate of the area is humid [15,24] according to UNEP’s [25] aridity classification system 

based on Thornthwaite’s [26] water balance approach, whereas the recent precipitation trends [21,22] 
indicate significant reduction in the coastal areas of the region, but also precipitation increase in the 
mountainous part of the basin with high seasonal variability [21]. The changing trends are more rapid 
at the current climatic period [22]. 

In this work, we assessed the drought conditions for the Greek part of the basin. Monthly 
precipitation data series, obtained from five long-operating meteorological stations, were analyzed for 
the period 1955-2018, on a hydrological year basis. The specific characteristics of the meteorological 
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stations are presented in Table 1. The drought assessment was performed by employing the widely used 
Standardized Precipitation Index (SPI) [27], using DrinC software [28, 29]. The index is based solely 
on precipitation data and can be applied for several timesteps. In this study, the annual timestep of the 
hydrological year (October to September) was adopted, an approach that is considered suitable for 
assessing drought impacts on water availability [30,31]. SPI values classify the adopted time period of 
each year to one of the following eight classes (four wet and four dry): extreme drought (SPI≤-2.0), 
severe drought (-2.0<SPI≤-1.5), moderate drought (-1.5<SPI≤-1.0), mild drought (-1.0<SPI≤-0.5), near 
normal (-0.5<SPI≤0.5), mildly wet (0.5<SPI≤1.0), moderately wet (1.0<SPI≤1.5), severely wet 
(1.5<SPI≤2.0), and extremely wet (SPI>2.0). 

 
Table 1 
Meteorological stations’ characteristics 

Code Site name Longitude Latitude Altitude Operating period Owner 
KAV Kavala 24.41°E 40.94°N 5 m 1986-2004 (n=19) HNMS 
MES Mesochori 24.47°E 41.27°N 120 m 1963-2018 (n=56) DEH 
PRA Prasinada 24.55°E 41.35°N 660 m 1962-2018 (n=57) DEH 
SID Sidironero 24.23°E  41.37°N 570 m 1963-2018 (n=56) DEH 
XAN Xanthi 24.88°E  41.13°N 83 m 1955-2011 (n=57) HNMS 

 
To detect possible trends of the annual SPI, the Mann-Kendall test was applied [32,33] and the trend 

slopes were estimated by the Sen’s slope method [34]. These methods are widely used and are 
considered reliable in hydrological and climatic trend analysis [6,21,35-37]. For the trend detections, 
the evaluation of their significance and the calculation of their magnitudes, the MAKESENS 1.0 
software was applied [38]. The spatial patterns presented in this work were developed by the application 
of the Kriging’s interpolation technique, where the unknown SPI slope values at all points across a 
defined spatial domain are estimated using a weighted average of all known values around the point 
[39]. 

3. Results and Discussion 

The annual values of the SPI, based on the precipitation data of the five meteorological stations, are 
presented in Figure 2. The annual SPIs clearly indicate that the altitudinal lower coastal areas (KAV 
and XAN stations) of the region, located at the lower part of the basin, experience more intense and 
more frequent extreme or severe drought events during the recent years (after 1990). On the contrary, 
at the altitudinal higher positions (MES and PRA stations) the drought events were more frequent and 
intense in the previous decade (1980s), whereas at the mountainous areas (SID station) no extreme 
droughts were detected. 

More specifically, for KAV station, 1998-1999 and 2003-2004 were hydrological years of extreme 
drought, 1996-1997 and 2001-2002 years of severe drought and 1994-1995, 1995-1996, 1997-1998, 
2000-2001 and 2002-2003 years of moderate drought. The most severe drought in KAV occurred in 
1998-1999, when SPI was -2.2. 

XAN faced no extreme drought events, however 1998-1999, 1999-2000 and 2001-2002 were years 
of severe droughts. The most severe drought year was 1999-2000 (SPI=-1.8). 

In MES and PRA, 1984-1985 and 1988-1989 were extreme drought years. Severe droughts were 
recorded in 1973-1974 and 1992-1993 and moderate droughts in 1989-1990, 1993-1994 and 2016-2017 
for PRA station. Also, moderate drought was identified during the years 1967-1968, 1986-1987, 1989-
1990, 1991-1992, 1992-1993, 1993-1994 and 2000-2001 for MES station. The most extreme drought 
years were 1988-1989 for MES (SPI=-2.3) and 1984-1985 for PRA (SPI=-2.5). 

For SID station, no extreme droughts were identified. However, 1977-1978, 1980-1981 and 1992-
1993 were years of severe drought and 1975-1976, 1976-1977, 1984-1985 and 1991-1992, were years 
of moderate drought. With regard to the available data, 1977-1978 was the year with the most stressful 
conditions (SPI=-1.7). 

Considering the years with the highest negative values in each station, i.e. 1998-1999 for KAV, 
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1999-2000 for XAN, 1988-1989 for MES, 1984-1985 for PRA and 1977-1978 for SID, the spatial 
patterns of Figure 3 were produced. These patterns confirm that in the recent years the coastal areas of 
the basin faced drier conditions compared to the past, whereas the mountainous regions faced more 
severe drought events in the past, but not during the recent years. 

 
Figure 2: Annual values of the SPI index for the operating period of the five meteorological stations in 
Nestos’ river sub-basin. 
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Figure 3: Spatial distribution of the SPI for specific years with most extreme drought events, identified 
by the available data from the five meteorological stations. 

 
The trend analysis of the SPI values produced the pattern depicted in Figure 4, which indicates that 

SPI presents negative and strong decreasing trends in the low altitude coastal areas, whereas at the 
mountainous areas of the basin the conditions are more wet, however these latest positive trends are not 
significant. These changes are anticipated to cause problem to the local high priority habitats that are 
located at the lower part of the basin, since they are highly vulnerable in the changes of precipitation. 
Such high water demanding ecosystems, are considered of high risk and require interventions to ensure 
that they have the necessary water quantities in order to be sustained. 
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Figure 4: Changing trends of the SPI index with time. Q, is the changing rate of the index in y-1, 
whereas the direction of the white triangles in each station indicates if the trend is either positive or 
negative but in all cases the trend is not significant at a=0.10. The red triangle indicate negative and 
strong trend at a=0.001. 

4. Conclusions 

In this work, a drought assessment was performed for the Nestos’ river sub-basin in N. Greece. The 
region hosts a variety of significant habitats that require high water availability in order to be preserved. 
The precipitation changes can highly affect the vegetation patterns in the region, thus the continuous 
monitoring of drought is necessary. From the results of this study, it is indicated that the altitudinal 
lower coastal part of the basin is at high risk and faces, in the recent years, more severe and frequent 
drought events compared to the past. The western coastal areas are even more vulnerable. On the other 
hand, the climatic conditions appear to be more favorable nowadays, compared to the past, in terms of 
drought frequency and severity. This is expected to favor the existing mountainous ecosystems. 
However, specific measures should be undertaken to conserve the highly valuable coastal ecosystem 
and conserve the priority habits of the coastal zone. Such interventions should be assisted by the 
operation of the existing uphill dams and impose the continuous co-operation of the stakeholders from 
Greece and Bulgaria and the implementation of common strategies in order to achieve the ecological 
goals. 
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Summary 1 
Agriculture is the E.U.'s most prevalent land use, and therefore it is crucial to make sure that 
agricultural systems comply with sustainable practices. The E.U.'s new growth strategy 
("European Green Deal" C.O.M./2019/640") for the implementation of the 2030 Agenda aims 
to address climate and environmental challenges to efficient and sustainable growth. In 
agriculture, climate change has resulted in high and low heat stress, changed rainfall patterns, 
raised carbon dioxide, increasing the frequency of extreme weather events such as droughts, 
floods, cyclonic disturbances and enriched salty soils. These consequences increase production 
costs, pest, and disease outbreaks, putting additional strain on global agricultural land. As 
highlighted in the Green Deal ("European Green Deal" C.O.M./2019/640), digital technologies 
can help the agriculture sector promote sustainable management.  
Since the beginning of the twenty-first century, collecting and making historical and real-time 
biodiversity data digital has become more popular worldwide. Integrating digital mapping and 
modelling-based knowledge of a specific area, soil types, and climatic conditions can provide 
rapid and easy access to a large quantity of data and valuable information for better crops and 
land-use suitability assessment. The use of smartphones-based apps by all agriculture 
stakeholders plays a crucial role in the digitalization of the agriculture sector (Mondejar et al., 
2021). Sustainability is not only a central topic in the agriculture system but also in the vine 
and oenological world. The International Organization of Vine and Wine (O.I.V.) adopted the 
definition and general principles of sustainable development applied to wine-growing as 
follows: "A global approach commensurate with the production and processing systems of 
grapes, combining at the same time the economic longevity of structures and territories, the 
production of quality products, the taking into account of the needs of viticulture of precision, 
the risks related to the environment, product safety, health and consumers and the enhancement 
of heritage, historical, cultural, ecological and aesthetic aspects." Within these sustainability 
challenges, the study aims to create a multi-layered spatial platform that incorporates 
environmental data, cultural, technical and biodiversity typical of the needs of sustainable 
precision viticulture to enhance one of the leading high-quality wines production areas of 
Center Italy called Val D'Orcia. To reach the general objective, three key actions have been 
implemented: (1) monitoring and traceability of production processes; (2) digitization of 
georeferenced information; finally, (3) the creation of a digital hub for the collection of big 
data. The study involved ten wineries where a desktop and smartphone application was 
introduced to track and collect farm, land and biodiversity data. The geographical data 
concerning the area of Val D'Orcia is acquired through the WebGIS tool of the Tuscany 
Region, GEOscopio. The "app" has also included agro-environmental parameters, and the 
cadastral data (surface, national references, particel type) referred to each cultivation. 
Moreover, vineyard monitoring has been carried out in some sample farms to acquire 
biodiversity data, according to the protocols drawn up by the Italian Institute for Environmental 
Protection and Research (ISPRA) and Observatoire Agricole de la Biodiversitè (OaB).  
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Collected data was organized into layers on the platform, interpolated to make thematic and 
prescription maps shapefiles to create decision support systems (D.S.S.).  
The digital Hub and, in particular, the development of the mobile "app" constitutes a case on a 
large area of sustainable precision farming for the winery of a Val D'Orcia area focusing on 
the biodiversity goals.  
Further, the implemented system provides profitable big data management suggestions that 
represent a mandatory medium-term target for the smart management of the agriculture sector 
required by the E.U. community policies.  
 
Keywords  
Precision agriculture, geographic information system (GIS), app-based agriculture, 
biodiversity, resilience, rural  
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Abstract  
The last fifteen years, policy-makers deal with the importance of developing policy 
frameworks for innovative collaboration systems. The Institute of Plant Breeding and Genetic 
Resources of Hellenic Agricultural Organization-DIMITRA took the initiative, as a facilitator, 
to create a vertical cluster for the sustainable exploitation of Greek flora and the production of 
natural products, consisting of fourteen companies and nine cooperatives (representing more 
than 10,000 farmers) and other research institutes and universities.  
The aim of this study is to indicate a rational way of creating a vertical cluster and the SWOT 
analysis in which could be based, focused on five important elements for the - management of 
genetic resources: a) protection of biodiversity and genetic resources, b) sustainable utilization 
of the biodiversity and genetic resources of the country, with emphasis on the species that can 
play a special functional role in human and animal nutrition, c) support and development of 
enterprises, active in various ways on value chains of agri-food sector, through the transfer of 
knowledge and training, -by carrying out joint research programs, product promotion actions 
and utilization of common infrastructure, d) collaboration with similar clusters in Greece and 
abroad and e) gradual transformation of the current conventional production process into a 
process of intensive knowledge, innovation and high technology. The final result is the 
extroversion of the sector’s enterprises, with the ultimate goal of developing new products of 
high value, with international competitive advantages and export potential in European and 
world markets. 
 
Keywords  1 
SWOT analysis, industrial modernization, innovative products, Greek native flora 

1. Introduction 

In the modern globalized and borderless food market, the competition has changed. This competition 
is expressed in terms of cost, quality, speed, flexibility and innovation of products and services 
provided, thus reinforcing the need to develop modern innovation collaboration systems. As the 
innovation activity increases, the need in increasing the marketing activity in order to ensure the market 
readiness to consuming new products grows as well [1]. Collaborative innovation systems are key to 
entrepreneurship and R&D activities, as they combine resources and knowledge to enable their 
members to cooperate on common strategies and activities towards their mutual benefit – especially of 
small and medium enterprises. To increase the innovation activity, but also to overcome obstacles, such 
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as climate changes, reduction of pesticides and sustainable use of resources, clusters can facilitate the 
link between research and knowledge for members and associator’s. 
Clusters defined as groups of firms, related economic actors and institutions that are located near each 
other and have reached a sufficient scale to develop specialized expertise, services, resources, suppliers 
and skills [2,3] They bring together businesses and potentially other relevant entities in order to pursue 
common goals relating to better research opportunities, increased marketability of products, resolution 
of structural issues and any other objective which can be hard to achieve by one firm due to small size 
and limited resources. This short paper provides an outline of the process of establishing 
AgriDiverCluster in Greece, which is a collaborative innovation system, working as a cluster, bringing 
together companies and research institutes specializing in the sustainable exploitation Greek 
biodiversity and the production of natural products. 

2. Creating Process of AgriDiverCluster 

The Greek plant biodiversity (national phytogenetic resources) is particularly rich (6,764 native 
species and subspecies) and of unique identity (22% of indigenous endemic plants, found nowhere else). 
These species are useful and valuable in various ways (aromatic-pharmaceutical-cosmetic-dye 
properties, agro-food interest, floricultural-ornamental value, felled species, etc.) [4]. According to the 
priorities of the European Union, which place research and innovation at the core of the future European 
strategy, the Institute of Plant Breeding and Genetic Resources (IPBGR) of Hellenic Agricultural 
Organization-DIMITRA took the initiative, as a facilitator, to create a vertical cluster for the sustainable 
exploitation of Greek flora and the production of natural products, consisting of fourteen companies 
and nine cooperatives (representing more than 10,000 farmers) and other research institutes and 
universities named AgriDiverCluster. The AgriDiverCluster aims to create new roadmaps directed 
towards the valorization of biodiversity and the development of natural products, as well as improving 
the interconnection between research and entrepreneurship at European level. AgriDiverCluster,  as a 
vertical cluster, consists of all or part of the successive stages of production from upstream to 
downstream and is composed of technical relationships [5,6], consisting of enterprises, which are active 
in different links of the value chain of natural products, The common characteristic of all participating 
entities is their significant activity in sectors relating to the sustainable exploitation of Greek flora 
Partnerships through this cluster focus on creating joint actions, investment plans and on a sustainable 
relationship for participating in common priority areas of smart specialization linked to industrial 
modernization.  

In order to ensure the smooth process of creating a collaborative innovation cluster with the main 
mission and priority of the development prospects for the production of Greek products with a distinct 
identity and certification, training, communication and co-development processes between the members 
were initially followed and alongside a SWOT Analysis was realized. A bottom-up approach was 
proposed [7], picked by a common forum for communication and exchange of views between actors 
and included 1. identification of the willingness of entrepreneur to participate, e.g. by performing 
SWOT, 2. cost-benefit analyses, through a future business plan and 3. identification of priorities and 
directions.  

3. Results and Discussion  

The research and development activities on which AgriDiverCluster focuses are in accordance to 
the Nagoya protocol [8]: 

1. Protection of the national biodiversity and phytogenetic resources.  
2. Sustainable utilization of the national biodiversity and phytogenetic resources, focusing on 

species that can play a distinctive functional role in human and animal nutrition (native aromatic 
/ medicinal plants, traditional fruit varieties, small fruits, etc.) 

3. Support and development of enterprises active on value chain of the agri-food sector, through 
knowledge transfer and targeted training, but also through the creation of networks for 
dissemination of information and interaction between cluster participants, by carrying out joint 
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research projects, undertaking common actions of product promotion and utilization of 
common infrastructure. 

4. Collaboration with similar clusters in Greece and abroad. Collaborative innovation clusters are 
key players in entrepreneurship and research and development, providing a significant boost to 
competitiveness and innovation by playing a role in identifying, designing and implementing 
policies that often support job creation, development and investments.  

5. Extroversion and gradual transformation of the current conventional production process into a 
process of intensive knowledge, innovation and high technology while promoting/enhancing 
the extroversion of the sector’s enterprises, with the ultimate goal of developing new products 
of high value, with international competitive advantages and export potential in European and 
world markets. 

The need to outline the problems and weaknesses faced by the business sector in relation to Greek 
biodiversity is demonstrated. On this basis, using simple established tools research, such as SWOT 
analysis, were presented briefly the main characteristics of AgriDiverCluster indicating a framework 
within can be examined which the impact of exogenous factors on the creation and improvement of the 
functioning of this specific innovation collaboration system [9]. A classic SWOT analysis (Strengths, 
Weaknesses, Opportunities & Threats Analysis) is usually considered as a good start for further 
Strategic Planning efforts and analysis.  

The carving of any strategy presupposes the understanding of the relations between the members of 
the AgriDiverCluster, but also of the relations with its external factors. At this point the shot analysis 
played a decisive role. The application of SWOT analysis assists the strategic planning process [10], 
describes the existing situation and examines the advantages and weaknesses concerning the cluster as 
well as the opportunities and threats that exist and reflect factors of its external environment. [11,12]. 

Therefore, the SWOT analysis (table 1) approach is intended to: 
• determine the comparative advantages/Strengths that distinguish AgriDiverCluster and 

highlight the strategies that must be taken to secure it. 
• identify any Weaknesses recorded in existing cluster and address their causes  
• investigate the Opportunities that are expected to arise for the members and 
• highlight the Threats that are expected to occur and to take appropriate measures for future 

consequences. 
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Table 1 
Strengths, Weaknesses, Opportunities and Threats of AgriDiverCluster 

Strengths Weaknesses 
1. Strong cooperation between the wider public 
sector, research organizations and enterprises 
2. Special interest and resources from IPBGR for 
the establishment of the cluster 
3. IPGRB plays the role of facilitator and it is an 
important link for its members 
4. Intense and sustained interest from someone 
members to establish the cluster 
5. Participation of a relatively large number of 
businesses in the sector, originating from 
different size and places in the value chain 
6. Geographical dispersion of members 
7. Acts as an intermediary agent for 
collaborations with other clusters in Greece and 
the EU 
8. Importance of Greek biodiversity, as a link of 
potential members 
9. Biodiversity and research on it 
10. Growing trends in local cultivation varieties 
11. Rise in the production of innovators natural 
products 
12. Need for modernization and alignment with 
European and international practices of 
partnerships for benefit entrepreneurship 

1. Lack of time of the involved people and 
members for the cluster 
2. Differences in member sizes – enterprises 
3. Decreased interest from some enterprises 
4. Lack of human resources by some initial 
members for active participation in cluster 
5. Business culture of non-cooperation and 
consequently absence of experiences from 
respective collaborations 
6. Limited financial possibilities of very small 
enterprises - members 

Opportunities Threats 
1. Cooperation between enterprises and 
institutes  
2. Possibilities and context of cooperation with 
others Greek, European or international clusters 
3. Access to European funding programs 
4. Increase funding for initiatives cluster in the 
new period 2021-2027 
5. Modern trends in nutrition 
6. Business networking with other value chains 
(e.g. tourism) 
7. The objectives of the new CAP and the 
European Green Agreement, which are aligned 
with AgriDiverCluster 
8. The EU Biodiversity Strategy 
9. Possibility of institutional intervention in 
national and also European level 
10. Increasing research initiatives in European 
and world level 

1. Gradual withdrawal of members due to 
reduced interest, or opportunistic treatment 
2. Inability to find common ground and vision, or 
potential membership conflicts 
3. Failure to build relationships and trust issues 
between members 
4. Failure to achieve partnership 
5. Little availability of opportunities funding in 
the initial phase 
6. Financial distress of members, particular in 
very small enterprises 
7. Ensuring the equal participation of members 
8. Possible changes in the political agenda 
9. Incomplete National Policies for biodiversity 
10. Bureaucratic cluster establishment 
procedures 
11. Extension of the covid19 pandemic 
12. Uncertain economic environment 
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4. Conclusion 

Significant development prospects for the production of Greek natural products with identity and 
possibilities of authentication still remain unused, while at research level is achievable. This gap comes 
to be covered, in part, by the creation of the innovation collaboration system AgriDiverCluster. The 
cluster brings together, for the first time, enterprises and their representatives from Greece to exchange 
experiences and collaborate on issues related to biodiversity and plant genetic resources. The specific -
study made to record the initial process for the creation of an innovation collaboration system, using as 
a first step the SWOT analysis. The SWOT analysis - provided the material for the members to drew 
and to better understand the level of cooperation and mutual assistance, both among themselves and 
with other carriers and clusters.  
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Summary 1 
During the processing of cultivated aromatic medicinal plants for their commercial use, a great 
number of inferior b’-quality products and by-products is obtained, which although until now 
are treated as "waste", they are rich in bioactive natural products with beneficial properties on 
human health. After a bibliographical research about the uses, the biological properties and the 
chemical content of plant species with significant amount of by-products, a number of herbs 
was further investigated for the development of beverages with slimming and relaxing activity 
and for the stimulation of immune system. The selected species for their slimming properties 
were Camellia sinensis and Aloysia citrodora and for their relaxing properties Tilia cordata, 
Matricaria recutita, Melissa officinalis and Passiflora incarnata. Also, for the stimulation of 
immune system, Origanum dictamnus, Sideritis sp., Cistus creticus and Echinacea purpurea 
were chosen. Techniques of infusion and water decoction were used for the preparation of 
extracts, in different proportions of mixing plant materials and solvent, for the three beverage 
categories. The methanolic extracts were, also, prepared in order to characterize the quality of 
the raw materials and to correlate their composition with the properties of the final products. 
All the extracts derived from infusion and water decoction were evaluated for their chemical 
profile (HPTLC technique), antioxidant capacity (DPPH free radical scavenging method) and 
their total phenolic content (Folin–Ciocalteu method). Then, the different mixtures were 
evaluated for their organoleptic characteristics (smell, taste, colour) for the selection of the 
final plant materials to be used for the development of the final beverages. The technique of 
infusion was selected, compared with water decoction, as the most suitable for the preparation 
of all the final beverages. After tests for the improvement of taste and smell, the composition 
of the final products was as follows: The beverage with slimming activity is a mixture of 
Camellia sinensis and Aloysia citrodora (1:1) with the addition of maltodextrin in specific 
quantity, the beverage with relaxing properties is a mixture of Tilia cordata, Matricaria 
recutita, Melissa officinalis, Passiflora incarnata (1:1:1:1) and the beverage for the stimulation 
of immune system is a mixture of Sideritis sp., Origanum dictamnus, Cistus creticus, 
Echinacea purpurea (1.5:0.5:1:1). Hence, the preparation of the three beverages through the 
utilization of plant material by-products, that are not commercially accepted, highlighted to 
develop novel products with benefits for human health and economic value can through the 
exploitation of aromatic medicinal plants by-products.  
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Abstract  
The structural problems of the Greek forest sector cannot be resolved quickly, but require rather 
a thorough reassessment of policies, a more wide-ranging vision, and the inclusion of new 
parties, such as the energy industry based on bio-economy, in the policy planning process. The 
forest sector in Evia is characterized by problems that concern almost the whole country 
regarding main harvests and forest exploitation. As was expected, these forests are directly 
related to the local economy and the national economy in general. These problems became 
greater, after the large wildfire in August of 2021. In several local communities, the percentage 
of their area that has been burned exceeds 80% and reaches up to 100%. This study summarizes 
a development-oriented SWOT model and some representative policy actions aiming to the 
socio-economic development of the area, beneficiary for the forest ecosystems and the local 
communities as well.    
 
Keywords  1 
Evia, wildfires, forest sector, SWOT, forest policy  

1. Introduction 

Vertical axis 1 of the National Forest Strategy No. 170195/758 1 [1], included in the Greek Forestry 
Strategic Development Plan 2018–2038 for forests, is focused on the national forest economy, 
characterizing it as a pillar of the country’s future development and outlining objectives and actions for 
achieving this role. The economic importance of forests and the opportunities provided for income 
creation are emphasized. Reference is made to timber and the chain of businesses that may be associated 
with it, as well as to the importance of non-timber products and ecosystem services. In addition, it is 
underlined that most non-wood products (resin, mushrooms, honey, aromatic and medicinal plants, etc.) 
are produced through an outdated institutional framework that does not promote their systematic 
exploitation and integration into relevant product markets. Nevertheless, during the last decades, the 
investment in forest production in Greece appears to be a side issue with decision makers showing no 
intention to change this shortcoming [2]. The literature also notes that, at a national level, much of the 
existing industrial wood processing capacity is not currently fully utilized. Increased domestic 
production of all categories of products and effective marketing would gradually reduce imports and 
the trade deficit [3]. At the same time, there is a tendency for occurrence of large wildfires, and 
devastating fire seasons every few years. Forest fire disasters, like the one in Northern Evia in August 
2021, should ring a bell pointing to the need for the development of a comprehensive, science guided 
national strategy, for tackling this problem. Xanthopoulos et al. [4] summarize very effectively the 
related literature and conclude that such large fires do not only have devastating effects on vegetation, 
soil erosion, flooding [5], water quality [6], carbon sequestration [7], etc. but they also upset the 
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economy, function, and psychology of local societies [8,9]. The implementation of the directions given 
by the National Forest Strategy as well as their specialization for the region of Northern Evia after the 
mega wildfire of summer 2021, is the only way forward. 

