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Editorial 

In today’s world, innovation and technology are the tools for tackling the various 
types of crises and challenges that humanity and the planet face. The primary sector 
is suffering greatly from the effects of crises - economic, social and environmental - 
while being called upon to meet the challenges of global population growth, climate 
change and environmental protection. In this context, the Hellenic Association for 
Information and Communication Technologies in Agriculture, Food and 
Environment (HAICTA) organizes every two years conferences/discussions around 
ICT-related research applications, innovative methodologies and practices that can 
contribute to sustainable development of rural areas, rational use of natural resources 
by agriculture, and rural planning. This debate is more urgent today than ever before, 
as humanity experiences a new type of crisis, the COVID-19 pandemic. 

HAICTA is the Greek Branch of European Federation for Information 
Technology in Agriculture (EFITA). The series of HAICTA conferences are an 
international venue for research and development in ICT in rural development and 
constitute a leading international professional and scientific forum for IT experts, 
agronomists, geotechnical and agri-food scientists, environmentalists, foresters, 
water engineers, spatial engineers, and decision-makers. These conferences 
constitute an interdisciplinary forum in which researchers, practitioners, and policy 
makers have the opportunity to present and discuss the recent developments on IT 
technologies and the various applications they are utilized in agricultural production. 

The present volume contains the peer reviewed proceedings of the Ninth 
International Conference on ICTs in Agriculture, Food and Environment (HAICTA 
2020), that took place in Thessaloniki, Greece, September 24-27, 2020.  

The Conference was organized by HAICTA, the University of Macedonia, and 
the University of Western Macedonia. The conference was supported by the 
Research Committee of the Aristotle University of Thessaloniki, the Centre of 
Research and Technology, Hellas, and the Hellenic Agricultural Organization 
“Dimiter”. 

The conference received 109 paper submissions, out of which 94 were accepted. 
The top ten technical areas covered by the accepted papers (as indicated by the 
primary keyword assigned by paper authors) were Innovation in Farms and Rural 
Areas, Decision Support Systems, Precision Technologies in Crop and Livestock 
Production SystemsFarm and Animal Health Monitoring and Data Recording 
Systems, Information Systems, Environmental Impact Assessment, Innovations in 
Food Hygiene and the Production of High Quality Food, Environmental Design and 
Policy, 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, Water Resources Management. Out of 
those 94 papers, 18 where short papers, 31 submissions were abstracts and 33 papers 
where presented as e-posters. Finally, 12 papers were presented in the Doctoral 
Consortium. Adapting to the constraints imposed by the COVID-19 pandemic, the 
authors presented their work either in person or digitally. 

We are grateful to all authors who submitted papers to the conference. We also 
had the honour to collaborate with an excellent group of 67 reviewers who delivered 
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175 reviews of the submitted manuscripts, providing fruitful comments to the 
presenting members of the Conference. HAICTA 2020 used a blind review process 
and each submitted abstract or short paper was evaluated by two reviewers, who 
provided their ratings and valuable comments. We are also grateful to the invited 
keynote speaker Prof. Maurizio Canavari who presented his recent research activity 
in the HAICTA community through his quite interesting presentation. We would also 
like to thank the Organizing Committee Chairs and the Conference Chairs for their 
support to our task. 

The HAICTA 2020 proceedings illustrate new research findings presented in a 
very difficult timing, due to the COVID-19 pandemic. We hope and believe that this 
experience, of organizing and delivering a Conference under such uncertainty, will 
not happen again. Finally, we would like to thank again all the contributors of this 
Conference, because for both scientific and organizing committees it was a great 
challenge to finally decide to organize this Conference. 