2. Forest Sector and Resin Production in Evia Island 
2.1. The Forest Sector 

The forest sector in Evia is characterized by the problems that the sector faces over most of the 
country and concerns the main harvests in productive forests. These forests are directly related to the 
local economy and the national economy in general. Regional development is not successful without 
considering the contribution of forest-dependent communities and the domestic development of forest 
ecosystems. These ecosystems should offer employment and a stable income in semi-mountainous and 
mountainous areas while offering ecosystem services to society. Sustainable forest management ensures 
forests’ vitality and durability, but also contributes to regional development. Across the prefecture of 
Evia, before the fire, forests covered about 26% of the surface, with a public to non-public ratio of 
approximately 2:8. Industrial forests (those that produce marketable wood products other than 
firewood), accounted for 31.4% of that area [10]. In addition, the prefecture of Evia was covered by the 
largest area of mainly Aleppo pine (Pinus halepensis) and secondarily Brutia pine (Pinus brutia) 
(15.74%) of all the prefectures of the country, most of which were industrial forests. Specifically, for 
Aleppo pine forest, before the 2021 fire it occupied an area of 85,145 ha in Evia, representing ~ 74% 
of the total forest cover of the island, growing in excellent environmental conditions for the species [11, 
12]. 

 
Figure 1: Forest burnt area in the line of olive trees, near the area of Limni. (Source: author’s personal 
archive)  

 
The same inventory [10] estimated a total volume of industrial timber for the forest department of 

Limni of 874.370 m3, of which 825.874 m3 were conifers and 48.496 m3 were broadleaves. Respectively 
for the Istiaia area, the estimated total volume was 532.613 m3, with 365.864 m3 of conifers and 166.749 
m3 of broadleaves. In addition to Aleppo pine, the production was always supported by black pine, oak, 
and fir, forest species where the destruction in 2021 was relatively limited. Given the changes in land 
use since the last inventory and the mega-fire of the summer of 2021, these figures are given with 
reservations but can describe the situation regarding the extent of forest ecosystems and their 
importance in the forest sector before and after the disaster.  

Of the total burned area of 37.939 ha of forest that burned during the summer of 2021, 23.289 ha of 
burned forest area were located within the Municipality of Limni-Mantoudi-Agia Anna (61.39%) and 
14.650 ha were located in the Municipality of Istiaia-Edipsos (38.61%). However, the percentage of 
burned forest area varied a lot between the local communities. In the Municipality of Istiaia-Edipsos in 
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the communities of Istiaia and Kamaria, less than 1% of the total forest area burned, while at the other 
extreme in the communities of Kokkinomilea and Agdines 100% of the forest burned. Similarly, in the 
Municipality of Limni-Mantoudi-Agia Anna, whereas 6.1% of the forest burned in the community of 
Dafnoussa and 13.9% at Metochi Kireos, the communities of Amelantes, Kerameia, Kerasia and 
Kourkouloi, lost 100% of their forest [13]. The forest that has been spared from this disaster, and where 
forest production is possible, must be considered as a precious source of economic recovery, important 
for the entire northern part of the island, at least until the regeneration of the new forest. However, as 
in several local communities, the percentage of their forest area that has been burned exceeds 80% and 
reaches up to 100%, cooperation between all the communities in terms of employment, common 
interest, establishment of economic relations, and working together to restore the local economy is key 
to future development. 

2.2. Resin Production 

Northern Evia’s economy was largely based on small-scale farming of animals, honey, olives, and 
resin from the Aleppo pines. Resin production brought 5.5 million euros each year to north and central 
Evia and was a traditional branch of the economy. The ‘resin collectors’ are a professional group with 
less than 2.000 members across the country, most of them doing business in Evia and more specifically, 
in Northern Evia.  

Competition with other countries that produce chemical resin (mainly China) as well as modern 
social and economic conditions have decimated the industry and reduced production (Figure 2). 

 

 
Figure 2: Resin production in Greece during the last decades, Source: [14] 

3. Forest Policy and Fires 

The magnitude of forest fires in 2021 must trigger important changes in national forest policy, with 
emergency implementation in Evia. These changes must have a clear and definitive future orientation. 
Pushed in different directions by different interest groups and by different visions of the role of forests 
in Northern Evia development, policymakers must move forward after evaluation of the proposed 
measures. This evaluation can provide a stable strategy: more detailed, tested, and more effective. The 
first feedback concerning important and urgent actions mainly for soil protection (Figure 3) and 
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harvesting of the burned timber, took place quickly and in a logical framework, in terms of time and 
bureaucracy. 

 
Figure 3: Soil protection and flood prevention structures in Limni. (Source: author’s personal archive)  

 
Bivolarski [15]  reported that the usual economic consequences of the wildfires include loss of wood, 

reduction of land productivity, deterioration of growing conditions, considerable decrease in financial 
income of the local population, other social consequences, negative impact on the micro-climate and 
economic conditions, decrease in the tourist business, limited work opportunities and impoverishment 
of people, migration of people from the burned regions, and other additional investment for curbing 
harmful consequences. Martinho [16] reported that the creation of a common forest policy 
interconnected with a common agricultural policy, incorporating innovation and entrepreneurship 
strategies, could be an interesting approach. Considering the dimensions of the consequences of forest 
fires, the related policies must reconsider the relevance given to the socio-economic impact on the 
agroforestry sector in total. At the national level, it is reported that Greek government agencies in charge 
of post-fire rehabilitation seem to have difficulties in incorporating diverging information on the area 
burned and the consequences of fire location and severity, such that a low consequence event with a 
high burned area is given equal consideration in post-fire governance as a smaller fire with high levels 
of impact [17]. If land management agencies could reliably assess what really happened during fire 
propagation, and predict short-term post-fire conditions, they could rank and prioritize post-wildfire 
mitigation investments. Governmental programs for fire management must include components for fire 
prevention, detection, fuels management, suppression, and post-fire site rehabilitation. Holmes et al. 
[18] reported that the dependency of wildfires on available fuels provides the rationale for management 
strategies such as prescribed fire and mechanical fuel reduction, which are applied to reduce wildfire 
spread and intensity. Funding wildfire suppression with huge emergency funds provides little incentive 
for cost containment. The attention to prevention is underlined by the literature. Tedim et al. [19] 
concluded that the inability of firefighting mechanisms to control large fires usually leads to efforts 
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aimed at increasing these threshold levels, through better organization, faster response, more resources, 
and adoption of technological advances, alas at an ever-increasing suppression cost.  

4. Suggested Targets and Representative Actions 

The main forestry target, at the national level, is to improve the quality of life of the urban population 
and preserve the environment through the sustainable exploitation of forest resources, with an ambitious 
projected contribution of 1% to the national GDP (National Forest Strategy, 2018–2038), taking 
advantage of all the strengths and opportunities of the forest area. A development-oriented SWOT 
model must be adapted and implemented (Figure 4). Overcoming significant constraints, the Greek 
forest sector must be developed in all sub-sectors. The production of forest products (wood and non-
wood) but also services must be improved. The suggested targets and representative actions are 
presented in Table 1[20]. Targets like the strengthening of forest exploitation (and not only their 
protection), the active participation of the local population, the focus on small and medium-sized 
forestry, and the promotion of the natural benefits of forest resources in some areas such as Northern 
Evia, are presented. 

 
 

Figure 4: A development-oriented SWOT model 
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Table 1 
The revised forest policy in Evia, aiming at economic development*.    

Scope Representative actions 
 
 
 
From traditional protection to 
higher exploitation 

- Limit the storage of forest natural capital 
- Pay more attention to alternative opportunities for exploitation 
- Increase logging activities based on SFM  
- Adopting or creating a national certification scheme 
- Fund industrial plantations where is possible 
- Ensure stable prices and quantities of raw material from the 

national forest resources for long term periods based on 
management plans 

- Focusing on prevention of illegal logging 
Valorization of the forest 
resources in the area of 
northern Evia. 

- Collection of specific data regarding timber and non-timber 
products value and other ecosystem services. 

- Production of Forest Inventory with priority, to provide a survey 
of the location, composition, and distribution of the forest 
resource and their relative amounts over a given area. 

Enhance the role of the local 
population in the marketing of 
forests products and services 

- Awareness of local populations  
- Promote the new opportunities for investments 
- Motivation 
- Regional forest programs 
- Subsidies increase 

The potential for income and 
employment in rural areas 
from recreation activities 
should increase 

- More attention to alternative tourism 
- Awareness of local populations 
- Motivation 

Potential for high benefits 
from NWFP and services 

- Investments 
- Mushrooms, chestnut, honey, resin, and truffles are among the 

most important NWFPs in the Mediterranean region [21]. 
Regional forest programs for the industrial production of 
turpentine and rosin and the exploitation of wild forest fruits 
and nuts (mainly from chestnut, but also from oak), aromatic 
and medicinal plants, leaf soil, etc. 

- Subsidies increase 
Development of export 
markets 

- Investments in innovative technology and education 
- Investments in infrastructures (to reduce transportation costs, 

develop communications, etc.) 
- Labor continuing training 
- Follow EU specifications for forest products 
- More competitive forest products (i.e. bio-based products) 

Creation of employment from 
small and medium scale 
forestry business 

- Attract new investors 

Promotion of the advantages 
of a region in the production 
of a particular product (resin 
etc.). 

- Investments in specific sub-sectors mean different technology 
and market behavior 

Well informed investors, 
industry owners, policy and 
decision-maker 

 - Adoption of good practices from abroad 
 

*Adapted from Koulelis (2019) 
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5. Conclusions 

There is very little information available about the socioeconomic impact that natural disasters have 
on our communities as a whole. However, there is a previous experience in the prefecture of Ilia, in 
Peloponnese, in 2007 where nearly 2/3 of the area burned. Without a serious and well-coordinated 
rehabilitation and reconstruction effort, the local communities did not recover completely and the area 
suffered loss of income and ultimately of population [22]. The questions about what went wrong and 
what policies could prevent disturbances like large fires in forest ecosystems continuously arise. In all 
the questions, maybe one possible answer could be the implementation of sustainable forest 
management (SFM). SFM with all its structural elements included establishes the forest production, 
ensures the avoidance of the creation of mega-fires, and finally, contributes to the substitution for fossil-
based raw materials and carbon storage. The suggested targets and actions of this study emerged from 
SFM and are connected with the reconsideration of forest policy, firstly at local level and then, 
nationally. These targets could lead to socio-economic development, beneficiary for the forest and also 
for society. 
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Abstract 
Precipitation spatio-temporal changes can have an important impact on natural ecosystems. In 
this study, we assess the annual precipitation spatial distribution along with its changes along 
two climatic periods (1955-1984 and 1985-2018) in Nestos River (N. Greece), an area that 
hosts a variety of ecologically important habitats. The annual data were obtained from nine 
long operating stations. For the analysis, the Mann-Kendall and the Sen’s slope methods were 
applied to detect the trends, evaluate their significance and estimate the changing rates of 
precipitation. Results indicate a high spatial variability of precipitation in the sub-basin with 
higher and increasing values during the latest years compared to the past for the mountainous 
(northern) part of the basin, whereas the coastal and altitudinal lower (southern) part receive 
less precipitation. In the coastal zone, a shift in precipitation is identified from west to east, 
with the eastern coastal zone to become more and more rapidly dry compared to the past. This 
is critical for the conservation of the valuable but vulnerable priority habitats in the coastal 
zone, considering their high water requirements. 
 
Keywords 1 
Precipitation trends, Nestos River, Mann-Kendall test, Sen slopes 

1. Introduction 

Precipitation trends on a global level present high spatial and temporal variability [1]. Today, North 
Europe is more humid and the Mediterranean more arid compared to the past, whereas eastern 
Mediterranean regions are anticipated to face even more arid conditions in terms of reduced 
precipitation within the next years [2]. The precipitation trends in the Mediterranean basin appear to be 
generally negative with higher decreasing rates of about -10% in its eastern areas and less intense in the 
western part of the basin [3], however this general pattern is characterized by high spatial variability [1, 
4-8]. Such changes are expected to have serious ecological impacts considering that the Mediterranean 
basin is characterized as both a biodiversity and a climate change hotspot [9, 10]. A reduction in 
precipitation may impose significant changes in net productivity and plants growth dynamics affecting 
highly the natural rain-fed ecosystems [11, 12]. In addition, long-term monitoring may portray the 
potential of trees’ recovery in case of climatic vagaries [13]. 
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In Greece, recent climate is more arid compared to the past [14, 15]. Proutsos et al. [16] assessed 
precipitation trends by analyzing data of the period 1951-2006 obtained from 32 gauged stations in 
Greece and found significant decreasing annual trends, in most cases, with an average changing rate of 
–3.7 mm/y, with high seasonal and spatial variability. The precipitation trends are generally negative 
and more intense in the islands [17, 18], whereas in the continental areas are less intense and even 
become positive during the last years [19]. In N. Greece, Stefanidis and Alexandridis [20], detected 
decreasing but insignificant precipitation trends for Pertouli, whereas positive trends were found in 
Taxiarchis forest sites. Proutsos et al. [21] also studied the precipitation trends in the coastal area of 
Nestos Delta (N. Greece) and found statistically significant decreasing trends mainly at lower altitudes, 
and increasing higher.  

The present study is based on the study of Proutsos et al. [21] focused on the identification of 
precipitation trends in Nestos Delta for the period 1956-2017, which was based on precipitation data 
from five meteorological stations. In this study, we have expanded the analysis by assessing annual 
precipitation time series from nine rain gauge stations inside and nearby Nestos’ River Greek sub-basin 
and we performed the analysis separately for two climatic periods (1956-1984 and 1985-2017) in order 
to identify and evaluate the different changing spatial patterns of the annual precipitation during the 
latest climatic period compared to the respective changes in the previous one. 

2. Study Area, Data and Methods 

Nestos (Mesta) is transnational river, with its sources in southern Bulgaria (Rila mountains). It flows 
about 126 km in Bulgaria and about 130 km in Greece, whereas the total catchment area is 5,613 km² 
[22]. The Greek part of the basin (Figure 1) hosts a variety of crops, and also natural ecosystems with 
high ecological interest. Forested parts of the basin are strictly protected as Natura 2000 sites, with most 
significant the fan-shaped Nestos Delta [23], which extends to an area of about 23,000 ha. The Delta is 
considered one of the most important wetlands of Greece, due to its size and the variety of habitats (28 
types) located inside the protected area [24], among which three of them are characterized as of high 
priority: 1150* (coastal lagoons), 3170* (Mediterranean temporary ponds) and 91E0* (Alluvial forests 
with Alnus glutinosa and Fraxinus excelsior). More information about the site can be found in Proutsos 
et al. [25]. 

 

 
Figure 1: Aspect of Nestos River in N. Greece. 

 



 458 

The climate in the broader area is humid according to UNEP’s [26] climate zone aridity classification 
system based on Thronthwaite’s [27] aridity index AI [14, 15], whereas precipitation changes have been 
occurred during the last 50 years with decreases in the coastal zone and increases in the mountainous 
area [21], indicating that in the coastal zone, the natural vegetation, is anticipated to be more vulnerable 
in case of climatic vagaries in the future. 

For this study, annual precipitation data series of nine gauged stations were used (Figure 2, Table 
1). The analysis was performed for two distinct climatic periods: 1955-1984 (1st climatic period) and 
1985-2017 (2nd climatic period) on an annual time step. For each data series the Mann-Kendall test [28, 
29] was applied to detect the trend and identify the level of significance. The Mann-Kendall test is a 
non-parametric method, widely used in trend analysis of hydroclimatic data [16, 30-35] and is 
considered as a reliable tool in identifying monotonic linear and non-linear trends in non-normal 
datasets [36]. The trends slopes (Q) were estimated by the Sen’s method [37], accepting the existence 
of linearity in the dataset [38, 39]. For the calculations the MAKESENS 1.0 software was employed 
[40], whereas the spatial patterns were developed by using the Kriging’s technique [41]. 

 

 
 

Figure 2: Map of the Nestos River sub-basin in Greece, indicating also the positions of the rain gauged 
stations. 

 
Table 1 
Meteorological stations 
Code Site name Longitude Latitude Altitude 

(m) 
Operating period Owner 

CHR Chrysoupoli 24.60°E 40.93°N 60 1985-2017 (n=33) HNMS 
KAV-A Kavala (Amygdaleonas) 24.38°E 40.93°N 60 1956-1984 (n=29) HNMS 
KAV-C Kavala (city) 24.41°E 40.94°N 5 1986-2004 (n=19) HNMS 
MES Mesochori 24.47°E 41.27°N 120 1963-2018 (n=56) DEH 
PAP Papades 24.21°N 41.35°N 830 1963-1990 (n=28) DEH 
PRA Prasinada 24.55°E 41.35°N 660 1962-2018 (n=57) DEH 
SID Sidironero 24.23°E  41.37°N 570 1963-2018 (n=56) DEH 
TEM Temenos 24.47°N 41.29°N 920 1963-1990 (n=28) DEH 
XAN Xanthi 24.88°E  41.13°N 83 1955-2011 (n=57) HNMS 
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3. Results and Discussion 

The spatial distribution of the annual precipitation based on the meteorological data of seven stations 
for the 1st climatic period (1955-1984) in comparison with the respective pattern for the 2nd climatic 
period (1985-2018) derived from data by 6 meteorological stations are depicted in Figure 3. The pattern 
for the 1st climatic period indicates that in Nestos basin, precipitation presents annual values varying 
from 580.1 mm in KAV-A station to 1533.5mm in XAN. The values were lower at the upper and 
altitudinal higher part of the sub-basin, whereas, at the Delta (lower part) the magnitudes were much 
higher. For the 2nd climatic period, the spatial pattern differentiated. The mountainous areas, located 
in its upper (northern) part of the basin, received more precipitation compared to the past, while the 
lower (southern) part appears to have more dry conditions. This is very important, considering that the 
priority habitats 3170* and 91E0*, that are hosted at the lower part of the basin, require high water 
availability to be preserved. This precipitation variability and its change to more arid conditions in the 
Delta will probably affect the vegetation distribution in the area and increase the vulnerability of the 
priority habitats. Ιt appears that the habitat 3170* (temporary ponds) is no longer present at the western 
lower part of the sub-basin. In a recent recording, we found only one new temporary pond at the eastern 
part of the Delta and in an altitudinal higher location. This pattern indicates that the recent precipitation 
distribution in the basin, in association with the operation of the dams in Thysavros and Platanovrisi 
(located near the MES station), has changed the vegetation pattern especially for the high risk habitats 
with increased water requirements. 

 

 
Figure 3: Spatial pattern of the annual precipitation in Nestos sub-basin in N. Greece for the two 
climatic periods (1955-1984 and 1985-2018). Black dots indicate the positions of the meteorological 
stations used for the spatial interpolation. 

 
It should be noted, however, that during the recent climatic period, precipitation has increased in 

magnitude at the upper and altitudinal higher parts of the basin, indicating that the local vegetation will 
face more favorable conditions for its development compared to the past. These results are in line with 
the findings by Proutsos et al. [21], who also address issues for the viability of the habitats at the lower 
eastern part of the Delta in Nestos. 

Apart from the absolute magnitudes of precipitation, extremely important is to investigate its 
changing rates during the two time periods. Proutsos et al. [21] analyzed data of the period 1956-2017 
from five meteorological stations and identified a general increasing but highly variable trend in annual 
precipitation for the basin, with changing rates varying from -9.29 mm/y in KAV stations to +5.9 mm/y 
in SID, whereas the negative trends were detected at the lower part of the basin. In the present study, 
the changing rates differ between the two climatic periods. During the 1st climatic period the 
precipitation trends for most stations are not significant (Figure 4). However, at the eastern lower part 
of the basin, XAN station presented positive and very strong (a= 0.001) trend, while at the altitudinal 
higher and northern station SID a strong (a=0.05) negative trend was detected. Positive but not 
significant trends were detected for two stations (MES and KAV-A), whereas PAP, TEM and PRA had 
negative but also not significant trends. This pattern has changed during the 2nd climatic period when 
all stations except KAV-C presented positive trends. Specifically, MES, SID and CHR stations had 
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increasing and significant (a=0.05) annual trends, whereas XAN presented also a positive but not 
significant trend. The only station with decreasing precipitation was KAV-C. This trend is very strong 
(a=0.001) indicating a rapidly changing climate to drier conditions in the southern coastal part of the 
basin. In this period the climate in the mountainous part became more favorable for the development of 
natural vegetation compared to the past, but at the lower part of the basin, vegetation deals with more 
dry conditions, that is rapidly changing the recent years.  

 

 
Figure 4: Spatial pattern of the annual precipitation trends in Nestos sub-basin (N. Greece) for the two 
recent climatic periods (1955-1984 and 1985-2018). The triangles indicate the positions of the 
meteorological stations with upward-facing for positive and downward-facing for negative trends. 
Grey color indicated the not significant trends, whereas blue and red arrows show the positive and 
negative significant trends, respectively. 

4. Conclusions 

The precipitation patterns in the Hellenic part of Nestos’ basin is characterized by high spatial and 
temporal variability. The northern and mountainous basin parts receive increased precipitation 
compared to the past and these rates are significantly increasing during the last climatic period. At the 
lower (coastal) and southern part of the basin, where habitats of high ecological value are located, 
precipitation appears to have decreased, while in the latest climatic period the decreasing rates, mainly 
at the lower western part of the basin are more rapid and strong. The habitats in the Delta are highly 
vulnerable and are expected to be highly affected by the climate variability in the future, due to the 
diminished annual precipitation and the rapidly changing climate to more arid conditions. To further 
investigate the possible impacts of the changing climate on the natural vegetation conservation in the 
region, continuous climate monitoring is necessary. It is also needed to investigate the temperature and 
evapotranspiration patterns in order to have more reliable conclusions. The operation of the dams should 
also be evaluated. In future work, a drought assessment and an analysis of the changes in the seasonal 
and monthly precipitation patterns are necessary to enhance our knowledge for the region, in terms of 
the possible future risks for the highly sensitive and extremely important, for its ecological value, 
natural ecosystem of Nestos. 
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Abstract 
The urban environment is characterized by unique climatic characteristics that can highly affect 
the growth and survival of vegetation. This is critical for cities located in the Mediterranean 
basin, as it is considered a climate change hot-spot with frequent and long lasting drought 
episodes. In this work, a drought assessment was performed for the city of Heraklion, by 
investigating the values of four drought indices (SPI, RDI, aSPI and eRDI) for the period 1955-
2022. The results confirm the good performance of all examined indices to detect extreme and 
severe droughts, however there were differences for the identification of moderate droughts. 
In 2015-2016 the most severe drought in the city occurred, whereas a significant decreasing 
trend in the indices values was identified for the dry semester of the year, implying that more 
frequent and severe droughts are expected to occur in the future, with severe impacts on urban 
green infrastructures and on the local urban climate dynamics. 
 
Keywords 1 
Drought, SPI, RDI, SDI, aSPI, eRDI, trends, urban environment, Greece, LIFE GrIn project 

1. Introduction 

Drought is a major risk for the Mediterranean basin, highly affecting plant growth [1]. This is critical 
considering the ecological importance of the basin [2] in association with the highly variable 
Mediterranean climate, the high risk introduced by climate change and the low adaptive capacity of 
many Mediterranean areas especially at the eastern part of the basin [3-6]. 

The climate in Greece is characterized by frequent droughts and is constantly changing to more arid 
conditions especially in the coastal areas and in the islands [7, 8]. Mountainous sites are also affected, 
but on a smaller degree, by warming temperatures, increased evapotranspiration and reduced 
precipitation especially in the southern parts of the country [9-15]. These unfavorable, changes, for the 
natural vegetation, are accompanied by long lasting droughts in many Greek regions [16]. 

The island of Crete and more specifically Herakion city, is located in the Aegean Sea and is the 
southernmost region of Europe. The regional climate is rapidly changing to sub-arid especially during 
the recent decade [13, 17, 18]. This transition will most likely lead to changes of the local vegetation 
types and dynamics, highly affecting the island’s enhanced biodiversity, variety of habitats and presence 
of endemic species. The continuous monitoring of the local climate and the evaluation of the possible 
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risks is necessary in order to adopt measures to protect the natural ecosystems and to preserve the urban 
green infrastructures.  

Drought is mainly a meteorological phenomenon which is usually approached by specific indices. 
The most commonly used index is the Standardised Precipitation Index (SPI) proposed by McKee et 
al. [19]. In recent years a great variety of new indices has been proposed in drought assessment research, 
including, among others, the widely used Reconnaissance Drought Index (RDI) [20]. The need to 
investigate many different drought indices depends on the objectives of each scientific study. This 
imposes a need for modifying original indices in order to approach specific scientific issues. In this 
context, SPI and RDI have been repeatedly modified. The agricultural Standardised Precipitation Index 
(aSPI) [21] and the effective Reconnaissance Drought Index (eRDI) were recently proposed as more 
appropriate indices to investigate agricultural drought [1, 22]. In both cases, the modified indices are 
based on the effective part of precipitation that can be used by plants instead of its total sum. 

This work aims to assess the drought episodes that occurred in Heraklion during the time period 
1955-2021 by applying the SPI, aSPI, RDI and eRDI indices on different timesteps. Also, a trend 
analysis is performed to detect and quantify the trends' significance and magnitudes. 

2. Materials and Methods 

Heraklion city is located in Crete (S. Greece) and is characterized by its Mediterranean climate. 
According to Proutsos et al. [7], the climate in Heraklion is sub-humid based on UNEP's [23] aridity 
classification system, with aridity index (AI) 0.51 for the period 1955-2017, estimated by 
Thornthwaite's [24] water balance approach. Tsiros et al. [8] reported that the city’s climate changed to 
more arid during the last century (AI values: 0.56 in 1900-1930, 0.54 in 1930-1960 and 0.52 in 1960-
1997). The increasing aridity is occurring rapidly during the recent decade (2010s), indicating that the 
region is at the edge of the threshold to switch aridity zone from sub-humid to semi-arid [17]. Similarly, 
Proutsos et al. [13, 18] reported significant increasing trends in temperatureduring1955-2017 especially 
in summer and autumn, whereas the increase was more rapid in the recent years.  

For this study, long-term dataseries (1955-2022) of monthly temperature and precipitation data were 
used. The data for the period 1955-2017were obtained by the meteorological station (ID: 16754, 35.34o 
N, 25.18o E, 39m a.s.l.) of the Hellenic National Meteorological Service, whereas recent data (2019-
2021) were recorded by the near (35.31o N, 25.14o E) station of the Hellenic Organization “Demeter”, 
established for the implementation of the LIFE-GrIn project. 

The drought assessment was performed by employing four indices: a) SPI which requires 
precipitation data [19], b) aSPI, an agriculture-oriented index that requires effective precipitation data 
[21], c) RDI based on evapotranspiration and precipitation data [20] and d) eRDI based on 
evapotranspiration and effective precipitation data [22]. All indices were estimated for three timesteps: 
a) annual-hydrological year (12-month Oct.-Sep.), b) wet semester (6-month Oct.-Mar.) and c) dry 
semester (6-month Apr.-Sep.).  

For the calculation of the drought indices, the DrinC software was used [25]. Effective precipitation 
was estimated with the empirical formula of Brouwer and Heibloem [26], suggested by FAO and 
potential evapotranspiration was computed by the Hargreaves-Samani method [27, 28], which gives 
reliable estimates [29, 30]. For the trends’ detection and significance evaluation at different confidence 
levels the non-parametric Mann-Kendall test [31, 32] was applied, whereas the trends’ magnitudes were 
determined by the Sen’s slope method [33]. 

3. Results and Discussion 

The results of the drought indices in the 12-month (Oct.-Sep.) timestep (Figure 1) reveal that all four 
indices behaved similarly in predicting the drought episodes. SPI, aSPI, RDI and eRDI 12-month values 
for Heraklion, indicate that 2015-2016 was the only year of extremely drought, since all indices values 
exceeded -2.00 (SPI=-2.9, aSPI=-3.2, RDI=-3.0 and eRDI=-3.3). The 12-month time series analysis 
also indicates three years (1958-1959, 1969-1970 and 1992-1993) of severe drought, detected by all 
indices. The above pattern confirms the good performance of the investigated drought indices to identify 
extreme and severe drought episodes on a 12-month timestep. 
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Figure 1: SPI, aSPI, RDI and eRDI drought indices values on a 12-month (October to September) 
timesep for the time-period 1955-2022 in Heraklion city. 

 
The detection of moderate droughts appears to be less efficient and dependent on the drought index 

each time applied. Based on SPI 12-month values, seven years of moderate drought are recorded (1973-
1974, 1982-1983, 1988-1989, 1993-1994, 1997-1998, 2008-2009 and 2012-2013), whereas six were 
detected either by the aSPI (1970-1971, 1973-1974, 1985-1986, 1989-1990, 1997-1998 and 2008-
2009), RDI (1973-1974, 1989-1990, 1993-1994, 1997-1998, 1999-2000 and 2012-2013) or the eRDI 
(1971-1972, 1973-1974, 1989-1990, 1997-1998, 2008-2009 and 2012-2013).  

In summary and based on the results of all indices twelve years were identified as years of moderate 
drought: 1970-1971, 1971-1972, 1973-1974, 1982-1983, 1985-1986, 1988-1989, 1989-1990, 1993-
1994, 1997-1998, 1999-2000, 2008-2009and 2012-2013. However, only two of them (1973-1974 and 
1997-1998) were detected by all four indices, three years by three indices (1989-1990 by aSPI, RDI, 
eRDI, 2008-2009 by SPI, aSPI, eRDI and 2012-2013 by SPI, RDI, eRDI), only one year by two indices 
(1993-1994 by SPI, RDI) and six by only one index (1970-1971 by aSPI, 1971-1972 by eRDI, 1982-
1983 by SPI, 1985-1986 by aSPI, 1988-1989 by SPI and 1999-2000 by RDI). In all cases it appears that 
specific years can be considered as years of moderate drought for natural vegetation or agricultural 
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production as indicated by the agriculture-oriented indices that incorporate the effect of the effective 
part of precipitation either uniquely (aSPI) or in association with the potential evapotranspiration 
(eRDI).  

The six-month drought assessment for the wettest semester (Oct.-Mar.) indicates similar results with 
the 12-month timestep (Figure 2). This is rather expected for the Mediterranean climate of the region, 
since the main part of precipitation occurs during this period. Regardless of the drought index the 2015-
2016 wet semester was extremely dry. 

 

 
Figure 2: SPI, aSPI, RDI and eRDI drought indices values on a 6-month (October to March) timesep for 
the time-period 1955-2022 in Heraklion city. 

 
There are, however, differences between the indices for other years. The 1992-1993 wet semester is 

also identified as extremely dry by the RDI but of severe drought (one class of order lower) by all other 
indices. In addition, agriculture-oriented aSPI and eRDI indices detected the extreme drought episode 
during the 1969-1970 wet period, when the original SPI and RDI detected extreme drought. It should 
be noted, however, that during the wet period all indices appear to perform well, since there are not 
differences higher than one class of order between years. Considering the values of all indices, the wet 
semester in 2015-2016 was historically the driest for Heraklion. Wet periods in 1992-1993 and 1969-
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1970 were also extremely dry and in 1958-1959 severely dry. In addition, in nine years moderate 
drought wet periods were detected: 1970-1971, 1971-1972, 1973-1974, 1974-1975, 1982-1983, 1985-
1986, 1989-1990, 1990-1991 and 2008-2009. 

The results for the 6-month timestep concerning the dry semester of the year (Apr.-Sep.) are quite 
different from the above mentioned (Figure 3). Extreme droughts occurred during the 1960-1961 dry 
period, whereas in 1973-1974, 1993-1994 and 1998-1999 severe drought episodes were also detected. 
The 1960-1961 extreme drought in the dry period is identified by SPI and RDI indices, but the 
agricultural aSPI and eRDI indices classify it two classes lower (moderate drought). Similarly, in the 
dry periods of 1973-1974, 1993-1994 and 1998-1999 severe droughts were identified only by the 
original SPI and RDI, whereas the modified aSPI and eRDI recognized them as of one drought class 
lower (moderate drought). In addition, for the dry semester, seven years of moderate drought episodes 
were identified by SPI and RDI and ten by aSPI and eRDI. 

 

 
Figure 3: SPI, aSPI, RDI and eRDI drought indices values on a 6-month (April to September) timestep 
for the time-period 1955-2022 in Heraklion city. 

 
The above patterns suggest that droughts are more frequent and strong in the recent years compared 

to the past. To evaluate the magnitude of these changes, a trend analysis was performed by applying 
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the Mann-Kendal test (Table 2). The results confirm a significant (p<0.10) decreasing trend in the 
indices values for the dry semester of the year (Apr.-Sep.), which indicates that the local climate 
changes to drier conditions during the period of the year with the lower water availability for the plants. 
With respect to each drought index, the changing rates vary between -0.009 y-1 for aSPI and eRDI and 
-0.011 and -0.012 for RDI and SPI, respectively. The annual (Oct.-Sep.) and the wet semester (Oct.-
Mar.) respective changes are not significant. 

 
Table 1 
Trend analysis Mann-Kendal test (Z) and average trend slope (Q) results for the SPI, aSPI, RDI and eRDI 
drought indices in Heraklion city (period 1955-2022) for 12-month (October to September) and 6-
month (October to March and April to September) timesteps. The asterisk (*) indicate significance at 
p<0.10. 

Drought 
index 

Time step 
12 month (Oct – Sep) 6 month (Oct-Mar) 6 month (Apr-Sep) 

Z Q Z Q Z Q 
SPI -0.98 -0.005 -0.19 -0.001 -1.77* -0.012* 

aSPI -0.68 -0.004 -0.16 -0.001 -1.70* -0.009* 
RDI -0.86 -0.005 -0.24 -0.001 -1.65* -0.011* 

eRDI -0.49 -0.003 -0.13 -0.001 -1.65* -0.009* 
 

4. Conclusions 

The patterns of the changes in the values of the drought indices in Heraklion underline the need for 
assessing multiple indices to identify drought events in a region, whereas the timestep adopted each 
time is also important. The performance of all drought indices examined in this work for the urban 
environment of Heraklion-Greece is adequate, indicating that extreme and severe drought indices can 
be identified by applying either the original SPI and RDI or the modified and agricultural-oriented aSPI 
and eRDI indices, especially for the annual timesteps. In moderate droughts the performance of the 
indices is probably depending both on the orientation of each index and the site-specific characteristics. 
The trend analysis reveals decreasing and strong trends since 1955, for all drought indices at the dry 
semester of the year (Apr.-Sep.). This is expected to significantly affect the urban green infrastructures, 
imposing the need for the adoption of measures (species selection, changes in design and distribution 
of urban parks e.tc.) to ensure their conservation. 
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Abstract 
Aridity and changes of the water balance attributes can have a significant impact on the 
vegetation patterns in both urban and rural environments. In this work, the decadal changes of 
water budget related attributes (precipitation, potential evapotranspiration, water deficit and 
surplus) are investigated in conjunction with indices used in climate classification as the 
Thornthwaite's Aridity Index (AI), the potential evapotranspiration PET percentage of the drier 
trimester to the PET of the decade (CEET), the ratio of the average annual decadal precipitation 
to the average annual precipitation of the total timeseries (RPI) and the Moisture Index (MI) in 
order to assess the climate variability patterns in an urban and a peri-urban site in the region of 
Attica, central Greece. Result indicate major changes through the recent decades for most of 
the examined parameters to more arid conditions with more limited water availability for the 
vegetation, while these change are more rapid and severe in the urban areas. 
 
Keywords 1 
Climate, Aridity, Attica, Thornthwaite, UNEP 

1. Introduction 

Precipitation and soil water availability can highly affect plants growth rates and dynamics [1,2] due 
to their impact in evapotranspiration rates. The urban infrastructures appears to play also a very 
significant role in determining the urban climate [3-5]. The frequent and long lasting droughts [6], in 
conjunction with the continuously changing climate in the Mediterranean and specifically in Greece [7-
11] underline the need for continuous monitoring of climate attributes in order to evaluate possible 
current or future effects on natural or urban vegetation. This is critical considering that the 
Mediterranean climate is characterized by rapid changes, relatively low water availability and increased 
deficits especially during the periods that plants have high water requirements. 

The purpose of this study is to investigate the changes of aridity and related parameters to the water 
balance in an urban and a peri-urban site in Attica, which is a region of Greece that is highly affected 
by urbanization within the last decades. The climate attributes were studied by using long term 
meteorological data (1955-2019) on a decadal time-step, under the framework of the water balance 
approach proposed by Thornthwaite [12] and revised by Thornthwaite and Mather [13, 14], which is 
the base of UNEP's [15] aridity climate classification system that is widely used in climate research. 
The present study may be considered as a useful for detecting possible future risks on a local lever and 
for adopting measures for more sustainable urban design in Mediterranean cities. 
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2. Study Area and Data 

This work was implemented for the broader area of Attica. Long-term meteorological data obtained 
from two stations located near the urban (N. Filadelphia) and the peri-urban (Tatoi) environments of 
Attica were analyzed. More specifically, monthly precipitation data for the station of N. Filadelphia 
(38o 03' N, 23o 40' E, alt. 12.0 m a.s.l.) were obtained by the station owned by the Hellenic National 
Meteorological Service (HNMS) and cover the time period 1955-2010. The monthly average air 
temperature data series for the same station were available for the period 1955-2018. For both time 
series, the monthly gaps for the year 2019 (for air temperature) and years 2012-2019 (for precipitation) 
were filled by the nearby operating station (38o 02' 00" N, 23o 42' 00" E, alt. 87 m a.s.l.) owned by the 
National Observatory of Athens (NOA) (https://www.meteo.gr/). 

To assess the peri-urban environment of Attica, data from the meteorological station of Tatoi were 
used. The station is located at the downhill of Parnitha's mountainous forest, which has been declared 
as a National Forest and is also protected as a Natura 2000 site. The station, owned by HNMS, is located 
in 38o 06' Ν, 23o 47' Ε, alt. 236.0 m a.s.l. and has available monthly average air temperature and 
precipitation data for the time period 1955-2017. The time-series of this station for the years 2018 and 
2019 were obtained from the nearby operating station of NAO (38o 06' 00" N, 23o 48' 00" E, alt. 283 m 
a.s.l.). From the above monthly data, the decadal time-series were produced for this work, as averages 
of the time periods 1955-1959 (1950's), 1960-1969 (1960's), 1970-1979 (1970's), 1980-1989 (1980's), 
1990-1999 (1990's), 2000-2009 (2000's) and 2010-2019 (2010's). 

The decadal data were used to assess the aridity and the water balance in the two sites. Both aridity 
and water balance related attributes (water surplus S and water deficit D) were estimated by 
Thornthwaite's water balance approach [12-14], assuming that the soil water holding capacity is equal 
to 300 mm for a soil depth of 150cm that is proposed for silt loam soils [16] and is generally accepted 
for climate assessment in Greece [11, 17]. The potential evapotranspiration PET was estimated 
according to Thornthwaite [12], whereas UNEP's [15] aridity index (AI) was applied for the climate 
classification in different aridity classes: hyper-arid HA (AI<0.05), arid A (AI=0.05-0.20), semi-arid 
SA (AI=0.20-0.50), sub-humid SH (AI=0.50-0.65) and humid H (SA>0.65). Climate subtypes were 
also defined based on PET annual values:  

• E' (glacial, PET<142 mm),  
• D' (tundra, PET=142-285 mm),  
• C'1 (microthermic, PET=285-427 mm),  
• C'2 (microthermic, PET=427-570 mm),  
• B'1 (mesothermic, PET=570-712 mm),  
• B'2 (mesothermic, PET=712-855 mm),  
• B'3 (mesothermic, PET=855-997 mm),  
• B'4 (mesothermic, PET=997-1140 mm) and  
• A' (megathermic, PET>1140 mm).  
Moreover, the assessment was performed by the study of the Moisture Index (MI) described in 

Thornthwaite and Mather [13] as the difference between humid (Ih=S/PET) and arid (Ia=D/PET) indices 
that also define different climate sub-categories (A, B, C, D and E climatic types and d, r, s and w sub-
types). In addition, the potential evapotranspiration PET percentage of the drier trimester to the PET of 
the decade CEET was also used for the classification to different climate sub-types:  

• a' (CEET<0.480),  
• b'4 (CEET=0.480-0.519),  
• b'3 (CEET=0.519-0.563),  
• b'2 (CEET=0.563-0.616),  
• b'1 (CEET=0.616-0.680),  
• c'2 (CEET=0.680-0.763),  
• c'1 (CEET=0.763-0.880) and 
• d' (CEET>0.880).  
Finally, the changes of the ratio of the average annual decadal precipitation to the average annual 

precipitation of the total time-series (RPI) for both sites, were also investigated. 

https://www.meteo.gr/
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3. Results and Discussion 

Considering the total dataset for the period 1955-2019 the climate in both the urban affected site in 
N. Filadelphia as well as the peri-urban site in Tatoi is semi-arid, mesothermal, with zero excess of 
water and moderate concentration of thermal efficiency in summer (climate types: D B'3 d b'3 and D B'2 
d b'3, respectively). This general climate classification is in line with the findings of previous climate 
studies in Greece [11, 17], but it also shows important differences per decade as revealed by the decadal 
climate analysis. The climate types per decade based on Thornthwaite and Mather [13] classification 
are depicted in Table 1. The changes of the main water balance attributes in each site are different and 
graphically depicted in Figure 1. 

 
Table 1 
Climate types based on Thornthwaite and Mather (1955) classification. 

Decade Tatoi  
(peri-urban site) 

N. Filadelphia 
(urban site) 

1950's D B'2 d b'3 D B'3 d b'3 
1960's D B'2 d b'4 D B'3 d b'4 
1970's D B'2 d b'4 D B'3 d b'3 
1980's D B'2 d b'3 D B'3 d b'3 
1990's D B'2 d b'3 D B'3 d b'3 
2000's D B'3 d b'3 D B'3 d b'3 
2010's D B'3 d b'3 D B'3 d b'3 

1955-2019 D B'2 d b'3 D B'3 d b'3 

Figure 1: Decadal (1950's to 2010's) values of precipitation P, potential evapotranspiration PET, 
water deficit D, water surplus S for the sites of N. Philadelphia (red bars) and Tatoi (blue bars), based 
on Thornthwaite's water balance approach. 
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Precipitation in N. Filadelphia presents minor decadal changes, ranging from 413mm (1950's) to 

454mm (1960's), whereas in Tatoi varies from 403mm (1980's) to 550mm (2010's). The 1980's decade 
for the Tatoi’s station is the driest highly affecting the water balance of the site, since it is associated 
with moderate high PET (833mm). In general, at both sites the PET decadal values are high (varying 
from 891 mm in 1950’s to 990 in 2000's for N. Filadelphia and from 819mm in 1970's to 880mm in 
2010's for Tatoi) presented to increase the recent decades more rapidly in N. Filadelphia (trend slope 
18.2 mm/decade) than in Tatoi (6.3mm/decade). These changes of PET in conjunction with the rather 
stable precipitation result in increased water deficits D that vary from 435 mm in 1960's to 542mm in 
2000's for N. Filadelphia, with an increasing trend of about the same magnitude as in PET 
(17.7mm/decade). On the other hand, the less increasing rates of PET in Tatoi under the almost stable 
precipitation regime (with the exception of 1980's) result rather stable D values. In addition, in both 
sites the water excess (water surplus S) remains negligible or zero regardless of the decade. An 
exception can be identified for the 1960's and 2010's in Tatoi, when minor S values were recorded 
(10.28 and 1.16mm respectively) indicating a minor water surplus on an annual basis. 

The impact of the above-mentioned changes and the relations between the water balance attributes 
(Precipitation, PET, D and S) in the two sites, highly affect important indices used in climate 
classification. The decadal values of the Thornthwaite's Aridity Index (AI), the potential 
evapotranspiration PET percentage of the drier trimester to the PET of the decade (CEET), the ratio of 
the average annual decadal precipitation to the average annual precipitation of the total time-series 
(RPI) and the Moisture Index (MI) for the sites of N. Filadelphia and Tatoi are presented in Figure 2. 

 
Figure 2: Graphical representation of the average decadal (1950s to 2010s) values of a) the 
Thornthwaite’s Aridity Index (AI), b) the potential evapotranspiration PET percentage of the drier 
trimester to the PET of the decade (CEET), c) the ratio of the average annual decadal precipitation to 
the average annual precipitation of the total time-series (RPI) and d) the Moisture Index (MI) for the 
sites of N. Filadelphia (red lines) and Tatoi (blue line). 
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The combined effect of Precipitation and PET is incorporated in the values of AI. Its decadal values 
(varying between 0.43 in 2000's and 0.50 in 1960's) confirm the more arid conditions prevailing in the 
urban site of N. Filadelphia, which has a semi-arid (SA) climate, according to UNEP's [15] climate 
aridity classification compared to the semi-humid (SH) climate in the peri-urban site of Tatoi (AI range 
from 0.48 in 1980's to 063 in 1960's, 1970's and 2010's). However, it is worth noting that the climate in 
N. Filadelphia became more arid during the recent decades compared to the past with a persisting stable 
trend for the AI values. This is in line with similar studies in urban and forest environments in Greece 
that increasing aridity trends were also identified [4, 5, 7-11]. On the contrary, the sub-humid conditions 
in Tatoi are rather stable with time, with the exception of the 1980's decade, when the climate became 
semi-arid due to the diminished precipitation. For the specific decade the RPI values are reduced (0.79) 
indicating that in 1980's precipitation was by 21% lower than the long-term climatic average.  

The CEET values indicate that the cumulative PET in summer is more than 50% of the annual total, 
indicating that the highest evapotranspiration rates and thus available water demands are recorded for 
summer. This fact introduces the need for irrigation support, especially in the urban environment, in 
order to sustain vegetation, considering also that summer precipitation consists on average only 7.7% 
in N. Filadelphia and 8.4% in Tatoi of their total annual precipitation. 

4. Conclusions 

The above patterns indicates that the region of Attica generally has small water inputs from 
precipitation that are mainly consumed for evapotranspiration, allowing almost zero surpluses. On the 
contrary, the water deficits are high with increasing trends in the recent decades compared to the past. 
The urban environment appears to face even more reduced water availability with less precipitation and 
higher evapotranspiration rates, compared to the peri-urban environment, resulting in higher water 
deficits with serious negative impacts on the urban green infrastructures in terms of plants’ water 
requirements and their heat and water tolerance. This pattern is becoming even more hostile the recent 
decades compared to the past, whereas its changes are more rapid in the urban environment compared 
to the peri-urban. 
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Summary  1 
The sustainable use of natural resources, such as water and land, particularly in the 
Mediterranean region is conditioned by resources availability, changing climatic conditions 
and increasing socio-economic stresses. In this context, the project “LEarning and action 
alliances for NexuS EnvironmentS in an uncertain future” (LENSES) is developing a stepwise 
approach to identify, based on a participatory process, local Water, Ecosystems and Food 
(WEF) challenges that can be addressed through Nature Based Solutions (NBSs). Identified 
NBSs aims to co-achieve multiple Nexus Domain Objectives (i.e., sectoral goals) activating 
Nexus Resilience Qualities that should facilitate the transition towards more efficient and 
resilient Nexus systems. In this project, these measures will address vulnerabilities identified 
in 7 pilot areas distributed across the Mediterranean region and linked to (i) socio-institutional 
frame, and (ii) climate change. Building on the assumption that biodiversity is the only viable 
pathway to guarantee water-food security, the NBS will support the delivery of ecosystem 
services and provide evidence-base for the broader Nexus policy dialogue. Under this 
perspective, this paper introduces the methodology developed in the LENSES project which 
aims to improve water allocation, enhance food security while preserving ecosystems and 
aiding climate change adaptation, through a collective learning process which supports the 
operationalization of the WEF Nexus. The developed evaluation framework includes a 
comprehensive catalogue of Nexus related NBSs, whose suitability needs to be evaluated at 
local level to achieve a better use of protected/natural ecosystems, increase the sustainability 
and multi-functionality of managed ecosystems, design and manage new ecosystems. The 
paper reports the preliminary outcomes and lessons learned from the implementation of the 
LENSES approach in the plain of Tarquinia, which is the Italian case study area of the project. 
To this end, the paper discusses local WEF challenges identified through a participatory 
process, which counted on the engagement of a diverse set of relevant stakeholders from across 
different level. Then, it identifies potential NBSs that can help addressing these challenges and 
increasing the resilience of the WEF nexus, for the long-lasting benefit of local ecosystems. 
Ultimately, the paper focuses on the deep transformations processes required to our social and 
economic systems, and the crafting of integrative governance systems and co-design aspects 
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that are needed to operationalize the WEF nexus and bring to effect these deep systemic 
changes. The outcomes of this paper can inform policy makers at local and national level and 
support the drawing of improved policies and decisions that foster a fair and sustainable 
allocation of resources, thus accelerating the achievement of Sustainable Development Goals.  
 
Keywords 
Nature Based Solutions, WEF, NEXUS, Ecosystems, Participatory approach 
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Abstract  
This paper aims to present the results of the Erasmus + RUR’UP project that developed 
educational tools for scientists, public managers, practitioners, and agricultural advisors living 
and working in peripheral rural areas. Based on the assessment of the educational needs and 
gaps for the sustainable development of the EU peripheral rural areas of Greece, Bulgaria, 
Romania, Croatia, Finland, Ireland and France via a participatory innovation process, we have 
developed: an asynchronous e-learning course and supporting educational materials. The 
objective was to provide educational tools that will help the professional competencies of the 
Higher Education (HE) institutions working with peripheral rural regions by answering to the 
labour market and societal needs in these regions, thereby strengthening the collaboration 
between higher education and regional and cross-regional employers. The project resulted in 
50 students who attended the e-learning course and the development of Open-Access 
educational materials with pedagogically sound activities associated with them, which can be 
used by any actor interested in the sustainable development of peripheral rural areas, especially 
those with high natural values in the form of a Virtual Bank of Case studies that gathers 14 
examples of case studies.  
 
Keywords 1 
Sustainable rural development, peripheral rural areas, innovative education, participatory 
process. 