 
  
 

The Editors, 

George Vlontzos 
 

University of Thessaly 

 

Stavriani Koutsou 
 

International Hellenic University 
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Analysis of the External Environment of a Vertical 
Dried Herbs Business and the Role of E-Commerce Tools 
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Abstract. In recent years, citizens’ growing awareness about environmental 
issues in combination with their shift to a healthier lifestyle has created growth 
prospects for the medicinal and aromatic plants (MAPs) sector worldwide. 
Although the climatic conditions of Greece are a comparative advantage for 
MAPs, the sector has not grown significantly. The main objective of this paper 
is to give an insight into the external environment of a vertically organized dried 
herbs business as well as to examine e-commerce tools and applications which 
can contribute to its development. The results of this paper in combination with 
further research about the internal business environment and its viability consist 
a useful guide for newcomers in the MAPs sector in order to make the right 
decisions as regard the structure and the production process of their business.  

Keywords: Information and Communication Technologies; Medicinal & 
Aromatic Plants; Consumers Trends; Sustainability. 

1   Introduction 

The increasing global demand for medicinal and aromatic plants (MAPs) generates 
significant opportunities for the development of rural and less-favoured areas. 
Although MAPs constitute one of the best cultivation options for these areas - as they 
use soils of low value with minimum inputs for high quality products - the sector has 
not been significantly developed (Kalfas, 2018). Further investigation and analysis of 
the external environment as well as the prospects, risks, strengths and weaknesses - 
both at regional and business level - is the basis for planning actions, that will bring 
the desired results in terms of smart entrepreneurship and sustainable rural 
development.  

Based on the Strategic Plan for MAPs (SP-MAPs - Ministry of Rural Development 
and Food, 2017), the adoption and widespread use of Information and Communication 
Technologies (ICT) in the production and manufacturing of MAPs constitutes a 
significant opportunity for the sector. The rapid growth of ICT has provided new tools 
and opportunities for businesses at all links of the value chain, which play an important 
role in the development of the agri-food sector in general. In addition, ICT can provide 
solutions across the whole range of the activities of a farm, such as cultivation, field 
monitoring, management of resources etc. (Ragkos et al., 2017).  
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Ε-commerce is one of the most important ICT applications with particular 
applicability to the primary sector. E-commerce is not just the online presence of a 
business but rather a form of entrepreneurship, which includes all the principles of 
management and finance. Indeed, it is a system that integrates some or all commercial 
transactions (distribution, service, sale, purchase, marketing of products and services) 
through Internet platforms or other networks (Andreopoulou et al., 2011). According 
to the E-Business Research Center (2017) an increasing number of consumers use the 
internet to make purchases, while an increasing number of businesses utilize e-
commerce to promote their goods and services. In fact, in many cases such as the case 
of the Coronavirus pandemic (COVID-19), e-commerce is of utmost importance for 
the operation of businesses that engage in the food industry, as it is the only channel 
for the distribution of their products. 

The purpose of this paper is to describe the external environment of a business 
which engages in the production and manufacturing of dried herbs and to analyze the 
role of e-commerce in its development. For this purpose, industry and consumer trends 
are presented aiming to provide an overview of the current situation in Greek MAPs 
sector and giving insights of potential for future development. In addition, the role of 
e-commerce tools and applications is described in formulating effective e-marketing 
strategy.  

2   Methodology 

The external environment of a business has a significant impact on its viability, so 
it must be considered thoroughly. In this paper, the external environment of a farm 
business which produces and processes dried herbs is analyzed with a qualitative 
approach. The analysis focuses on, (i) the Greek MAPs Sector, (ii) Consumer trends 
concerning dried herbs and seasonings and (iii) the applicability of e-commerce at the 
business level. 