1. Introduction 

EU peripheral rural areas cover almost 30% of the utilised agricultural area and nearly 15% of 
agricultural holdings [1]. They are of the most significant importance for rural livelihoods, cultural 
heritage, biodiversity, and ecosystem services such as carbon sequestration and water retention (SDG 
for United Nations Sustainable Development Goals: SDG8-Decent Work and Economic Growth, 
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SDG15-Life on Land, SDG13-Climate Action). Additionally, these areas contain a vast part of the EU’s 
biodiversity capital and a series of traditional farming practices. They contribute meaningfully to the 
local economy due to the small-scale production procedures they maintain and the unique geographical 
conditions. Depopulation, for instance, drains them of human capital and forces entrepreneurs to acquire 
various skills and competencies. Producers often face a complex dilemma in modernising production 
while avoiding potential wider social and environmental damage inflicted by the process. Despite their 
importance for rural livelihoods, cultural heritage, biodiversity, and ecosystem services such as carbon 
sequestration and water retention, these areas face social, political, and environmental pressures. 
Higher education is essential in achieving sustainable development goals (SDGs), specifically in 
peripheral rural areas that face isolation and often fall under the radar of mainstream education and 
development.  

To answer these challenges, the Erasmus + RUR’UP project developed educational tools for 
scientists, public managers, practitioners and agricultural advisors living and working in these areas. 
Seven European universities and institutions commonly implemented them.  

In what follows, we will present the research context, methodology and the key results of the 
Erasmus + project RUR’UP.  

2. Research Context 

RUR’UP project builds on the work carried on under HNV-Link project, an H2020 thematic network 
(2016-2019) that focused on the work with local actors in High Nature Value (HNV) farmland that 
aimed at demonstrating how so-called HNV brokers can be engaged with other regional actors for HNV 
conservation [6].  

It uses local examples to show how innovations can be mobilised to conserve HNV farming systems. 
The work of this thematic network pointed out the importance of means and knowledge when dealing 
with high nature-value farmlands in peripheral rural areas [6]. The network identified two critical gaps 
in the HE fields in its innovation brokering work in 10 European HNV farming regions.  

Firstly, interdisciplinary curriculum approaches commonly lack understanding and developing 
farming innovations. Secondly, the specific problems faced by farms in these regions (poor access to 
face-to-face advisory, lack of awareness of innovative marketing modes, absence of skilled human 
resources (including digital skills), lack of organisational and governance skills, etc.). Thirdly, the key 
target groups for HE are at the heart of the RUR’UP project. Students, teaching and training personnel, 
researchers and innovation actors such as farmers, agribusinesses, local action groups, NGOs and 
administrations work in and with peripheral rural areas. The work with this group of actors revealed 
their need to learn in a flexible and continuous (life-long learning) way, to work collaboratively and be 
able to work creatively with innovation in a problem-based context.  

To sum up, the HNV-Link thematic network identified the necessity for non-members of the higher 
education institutions that engage in knowledge brokering to access educational materials they could 
use for self-learning and advisory needs. Therefore, Erasmus + RUR’UP developed educational 
materials to answer this “brokerage” need. The objectives of the RUR’UP project were:  

1. To gain an understanding of the specific skills and competencies needed by the labour market 
and societal needs in the peripheral rural areas 

2. To support curricula development that will ensure the attainment of critical skills and 
competencies 

3. To strengthen the collaboration between HE and potential regional and cross-regional 
employers 

4. To support the professional competencies of the higher education educators in such regions and 
working with such regions 

5. To contribute to the international pool of open educational resources (OER) 
  
We will proceed to present the methodology mobilised in developing our educational materials.  
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3. Methodology 

To reach our objectives, we have adopted a stepwise approach. First, we have assessed the 
educational needs and gaps for the sustainable development of the EU peripheral rural areas to identify 
the learning gaps. Secondly, we have engaged in a transdisciplinary process to prepare the open 
educational resources (OER) and an adaptable curriculum. Thirdly we have built on the innovation 
processes identified within HNV-Link to develop a bank of case studies that will support the course. 
Thirdly we have engaged in a pilot implementation of the e-course via an online learning platform 
proposing it as an elective course within our universities. Fourthly, we have developed an open syllabus 
that addresses HE institutions and local actors. Lastly, we have developed a reflective report on the 
approach and the methodology adopted to reach the project objectives to evaluate the effectiveness with 
which the developed educational materials have answered the identified educational needs and gaps for 
sustainable development of the EU peripheral rural areas.  

3.1.  The Assessment of the Education Needs and Gaps for the Sustainable 
Development of the EU Peripheral Rural Areas 

To identify the educational needs and gaps, we first conducted structured internet searches to review 
the current programs and curricula developed in the EU tertiary education systems for the sustainable 
development of the peripheral rural areas. We have focused on the bachelor’s and master’s programs 
designed in Bulgaria, Croatia, Greece, Finland, France, Ireland and Romania.  

As there is no common understanding of what peripheral rural areas are, we have focused on 
investigating the curriculum that provides graduates and stakeholders working in mountain regions that 
are characterised as areas handicapped by a short growing season because of a high altitude or by steep 
slopes, or by a combination of the two at a lower altitude, HNV, natural park or Natura 2000 sites.  

We have focused on the programs that provided education in disciplines relevant to the four HNV 
innovation types: regulatory, technical, social and the market, as identified by the HNV-Link thematic 
network as necessary for the sustainability of such areas.  

This was complemented by the criteria established by the United Nations as Key sustainable 
development goals:  

1. Decent work and economic growth 
2. Life on Land 
 

We have complemented these criteria with definitions used to identify the role of the peripheral rural 
areas in the geographical pool of students and the academic degree levels [4]. See figure 1. 
 

 
Figure 1: Curricula analysis of the bachelor and master’s programs (source: RUR’UP project from own 
data) 

 
In the second step, with the scope to better understand the needs of professionals working in 

peripheral rural areas, we have used focus groups and surveys to develop an in-depth understanding of 
the knowledge and skills practitioners need. We have expanded on the existing community of 
practitioners developed at the local level within the HNV-Link thematic network. This ecosystem 
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included farmers’ associations, local action groups, AgroCusters, advisory services, educators, 
consultants and actors working in the public sector at the local and regional levels.  

Using the focus group technique, we have investigated the needs in six cross-education themes: 
1. Social and institutional innovation skills 
2. Regulation and policy needs 
3. Products and markets 
4. Farming practices and management 
5. Soft skills 
Due to the SARS-COV-2 lockdown, the partners who could not organize focus groups have sent an 
online survey to 11 to 20 stakeholders from 1. Farmers and small industry; 2. Local action groups 
or AgroClusters and farmers’ associations’ representatives; 3. Advisory services, educators, or 
training providers. 4. Employed or residents in peripheral rural areas; 5. NGO representatives; and 
6. Governmental bodies.  

3.2. Development of the RUR’UP e-Course “Sustainable Development in 
Peripheral Rural Areas in the EU”  

Based on the assessment done in the previous step, we have developed a 6-module course, 
“Sustainable development in the peripheral rural areas in the EU” that was attended by 50 students from 
7 countries in the spring semester of the academic year 2021/2022. The modules are presented in Figure 
2.  

During the course, the students have worked on real-life examples of innovation processes in 
Bulgaria, Croatia, Greece, Finland, France, Ireland and Romania. The scope was to engage in problem-
solving as a way for students to broaden their understanding of peripheral rural areas' social, 
environmental, and economic characteristics. The students were asked to recognise the needs and 
opportunities for sustainable development and to engage in the participatory innovation process, with 
diverse innovations as potential solutions to the identified challenges.  

All the course and learning activities took place on the CPD Learnonline.ie online platform run by 
GMIT, the Irish partner in the project. Activities were in English. A selection of students succeeding in 
the course attended RUR’UP Summer School in Greece during the summer of 2022.  

The learners who completed the educational process were awarded with a total of 3 digital badges 
as a recognition of the knowledge and skills acquired: a Digital Badge after the completion of module 
3 (explorer badge), a second Digital Badge after the full completion of the e-learning course (Graduate 
badge), and a digital Badge after the completion of the Summer School. 
 

Figure 2: E-course modules "Sustainable development of peripheral rural areas in the EU" (Source: 
RUR’UP e-course module’s presentations, from CDP Leaning online platform) 
 

The EPALE platform (online platform for adult education in Europe) was used to disseminate the 
produced content. In addition, the project has created a RUR’UP content under the UE platform EPALE 
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(Electronic Platform for Adult Learning in Europe) for wider public dissemination of the course content, 
amongst other project content and productions, as the overall Virtual Bank of Case Studies.    

3.3. Development of the Intensive Study Activity: RUR’UP Summer School in 
Greece 

Building on the e-course, we have developed a 7-day intensive study activity during which the 
students have built upon and developed the skills acquired during the e-course:  

1. Broad understanding of social, environmental, and economic characteristics of Peripheral Rural 
Areas in their regional contexts 

2. Insights into the participatory innovation process 
3. Awareness of the variety of existing innovations of relevance and their transferability across 

contexts 
4. Practice international collaborative work, also with diverse stakeholders in English 

 
We will proceed to present the results of the abovementioned approaches.  

4. Results 

To produce higher education tools for scientists, public managers, practitioners and agricultural 
advisors working and living in peripheral rural areas facing social, political and environmental 
pressures, we have joint upjoined actors from peripheral rural areas.  

Firstly, we have produced a report that delineates the identified gaps in the HE relating to peripheral 
rural areas and the needs of the local actors (working on those areas). Figure 3 identified the gap between 
the knowledge and the skills that graduates acquired and the knowledge and skills required by local 
actors to work in such areas. 

 
Figure 3: Identified skills needed by future graduates to improve the sustainability of the peripheral 
rural area (source: RUR’UP project, from own data) 

 
Employers and practitioners from project peripheral rural areas pointed out as relevant a holistic and 

in-depth understanding of interactions between land use, environment, and economy related to the 
peripheral rural areas. This was an element we have already found in existing masters’ programmes in 
the form of either technical knowledge or more focused on the socio-economic aspects. However, none 
of the programmes brings these two elements together. 

What was judged as essential but missing from the HE curricula was the knowledge to use 
production techniques in a way that is respectful to the agrobiodiversity and work on diversification of 
agricultural products that will be supported by collective marketing actions, as well as the education of 
the existing public policies that will be followed with examples allowing the students to use it for 
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problem-solving. Problem-solving is a way to find a gap representing an opportunity for developing 
multifunctional exploitation, agritourism business or handicraft.  

Secondly, building on the identified gaps, we developed an e-course consisting of the following six 
modules: 

In module one, students learnt about critical strategic issues in sustainable development and key 
particularities of those areas. The module provided links to educative tools on sustainable development 
strategies (e.g., Videos and papers)  

In module two, the students learnt on baseline assessment and how to elaborate a territorial 
diagnosis. They were introduced to their peripheral rural area (PRA) case study. In this module, the 
students explored their case study's social, environmental, and economic characteristics and were taught 
how to identify the main weaknesses of PRAs. The students were asked to use mind mapping 
methodology to holistically explore a complex case study.  

In module three, the students learnt the basics of the innovation and participatory innovation 
processes. The students were asked to recognize the role of participatory visioning and the importance 
of actors in territorial development. They were also asked to identify the innovation needs in their PRA 
case study.  

In module four, the students learnt on the innovations of PRA and were requested to identify critical 
elements of an innovation process relevant to their case study area; to evaluate how a specific innovation 
case follows an innovation process and recognise the needs for innovation bundles. 

In module five, the students were introduced to the innovation brokering process of a project. They 
learnt on the strategies and key points of the innovation transfer, dissemination and communication and 
capitalization elements and were requested to recognise the role of innovation transfer for the 
sustainable development of PRA. The objective was to make students aware that the process does not 
stop with an innovation implementation but continues through innovation exchange, transfer and 
dissemination.  

In module six, the e-course student portfolio, the students submitted the e-cource overall portfolio 
where they should include own reflection linking the innovation process in their case study area to the 
EU policies and the UN Sustainable Development Goals, by writing a 400 words essay.  

Thirdly, we have developed a Virtual Bank of Case Studies on innovative sustainable development 
for peripheral rural areas. These case studies were part of the e-course and are made available as an 
open source through the EPALE platform. We developed pedagogical RUR’UP Case study materials 
for advisors, practitioners and academia providing guidelines on territorial examples. Alongside we 
have also developed materials for teachers and trainers on how to deliver innovative education on 
sustainable development in peripheral rural area. This material is linked to the 7 RUR’UP Case studies 
and cover the following domains:  

1. Analysis of the key points of a baseline assessment 
2. Mind mapping tool 
3. Organising and conducting an efficient farming demonstration event 
4. Identifying vulnerabilities and adaptive capacities of a territory 
5. Stakeholder analysis in participatory innovation process 
6. Introducing Innovation types 
7. Building participative projects in peripheral rural areas 
Fourthly, we have organised a Summer School in Greece (July 2022). This pilot in-field teaching 

and training course included collective work in groups, field research and presentation of results.  
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Figure 4: Summer school in Greece (source: pictures from RUR’UP consortium) 

 
Lastly, we have developed Digital Badges to recognise student’s learning, knowledge and skills 

gains. Digital Open Badges provide unlimited ways of communicating knowledge, skills, and 
competencies. In the course of RUR’UP project, they were used to validate key milestones reached 
within the online course and skills the student has acquired in each stage of the course. The Digital 
Badge is in the form of an online certificate that contains the metadata which describes: the name of the 
badge, its description and criteria page. We have developed in total three digital badges, two for the e-
course and one for the completion of the summer school these were:  

1. RUR’UP Explorer badge – awarded after module 3 
2. RUP’UP Graduate badge – awarded upon the submission of the portfolio (module 6) and a 

completion of the course 
3. RUR’UP Summer School badge – awarded upon the completion of the summer school.  

5. Conclusion 

The results of the Erasmus RUR’UP project answer to the identified gap for educational materials 
for students and practitioners working with and in peripheral rural area.  

The developed asynchronous learning course and supporting educational materials contribute to the 
educational materials for sustainable rural development within Europe, and beyond.  
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Abstract  
This study was conducted in order to evaluate the dissipation dynamic of insecticide 
chlorantraniliprole in pear fruits. Plant protection product (PPP) based on chlorantraniliprole 
was applied at the recommended rate, for the control of the main pear pest, Cacopsylla pyri. 
For the analysis of insecticide residues, the QuEChERS-based method, followed by HPLC 
analysis was validated in accordance with SANTE/12682/2019. In this study, the maximum 
level of the residues in the pear fruits (4.95 mg/kg) was obtained 1h after the application of 
PPP, i.e., after drying the deposit. After 14 days, the level of chlorantraniliprole was 0.16 
mg/kg, which is significantly below the MRL of 0.5 mg/kg. The results indicated that 
chlorantraniliprole exhibited first-order kinetics dissipation, with a half-life of 2.76 days. 
 
Keywords  1 
Pear, chlorantraniliprole, dissipation dynamic, half-life  

1. Introduction  

Chlorantraniliprole [3-bromo-N-[4-chloro-2-methyl-6-[(methyl amino) carbonyl] phenyl]-1-(3-
chloro-2-pyridinyl)-1H-pyrazole-5-caroxamide] is an anthranilic diamide insecticide. This substance 
acts on insect ryanodine receptors, playing a critical role in muscle function. Due to its specific 
structure, it shows remarkable selectivity and safety for mammals [1]. Insecticides based on 
chlorantraniliprole are used for the control of the most important apple, peach, pear, grape, cabbage, 
tomato, and potato pests.  

The dissipation rate of a pesticide after the application is a useful tool for the assessment of the 
behavior of its residues. These data are also important for the estimation of pre-harvest interval (PHI), 
i.e., the time required to reduce the residue levels below the maximum residue limit (MRL) [2, 3]. While 
a number of studies focus on the efficacy and residues of chlorantraniliprole, there is a lack of research 
about its behavior in pear fruits [2].  

This study was carried out with the aim to evaluate the behavior and the dissipation dynamics of 
insecticide chlorantraniliprole in pear fruits, after its application at the recommended rate and 
calculating its half-life. For the determination of chlorantraniliprole residues in pear fruits, the 
QuEChERS-based method followed by high-performance liquid chromatography (HPLC) has been 
validated.  

2. Material and Methods  
2.1. Field Trial   

The field trial was carried out at the locality Kula (Republic of Serbia), in 2021. The experiment was 
conducted according to the standard EPPO methods. Plant protection product based on 
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chlorantraniliprole (45 g a. i./l, SC) was foliar applied at the concentration of 0.1%, with water 
consumption of 1000 l/ha. The treatment was conducted in order to control the presence of Cacopsylla 
pyri in the pear fruits (BBCH 74). The experiment was set up in four replications, as a randomized 
block system.  

To investigate the dissipation dynamics and terminal residue of insecticides, pear fruits were 
randomly collected at 0 (1 h), 2, 4, 6, 8, 10, 12, and 14 d after the application of chlorantraniliprole, 
according to the FAO/WHO recommendations [4].  Fresh samples (approx. 500 g) were transferred to 
the laboratory within 2 h after collection, homogenized and stored at −20 °C before analysis.  

2.2. Extraction and Analysis of Insecticide Residues  

The content of insecticide residues in the analyzed pear samples was assayed following a 
QuEChERS procedure [5]. The procedure involved the extraction of 10 g pear fruits with 10 ml 
acetonitrile. Subsequently, a liquid-liquid partition was performed by adding a mixture of MgSO4, 
NaCl, trisodium citrate dihydrate, and disodium hydrogen citrate sesquihydrate. After vortex and 
centrifugation, 6 ml of the aliquot was added into a tube containing 150 mg primary secondary amine 
(PSA) sorbent and 0.9 g anhydrous MgSO4, as a cleanup step. After the shaking and centrifugation, the 
extract was evaporated till dry and dissolved in 1 ml of acetonitrile and analyzed.  

Detection and quantification were performed with an Agilent 1100 HPLC system (USA), equipped 
with a photodiode array detector. In terms of chromatographic conditions, a column Zorbax XDE 
(50 mm × 4.6 mm, 5 μm film thickness) was used. The method was validated through linearity, 
precision, the limit of detection and quantification (LOD, LOQ), matrix effect, and accuracy.  

3. Results and Discussion  

The results obtained for the validation parameters are shown in Table 1. The analytical methods 
have been validated according to SANTE/12682/2019 standard [6].  
 
Table 1 
Validation parameters  

Insecticide Linearity  Precision 
(%) Recovery (%) ME 

(%) 
LOD 

(mg/kg) 
LOQ 

(mg/kg) 

Chlorantraniliprole 0.992 0.87 83.4 – 95.9% 104.2 0.05 0.16 

  
 
Table 2 
Dissipation dynamic of chlorantraniliprole in pear fruits  

Days after the application Residues Persistence (%) Loss (%) 

0* 4.95 100.00 0.00 
2 3.29 66.46 33.54 
4 2.16 43.64 56.36 
6 1.09 22.02 77.98 
8 0.51 10.30 89.70 

10 0.32 6.46 93.54 
12 0.22 4.44 95.56 
14 0.16 3.03 96.97 
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After the application of chlorantraniliprole-based insecticide, the maximum level of the residues in 
the pear fruits (4.95 mg/kg) was obtained after 1 h, i.e. after drying the deposit (Table 2). In the samples 
collected two days after the treatment, the average value of chlorantraniliprole residues was 3.29 mg/kg, 
with a loss of 33.54%.  

In the next days, chlorantraniliprole content in pear fruits decreased, and at the end of the pre-harvest 
interval, it was 0.16 mg/kg. In this study, chlorantraniliprole residues were at the MRL level of 0.5 
mg/kg eight days after the application. The dissipation rate of chlorantraniliprole in pear fruits followed 
the first-order kinetic equation (1) was used [7]:  

 
Ct=C0×exp(−k×t)  (1) 

 
where Ct is the residual pesticide concentration (mg/kg) at time t (days) after application; C0 is the 
initial pesticide concentration, and k is the pesticide dissipation rate constant. The half-life (t1/2) was 
calculated from the equation:  

t1/2=ln(2)/k  
 

 (2) 

 
Table 3 
Half-life of chlorantraniliprole in pear fruits  

Insecticide   Regression equation  Constant  R
2
 DT

50 
(day)  

 Chlorantraniliprole  y = 4.95e-0.25x 0.25  0.988   2.76   

 
In order to describe the dissipation rate of pesticide's active ingredient in crops, first-order kinetics 

has been extensively used. In this study, the results showed a gradual decrease of chlorantraniliprole in 
pear fruits, with a correlation coefficient of 0.988 (Table 3). The half-life of chlorantraniliprole in pear 
fruits, based on the obtained results, was 0.6 days.  

According to the available literature, a number of studies dealt with the behavior of 
chlorantraniliprole in plants [8, 9]. The half-life of chlorantrilantriliprole in cauliflower was 1.36 days 
[10], while in grapes was 2.70 days [2]. In our previous research, the dissipation dynamic of 
chlorantraniliprole in peach fruits showed a t1/2 of 3.15 days [3]. However, this the first study conducted 
in peach fruits.  

4. Conclusions   

In this study, a simple and reliable method for the determination of residues of insecticide 
chlorantraniliprole in pear fruit was validated. Furthermore, the dissipation dynamic was also studied. 
The obtained results indicated that chlorantraniliprole degrades rapidly in pear fruits. After the 
application of chlorantraniliprole-based insecticide for the control of the main pear pest, the half-life 
was 2.76 days. Obtained results could be useful for the safe use of chlorantraniliprole insecticide in pest 
management of pear.  
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Summary 
Traceability is deemed to be a significant factor of perception of food product quality and 
safety, as it ensures valuable data for consumers. Recent studies show that in the post-COVID-
19 period, the traceability considered to be a major issue regarding the foods customers choose 
to buy. Food product traceability is also considered as a crucial tool for food safety 
management that inhibit mainly the food fraud and other safety issues (e.g. food 
contamination). This study investigates the consumers’ perception on traceability in order to 
find out: (a) the customers’ perception on traceability meaning, (b) the specific information 
consumers require for the purchase of food products, (c) the sufficiency of information on the 
package of six food products, and (d) the consumer willingness to pay for food product 
traceability. Traceability was tested using variables related to customers’ perception on its 
meaning and package information of food products. Also, customer willingness to pay for food 
product traceability technology was investigated. The study is based on a self-response 
questionnaire survey on a sample of 190 participants through the Google platform. The 
surveyed participants’ ages ranged between 18 and 60. From the 190 participants, 44.2% were 
male and 55.8% female. Regarding the level of education, most of the participants had higher 
education (61.1%), and only 4.2% had completed primary school. The monthly income of the 
surveyed participants mainly ranged between € 400 and 1200, which accounted for 65.8% of 
the total. The results show that the consumers consider that traceability is obligatory according 
to the General Food Law Regulation accounting for 35.8%. Furthermore only 33.0% of the 
participants admit traceability is used in order to trace suppliers and raw materials or is used 
for food product recalls. Considering the customers’ perception on package information, the 
majority of the participants find the information about the expiration date (69.6%) and country 
of origin (38.7%) to be very important, while a significant portion finds the information 
concerning the country of origin (38.7%) to be very important. Safety issues on package 
information such as storage conditions and allergens seem to be a quite important information 
that concerns customers by 70.6% and by 60.5%respectively. The willingness to pay represents 
the maximum amount of currency a customer is ready to pay for the product. In these terms, 
the majority of consumers seems that have not the willingness to pay more for the application 
of a traceability technology that provide more information on food quality and safety attributes. 
This finding needs to be further studied in order to understand consumers’ willingness to pay for 
specific food product attributes. 
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Summary 
In the present study, the seasonal distribution of stored product insects was recorded, spatially 
visualized, and evaluated in a feed production industry in Northern Greece. The installation of 
the trapping network was established in July 2021 and the monitoring lasted from August 2021 
until April 2022. A total of 30 Dome traps (Trece Inc.) were installed for crawling insects and 
8 hanging Delta traps (Trece Inc.) for Lepidoptera. Οil (Storgard Oil, Trece Inc.) was used as 
an attractive agent at Dome traps, while for the Delta traps pheromone was used for Plodia 
interpunctella (Lepidoptera: Pyralidae) and Ephestia spp. (Lepidoptera: Pyralidae). All insect 
samples taken were transferred to the Laboratory of Entomology and Agricultural Zoology for 
counting and identification. Furthermore, using relevant Python libraries, the data were 
spatially visualized based on the building floor plan. This process enabled the identification of 
zones/areas in the building with the higher insect activity. The results showed that in the 
summer months the captures were significantly higher than in the winter months, with the 
highest number of insects being recorded on 02/09/21 (999 individuals). The dominant stored 
product species for the summer period were certain stored product moths, including P. 
interpunctella and the genus Ephestia spp., as well as the tobacco beetle, Lasioderma 
serricorne (F.) (Coleoptera: Anobiidae). In contrast, during the winter months the populations 
of the aforementioned species were decreased significantly and increased the species Sitophilus 
granarius (L.) (Coleoptera: Curculionidae), Tribolium confusum Jacquelin du Val (Coleoptera: 
Tenebrionidae) and Oryzaephilus surinamensis (L.) (Coleoptera: Silvanidae). The insect 
monitoring and the spatial visualization will continue for another year in order to assess the 
levels of insect populations and therefore to apply focused solutions depending on the insect 
species and the area of infestation. 
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Summary 1 
Water shortage is considered one of the most important limiting factors for cropping under arid 
and semi-arid conditions. This problem is expected to worsen in the following years within the 
scenario of the ongoing climate crisis as the result of the uneven distribution of rainfalls 
throughout the year and the increasing periods of drought. Vegetable production is among the 
most critical sectors of the primary production and water availability is essential for high yields 
and high quality of produce. Therefore, water management through modern agronomic 
practices is pivotal to ensure high yields and food security. The aim of the present study was 
to evaluate the effect of deficit irrigation and biostimulant application on lettuce plants grown 
directly in soil under protected environment. Two cultivars were selected (one Romaine and 
one Batavia type), while young seedlings were transplanted directly in soil 7 weeks after 
sowing in seed trays. Three irrigation treatments were applied based on the water field capacity 
(FC) of soil, namely Control (100% FC), I1 (66% FC) and I2 (46 of field capacity). Moreover, 
six biostimulant treatments were applied, namely Control (no biostimulants added), AG109 
(seaweed and plant extracts and mcrominerals), AGR100 (humic and fulvic acids), 
AGR111+112 (Si and Ca mobilization agent, Ca and Zn) AGR113 (Si) and AGR114 (mixture 
of 20 L amino acids). The experimental layout was designed according to split-plot design, 
using the irrigation treatment as the main plot and the biostimulant treatments as the subplot 
for each of the tested cultivars. Irrigation was scheduled based on the readings of Delta-T PR2/4 
profile probe (Delta-T Devices Ltd., Burwell, UK) and according to the target soil moisture 
content. Biostimulants were applied manually with foliar (AGR109, AGR111+111 and 
AGR113) or soil application (AGR110 and AGR114) three times throughout the growing 
period, while all seedlings were immersed in the respective biostimulant solution before 
transplantation. Chlorophyll content (SPAD index) and plant height were recorded at three 
sampling dates (one week after each biostimulant application), while yield and growth 
parameters (leaves number, leaves fresh and dry weight, Leaf Area Index (LAI) and Specific 
Leaf Area (SLA)) were recorded at harvesting. Our results showed a varied effect of the tested 
factors on chlorophyll content of leaves and plant height throughout the growing season for 
both cultivars. Moreover, deficit irrigation at 46% FC resulted in a significant decrease of fresh 
biomass, regardless of the cultivar and the biostimulant product. Interestingly, the mild water 
shortage (irrigation 66% of field capacity) resulted in similar or higher yields compared to full 
irrigation, especially in the case of AGR109, AGR110 and AGR 114 in Batavia lettuce and 
AGR110 in Romaine lettuce. The highest yields in Batavia lettuce were recorded for AGR113 
(315.4 g per plant) and AGR114 (317.9 g per plant) at 100% FC and 66% FC, respectively, 
while AGR111+112 resulted in the highest yield at 46% FC. On the other hand, the highest 
yield in Romaine lettuce was recorded for the control treatment (no biostimulants; 297.5 g per 
plant) and AGR109 (292.6 g per plant) at 100% FC, while the same biostimulant (AGR109) 
resulted in the highest yield at 66% FC. AGR113 treatment was the most productive at 465 FC 
irrigation. A varied response to irrigation regime and biostimulant application was also 
observed for the number of leaves, LAI and SLA values, although in most cases the application 
of biostimulants alleviated the negative effects of water stress. In conclusion, the combinatory 
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application of mild water deficit and biostimulant showed promising results as an innovative 
agronomic tool for water management.  
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Lettuce, water deficit, biostimulant, fresh yield, water stress  
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Abstract  
Although aquaculture in Greece is mostly dedicated in marine fish farming, freshwater 
aquaculture, mainly rainbow trout farming, has traditionally enacted a crucial role for regional 
economy, contributing in counterurbanisation and rural population recovery. Contrariwise to 
mariculture, where hatcheries are owned by big companies, freshwater rainbow trout culture 
has been largely based on juveniles provided by state hatcheries for decades. This short review 
paper presents the main features of Greek state hatcheries with an emphasis on production 
trend, role and problems and future perspectives of one of the three major freshwater state 
hatchery, namely the Hydrobiological Station of Pella, located in the Region of Central 
Macedonia, Greece. The role of state hatcheries in supporting rainbow trout farming has been 
proved crucial during the last decades, providing juveniles in new aquaculture units, as well as 
supporting the recovery of fish farm units from various damages that led to stock losses. The 
main problems of state hatcheries are the reductions in employees and financial recourses, a 
fact mostly observed after the economic crisis of the 2010s. Apart from the support to 
freshwater aquaculture and introduction that may lead to negative effects, future perspectives 
may include research activities in collaboration with Universities and research institutes. 
 
Keywords  1 
freshwater aquaculture, Oncorhynchus mykiss, rainbow trout, state hatchery  

1. Introduction 

The most important branch of world aquaculture is fish farming, which during the last 30 years 
presents a more than 10% annual growth rate [1]. It is therefore clear that in response to the increasingly 
high demand for fish, in combination with the declining fish supplies from fisheries, fish farming is the 
only manner to cover the global fish needs of the 21st century [2].  

In line with the Greek coastal topography, marine aquaculture is by far more developed than 
freshwater aquaculture in Greece [3]. Indicatively, in the annual report on aquaculture in Greece for 
2020, the Federation of Greek Mariculture notes concerning the current situation that “it is worth noting 
that fish farmed in sea water represent 98% of the total farmed fish, whereas only 2% comes from 
freshwater fish farming, with the main species being rainbow trout, to a lesser extent carp and the 
European eel, followed in a very small proportion by aquatic plants such as the cyanobacterium 
Spirulina sp. and the macroalgae Ulva sp., which can be used as food supplements, raw material in the 
cosmetics industry, biofuels, etc”. However, the peculiarity of inland aquaculture is that it constitutes a 
traditional form of primary production and a source of main or supplementary employment and income 
for the inhabitants of mountainous and remote mainland areas, while in the Greek lagoons, the 
traditional extensive aquaculture is practiced, with special economic and social importance at local level 
[4]. 
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Despite the fact that the sector of Greek aquaculture is mostly known for marine fish farming with 
the largest proportion being export oriented, it should be mentioned that freshwater aquaculture 
development is dated back in the 50s, whereas fish mariculture in Greece is more recent, starting in the 
80s [3]. Aquaculture can be generally divided into two main phases, with the first being carried out on 
land facilities such as fish breeding stations or hatcheries, and the second corresponding to the transfer 
of hatched fish juveniles or fingerlings to fish farms where fish grow, up to the market desired size [4]. 
Keeping this in mind, the fish hatcheries are responsible for a major activity, i.e. hatching and rearing 
the early life stages of the farmed fish. While private marine fish farms in Greece have developed their 
own hatcheries or are based on the supplement of fish from other private fish farms, a large proportion 
of freshwater fish farms in Greece depend on state fish hatcheries for providing fish juveniles and 
fingerlings for decades. 

This work represents an attempt to investigate the role, history, production trend, limitations and 
perspective of the state fish breeding stations, for covering freshwater aquaculture demands in hatched 
fish as well as busting recreational fishing by restocking activities in artificial reservoirs. 

2. Short History and Scope of the Greek State Hatcheries 

The recent history of aquaculture in Greece begins with the establishment and operation of the first 
state fish breeding station across the springs of the river Louros in the Region of Epirus close to Ioannina 
city in 1951, whereas 14 years later, in 1967, the second state hatchery was established in the Region 
of Central Macedonia, close to the city of Edessa. During the 1970s, rainbow trout farming was still the 
main form of aquaculture in the country, as marine fish farming appeared only in the early 1980s [5]. 

According to the Greek Ministry of Rural Development and Food, in the context of the public policy 
for the strengthening of natural resources and the support of aquaculture of freshwater species, the state 
hatcheries provide juveniles for free in the following cases: 

• New freshwater fish farmers for the first operational year of the unit 
• Freshwater fish farmers, whose production has been destroyed by a natural disaster 
• Public bodies, Management Bodies and Fisheries Cooperatives for fish restocking purposes in 

inland water basins. 
Τhe last two decades stocking activities  are limited in artificial ecosystems, acknowledging their 

negative effects on freshwater ecosystems and especially on wild trout populations. Juveniles of two 
species, namely the rainbow trout (Oncorhynchus mykiss, Walbaum1792) and the carp (Cyprinus 
carpio, Linnaeus 1758), are produced in the state hatcheries, with the first one being the most important.  

3. Pella State Hatchery 

Although more public hatcheries for rainbow trout were initially designed by the Greek Ministry of 
Rural Development and Food, less were finally developed, and only two are still working, namely Pella 
and Ioannina state hatcheries, whereas the third one still working, the Arta state hatchery, produces only 
carp and experimentally eel. More specifically, Pella state hatchery (Hydrobiological station of Pella) 
was established in 1967, in a poplar forest outside Edessa, on a land plot granted to the Ministry of 
Rural Development and Food by the local municipality authorities. 

During the next two decades, when several harmful meteorological events and catastrophic factors 
were observed that severely affected the rainbow trout farming units in the region, the supporting role 
of Pella hatchery was of great importance in a sector-sustaining point of view [6]. Later, nevertheless, 
after the 2000s, a downward trend of the majority of public institutions of the Ministry of Rural 
Development and Food followed, in terms of employees and resources. Efforts, such as the gradual 
reopening or creation of new units, including an attempt towards eel cultivation, were proved 
unsuccessful mainly because of the lack of resources and technical support. 

Nowadays the Pella hatchery’s facilities provide updates and training programs, while generally 
contribute to the support of freshwater aquaculture farms, most of which are small family-type units 
without the possibility of employing scientific staff. Also, efforts are being made to apply new methods 
for the cultivation of aquatic organisms as well as the reproduction of wild trout. In addition, since 
2016, monitoring of fish populations and especially wild ones is performed in various rivers, in 



 498 

collaboration with the Fisheries Departments of Imathia, Pella and Grevena Regional Units as well as 
the Management Unit of Northern Pindos National Park, aiming to guide public authorities concerning 
measures that need to be taken in order to protect riverine and riparian habitats. Workshops organised 
by the Pella state hatchery, raising public awareness, aim at the same direction. 

3.1. Production Trend in Pella State Hatchery 

After a production decline, which was in general accordance with the economic crisis of the 
previous decade, the level of productive operation of the station seems to be stabilizing in recent years 
(Figure 1). The largest production proportion of rainbow trout fry are supplied exclusively to 
organizations and associations whose main goal is the restocking of artificial reservoirs scoping in 
busting recreational fishing activities (Figure 2). Interestingly after the period of 2018-2019 and until 
2022, during the COVID pandemic period, there is no supply of juveniles towards private fish farmers. 

 

Figure 1: Rainbow annual production in Pella state hatchery 

 
Figure 2: Supplying direction of produced juveniles. With the term individuals, the private companies 
are concerned, whereas the term clubs include Public Bodies, Management Bodies and Fisheries 
Cooperatives 

 
Both production and supplying direction trends (Figures 1 and 2) indicate an on-going decreasing 

interest in rainbow trout production sector by all stakeholders’ categories. More specifically, older 
producers retire from the production process, and are usually neither replaced by youngers new ones 
nor by their children who generally prefer to move in large cities [7]. Also, the younger ones consider 
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the financial risk of such an investment to be excessive, despite the ambitious help and support offered 
by the competent state bodies, including the fish breeding stations.  

It should be noted however that the production capacity of the above-mentioned station seems to be 
up to four times of the current. This productive potential requires an increase in both financial and 
human resources. The level of employees’ expertise in the state hatcheries can be characterised at a 
satisfactory level, who, thanks to their own efforts, maintained the facilities despite the problems during 
the ten – year economic crisis. The reductions in employees as well as in resources related to economic 
situation are considered among the main problems causing this situation. 

Notably, the today need for financial support of the specific state infrastructures is obvious since the 
motivation of the business activity in the aquaculture seems to be gaining interest in a regional 
development point of view, with the fish breeding stations exhibiting an important perspective role to 
enact. 

3.2. Research Activity – Ecological Role 

    In addition to the production of juveniles for aquaculture support purposes, brood production is 
also performed for stocking purposes in freshwater ecosystems. However, these introductions, 
especially in the past, have not always led to the desired results. Genetic and population studies have 
revealed introgression and antagonism with local populations, occasionally leading to negative impacts 
even local extinctions of the brown trout Salmo trutta [8]. Hybridization due to imports of other trout 
species has also been reported, while conspecific juveniles have also been imported between different 
regions [9], whereas the contribution to fisheries was eventually not significant [10]. An important 
factor worsening the above situation has been performed by a bunch of informal enrichment actions 
carried out by local services and non-professional fishermen, which are not officially recorded [11]. 
Keeping these incidences in mind, during the last two decades juveniles of rainbow trout produced by 
the Pella state hatchery are provided for stocking activities limited only in artificial freshwater 
ecosystems. 

     Regarding the research activities, it has to do mainly with the means provided by the state. In 
the last twelve years, the effort has focused mainly on maintaining functionality and no resources have 
been spent towards this direction, although there is a corresponding interest from the scientific staff. 

4. Conclusions 

In conclusion, the role of Greek public hatcheries in supporting freshwater fish farming, in 
particular rainbow trout, has been of great importance during the last four decades. Production trends 
have been greatly influenced by the economic crisis, employees, and resources reductions with a 
potential harmful effect on rainbow trout aquaculture. On the other hand, new roles of state hatcheries 
as monitoring of fish populations contribute to riverine habitat research, management and protection. 
Genetic improvement and evaluation of climate change effects on the production and stress of reared 
fish could also be a potential field of research for state hatcheries. 
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Summary 
Competitiveness in the field of fresh agricultural products is constantly increasing, driven by 
consumers’ increasing awareness on environmental protection and food safety. The 
cooperative producing Nevrokopi potato Protected Geographical Indication (PGI) product has 
realized this necessity, being determined to face it. For this reason, the IoPotato project, aims 
to develop and apply a precision farming protocol, focusing on crop protection and irrigation. 
Thus, a digital monitoring system has been set up, utilizing remote sensing technology, 
providing by this way the ability to develop a decision support tool for optimizing pest control 
and irrigation. 
This survey focuses on assessing consumer beliefs on the utility and acceptance of precision 
farming systems, focusing also on the aforementioned deliverable of this project. The main 
objective is to highlight factors related to the consumption of Kato Nevrokopi PGI potato, as 
well as their correlation with the participants’ socio-economic characteristics. Furthermore, it 
is evaluated the perspective to pay a premium or not for purchasing it when it is produced under 
a precision farming protocol.  
A three- part questionnaire was developed and distributed on a national level in Greece, based 
on the Theory of Planned Behavior (TPB) and Health Belief Model (HBM). The merged 
approach of these methodologies allowed us to clarify parameters preventing further increase 
of sales of Nevrokopi potato. Results showed a strong link, between locally produced products 
and PGI foods with application of successful environmental protection practices. Furthermore, 
consumers strongly believe that by using Nevrokopi potato, they support local economy and 
domestic development. It turns out that people with higher education as well as young 
consumers are more aware of the value of locally produced agricultural products, while they 
are very interested in adopting practices leading to the production of better quality and safe 
products. The realistic and sustainable improvement of the product’s value chain will 
substantially improve its image on both national and international level. 
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Abstract  
Enterprise resource planning (ERP) system helps many companies to integrate all the business 
functions using a common database and shared information. The parameters that have an 
important impact on the success of that system (ERP) are known as Critical Success Factors 
(CSFs). Understanding Critical Success Factors (CSFs) and how they affect Enterprise 
Resource Planning (ERP) implementation leads to the provision of useful enterprise guidance. 
The investigation of the relationship between CSFs and ERP implementation in companies 
evinces deep interest in literature but it is believed that such an investigation has never taken 
place in Greek agricultural processing companies by now. Facts that are the reason for this 
paper to make an effort to investigate this research object by using Correlation Analysis. 
 
Keywords  1 
Enterprise Resource Planning, Critical Success Factors, Agricultural Processing Companies, 
Central Macedonia 

1. Introduction 

The framework regarding the investigation of the relationships between critical factors and the 
successful implementation of ERP systems in companies [1 – 5], evinces deep interest. Studies 
concerning Greek agriculture are related to farm management and farm decision making [6 - 8]. ERP 
and critical success factors’ investigation in the sector of agriculture has never been implemented in 
Greece, apart from some literature aspects which concern a general study of the Information Systems 
(IS) adoption and implementation in the agricultural processing and food sector [9, 10].  

The above facts led present study’s authors to make a corresponding analysis in Central Macedonian 
(Greek) agricultural processing companies. In order for the fulfillment of this literature gap, it was 
decided that this study should be based on paper of [11], who defined 37 ERP critical factors through a 
content analysis implementation. Therefore, in the case of this study, Critical Success Factors (CSFs) 
are taken into account individually, as features of the implementation and the system in order for their 
relationship with ERP success, to be studied. Based on this, a management version of this Information 
System (IS) is presented, aiming for its success in Central Macedonian (Greece) agricultural processing 
companies. So as for relevant data to be collected, a special questionnaire was used. After the data 
collection present study’s authors used the Correlation Analysis method in order to identify the 
relationships between ERP implementation success and each one of the critical factors’ importance [1, 
2, 12]. 
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2. Research Methodology 

In order for the fulfillment of the present study’s aim, a research was conducted on Central 
Macedonian (Greece) agricultural processing companies, with the use of an electronic questionnaire 
which is related to the critical factors and ERP success. The questionnaire was formatted on Likert scale 
[13, 14] questions in order to be pointed out the respondents' preferences for the importance degree of 
critical factors (1=Not Important to 5=Very Important) and ERP success degree (1=Not at all to 5=Very 
much). Once the questionnaire was ready, it was sent to Central Macedonian agricultural processing 
companies’ corporate email addresses. This research, specifically, was directed to all companies’ 
members who are involved in the implementation of ERP system [15], i.e. top managers, general 
managers as well as other employees. Present survey was lasted four months (October 2019-February 
2020). After the data collection, Correlation Analysis was used in order for the relationships between 
implementation success and critical factors to be identified.  

Correlation Analysis evaluates the degree of association of two variables and determines the 
direction of the relationship that exists between them [16]. Due to the fact that the importance of factors 
and the degree of the ERP system’s success are expressed as hierarchical (ordinal) variables, the 
correlation coefficient of Spearman is used [16]. Spearman correlation coefficient results from two 
variables (X, Y), whose observations’ ranking is achieved in ascending or descending order.  Based on 
that, correlation coefficient is calculated through the equation [16]: 
 

r=𝟏 − 𝟔∑ 𝒅𝒊𝟐𝒎
𝒊=𝟏

𝑚3−𝑚
    

 

(1) 

Where: 
di express the difference between rxi - ryi, rxi: the degree of value xi, ryi: the degree of value yi 

and m: the number of sample’s observations. The coefficient values are in the range of -1 and +1 and 
the higher their absolute value is, the stronger the correlation becomes [16]. Negative coefficient values 
indicate that when variable x increases, y decreases, and vice versa, while zero value indicates a lack of 
correlation. Through the above properties, the direction of the relationships between two or more 
variables (positive or negative) is specified. The following equation was used to identify whether the 
Spearman correlation coefficient (ρ) is statistically equal to zero -or not– or, even, to statistically 
confirm the relationships between two variables [16]:  

 

t = r√𝒎−𝟐
𝟏−𝑟𝟐

   
(2) 

 
If the value t corresponds to probability less than the significance level (p˂0.05 or p˂0.01), then the 

null hypothesis (ρ=0 for correlation lack) is rejected [16]. 

3. Results and Discussion 

A total of 227 members of Central Macedonian companies, which operate in the agricultural 
processing field (olive, milk, fruit, vegetables, meat, nuts, wheat, cereals, bee products, tea as well as 
coffee) [17, p. 6] participated in the present survey. The ERP systems used by the majority of the 
participated companies provide various capabilities such as financial monitoring, accounting, 
warehouse, sales and purchasing management [18-21]. After the collection, data were properly 
processed and entered the statistical package of SPSS in order for the implementation of Correlation 
Analysis [1, 2, 12]. Present study’s research hypotheses arose from [11]s’ theoretical framework 
regarding the identification of 37 ERP Critical Success Factors.  

Taking into account the importance values of the factors [11], these research hypotheses can be set 
as: 

Η1-37: Critical factor’s importance is significantly related to the degree of ERP system’s 
implementation success.  
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The hypotheses are considered as alternatives, while the null hypothesis, which is defined for each 
case, is set as: 

H01: Critical factor’s importance is not significantly related to the degree of ERP system’s 
implementation success. 

From Correlation Analysis implementation, it emerged that 24 out of 37 critical factors are 
significantly related to the successful ERP implementation (Table 1). 
 
Table 1 
Correlation analysis results (1) 
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**. Correlation is significant at the 0.01 level (2-tailed). 
*. Correlation is significant at the 0.05 level (2-tailed). 

 
Correlation Coefficient values are not close to the unit (1), which is something that proves that there 

is no large degree correlation. Nevertheless, the values of line Sig. are less than 0.05, which leads to the 
acceptance of the research hypotheses, concerning the 24 factors of Table 1, and concludes that the 
emphasis that is placed on these factors has an impact on the ERP implementation success. 
Moreover, all factors that are mentioned in the Table 1 show a positive (due to the sign) correlation 
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with the successful implementation of the system. 13 out of 37 factors did not meet the specifications 
mentioned above, as it can be seen in the following results (Table 2). 
 
Table 2 
Correlation analysis results (2) 
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**. Correlation is significant at the 0.01 level (2-tailed). 
*. Correlation is significant at the 0.05 level (2-tailed). 

 
To be more precise, the values of Sig. line are above 0.05. This fact leads to the rejection of the 

hypotheses, which concern the 13 factors, and to the acceptance of null hypothesis (H01) respectively. 
Thus, it is concluded that the emphasis that is laid on these factors has no impact on the ERP 
implementation success. 

3. Conclusions 

The framework regarding the investigation of the relationships between critical factors and 
successful implementation of ERP systems in companies evinces deep interest. Therefore, in the present 
study, a corresponding analysis in agricultural processing industries which are located in Central 
Macedonia’s prefecture, was selected to be implemented because it is believed that such an 
investigation has never taken place in Greece again. In order for this investigation to be carried out, 37 
research hypotheses were created by taking into account the critical factors as individual features of the 
implementation and the system and they are tested through the use of Correlation Analysis.  

Through the answers given by the Correlation Analysis method, it was determined whether the 
importance that is shown to critical factors is related to the degree of ERP success. Based on the above 
fact, useful guidelines are created in order for agricultural processing companies’ managers to 
understand which CSFs can be taken into account so as for the successful implementation of ERP 
system to be feasible. To be precise, Correlation Analysis results (Tables 1 and 2) showed that the 
importance of 24 CSFs is positively related to the degree of ERP system’s successful implementation. 
That indicates that these factors are considered as the most critical in ERP implementation of Central 
Macedonian agricultural processing companies. For that reason, a holistic focus could be suggested on 
the characteristics of these 24 factors because a partial one can limit their positive effect to ERP success 
[22].  
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Unfortunately, in the case of this study, there was an inevitable limitation. That one concerns the 
values of correlation coefficients, which are not close to the unit and, thus, a small degree correlation 
is indicated [16]. Furthermore, a corresponding research approach is proposed to be implemented in 
other Greek prefectures as well, in order for more answers regarding the Critical Factors and ERP 
systems’ implementation in agricultural processing industries, to be received. 
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Summary  1 
Twelve (12) bulk samples of Holstein cow’s milk, fifteen (15) bulk samples of sheep and goat’s 
milk, and forty-three (43) feed samples were collected in August 2020 from livestock farms in 
Naxos Island, South Aegean, Greece. Three milk samples were taken from milk coolers in 
25ml falcon bottles from each station and subjected to isotopic analysis to determine their 
carbon (13C/12C) and nitrogen (15N/14N) isotopic ratios. The isotopic values of the feed ranged 
from -26.1 ‰ to -16.8 ‰ for δ13C (mean value -21.4‰) and from 1.5‰ to 6.5‰ for δ15N 
(mean value 3.9‰). When plotted again each other (fig. 1), the samples could be discriminated 
into three groups. The first group corresponded mainly to cow feed with lower δ15N values 
(1.3‰ to 2.8‰), while the second group is represented by cow feed with higher δ15N values 
(3.5‰ to 6.5‰ and lower δ13C values (-26.1‰ to -23.9‰). The third group is made up 
predominantly of sheep/goat feed with higher δ15N values (3.8‰ and 6.5‰) and δ13C values 
(-21.7‰ to -16.8‰). From the carbon and nitrogen values of soya [δ13C: -26.6‰, δ15N: 0.7‰] 
and maize [δ13C: -11.8‰, δ15N: 4.3‰] used in the sampled feed, it can be concluded that both 
feed components determine the isotopic record of feed rations. Milk casein isotopic values 
ranged from -24.4‰ to -18.1‰ for δ13C (mean value -20.7‰) and from 3.9‰ to 8.4‰ for 
δ15N (mean value 5.7‰). The δ13Ccasein values in cow milk were also higher than in feed for -
3.14‰ and 2.96‰ agreeing with the δ13Cfeed-casein values reported in the literature. In addition, 
a 1-4 ‰ increase in the δ13C ‰ values are reported during the metabolism of feed into milk 
protein, while feeding maize results in a -4‰ reduction. The data from this study shows that 
animal proteins were naturally 15N-enriched relative to their diet (δ15Νfeed-milk = -4.3 to -1.1‰), 
a trophic shift consistent with reported values for dairy cows (2.4‰ and 3.2‰) and in growing 
cattle (3.6‰ and 3.8‰). The δ13Cfeed-casein (-5.5‰ to 4.4‰) and δ15Νfeed-milk (-4.1‰ to 0.6‰) 
for sheep/goat samples were higher, reflecting a semi-extensive type of farming and those 
environmental parameters that affect the isotopic record. 
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Figure 1: Carbon and nitrogen isotope values for feed samples from livestock farms in Naxos 
Island, South Aegean, Greece  
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Abstract  
The feasibility assessment of a hydroponic greenhouse, based in the Regional Unity of Preveza 
in Western Greece and focusing on tomato production, is the main research subject of the study. 
In particular, the study aims at the presentation of an investment plan that has been developed 
for a greenhouse farm of a total area of 0.2 hectares, where tomato plants will be cultivated by 
implementing hydroponic methods. The investment plan is evaluated for a 5-year period, while 
the Internal Rate of Return (IRR) is used as the criterion of feasibility and performance 
assessment. For the needs of the main analysis of the study, secondary data regarding all costs 
and benefits deriving from the annual operation of the greenhouse farm are used. The analysis 
shows that the economic viability of the farm is achieved after 4 years from the beginning of 
its operation and is ensured mainly due to the innovative and environmental-friendly 
hydroponic production methods, but also due to the favorable pedoclimatic conditions of the 
region. Although the greenhouse sector has a high potential in countries such as Greece, further 
research is required and should examine the extent to which farmers are willing and capable to 
adopt new technologies and innovation, in order to overcome challenges mainly associated 
with the limited use of hydroponic systems. 
 