3   Results 

3.1   The Greek Medicinal & Aromatic Plants Sector 

The main MAPs cultivated in Greece are reported in Table 1. In terms of acreage 
oregano, lavender and anise are the most important crops while in terms of number of 
farms oregano, crocus and sideritis are the most widespread. Other MAPs are 
cultivated by few farmers in small areas (Kalfas, 2018). Apart from cultivation, most 
farmers are also engaged in processing. According to the Ministry of Rural 
Development and Food (2017), there are few small processing units, most of which 
exhibit backward vertical integration. However, there are some major processing 
plants, mainly in Northern Greece, whose main activity is the production of essential 
oils from lavender, oregano and rose (in smaller quantities). Some of them are HERBS 
& OILS, Vessel essential oils, Alpha lavender, PANAROMA LTD, Dioscourides, 
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Coop of Medicinal and Aromatic plants of Voio, Eth-oil. There is also an industry -
Vergina Brewery- based in Komotini which produces ready-to-drink cold tea. 
Furthermore, two companies (KORRES S.A. NATURAL PRODUCTS and APIVITA 
SA) are engaged in the production of natural cosmetics and fragrances, offering a wide 
range of products. These companies export the largest part of their production, so they 
have a remarkable presence in foreign countries (Vasilikiotis et al., 2015). 

Table 1. Number of MAPs farmers and average area per farmer in Greece  

Crops Number of Farmers Land Area (Hectares) 

Average 
cultivated 
area per 
Farmer 

(Hectares) 
Oregano 1335 1366,99 1,02 
Crocus 728 390,43 0,54 
Sideritis 618 305,36 0,49 
Lavender 580 628,38 1,08 
Melissa 468 96,40 0,21 
Anise 312 509,14 1,63 
Salvia 285 63,72 0,22 
Thyme 276 57,88 0,21 
Mint 247 24,47 0,10 
Rosemary 246 46,80 0,19 
Other crops 1317 339,45 - 
Total 6412 3829,02 - 

Source: Kalfas 2018 

 
The value chain of Greek MAPs is characterized by a relative lack of collective 

action both in primary production and in sales. Some examples of collective 
organizations are: (i) the Agricultural Cooperative of Aromatic, Pharmaceutical and 
Energy Plants of Aetolia-Acarnania, the members of which founded in 2009 the 
company «ANTHIR», which engages in the production, processing and marketing of 
dried MAPs, (ii) the Association of Aromatic and Medicinal Plants of Greece, (iii) the 
association of producers in Kilkis and (iv) the Cooperative of Aromatic and 
Pharmaceutical plants,  Fruits and Vegetables of Voio, Kozani. This lack of collective 
action is linked to restrictions on the viability of farms, which due to their small size 
cannot take advantage of economies of scale and are faced with high production costs 
and reduced bargaining power. Under these restrictions, farms - as well as processing 
plants - have a low potential for investment, certification and access to innovation and 
restricted access to niche markets. In addition, the lack of cooperative relations and 
organizations - from the supply of propagating material to the sale of the final product 
-is a disincentive for new growers and entrepreneurs, who wish to engage in the MAPs 
sector (Ministry of Rural Development and Food, 2017). 
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3.2   Consumers Trends 

There is a variety of reasons why consumers purchase MAPs. Indeed, these products 
have an extensive range of uses, for instance as raw materials in the food, beverage, 
pharmaceutics and cosmetics industries (Kalfas 2018). Despite their diverse uses, there 
is limited scientific research about consumer behavior concerning culinary herbs and 
spices. However, according to a CBI research (2019), consumers are looking for 
convenience as regard the preparation of their meals. Indeed, due to busy schedules 
they want to spend less time on preparing meals and therefore dried herbs companies 
are increasingly shifting towards the production of ready-to-use spices and herbs 
mixtures. In addition, consumers prefer spices and herbs in smaller portions as they 
often need to try a recipe, so a small package covers better their needs. In recent years, 
small packaging options have increasingly appeared in retail chains across Europe.  
Also, certifications on the package are essential, as they prove the method of 
cultivation and facilitate the traceability of the products. In particular, the information 
that should be included on package are (i) the name of the product, (ii) details of the 
manufacturer, (iii) batch number, (iv) date of manufacture, (v) product grade, (vi) 
producing country, (vii) harvest date and (viii) net weight (CBI, 2019). 

Furthermore, based on the SP-MAPs, more and more consumers are shifting 
towards a healthier lifestyle. In this process, consumers tend to prefer organic foods 
over conventional ones and MAP-based products are no exception to this trend. In 
France and Germany, there are organic retail chains (Bio C Bon in France, Naturkost 
& Bio company in Germany), which are growing rapidly and covering a wider 
consumer audience. Another motive for choosing organic food are environmental 
factors, as growing awareness for issues such as climate change and the sustainable 
use of natural resources has also affected consumption patterns and consumers are 
turning towards products that have undergone minimum processing with minimum 
environmental footprint (M. Korkmaz et al. 2011).  

3.3   E – Commerce Tools for MAPs entrepreneurship 

A dried herbs business can utilize a wide range of e-commerce tools and 
applications such as e-mail, enterprise content management, messaging systems and 
monitoring services to sell products online. The variety and security of these tools are 
important characteristics for businesses in the MAPs sector, as they allow to reach 
specialized audiences that use such technologies at a relatively low cost. Condition for 
the successful operation of an online store is the creation of a comprehensive marketing 
plan. In what follows, some of these tools and applications are briefly presented. 
• Rational use of social media can have a significant impact on product promotion 

and sales. In particular, a dried herbs business using social media can (i) 
perform market research regarding consumer trends and competitors’ products, 
(ii) manage complaints effectively due to direct interaction with consumers (iii) 
increase traffic to its website or online store and (iv) increase brand recognition. 

• E – marketplaces, where consumers can purchase products from multiple 
producers at wholesale prices. The e-marketplaces are responsible for the 
promotion of the platform as well as the successful performance of transactions, 
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while the third-party vendors deal with production and positioning. Some 
examples of e – marketplaces which are used by agri-businesses are Amazon, 
eBay and e-bloko in Greece.  

• Close to the philosophy and structure of e-marketplaces are price comparison 
sites (PCS), which are mostly oriented towards comparing products based on 
price or other criteria. PCS are popular among businesses in the agri-food 
sector, which register their products and store information on search engines, 
so they are more visible to potential consumers. One of the most popular PCS 
is “Google shopping” through which the user is led by the search results to the 
online store of the company. 

• Affiliate marketing is a type of performance-based marketing where an affiliate 
(publisher) promotes a site of a vendor to its audience and is paid only if some 
of them perform a pre-agreed action (Duffy, 2005). Chefs are the main affiliates 
of the food industry due to their increasing popularity (Clarke, et al., 2016). The 
most common promotion strategy is cooking recipes based on the advertised 
product. The recipes are usually posted on their social media -mainly in video 
format - or even are presented on their TV cooking shows. 

• Content marketing constitutes a particularly significant choice with high 
applicability potential for MAP-related businesses. Content marketing is a 
strategic marketing approach on creating and distributing content related to the 
company's products and services, with the aim of converting potential 
customers into repeat ones (Baltes, 2015). The purpose of content marketing is 
not the direct sale but the provision of content that has value for the receivers. 
This content can be distributed through the company's website and social media 
as well as relevant blogs. For a company that operates in the MAPs sector 
nutritional advice, online fitness and yoga lessons as well as recipes constitute 
significant forms of content marketing, especially if the business targets organic 
consumers. 

To sum up, e-commerce is expected to provide great benefits for the companies in 
the MAPs sector including access to global markets, better approach and 
communication with consumers as well as efficient product promotion. The effective 
use of some of all the above methods can have a notable impact on a company’s 
profitability and sustainability. 