Keywords  1 
Hydroponics, sustainable crop production, feasibility assessment, cost-benefit analysis, 
Internal Rate of Return (IRR)  

1. Introduction 

The study investigates the economic feasibility of a hydroponic greenhouse farm producing tomato, 
which is located in a close distance from the town of Preveza and covers a total owned land of 0.2 
hectares. The Regional Unit of Preveza belongs to the Region of Epirus - located in the Western part of 
Greece - and occupies a total area of 1036 km2. The climate of the Regional Unit is coastal 
Mediterranean, characterized by hot and dry summers and mild winters, while the whole area is the 
least mountainous part of the Region of Epirus. The particular pedoclimatic conditions render the region 
ideal for the development of greenhouse farms, specialized in vegetable production. 

Greece’s vegetable production accounts for almost 20% of the total value of the domestic food 
production [1] and thus ranks first among all agricultural sectors. Tomato is the most important 
vegetable crop from both economic and commercial aspect in Greece, as, in 2014, about 17000 hectares 
(Table 1) were cultivated and 550000 tons were produced [2]. The demand for tomato has been 
increasing rapidly worldwide. In European countries, fresh tomato and tomato-based products attract 
even greater consumer interest, especially when their production is based on sustainable methods, such 
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as hydroponics, while the quality of vegetable products is another important factor affecting consumers’ 
decision making [3].  

Hydroponics is a technique of growing plants out of soil. The plants grow in an artificial substrate 
instead, with presence of water, which includes all the necessary nutrition ingredients [4]. Controlling 
irrigation water provision is the most important advantage of hydroponic methods, as the used water 
can be recycled. A study by [5] proved that vegetable crops can be produced in a hydroponic system of 
delivering water and nutrients by reusing 33% of drainage water. Another study conducted by [6], 
revealed that the hydroponic production of lettuce in Arizona required 13 times less water compared to 
conventional production. As a result, hydroponic systems can guarantee not only higher production, but 
also lower environmental footprints. 
 
Table 1 
Cultivated land of tomato in Greece (thousand hectares) 

Year 2011 2012 2013 2014 2015 2016 2017 2018 

Total cultivated land 3566,6 3560,1 3628,5 3334,1 3285,9 3225,7 3220,9 3221,7 
Tomato (total) 28,1 27,6 26,6 17,4 17,5 15,7 14,9 14,7 

Industrial 10,6 10,1 9,4 6,2 6,4 6,1 5,9 5,6 
Open field 14,1 14,2 13,9 8,6 8,4 7,1 6,7 6,7 

Greenhouse 3,4 3,3 3,3 2,6 2,7 2,5 2,3 2,4 
Source: [2]          

 
The purpose of the study is the feasibility assessment of a hydroponic greenhouse farm oriented to 

tomato production, established on owned land in Preveza Regional Unit. The feasibility assessment is 
based on a cost-benefit analysis, for which the Internal Rate of Return (IRR) is used as a criterion of 
performance. 

2. Methods 

The main research question of the study is whether the investment on a hydroponic tomato 
greenhouse farm can be feasible and cost-effective. 

A feasibility analysis can provide essential information for decision making. It requires detailed and 
reliable data of all costs and benefits for the whole assessment period in order to adequately address 
uncertainty. It needs to anticipate the possible outcomes based on the understanding of the current 
market conditions [7]. As part of a feasibility analysis, a cost-benefit analysis highlights the extent to 
which an investment on a particular domain is beneficial at the socioeconomic level. It is used to 
estimate and weigh costs and benefits in an investment plan. The method can be applied to both private 
and public projects that may have a significant economic impact, as it reflects the importance of all 
costs and benefits associated with the operation of the project at the social level and tries to determine 
if the proposed benefits justify the cost and other implications that may occur for the society [8]. By 
calculating the IRR - the discount rate which equates the present value of the flow of benefits of an 
investment with the present value of its flow of costs [9] - the feasibility analysis examines the 
possibility of the farm to respond to the actual conditions in a profitable and competitive manner. The 
IRR as a decision criterion, suggests to accept a project if and only if the IRR is greater than the cost of 
capital and to rank projects via their IRRs.  

Secondary data related to all costs and benefits deriving from the annual operation of the greenhouse 
farm were collected from the Directorate of Agricultural Development of the Regional Unit of Preveza. 
Particularly, the study was provided with detailed technical and economic data, primarily collected by 
the Directorate through the conduction of an in-person questionnaire survey which involved visits to 
typical hydroponic tomato greenhouse farms of the region. For the purposes of the main analysis, data 
were recorded in a Microsoft Excel spreadsheet and the cost-benefit analysis (calculation of the IRR) 
was performed via the use of dedicated equations of MS Excel. 
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3. Results – Discussion 

Greenhouse facilities provide a controlled environment with preferable conditions, the most 
significant of which are temperature, humidity, CO2 concentration and light intensity [10]. The purpose 
of cultivating agricultural products in greenhouse facilities is none other than the modification and 
control of all these environmental factors which affect plant growth. As a result, production can be 
increased, programmed on time and improved in quality, while diseases and pests can be reduced in a 
significant level [11] and damages caused by wind, rain, snow and hailstone can be avoided. 

3.1.    Description of the Greenhouse Facility 

The greenhouse farm occupies a total area of 0.2 hectares, nearby the town of Preveza, characterized 
by a slight slope. The orientation of the farm and the planting lines have the “East-West” direction. The 
facility is certified by the Ministry of Rural Development and Foods of Greece, while the constructor 
is certified by ISO 9001:2008. The selection of the materials and the technical characteristics of the 
greenhouse has taken into account the pedoclimatic conditions of the region and the special 
requirements of tomato cultivation. The production is based on multi-level growing system and the 
facility is constructed with the technical characteristics listed below: Height 4.5m; width of pyramid 
9.6m; length of basic structure unit 4m; roof slope 22°. Plastic sheet of long-lasting polyethylene (total 
permeability to solar radiation 88%) is used as a cover, while the greenhouse is equipped with natural 
ventilation system (roof windows). The prevention of external contamination and invasion from insects 
is achieved via the use of a special net. 

For the heating requirements of the greenhouse, the meteorological data of the region have been 
taken into consideration. The greenhouse is equipped with system of air recirculation of 10 axial fans 
and heating system with air-boilers functioning on pomace wood, which is a type of biomass that 
constitutes an alternative to fossil fuels and renewable source of energy [12]. The rest of the electric-
mechanical equipment includes a refrigerator chamber, an electricity generator, a meteorological 
station, and an irrigation system. Auto-regulated water drippers, placed on polyethylene pipe of 
diameter of 20mm and providing 2L/hour, contribute to the irrigation needs of the plants. Drip irrigation 
method is selected, as it can guarantee a good balance between high yield and superior quality of tomato 
fruits while reducing the environmental impact caused by horticultural production and saving water 
[13]. Liquid fertilization takes place through a modern fertilization injector controlled by 
microcomputer, which adjusts the parameters of the nutrient solution, such as pH, conductivity and 
concentration of inorganic and organic nutrients. 

The hydroponic system selected for the greenhouse is the Nutrient Film Technique (NFT). 
According to this method, a shallow steam of nutrient solution recirculates in a closed circuit over the 
roots of crop plants [14]. The plants grow, without the use of a substrate, inside channels of appropriate 
slope [15]. The width of channels varies based on the root system that each plant develops. For tomato 
and pepper, a width of 15cm is needed [15], as these crops have the ability to develop a big root system 
and require side support, while for lettuce 8cm are sufficient [15]. The low cost of installation as well 
as the relative ease of construction are distinctive characteristics of the NFT system [14]. Water 
consumption is lower in the NFT compared to other types of hydroponic systems, while the control, 
adjustment and renewal of nutrient solution is more accurate, as a greatly reduced volume of solution 
is required [14]. Studies have shown that NFT-based hydroponics can reduce irrigation water usage by 
70% to 90%, by recycling the run-off water [16]. In the NFT system also, the nutrient solution requires 
less time to heat up during winter and cool up during summer. In overall, NFT is a commonly used 
system for successful tomato production. The cultivation of tomato in NFT system with regular 
recycling of nutrient solutions improves growth, productivity and mineral composition [16].               

3.2.    Economic Performance of the Greenhouse Farm 

The economic performance of the greenhouse farm is highly associated with the specific technical 
characteristics described above. The operation of the greenhouse farm requires two types of operating 
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expenses, which are the labor costs and the costs of circulating capital. The main analysis of the study 
is based on data valid for the year 2021 (Year 0) in hydroponic tomato greenhouse sector in Greece and 
especially in the Regional Unit of Preveza and the Region of Epirus. In addition, the study takes for 
granted that the level of prices in the estimations of future net cash flows remains steady. Based on 
these assumptions, the total of labor and circulating capital costs come up to 32500€ per year. The 
annual revenue of the farm, which results from product sales, is 63000€. As a result, the farm achieves 
annual net cash flows of 30500€ (Table 2), which implies its profitability and cost-effectiveness in each 
of the 5 years of operation. 

Installation costs are not included in the annual cash flows, as long as they are related to the initial 
foundation and not to the operation of the farm (i.e. the construction and installation of the greenhouse 
facility takes place in Year 0 of the investment). The analysis does not take into account any 
depreciation expenses that may occur over the course of the 5-year assessment period, as maintenance 
costs are considered negligible during this short period of time.  
 
Table 2 
Annual cost-benefit analysis 

A) Installation Costs (€) B) Labor Costs  (€) C) Costs of Circulating 
Capital (€) 

Greenhouse structure, 
Plastic roof and side 
walls cover, Truck  

  54000 Owner’s 
labor 

3,4 €/hour × 
1200 hours/year 

= 4080 

Plants, 
Fertilization, Plant 
protection 

9640 

Refrigerator chamber, 
Heating system, Axial 
fans, Electricity 
generator, Irrigation 
system, Hydroponic 
system, Meteorological 
station 

  45700 Specialized 
personnel’s 
labor 

5,0 €/hour × 
2400 hours/year 

= 12000 

Energy and Water 
consumption 

1700 

Installation labor and 
Other expenses 

  10300 Non-
specialized 
personnel’s 
labor 

3,4 €/hour × 
1200 hours/year 

= 4080 

Certifications and 
Other expenses 

1000 

Sum  110000 Sum    20160 Sum 12340 
D) Annual Revenue  (€) 70000 kg × 0.9 €/kg = 63000 
Ε) Annual Net Cash 
Flows  (€) 

D – (B+C) = 30500 

      
The outcome of the feasibility analysis confirms the economic viability of the greenhouse farm 

during the 5 years of operation. The IRR is positive in the 4th year, in fact exceeding 4%, which is 
almost equal to bank interest rates. At this specific time, the initial invested capital of 110000€ as well 
as the annual operating costs are fully compensated by the revenues of the farm, when future benefits 
and costs are discounted to current values by using a discount rate equal to the value of IRR (4%). In 
the 5th year particularly, the IRR indicator is 12%, which reflects the high profitability and cost-
effectiveness of the investment, comparing the value of IRR with the prevailing bank interest rate. 
Therefore, the installation of the greenhouse farm is an economically viable investment option, as 
presented in Table 3. 
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Table 3 
Results of feasibility analysis 

Year 2021 
(Year 0) 

2022 
(Year 1) 

2023 
(Year 2) 

2024 
(Year 3) 

2025 
(Year 4) 

2026 
(Year 5) 

Initial Invested Capital (€)   110000      
Annual Net Cash Flows (€)  30500 30500 30500 30500 30500 

Internal Rate of Return (IRR) <0 <0 <0 <0 4% 12% 
 
The result proves that the perspectives of agricultural facilities and enterprises that use innovative 

techniques such as hydroponics, are really promising. Economic feasibility is ensured and is also 
connected with other benefits, such as the socioeconomic development of the area (e.g. support for 
processing facilities, labor supply), the creation of viable and profitable farms, the efficient use of 
natural resources with lower environmental footprints and high quality production. 

4. Conclusion 

The implementation of modern hydroponic systems guarantees the achievement of high yields and 
the production of vegetables of excellent quality with high market prices. The investment plan evaluated 
in the study could encourage the development of similar activities in the agricultural sector. It could 
also contribute to the improvement of the socioeconomic and environmental conditions of the region 
through more efficient use of capital, labor and water resources. Hydroponics, however, is not yet 
widespread in Greece. The main reason is none other than the high initial invested capital required to 
purchase and install hydroponic systems, in combination with a significant lack of know-how and real-
life data regarding the efficiency of input use. Further research should investigate the willingness and 
ability of farmers to adopt innovative production practices and methods, considering that investing in 
greenhouse facilities could contribute positively to the commercialization and competitiveness of the 
final product, through cost savings, quality improvement and product promotion. The aspect of 
innovation is a very important factor for the agri-food industry at both farm and production system 
levels, although innovative systems along with modern technological equipment imply high installation 
costs. In a next step, the study will also focus on assessing different scenarios of economic feasibility 
of the investment plan, taking into consideration any possible changes of input, energy and product 
prices, especially under the current volatile conditions existing in agricultural markets worldwide.          
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Summary  1 
Mussel production is an activity of specific importance of mainland coastal areas of Greece, as 
it is the source of supplementary (or main) incomes for fishermen. Previous research showed 
that the system involves a relatively small number of heterogeneous farms and producers, with 
different levels of entrepreneurial organization and production practices, which have an impact 
on their economic performance. However, a common external threat for mussel farms relates 
to unpredicted changes in environmental conditions. Since mussels are able to feed by 
absorbing nutrients from sea water, they also accumulate other substances in high 
concentrations, while they are also vulnerable to physiochemical changes (e.g. temperature and 
oxygen) in water. The presence of toxins in aquatic ecosystems, therefore, generates important 
threats for the viability of mussel production as well as for public health. Indeed, mussels are 
distributed for human consumption of after costly processing in sanitation facilities, while also 
they can be discarded – or even the production area can be put out of operation - if toxins are 
found in high concentrations. These destructive implications can be avoided if adverse 
environmental conditions are detected at a very early stage and mussels can thus be moved to 
another part of the sea rea, where conditions are better. SmartMussel project proposes a model 
of automated, remote-controlled management system for mussel farms, which uses probes of 
temperature, dissolved oxygen and conductivity associated with prediction software to 
demonstrate the potential need for mussel movement between marine areas. As part of 
SmartMussel project, this paper examines the potential socioeconomic effects of introducing 
and operation this automated system. In particular, the analysis is based on the development of 
a linear programming model, where three types of mussel farms (large size farms (LSF), 
medium size farms (MSF) and small size farms (SSF) according to the occupied surface area) 
are included as separate blocks of variables and constraints. Data for the analysis are derived 
from an on-site questionnaire survey of mussel farmers in the study area of Vistonikos Gulf 
(Eastern Macedonia, Greece), which were refined and calibrated based on additional survey 
data from Thermaikos Gulf (Central Macedonia, Greece). The results of the model indicate the 
optimal structure of the sector, which highlight how each farm type can be viable compared to 
other types. The optimized objective function (i.e., the total gross margin of mussel farms) is 
then used within a cost-benefit analysis framework, which is related to the number of possible 
outbreaks of adverse conditions that can lead to the destruction of production. Through this 
analysis, the mid-and long-term effects of using the automated systems are approached, thus 
demonstrating the necessity of introducing it and its usability in terms of risk management. 
Among other findings of the analysis, the contribution of the sector to employment and specific 
proposals for increasing the viability of each farm type are revealed. 
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Summary 
Insects are the most important pests of stored agricultural products, as they can cause 
significant quantitative but also quality degradations in the product. Thus, food protection from 
such pests is of great importance in order to prevent postharvest losses and secure food 
availability. Today, the protection of stored products is mainly based on suppressive methods, 
in contrast to the lack of preventive measures. At the same time, the continuous and improper 
use of contact and gaseous insecticides has led to resistance development in several major 
insect species, and is posing a continuous threat to the sustainability of these key treatments. 
In the present work, the University of Thessaly in collaboration with a cooperative of 
agricultural products, carried out on-site inspections, indicating all the critical points in storage 
facilities and products of the cooperative, which can contribute to the increase of entomological 
and fungal infestations. The inspections were accompanied by various sampling methods in 
order to collect and identify at the laboratory scale the existing species and pathogens in the 
stored products, as well as to evaluate the existence of resistance to the most widely used 
insecticides, using different diagnostic protocols. Various insect species and fungi were found 
in all the warehouses. The collected insects, Rhyzopertha dominica (F.) (Coleoptera: 
Bostrychidae), Sitophilus zeamais Motschulsky (Coleoptera: Curculionidae) and Cryptolestes 
ferrugineus (Stephens) (Coleoptera: Laemophloeidae), are major pests of stored products 
worldwide. Saprophytes that cause serious degradations during storage and can produce 
mycotoxins were found in the cereals. Most of the insect species collected from stored cereals 
and legumes were found to be resistant to phosphine, by using the standard Phosphine 
Tolerance kit (PTT) (Detia Degesch GmbH, Laudenbach, Germany). At the same time, the 
tested populations did not indicate significant traits of resistance to the active ingredients 
deltamethrin and pirimiphos-methyl in dose-response bioassays, but in many cases, the 
recommended label doses were not able to completely control some populations of these 
species. The results of the present work underline the importance of population on the efficacy 
of insecticides that are currently in use in stored product protection. Moreover, the use of the 
residual grain protectants as an alternative solution to fumigation can be proposed as a means 
to mitigate tolerance/resistance to phosphine, but the continuous use of contact insecticides is 
equally risky on the basis of resistance development.  
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Abstract  
Urban green spaces are of vital importance in terms of urban biodiversity conservation. The 
main aim of this study was to estimate urban plant composition and diversity of main green 
space types in Maroussi Municipality. Results showed that the highest herbaceous plant species 
richness was found in park-OAKA B, followed by pedestrian-Gramou and mild traffic road-
M. Alexandrou, while the lowest herbaceous species richness was in street island-Vasilisis 
Sofias. Also, the highest woody plant species richness was found in park-OAKA B and mild 
traffic road-M. Alexandrou, followed by street island-Vasilisis Sofias and pedestrian-Gramou. 
Herbaceous and woody plant species richness were observed satisfactory in urban parks of 
Maroussi Municipality. These findings could provide insights for plant biodiversity 
conservation in urban green spaces. However, the underlying mechanisms of the urbanization 
degree and plant diversity need further study. Finally, promoting the use of native species in 
landscape design projects, especially in parks, pedestrian and mild traffic roads may contribute 
to creating sustainable urban spaces in the region in the future, under the concept of climatic 
changes. 
 
Keywords   
Biodiversity, urban green spaces, native, alien, city, urbanization level, Greece1 

1. Introduction 

It is a fact that urban regions can support more species than a nearby surrounding landscape, hosting 
large numbers of native and alien species. A significant contribution can be offered to biodiversity due 
to the different habitat types, which range from low to high land transformation levels [1]. That is the 
reason why urban green spaces contribute to the ecosystem services, becoming a progressively 
important refuge for native biodiversity [2]. 

Urban green areas present a certain habitat transformation by promoting original combinations of 
native/alien species well adapted to these new site conditions-sometimes even better than expected, in 
comparison to their original habitat. Having this knowledge, it is important to evaluate the benefits 
linked to alien species [3,1].  However, many authors have presented and underlined the risks of further 
invasions of alien species, which can displace the native ones if uncontrollably spread into their natural 
areas [4,6,7]. However not all introduced species have invasive character [8]. 

The fact is that urban stresses such as soil compaction, salinity and air-pollution result in limited 
number of species suitable for urban areas and this in turn, causes the introduction of alien species 
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[9,10]. Other factors, i.e. landscaping-gardening practices, usage and maintenance of exotic species 
contribute to plant species diversity in cities [2]. Apart from that, urban fauna can be influenced by 
vegetation structures (complexity, size, connectivity, vertical structure) [2,11]. Due to these facts, 
special studies are needed so that the potential of various urban green spaces and their biodiversity 
conservation should be revealed and managed accordingly. For this reason, the potential of different 
green spaces in terms of biodiversity conservation along an urban-rural settlement gradient needs to be 
revealed for appropriate management practices [9]. In this study we aimed to analyze the main green 
space categories of Maroussi Municipality in terms of plant composition and diversity (herbaceous and 
woody plant species richness), which were shaped by species selection approach, management and 
ecological conditions. 

2. Study Area and Sampling 

The Municipality of Maroussi is located 12 km northeast of the centre of Athens and belongs 
administratively to the Eastern Regional Sector of the Attica Region. The administrative boundaries of 
the municipality occupy an area of 1,309.3 ha and extend north up to the lowest foothills of Penteli, up 
to its hills Magoufanas (Pefki), Kifissia and today's Melissia, while to east, south and southwest the 
demarcation follows basically their network small and large streams in the area: the Polydrosos stream, 
which is connected to the largest stream of Podoniftis. From a geomorphological point of view, 
Maroussi is located at its southeastern end basin formed between Parnitha, Penteli and Turkovounia. 
The water systems of the area are formed mainly by three streams named Kokkinaras, Sappho and 
Polydrosos.  

Based on available longterm data of the most recent climatic period (1960-1997), obtained from the 
nearest meteorological station of Tatoi (38.10oN, 23.78oE, alt. 236 m a.s.l.), the climate of the region 
is semi-arid [12,13] according to UNEP’s [14] aridity classification system which is based on 
Thornthwaite’s [15] water balance approach. The annual precipitation of the broader area is low 
(460mm) with however increased potential evapotranspiration rate (891 mm/y) resulting in a rather 
decreased aridity index of 0.48. During the dry period of the year, the water deficit for the development 
of vegetation is about 460m, whereas in the wet period the water surplus is zero.  

Fοur public green spaces (street island-Vasilisis Sofias, park-OAKA B, pedestrian-Gramou and mild 
traffic road-M. Alexandrou) were selected for the current study. More specifically, the sampling of 
herbaceous plant communities was done in each type of urban green space in spring 2019. The 
samplings of herbaceous plants were carried out in plots 0.25 m2 (0.5 m × 0.5 m), in order to record 
herbaceous plant composition and diversity (species richness). Also, representative sampling surfaces 
measuring 100 m2 (10x10m) [16,17] were used for woody plant species composition and diversity [18]. 
Species identification was mainly based on Mountain Flora of Greece I, II [19,20], Flora Hellenica I & 
II [21,2] and Flora Europaea [23,24,25,26,27]. Plant nomenclature and distribution follow Dimopoulos 
et al. [28,29]. 

3. Results and Discussion 

A total of 29 herbaceous plant and 14 woody plant species were determined in the selected urban 
green spaces. Among these, 28 herbaceous plant and 9 woody plant species are native species while 
one herbaceous plant (Figure 1) and five woody plant species are alien species (Figure 2-6). The highest 
herbaceous plant species richness was found in park-OAKA B, followed by pedestrian-Gramou and 
mild traffic road-M. Alexandrou while the lowest herbaceous species richness was in street island-
Vasilisis Sofias (Figure 7, Table 1). Also, the highest woody plants species richness was found in park-
OAKA B and mild traffic road-M. Alexandrou, followed by street island-Vasilisis Sofias and 
pedestrian-Gramou (Figure 8, Table 2). Herbaceous and woody plant species richness were observed 
satisfactory in urban parks. It is a well-known fact that by understanding the various roles of vegetation 
as far as our environment is concerned, we become fully aware of its importance. We have to safeguard 
vegetation because it is a natural protection-a kind of barrier-as it directly influences the energy balance 
on the earth's surface saving us not only from extreme weather conditions but also from pollution or 
erosion. Moreover, it helps to maintain and even enrich ecology, resulting in better living conditions. 
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However, selecting and applying vegetation species in particular areas is a demanding task which 
requires in-depth knowledge of the physical characteristics and relative needs of the specific/selected 
vegetation [30].  
Another very interesting and crucial issue is that of invasive plants-when alien species spread into 
landscapes through trade, traffic and horticulture (the most common dispersal pathways) [31,32]. 
Invasive plants can affect bioregions causing serious ecological/environmental damage and measures 
should be taken targeting the human-facilitated introductions. Studies have shown that the composition 
of the invasive plants is higher in parks containing highway greenings and public gardens. The alien 
species of the present study cover large areas because of their extensive quality. According to Kowarik 
[1], although the presence of alien plant harbours risks, these risks are mostly related to particular 
species and do not apply to the whole group of alien ones. This very fact explains the need for programs 
targeting species management and their implementation by many municipalities advising against 
planting alien species. 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

 
 
 

 
Figure 7: Herbaceous plant species richness of urban green spaces.  

 
 
 
 
 

 
Figure 1: Oxalis pes-
caprae L.  

 
Figure 2: Eriobotrya japonica 
(Thunb.) Lindl. 

 
Figure 3: Eucalyptus robusta Sm. 

 
Figure 4: Ailanthus altissima 
(Mill.) Swingle 
 

 
Figure 5: Phoenix canariensis 
Chabaud 

 

 
Figure 6: Thuja occidentalis L. 
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Table 1 
Herbaceous plant species in urban green spaces of Maroussi Municipality. 

Urban green space Family Plant species Status 
Street island -Vasilisis Sofias Malvaceae Malva sylvestris L. Native 
 Poaceae Cynodon dactylon (L.) Pers.  Native 
 Poaceae Hordeum murinum L. Native 
 Resedaceae Rezeda alba L. Native 
    
Park-OAKA B Asteraceae Anthemis chia L. Native 
 Asteraceae Glebionis coronaria (L.) Spach Native 
 Asteraceae Hypochaeris achyrophorus L Native 
 Asteraceae Matricaria recutita L. Native 
 Asteraceae Sonchus oleraceus L. Native 
 Euphorbiaceae Euphorbia peplus L. Native 
 Fabaceae Medicago polymorpha L. Native 
 Fabaceae Trifolium tomentosum L. Native 
 Malvaceae Malva sylvestris L. Native 
 Plantaginaceae Plantago lagopus L. Native 
 Plantaginaceae Plantago lanceolata L. Native 
 Poaceae Bromus rubens L. Native 
 Poaceae Catopodium rugidum (L.) C.E. Hubb. Native 
 Poaceae Cynodon dactylon (L.) Pers. Native 
 Poaceae Rostraria cristata (L.) Tzvelev Native 
 Primulaceae Anagallis arvensis L. Native 
 Solanaceae Solanum elaeagnifolium Cav. Native 
    
Pedestrian-Gramou Asteraceae Sonchus oleraceus L. Native 
 Brassicaceae Arabidopsis thaliana (L.) Heynh. Native 
 Brassicaceae Sinapis arvensis L. Native 
 Caryophyllaceae Stellaria media (L.) Vill. Native 
 Geraniaceae Geranium robertianum L. Native 
 Poaceae Cynodon dactylon (L.) Pers. Native 
 Poaceae Hordeum murinum L. Native 
 Rubiaceae Galium aparine L. Native 
 Urticaceae Urtica dioica L. Native 
 Veronicaceae Veronica arvensis L. Native 
    
Mild traffic-M. Alexandrou Asteraceae Matricaria recutita L. Native 
 Asteraceae Sonchus oleraceus L. Native 
 Brassicaceae Capsella bursa-pastoris (L.) Medik. Native 
 Brassicaceae Sisymbrium irio L. Native 
 Geraniaceae Geranium molle L. Native 
 Malvaceae Malva sylvestris L. Native 
 Oxalidaceae Oxalis pes-caprae L. Alien 
 Poaceae Cynodon dactylon (L.) Pers. Native 
 Poaceae Hordeum murinum L. Native 
 Veronicaceae Urtica dioica L. Native 
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Figure 8: Woody plant species richness of urban green spaces. 
 
 
Table 2 
Woody plant species in urban green spaces of Maroussi Municipality. 

Urban green space Family Plant species Status 
Street island-Vasilisis Sofias Apocynaceae Nerium oleander L. Native 
 Moraceae Morus alba L. Native 
 Rosaceae Eriobotrya japonica (Thunb.) Lindl. Alien 
 Simaroubaceae Ailanthus altissima (Mill.) Swingle Alien 
    
Park-OAKA B Arecaceae Phoenix canariensis Chabaud Alien 
 Moraceae Morus alba L. Native 
 Pinaceae Pinus pinea L. Native 
 Platanaceae Platanus orientalis L. Native 
 Platanaceae Platanus orientalis L. Native 
 Sapindaceae Acer negundo L. Native 
    
Pedestrian-Gramou Cupressaceae Thuja occidentalis L Alien 
 Fabaceae Cercis siliquastrum L. Native 
 Sapindaceae Acer negundo L. Native 
    
Mild traffic-M. Alexandrou Arecaceae Phoenix canariensis Chabaud Alien 
 Cupressaceae Cupressus sempervirens L. Native 
 Myrtaceae Eucalyptus robusta Sm. Alien 
 Oleaceae Olea europaea L. Native 
 Pinaceae Pinus brutia Tenore Native 
 Pinaceae  Pinus pinea L.  Native 

 
This study demonstrates that parks in Maroussi are among the most species rich types of urban 

greenspaces for herbaceous and woody plants. It is also remarkable to note that the species richness 
found in urban green spaces is to a great extent determined by certain factors, such as: a) the 
environmental heterogeneity in urban areas [1], b) the species selection made by the person in charge 
[33], c)the status of the neighborhood both cultural and socioeconomic [34,35,1], d) the selective force 
of random natural disasters [36] and e) the plant availability of local garden produce.  
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4. Conclusions 

In this study, the tree register of urban forests gives a certain baseline for the settings of the urban 
tree canopy and its management. These registers are very useful for the establishment of safe species 
without any risk of invasion and those with high invasion risk which -naturally- must be avoided and 
excluded. Our main conclusion is that a recent checklist of Greece invasive alien flora (i.e. 
https//www.alienplants.gr/taxa-checklist) can form a basis concerning the national management 
strategies towards nature conservation, not to mention that by promoting the use of native species in 
landscape design projects, mainly in parks and pedestrian/traffic roads we contribute to the future 
creation of sustainable urban green spaces in a region, under the concept of climate change. 
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Summary 
Olfaction is one of the basic human senses which enables the detection of odorous substances 
and triggers various subjective psychological and physical symptoms via the nervous system. 
At elevated concentrations, industrial odours emitted during production processes can be 
annoying for employees and nearby residents and they have been linked to several health 
effects, such as cough, nausea, headache, eyes’ irritation, fatigue and sleep disorders, as well 
as a general feeling of discomfort and stress. Apart from the levels and duration of exposure, 
odours-related symptoms are determined by age, sex and various socioeconomic factors. As a 
result, the adverse outcomes can lead to decreased productivity, poor quality of life and 
devaluation of local properties. The present work is focused on the Phosphate Fertilizer 
Industry of Kavala in Northern Greece. Some of the most important air pollutants emitted 
during the process of fertilizers’ production are NO2, SO2, HF and NH3 which have pungent 
and irritating odour. This industry employs 120 workers, and it is located at a distance of 2.5 
km west from the town of New Karvali and 5 km east from the city of Kavala, where 2.244 
and 58.663 people live, respectively. The residents occasionally complain to local authorities 
about intense malodorous emissions. The objective of this study was to quantify these odour 
emissions. For this purpose, different scenarios corresponding to the prevailing winds over the 
area of interest and meteorological conditions which stand for the Pasquill-Gifford stability 
categories A-G were considered, using the Atmospheric Dispersion Modeling System (ADMS-
5). The long-term output of odour (averaging time of 1 hour) as well the 98th percentile of 
concentrations was investigated. The results were compared to the annoyance levels proposed 
by the UK Environment Agency, as no statutory national standards exist. The maximum 
predicted 98th percentile of hourly average odour concentrations (0.7 ouE/m3) occurred under 
extremely stable conditions (Pasquill-Gifford category F) with south-easterly wind, while the 
maximum long term average concentrations (0.2 ouE/m3) occurred under slightly stable 
conditions (Pasquill-Gifford category E) with north-easterly winds. The odour concentration 
did not exceed the annoyance levels in any case, even at distances very close to the sources. 
These results highlight the importance of atmospheric stability in odour dispersion and can be 
used in odour impact assessment studies. 
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Summary  1 
Growing population, climate change, overexploitation of environmental resources and food 
security issues, drive the need for innovating food production within a sustainability corridor. 
Aquaponics, combining the technology of recirculation aquaculture systems (RAS) and 
hydroponics in a closed-loop network, could contribute to addressing these problems. 
Aquaponic systems have lower freshwater demands than agriculture, greater land use 
efficiency and less harmful environmental impact combined with higher productivity. As a 
result of the great need for sustainable food production aquaponics is rapidly developing. 
However, there is limited research in economical feasibility of these systems and lack of focus 
on commercial implementation. Integrating new technologies may result in intelligent 
monitoring and control of the production, making these systems more intensive, accurate, 
efficient and finally profitable, attracting more investments. 
The present paper focuses on the potential of hydroponic cultivation of vegetables along with 
rainbow trout (O. mykiss) utilizing intelligent monitoring of the system. Oncorhynchus mykiss 
is a psychrophilic species that requires temperatures between 14-20 °C, high clarity water and 
also high oxygen levels. Rainbow trout has significant commercial value, high growth rates 
and great feed conversation ratio. The aquaponic system used in this study is vertically 
operating. Two rearing tanks (1500 l) are located in the basement of the greenhouse along with 
mechanical and biological filter. Water supply comes from a rainwater tank, passes through 
the fish tanks and the filters and communicates through pipes with the upper greenhouse, where 
the water from fish tanks is used to fertilize the plants. In 10th of May 2022, 1080 juvenile 
rainbow trout were introduced from a breeding station. 
Initial body weight and total length were 5.1±0.33 cm and 1.19±0.18 gr respectively. Fishes 
were stocked in biomass 0.45 kg/m3 and a stocking density of 360 fishes/m3. Daily feed 
amount was 3% (grams of food per gram of total fish biomass) and was provided in 5 equal 
food rations by automatic feeders. Every week, the fishes were weighted, and the daily amount 
of food was adjusted accordingly. At the end of the 28 days, body weight and total length of 
the fishes were measured. Survival rate of the fishes was calculated at 97.2 %. Specific growth 
rate of body weight was 3.1% per day and specific growth rate of total length was 0.81 % per 
day. Over the 28 days of the ongoing research, the mean room temperature was 17.65±1.22 
°C, carbon dioxide at 374-811 ppm and the humidity 53-56 %. The water temperature was 
around 18.72±0.84 °C, the conductivity of the water was 323 𝜇𝑠/cm, pH was 7.5 and the 
dissolved oxygen was between 6.2 and 7.0 mg/l. The concentration range of total ammonia 
nitrogen, nitrite and nitrate were 0.06-0.25 mg/l, 0.059-0.25 mg/l and 5.0-37 mg/l respectively. 
To sum up, this research presents the application of an intelligent aquaponic system. 
Automizing feeding and digital monitoring of water flow, fish behavior, environmental 
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conditions, and water parameters by using automatic feeders, surveillance cameras and 
recording sensors offered integrated management of the system. The high survival rate along 
with the adequate growth of the fishes are great signs of a well operating system.  
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Aquaculture, hydroponics, rainbow trout, internet of things  
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Summary 1 
Aquaponics is a cultivation method that combines aquaculture and hydroponics. More 
specifically, aquaculture waste is used to provide plants with the nutrients they need to grow 
hydroponically, while plants serve as a bio-filter for the aquaculture (fish). Aquaponics results 
in the simultaneous production of plants and fish with the smallest possible environmental and 
carbon footprint. Energy consumption for water recycling, oxygen supply and heating or 
cooling of the cultivation space, are important factors for an efficient and sustainable aquaponic 
system. The aim of this research was the study of energy needs and the optimization of energy 
consumption in the aquaponic system, focusing on sustainability with the use of smart 
controlling systems. 
The experiment was carried out in a pilot greenhouse in Thessaloniki, Greece, where both 
below ground and above ground spaces of the greenhouse were utilized, for fish and plants 
cultivation respectively, to achieve better land and energy use efficiency. The underground 
system consisted of (1) two fish tanks, filled with approximately 500 fish of the species 
Oncorhynchus mykiss each, (2) a solid waste filter used to remove solid particles from the 
water which is full of fish feces and non-consumed feed, (3) a nitrifying biofilter intended to 
oxidize ammonia excreted by fish to nitrate and (4) two storage tanks that facilitate water 
recirculation. Water quality was constantly monitored with the use of pH, EC and temperature 
sensors, while water analysis was periodically conducted. Smart controls ensure the efficient 
and remote-control operation of the whole system. Water derived from the storage tanks, rich 
in nitrates and potassium (approximately 27 mg/l and 32 mg/l respectively), was diverted into 
the plants in the main greenhouse space. Greenhouse air temperature and humidity were 
recorded with a HOBO data logger. In our research scenario, Romaine lettuce (Lactuca sativa 
cv. Paris Island) seeds were sown directly into plastic rafts (33×67 cm) with planting density 
of 1200 plants per m2. Three hydroponic tanks in the greenhouse were supplied with different 
nutrient solutions each, in a floating hydroponic system scheme; 1) Tank A was filled with 
plain fish wastewater, 2) Tank B was filled with typical Hoagland solution (control), and 3) 
Tank C was filled with a mix of the above, in which fish wastewater was enriched in nutrients 
until it reached Hoagland’s composition. 
All treatments of the ongoing research are evaluated based on the growth rate and marketable 
fresh weight. Prior to harvest pH, EC and root zone temperature in the three treatments were 
7.8, 0.55 and 26.5 °C for Tank A (fish wastewater), 7.3, 2.55 and 27.1 °C for Tank B (control, 
Hoogland solution) and 6.8, 2.12 and 26.7 °C for Tank C, while average air temperature and 
relative humidity inside the greenhouse were 26 °C and 68.6 % respectively. Quality 
characteristics regarding total antioxidant activity, total phenolic compounds, nitrates 
concentration and leaf color are also assessed. To deeply evaluate plants’ performance and 
response to different nutrient solutions, genes involved in plant adaptation to fluctuating 
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conditions will also be studied by molecular techniques. The expression of these response 
genes will be monitored and compared in plants grown in the three different hydroponic tanks. 
In Tank A and C, nitrates from fish wastewater originating from the biofilter, are expected to 
increase over 100 mg/l resulting in a N-fertilizer contributing to sustainable greenhouse 
production. 
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Abstract  
The aim of this paper is to reorganize the production plan of agricultural holdings in the region 
of Central Macedonia in Greece using a Multi Criteria Decision Model. For this reason, a 
Multicriteria Decision Model was developed. The Multi Criteria Decision Model (MCDM) 
calculates a utility function for farmers, taking into account various conflicting criteria, which 
explain the decisions of farmers (e.g. maximization of gross margin, minimization of risk, 
minimizing labor, etc.). The model managed to achieve the goals set by farmers. The increase 
of the gross margin was the initial goal of the farmers. At the same time, the model succeeded 
to reduce the other two goals which were the use of fertilizers and the use of labor. As regards 
the production plan the models suggested the abandonment of three main cultivation in the 
region. 
 
Keywords  1 
Agricultural holdings, farm management, mutlicriteria analysis, quantitative methods, 
agricultural policy  

1. Introduction 

The complexity of decision systems, as well as the competitiveness conditions under which 
decisions are made, led to the development of the multiple criteria decision theory [1]. 

The application of multi-criteria decision analysis in agriculture does not have as its sole goal the 
maximization of gross margin, as in Linear Programming, but uses more than one goals to find the 
optimal production plan for farmers. The Multi Criteria Decision Model (MCDM) calculates a utility 
function for farmers, taking into account various conflicting criteria, which, however, explain the 
decisions of farmers (e.g. maximization of gross margin, minimization of risk, minimizing labor, etc.) 
[2].  

There are many studies in Greece and Europe [3–6] where multi criteria decision making models 
were used for the reorganization of the production plan of agricultural holdings. In their studies 
Bournaris et al. [7] and Manos et al. [8] used multi-criteria mathematical programming to assess the 
impacts for the measure of "setting up young farmers" in Greece. Also in  Georgilas et al. [9] a multi-
criteria decision model was applied to study the socioeconomic impacts of climate change in rural areas 
of Greece. Moulogianni et al. [10] assessed the impacts of rural development plan using a multicriteria 
model. Manos, et al. [11] used MCDM to simulate the impact of different policies based on water prices 
on agricultural production and analyzed the economic, social and environmental impacts of alternative 
policies for irrigation water. Bournaris et al. [12] present a fuzzy multi-criteria model of mathematical 
programming, applied in an area of northern Greece with irrigated agriculture, where the optimal 
production plan is achieved. They compare the results of this model with those of a multi-criteria 
mathematical programming model (MCDM model), as well as those of a linear programming model 
(LP model). Manos et al., [13] in their study used a multi-criteria mathematical programming model to 
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evaluate the utility function of the farmer and to simulate various scenarios and policies, as well as to 
compile alternative production plans. Finally, Chatzinikolaou et al [14–16] used multicriteria analysis 
for grouping and ranking the European Union rural areas based on social sustainability indicators. In 
their work Manos et al., [17] presented a decision support system (DSS) for the sustainable development 
and environmental protection of rural areas. DSS is based on a multi-criteria optimization model. Its 
aim was to optimize the production plan of the rural area taking into account the available resources, 
the environmental parameters, and the vulnerability map of the area. 

The aim of this paper is to reorganize the production plan of agricultural holdings in the region of 
Central Macedonia in Greece using a Multi Criteria Decision Model. The data for the model 
development was collected from a sample of agricultural holdings participating in the “Setting young 
up farmers” measure of the Greek Rural Development Plan of the second pillar of Common Agricultural 
Policy [18]. 

2. Methodology 

Sumpsi et al. [19] and Amador et al. [20] proposed the weighted goal programming methodology 
for the analysis and simulation of agricultural production systems based on multi-criteria techniques. 
The weighted goal programming methodology is used to analyze the farmers’ decision-making process 
[21]. 

In this study the methodology of multi-criteria analysis is applied using the method of weighted goal 
programming to calculate the utility function of farmers, and to simulate their decision-making process. 

The weighted goal programming methodology can be summarized in three steps: 
1. Initially, a number of goals are set, which are considered as the most important for farmers. 
2. The pay-off matrix of the selected objectives is then determined. 
3. Finally, the pay-off matrix is used to calculate a set of weights that it is believed that reflect 

farmers' preferences. 
Thus, the first step in our analysis consists of defining the set of goals f1 (X) ... fi (X) ... fn (X) that 

represents the goals of farmers (e.g., gross margin maximization, fertilizers use minimization, labour 
hours minimization). 

The edata of the table must be computed by optimizing one goal in each row. Thus, fij is the value 
of the i-th attribute when the j-th goal is optimized. When the pay-off matrix is complete, we solve the 
following system of q (number of goals) equations: 
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where wj are the weights adjusted to each goal that reproduces the actual farmer's behavior, fij is the 

pay-off matrix data and fi is the value achieved for the i-th goal, according to the existing production 
plan. 

The above system does not result in a set of weights wj, so it is necessary to look for the optimal 
possible solution, minimizing the sum of the deviational variables found by the nearest set of weights. 
For this purpose, a problem of weighted goal programming with percentage variables-deviations is 
created [22]. This solution is found in the following linear programming model: 
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where pi represents the positive deviation from the goal i and  
ni represents the negative deviation from it. 

3. Results 

The sample of the study was 219 farmers from the region of Central Macedonia in Greece. From 
their production plans the average production plan of the region was calculated. The production plan of 
the average agricultural holding of the sample is presented below in Figure 1. The following figure 
shows the percentage share of each crop in the average production plan. 

 

 
Figure 1: Average production plan for the region of Central Macedonia in Greece 

 
From this figure we can conclude that the largest cultivation is hard wheat with a percentage of 

27.79%. The following are the cultivations of rice and cotton with 16.72% and 10.80% respectively. 
Maize participates in the production plan by 8.97% and alfalfa by 7.29%. Cherry trees (5.45%), barley 
(5.15%) and soft wheat (5.03%) have similar participation rates. The participation of sugar beet 
(2.45%), vetch (2.33%), peach (2.05%), olive trees (1.84%) and sunflower (1.46%) is also important. 
A percentage of less than 1% in the production plan present the cultivations of tomatoes (0.92%), apple 
trees (0.85%), potatoes (0.55%) and kiwi (0.34%). 

The following table presents the changes made to the production plan of the average agricultural 
holding after the application of the of multi-criteria decision model. The main objectives of the multi-
criteria analysis were to increase gross margin, reduce fertilizer use and labor use. As shown in Table 
1, all goals have been achieved. In fact, gross profit increased by 5.2%, fertilizer use decreased by 1.3% 
and labor use decreased by 2.7%. More specifically, the gross profit from €15,699 increased to €16,511, 
when the fertilizers use decreased from 6,791 kg to 6,706 kg and the labor use from 2,715 hours 
decreased to 2,642 hours. 

As regards the production plan the multi-criteria decision model suggests the abandonment of three 
cultivations (cotton, common wheat and sugar beet). All the other cultivations are shown an increase. 
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More specifically, the cultivation of hard wheat shows an increase of 29.5% (from 27.79 acres to 35.98 
acres). The cultivation of barley increases by 30%, (from 5.15 acres to 6.70 acres). Alfalfa also shows 
an increase (from 7.29 acres to 8.74 acres) by 20%. Maize increases by 19.9% (from 8.97 acres to 10.76 
acres). Olive cultivation shows an increase of 4.7% (from 1.84 acres to 1.93 acres). The cultivation of 
rice increases from 16.72 acres to 20.07 acres, by 20%. The sunflower increases from 1.46 acres to 1.89 
acres, by 29.9%. The cultivation of tomatoes increases by 19.8%, from 0.92 acres to 1.10 acres. The 
potatoes increase from 0.55 acres to 0.67 acres, by 20.8%. The cherry trees show an increase of 4.9%, 
from 5.45 acres to 5.72 acres. The apple trees show an increase of 5.4%, from 0.85 acres to 0.90 acres. 
Respectively, the cultivation of peach increases, from 2.05 acres to 2.15 acres, by 4.8%. Kiwis show an 
increase of 4.9%, from 0.34 acres to 0.36 acres. Finally, the vetch increases from 2.33 acres to 3.03 
acres, by 30.2%. 

 
Table 1 
Results from the MCDM model 

  Real  MCDM model  

Values %  

Gross Margin (€) 15.699 16.511 5,2 

Fertilizers Use (kg) 6.791 6.706 -1,3 

Labor Use (hours) 2.715 2.642 -2,7 

Cotton 10,80 0,00 -100,0 

Soft Wheat 5,03 0,00 -100,0 

Hard Wheat 27,79 35,98 29,5 

Sugar beets 2,45 0,00 -100,0 

Barley 5,15 6,70 30,0 

Alfalfa 7,29 8,74 20,0 

Maize 8,97 10,76 19,9 

Olive Trees 1,84 1,93 4,7 

Rice 16,72 20,07 20,0 

Sunflower 1,46 1,89 29,9 

Tomatoes 0,92 1,10 19,8 

Potatoes 0,55 0,67 20,8 

Cherry Trees 5,45 5,72 4,9 

Apple Trees 0,85 0,90 5,4 

Peach Trees 2,05 2,15 4,8 

Kiwi 0,34 0,36 4,9 

Vetch 2,33 3,03 30,2 

Total 100,0 100,0   
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4. Conclusions 

In this study a try to reorganize the production plan of the agricultural holdings in the region of 
Central Macedonia was made. For this reason, a Multicriteria Decision Model was developed. The 
model managed to achieve the goals set by farmers. The increase of the gross margin was the initial 
goal of the farmers. At the same time, the model succeeded to reduce the other two goals which were 
the use of fertilizers and the use of labor. As regards the production plan the models suggested the 
abandonment of three main cultivation in the region. 

The Multi-Criteria Decision models can be used: 
• in cases where we are interested in achieving more than one goals, since it achieves the 

integration of separate conflicting goals into a unique utility function. 
• although this model is considered to be basically static, it can be converted to potential by using 

longitudinal data mainly for the integration of risk into the utility function, as well as for the 
simulation of various scenarios. 
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Abstract  
The fresh food industry recognizes the importance of traceability and food safety; however, 
some sectors are considered more advanced than others in implementing the relevant processes 
throughout the supply chain. At the international level, the branches of industry and the key 
players in the management of the supply chain work together to co-create an integrated and 
consolidated traceability process in order to benefit all the subcategories of fresh food products, 
such as seafood, dairy, baked goods, meat, poultry, fruits and vegetables. 
Therefore, an effective tracking process needs to be based on a standard approach to fresh 
produce and its location recognition, while at the same time remaining flexible in the individual 
roles and responsibilities of the various links in the supply chain within the ecosystem. While 
many trading partners already have interfaces with external systems and processes for some 
level of traceability of their products, the next necessary step towards an integrated approach 
is to identify interoperability opportunities between internal and external processes across the 
food industry. Towards this direction, the AgroTRACE system aims to achieve end-to-end 
traceability of a fresh product supply chain through the deployment system, which combines 
internal and external tracking processes, so that each user is able to identify the immediate 
source and immediate recipient of the products. The system applies the “one step up, one step 
down” principle to provide effective tracking in the supply chain. In particular, each distinct 
product is recognized globally and in a unique way so that it can be located upstream and 
downstream of the supply chain. The innovation of the proposed system is further enhanced 
by the fact that the tracking will go beyond the route from field to field and covers the part of 
recycling (biomass, compost, etc.), in the context of the circular economy. That is, implement 
traceability from the field-to the shelf-to the field.  
 
Keywords  1 
Traceability, agrologistics, supply chain, fresh fruits, fresh vegetables 

1. Introduction 

The fresh food industry recognizes the importance of food traceability and safety; however, some 
sectors are considered more advanced than others in implementing relevant processes throughout the 
supply chain [1-3]. Internationally, industry sectors and key players in supply chain management are 
working together to co-create a comprehensive and integrated traceability process that can benefit all 
fresh food product sub-categories such as seafood, dairy, bakery, meats, poultry, fruits, and vegetables 
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[4-5]. 
Additionally, the global players in the fresh produce industry realize the need to align their supply 

chain practices with tried and proven processes. These processes have already been established and 
successfully used by food companies in the food retail media. The common denominator in all these 
supply chain practices is the use of GS1 standards that act as a catalyst to drive the industry toward an 
integrated and interoperable food traceability process [6,7]. In short, the fresh food industry is ripe to 
reap real business results from the transformative effects of using GS1 standards as the foundation of 
food traceability and safety. 

The two main guides for the promotion of traceability in the fresh fruit and vegetable industry are 
the legislation (e.g., EU regulation 543/2011) and the increase in consumer demand for accurate and 
complete information about the food they consume, mainly fresh foods that are more prone to spoilage 
[8-10]. In order to face these challenges, the different sectors of the industry are design separate - often 
parallel - paths to define traceability guidelines and to address the particular aspects of food safety 
related to the special characteristics of individual supply chains. At the international level, it is clear 
that product identification and the standardized exchange of product data contribute to food safety while 
establishing cost-effective business processes to disseminate information to all supply chain 
stakeholders. 

In this direction, the proposed AgroTRACE system aims to achieve “end-to-end” traceability of a 
fresh product supply chain through the deployment system, which combines internal and external 
tracking processes, so that each operator is able to identify the immediate source and immediate 
recipient of the products. The system applies the “one step up, one step down” principle to provide 
effective tracking in the supply chain. In particular, each distinct product is recognized globally and in 
a unique way so that it can be located upstream and downstream of the supply chain.  

2. Material and Methods 

The proposed AgroTRACE system aims to support both internal traceability within businesses, as 
well as overall (external) traceability of fresh fruit and vegetable products throughout the supply chain. 
More specifically, internal traceability is to include packaging processes to link the identity of lots of 
fresh fruit and vegetables with lots that take the form of packages, boxes and pallets. Accordingly, 
external tracking is to include communication between trading partners regarding the identity of 
products, as well as their transportation. In this direction, product identification codes are 
communicated to those involved in the distribution network, on product labels and related electronic 
documents. The above are required to link the physical products with information required for their 
traceability. GS1 standards were used to provide the common language that enables trading partners to 
exchange data and their information systems to process and manage said data. 

End-to-end traceability of a fresh produce supply chain is achieved through the system to be 
developed, which combines internal and external traceability processes so that each user is able to trace 
the direct source and direct recipient of the products. The system applies the principle of "one step up, 
one step down" to provide efficient tracking in the supply chain. More specifically, each distinct product 
is globally and uniquely identified so that it can be traced up and down the supply chain. All participants 
in the distribution network are able to use the system to implement internal and external traceability 
practices, and in addition, internal traceability is implemented in such a way as to ensure that the 
necessary links between inputs and outputs are maintained. The implementation of traceability in a 
supply chain relies on the participants of the distribution network, who collect, record, store and share 
relevant information. 

More specifically, the proposed integrated AgroTRACE System consists of 3 main parts: 
1. IoT & Event Capturing Application Platform: This platform is the point of data and events 

gathering, processing, and storing that is received by different Event Capturing applications, 
IoT applications and networks, but also by third-party applications that have the necessary 
APIs. The system incorporates 2 indicative Event Capturing applications and 5 IoT applications 
(Figure 1). The Event Capturing applications are connected with the IoT applications to serve 
specific use cases. The Even Capturing applications are a) Optical reading application for smart 
devices for the field-to-packing route and b) Optical reading application for smart devices for 
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management at the retail point of sale. While the five IoT applications are a) Use of RFID 
technologies on the field-packaging plant route, b) Use of RFID technologies within the 
packaging plant, c) Use of RFID and beacon technologies during the transport of the products, 
d) Use of RFID and beacon technologies inside the store and e) Use of RFID technologies at 
the level of organic waste management. 

 

 
Figure 1: IoT & Event Capturing Application Platform. 
 

2. Transaction Support & Information Management Information System: This system consists 
of 4 individual sub-systems, which utilize the information collected by the IoT & Event 
Capturing Application Platform to implement the tracking processes. (Figure 2). These sub-
systems are a) Information Management System, b) Physical Entities Information Management 
System, c) Supply Chain Function Assessment System and d) Partners Transaction Support 
System. 
 

 
Figure 2: Transaction Support and Information Management Information System 
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3. Interoperability with other systems: The information that is produced both on the platform and 
in the 4 subsystems is standardized using the GS1 standards, so that information can be shared 
with other systems, within and outside of each supply chain partner. In this way, the information 
could function as reference knowledge (benchmarking) through its widespread (knowledge 
diffusion) (Figure 3). 

 
Figure 3: Interoperability with other systems. 

 
The main aim of the proposed system is to support a more effective and accurate traceability 

procedure through a 4-step process: 
1. Recognition: Following the GS1 standards, the system discriminates all fresh products, 

infrastructures, sites and so on, from the cultivator to the consumer. These numbers provide 
links between the fresh product and the product-specific information. 

2. Recording: GS1 system data carriers are used for data management to meet different supply 
chain process needs for different products. The EAN / UPC barcodes are used for scanning at 
retail outlets. The GS1-128 barcodes are used to identify product units in packaging and pallets 
to help inform product information and monitor their movement. GS1 DataBar barcodes that 
carry the same – and in some cases larger volumes – information in less space than the UPC 
barcodes are also used. The data encoded in GS1 system carriers not only identify the products 
(and product units) but allow the trading partners to share large volumes of data (batch number, 
date of production, packaging information, etc.). 

3. Evaluation: The information gathered will be evaluated against the objectives expressed in the 
form of Performance Indicators (KPIs) set by the supply chain partners. In addition, the system 
enables KPIs from the SCOR (Supply Chain Operations Reference) model to enable 
“anonymous” benchmarking of chain partners’ performance. 

4. Sharing: The interoperability of the system facilitates the smooth exchange of information in 
trade transactions. The following GS1 interface templates are used: GDSN (Global Data 
Synchronization Network): GDSN connects trading partners to the GS1 Global Registry® via 
GS1 Certified Data, allowing the immediate electronic exchange of standardized, up-to-date 
and verified information. 

 
More and more bibliographic reports appear regarding traceability systems using IoT technologies, 

however, the available integrated systems are few and even in an initial commercial stage. However, 
there are already in the US market some early efforts of integrated systems that support the 
implementation of traceability plans using IoT technologies. The proposed open modular structure as 
well as the integrated system approach, which is based on open and transparent interoperability 
standards, allows faster control of the correct operation and integration of our system into the product 
tracking processes and therefore the faster gradual integration into production. The following table 
presents a comparative evaluation of the proposed system with the integrated systems currently on the 
market (Table 1): 
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Table 1 
Comparison of the proposed system with others integrated systems 

System Supply Chain 
Minimum 
reference 

level 

Data 
transmission 
technologies 

Modular 
Structure 

Open 
architecture 

AgroTRACE 
Field -

Consumer - 
Field 

Product 

RFID, 
LoRaWAN, 

Beacons 
(BLE) 

Yes 
Yes (XML,  

web services) 

GR-LIVE [11] Field - Retailer Product RFID Yes No 
iApp 

(ORBCOMM) 
[12] 

Packaging plant 
- Retailer Container RFID, 

Satellite, BLE Yes No 

AutoSense [13] Packaging plant 
- Retailer Container RFID, NFC, 

GSM Yes No 

HarvestMark 
[14] 

Packaging plant 
- Consumer Product RFID No No 

FoodLogiQ’s 
Track + Trace 

[15] 
Field - Retailer Product No Μ2Μ No No 

Iris [16] Packaging plant 
- Consumer Product No Μ2Μ No No 

 
From the above table, can be concluded that the proposed system incorporates all the best features 

that cover the different systems and additionally uses for the first time an open architecture that clearly 
differentiates it in terms of interoperability. 

3. Conclusion 

In conclusion, the main outcome of the proposed system is the development of an innovative 
Tracking System for Fresh Fruits & Vegetables using IoT technologies and an integrated Event 
Capturing and IoT Application Management Platform with a focus on interoperability. An important 
part of the system is the proposed Transaction Support & Information Management Information 
System, which addresses all partners in the supply chain of fresh fruits and vegetables, starting from 
the field and reaching the management of organic waste in the framework of a circular approach 
economy. The information system consists of 4 distinct subsystems, which, due to the modular 
architecture that was followed during their design and implementation, are able to be used 
independently, meeting the relevant needs. Alongside the system, an IoT & Event Capturing 
Application Platform was developed, within which 2 Event Capturing applications and 5 IoT 
applications are available. The proposed system can significantly contribute to the better and more 
efficient operation of the entire fresh fruit and vegetable supply chain through continuous improvement 
processes. 
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Abstract  
Soil properties vary spatially, thus, reducing the application efficiency of inputs like fertilizers 
and irrigation, in case they are uniformly applied. Consequently, there is a need to develop 
systems that can acquire information from in-field measurements and convert it into advice for 
appropriate site-specific management. Toward that direction, the concept of an integrated soil 
information management system is described in this paper. In particular, the proposed 
information system receives data associated with soil properties, processes the available 
information by fusing the data form various layers of information acquired in the field and 
produces zone maps that determine the locations for targeted soil sampling. The measurements 
concern the pH, electrical conductivity and compaction of soil and are conducted either by 
sensors attached to an unmanned ground vehicle or manually by a user through exploiting the 
developed Android mobile application to guide them in the field to the sampling points. 
  
Keywords  1 
Soil management, precision agriculture, integrated information system, site specific 
management 

1. Introduction 

Nowadays, there is a plethora of challenges placing pressure on agriculture, including demographics, 
climate change, and natural resources depletion. Toward addressing these challenges, it is urgently 
necessary to increase the overall degree of efficiency of the farming practices by simultaneously 
reducing their environmental burden. Precision agriculture is a fundamental ingredient of sustainable 
agricultural systems that uses effective management strategies which exploit state-of-the-art 
Information and Communication Technologies (ICT) [1]. It aims at customizing management for small 
regions based on field variability, instead of managing the whole field as a single unit. The 
accomplishment of the goals of precision agriculture strongly relies on applying accurate techniques 
for determining the in-field soil properties, as soil constitutes one of the most vital aspects of agricultural 
production with a dominant influence on crop growth, yield and quality [2]. The conventional approach 
of grid soil sampling may no longer regarded adequate, since it can be time consuming and labor 
intensive [3]. On the other hand, random sampling without taking into consideration the field variability 
may be insufficient. Managing fields as a whole, can result in production inequality, which in some 
parts of the field, may be as low as to lead the producer to financial losses. As a consequence, it is 
essential to determine and analyse the specific characteristics of the soil across the field. This can be 
the basis for the application of inputs in variable doses with the intention of maximizing the yield and 
economic benefit in each part of the field, while minimizing the environmental footprint. 
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Taking into advantage the advancement of new sensing technologies for agricultural applications, 
field variability can be examined and managed accordingly by implementing the right treatment in the 
right time and place. Nevertheless, the use of these sensors remains limited mainly owing to the 
specialized knowledge which is necessary for both operation and analysis of the produced field data. 
Hence, one of the main barriers in adopting precision agriculture technologies is the lack of automated 
procedures for data analysis as well as for the fusion of the various layers of information received from 
the fields. In this paper, the concept of an integrated Soil Information Management System (SIMS) is 
presented, which receives soil properties and other information from a number of sensors, fuses the 
gathered data and produces zone maps in order to determine the locations for targeted soil sampling 
and for site specific management. 

2. Infrastructure of SIMS 

SIMS is based on a modular structure toward enabling adaptability and flexibility, while, by using 
open standards it facilitates interoperability and data sharing. The suggested system incorporates 
integrated information management in conformity with the system-of-systems (SoS) approach. The SoS 
approach favors the interconnection of individual subsystems for sensing, decision-making and action 
taking, into a single system providing to the producer all the required elements to apply the optimal 
agricultural treatments [4].  

As illustrated in Figure 1, SIMS consists of three main subsystems: 
• The “Initial Data Acquisition” subsystem; 
• The “Data Analysis & Decision Making” subsystem; 
• The “Targeted Sampling” subsystem. 
 

 
Figure 1: Graphical representation of the infrastructure of SIMS illustrating the three main subsystems 
and the basic elements contained in each of them as well as a summary of the implemented 
methodologies.  
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2.1. Initial Data Acquisition Subsystem 

The objective of the first subsystem is the acquisition of the initial data for the delineation of 
sampling and management zones. The procedures include the mapping of field topography and soil 
electrical conductivity. The examination of these parameters is of major importance in agriculture, as 
they are related to soil properties affecting yield. In SIMS, soil mapping is made by utilizing high 
precision geolocation device (RTK-GNSS) to produce Digital Terrain Models (DTMs). Further, a three-
dimensional (3D) point cloud is generated for 3D visualization of the topography and the various 
volumes and objects in the field, using photogrammetry from an RTK-equipped Unmanned Aerial 
Vehicle (UAV). Also, a soil conductivity mapping sensor is used to map the soil electrical conductivity 
at different depths. The system can either be attached to a UGV or manually operated by a human.   

2.2. Data Analysis and Decision-Making Subsystem 

This subsystem is the heart of SIMS. It interacts with both the “Data Acquisition” and “Targeted 
Sampling” subsystems and is responsible for data processing and fusion of all levels of information. In 
particular, th  is subsystem initially receives the data from the soil EC and landscape mapping, performs 
the pre-processing and produces the 3D representation of the soil topography and the soil variability 
maps. With the utilization of Fuzzy clustering algorithms, it performs the fusion of the data layers and 
produces the  zone maps based on which the soil sampling and measurement locations are defined (for 
soil pH and compaction in this study). In addition, this subsystem generates sampling plans and routing 
plans for the UGV. For manual sampling and measurement operations, the sampling plan is received 
by a specifically designed Android application (app), supported by a mobile phone or tablet that directs 
the farmer or worker in the field to the sampling points. In the same vein, the UGV requests and receives 
the routing plan from the central information subsystem.  

The aim of these operations is to optimize the efficiency of the process by taking the minimum 
possible samples, which are as representative as possible. As shown in Figure 1, the data flow from the 
“Data Analysis and Decision Making” subsystem to the “Targeted Sampling” subsystem is 
bidirectional. This means that in addition to the aforementioned outputs, the "Data Analysis and 
Decision Making" subsystem receives as feedback the results at the targeted sampling/measurement 
locations (soil analysis results and pH and compaction measurements). Thus, the “Data Analysis and 
Decision Making” subsystem converts the above information into advice for enabling variable rate 
applications to manage within-field variability according to the needs of each location in the framework 
of applying the concept of precision agriculture [5,6]. 

2.3. Targeted Sampling Subsystem 

This subsystem deals with the targeted measurements of soil properties, namely pH, and soil 
compaction (using soil penetrometer) and the targeted soil sampling. Parts of this subsystem may be 
fully automated utilizing UGV, or manual, human operated. 

2.3.1. Unmanned Ground Vehicle (Case Study) 

The robotic platform being used in the development of this system is Thorvald (SAGA robotics, 
Norway), which is a modular mobile agricultural robot both in terms of hardware and software [7]. In 
the context of the present system, the UGV is equipped with a ZED 2 depth camera (Stereolabs., San 
Francisco, CA, USA), a 3D laser scanner (Velodyne Lidar Inc., San Jose, CA, USA), an RTK-GPS 
(S850 GNSS Receiver, Stonex Inc., Concord, NH, USA) and Inertial Measurement Units (IMU) (UM7 
IMU, RedShift Labs, Studfield, Victoria, Australia). The above equipment is used to provide 
information on the velocity, acceleration and position of the robotic system (with latitude and longitude 
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coordinates) for optimal robot localization, navigation and obstacle avoidance. The UGV along with 
the implemented equipment is depicted in Figure 2a. The selection of the aforementioned sensors was 
based on their capability to be connected to the ROS (Robot Operating System) [8], which is an open 
source framework appropriate to robotic applications and is widely applied in various fields, including 
agriculture [9]. In brief, the robotic system receives a file from the “Data Analysis and Decision 
Making” subsystem with the routing plan. In order for the UGV to successfully maintain a safe distance 
and speed from potential obstacles, including humans, the open source package "ROS Navigation 
Stack" is used similar to previous studies [10]. A ROS node generates a time frame (tf) emitter from 
the robot for detected obstacles and, according to the tf values, a velocity controller keeps a safe 
distance. The measurements conducted by the robotic system in this case study are those of soil 
compaction using a digital penetrometer (FALKER, Porto Alegre, Brazil) (Figure 2b) in target 
locations, and soil ECa using the soil apparent electrical conductivity mapping sensor EM38-MK2 
(Geonics Limited, Ontario, Canada) (Figure 2c). The corresponding sensors are fitted to the robotic 
vehicle to fully automate the measurements.  

 

  
(a) (b) 

  
(c) (d) 

Figure 2: The utilized (a) Unmanned ground vehicle, (b) Soil penetrometer, (c) Soil ECa mapping 
sensor, and (d) Portable electronic pH meter, toward facilitating the measurements.  

2.3.2. Human 

Part of the “Targeted Sampling” subsystem include manual human-based operations, who, via an 
Android app, installed on a mobile phone or tablet, can be guided in the field to the sampling points 
determined by the "Data Analysis and Decision Making" subsystem. The objective is twofold; a) to 
acquire the manually measured soil parameters such as pH directly from the given points and record 
the measurements to the app. The SIMS app retrieves information from the SIMS information system 
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and, via using the Google Maps and the device's GNSS, can direct the user to the sampling points. 
Alternatively, it is possible to measure the electrical conductivity and soil compaction manually.  

3. Conclusions 

In conclusion, this work presents the concept of SIMS system as an integrated soil management 
system operating based on the principles of digital agriculture. The procedures for directed 
measurements of soil properties (pH, electrical conductivity and compaction) were also described in 
the present paper. The system consists of three main subsystems; (a) "Initial Data Collection", (b) "Data 
Analysis and Decision Making" and (c) "Targeted Sampling", which, in turn, are composed of 
individual subsystems. The objective of the system is to function as an integrated decision support tool 
to manage field variability aiming to maximize yield, by using state-of-the-art sensors as well as data 
fusion and decision support algorithms. 
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Summary  1 
The continuous growth of the human population has intensified the necessity to secure essential 
food to prevent a potential food crisis. On a global scale, approximately 14% of the world's 
food, worth $400 billion, is lost between harvest and retail. The literature reports that 30-40% 
of food losses, especially grains, are caused by insect infestations during the storage stage. 
In order to maintain these amounts of food in the storage stage, while at the same time 
promoting the European Union's goals for products that are friendlier to the environment and 
the final consumer, there is a constant search for alternatives that satisfy the above conditions.  
It should be stated that apart from the environmental damage, conventional use of insecticides 
for stored products disinfestation has an increased potential for the development of resistant 
insect populations, reducing the number and effectiveness of the active substances contained 
in the insecticides.  
Based on the above, there is the possibility of using an innovative product called diatomaceous 
earth (DE) that covers both the part of effective disinfestation and the part of the environmental 
dimension. However, the lack of the necessary knowledge about the existence of the specific 
product combined with the absence of the know-how to use it, makes its extensive use very 
difficult. For this reason, the contribution of DiatomiteTHEM project focuses on the DE 
promotion by assessing its economic and environmental efficiency compared to existing 
disinfestation methods. 
Data Envelopment Analysis (DEA) was implemented through the use of deaR library of R 
studio to acquire the optimum solution based on the following variables. During the 
DiatomiteTHEM project, insect populations were collected from the THESgi facilities, and 
their mortality was checked after the use of various disinfestation methods. Using this data in 
combination with the economic data of disinfestations, the first model was constructed which 
examines disinfestation costs per ton of product and effectiveness in mortality for the 3 main 
insect species (Rhyzopertha dominica, Sitophilus zeamais, Cryptolestes ferrugineus). The 
model was named EconDEA and examines the use of 2 phosphine formulations, commercial 
insecticides, contact insecticide (with pyrimphos-methyl active) and DE. The second model 
uses the original EconDEA model as its base and introduces two additional variables. The first 
one is the duration of the disinfestation, and the second one is about the environmental aspect 
where values were collected from products manuals – in other words, an ordinal scale based 
on the negative impacts of each product was created.  
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Results show that contact insecticides are the best solution when considering only the economic 
dimension of the benchmarking process, but DE is better when the environmental dimension 
is embodied in the DEA model.  For this reason, THESgi should carefully design its strategy 
for the upcoming years clarifying the final use of its products, demanding from the market a 
premium price for products produced and stored with environmentally friendly practices. The 
use of DE grains is a modern solution, which presents a higher cost than its alternatives, 
nevertheless, the quality of the final product will define the positive effects of its use on the 
whole supply chain. 
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Summary  1 
AgroNIT is an integrated IoT framework designed to incubate and evaluate innovative field-
based solutions that aim to improve the sustainability and efficiency of key management 
practices. It serves as a hybrid smart-farming service platform, as well as a large-scale Living 
Laboratory (testbed). In this study the AgroNIT smart-farming platform was adapted and 
deployed in-situ to support key cultivation practices of four major tree crops in the plain of 
Thessaly, Greece. AgroNIT features energy-autonomous mesh Wireless Sensor Networks 
(WSN), Cloud Computing and Decision-Support Systems employing Big Data Analysis and 
Artificial Intelligence methods. The deployed WSN testbed consists of 47 custom-made IoT 
sensing devices (end nodes) and 4G gateway nodes deployed at 25 different fields distributed 
across the regions of Agia and Tyrnavos in Thessaly, Greece, covering a total area of more 
than 250 ha. Leveraging its end nodes, AgroNIT enables the collection and transmittance of 
highly heterogenous data (i.e., numerical, and visual) to the proprietary Cloud, via the internet, 
in real-time. The Cloud is a data aggregation and data analytics service, whose purpose is to 
extract knowledge from raw data by employing big data analysis & time series data algorithms, 
as well as machine-/deep-learning methods. The produced knowledge contributes to more 
sustainable crop management through precise determination of (i) real crop needs, (ii) critical 
tree phenological stages, (iii) fruit ripening rate, (iv) yield prediction, and (v) potential perils 
due to biotic or abiotic factors. This paper presents three case studies that aim to show how a 
typical tree grower as well as an agricultural scientist can exploit the advanced tools and 
services offered by AgroNIT to facilitate the decision-making process as well as the design 
and assessment of new site- and crop-specific cultivation protocols. Specifically, the case 
studies focus on (a) the assessment of the phenological responses of a pear cultivar grown in 
two different regions; (b) the determination of real crop water needs and potential water-
savings with the use of a custom-made smart irrigation model for pear and apple; (c) providing 
the means to remotely quantify the maturity rate of pear fruits to optimize harvest scheduling. 
Using AgroNIT the determination of the phenophases’ length combined with the quantification 
of the chilling and growing degree hours accumulated by two pear crops during a 3-year period 
is enabled. Their comparative analysis allows for the assessment of the spatial and temporal 
climate variability effect on crop phenological responses. Additionally, based on AgroNIT’s 
recommendations on optimal irrigation management, the potential water savings are estimated 
to reach 12 and 56% in use cases 1 and 2, respectively. Lastly, the image processing tools 
incorporated into AgroNIT show great potential in realizing remote estimation of fruit size and 
its color palette, which can be used as indices to assess fruit maturity rate in order to optimize 
crop management and harvest scheduling. 
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Summary 
We evaluated low oxygen treatment, through the increase of nitrogen in two different 
commercial facilities structures (chambers and silos) against phosphine resistant and 
susceptible populations of three different beetle species: Tribolium castaneum (Herbst) 
(Coleoptera: Tenebrionidae), Sitophilus oryzae (L.) (Coleoptera: Curculionidae) and 
Oryzaephilus surinamensis (L.) (Coleoptera: Silvanidae). Different temperatures and exposure 
times were evaluated with the oxygen level to be lower than 1%. Vials with insects and 
commodity (different commodity per species) were placed in different locations inside each 
treatment and insect mortality was measured after the termination of each treatment. Then, the 
vials were kept in ambient conditions at 25 οC and 65 % relative humidity and 65 days later 
progeny production was measured. In general, complete mortality was recorded in chambers 
and some survival was recorded in silos. Progeny production was low for most of the 
treatments. Temperature, exposure time and structure are the key parameters for the control of 
stored product insects. The results indicate that low oxygen is effective for all insect species 
tested, regardless of their resistance status to phosphine, and can be further adopted as an 
alternative method to mitigate resistance in stored product beetles. 
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