4   Conclusion  

The Greek MAPs sector is not significantly developed; however, it shows 
increasing trends as it pertains to the Greek soil and climate conditions. External 
environment analysis is crucial for the successful entry of a business in this sector. In 
particular, the analysis of the market-industry and consumer trends are important tools 
for the rational design of the business strategy and decision-making. Furthermore, ICT 
applications, particularly e-commerce, contribute to the implementation of the selected 
strategy, as they can lead to better market segmentation, targeting (selection of the 
target market) and product positioning. Social media, e -marketplaces, PCS, affiliate 
and content marketing are some of the tools that help agri-businesses to promote their 
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products. The discussion in this paper highlighted opportunities for a MAPs business, 
but further research is required to analyze the company's internal environment as well 
as its viability in order to render them applicable. 
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Summary 

Climate change affects in a severe way the agricultural activities. Among the most 
impacted crops is this of cotton, as this type of cultivation requires the excessive use 
of water and of agro-chemical products leading to negative impacts in arable fields 
(biodiversity loss, soil degradation, water pollution). Apart from the difficulty of the 
cotton farmers to adapt to climate change, there are also issues having to do with their 
potential to contribute to the mitigation of the phenomenon due to the excessive use of 
energy inputs. Although ‘crop-specific-payment’ for cotton will continue to be granted 
to producers under the upcoming Common Agricultural Policy 2021-2027, there is an 
extensive discussion about requirements that should be fulfilled, especially those 
concerning environmental protection, reducing agro-chemical use and focusing on the 
establishment of ecofriendly practices for farmers. Therefore, the challenge of 
efficiency in agricultural practices acquires a high importance for farmers as it actually 
defines the long-term sustainability of their holdings. 

Aiming to evaluate resource use efficiency of cotton cultivation, a three-part 
questionnaire has been designed, containing demographic characteristics of the 
interviewee, amounts and values of all inputs involved (seeds, plant protection 
products, energy and water), as well as overall revenue after the end of the season 
accordingly. Collected data have been analyzed using Data Envelopment Analysis 
(DEA) so as to assess the performance of different cotton farms. Input-oriented DEA 
approach has been selected in order to perform analysis under the scope of minimizing 
production costs and in economic, energy and environmental terms. Analysis focuses 
on the input slacks of each producer in order to identify any excessive use of inputs 
which jeopardizes the global target of sustainable agricultural production. The results 
indicate that only few farmers achieve high efficiency scores. On the other hand, the 
majority of farmers should follow new approaches for achieving the same output with 
lesser inputs, while others should search for new alternatives. Any quantitative 
reduction of agro-chemical and water use can help the sector to better adapt to climate 
change but also to mitigate its emissions as it is directly related with the improvement 
of carbon and water footprint records. All in all, the paper may help farmers to 
understand their competitive position when climate change targets of production are 
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being set and provide them with quantitative targets for improving their efficiency and 
hence their sustainability under a challenging environment. 

Keywords: Data Envelopment Analysis; cotton; sustainable development; 
climate change. 

JEL Codes: C67; Q15. 
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Summary 

In recent years, consumers seem to be more interested in the origin of the food they 
buy and there has been a tendency for consumers to focus more on consuming local 
agricultural products. In the same volume, animal feed should also be locally produced 
proving the locality of the products, using this element as a promotion key. The supply 
chain system must respond to ever- changing consumer needs, respecting consumers' 
growing concerns about food safety and quality, and transform real needs into 
satisfying practices through practical food handling. For these reasons, a field research 
was carried out with the aim of investigating the consumer standards of animal 
products derived from farms with the use of locally produced feed (LPF).  

According to the literature review findings about main factors affecting animal 
products consumption and based on the Health Belief Model (HBM) investigating the 
volume of influence between food and health, a questionnaire was distributed through 
personal interviews, in a stratified sample of adult consumers in equal proportions of 
men and women. Principal Component Analysis (PCA) was applied in order to 
highlight the most important components that influence participants to consume this 
type of animal products. Based on the perceptions of the consumers who participated 
in the research, a general positive attitude of consumers towards agricultural products 
of animal origin fed with LPF has been revealed, proving that locality should be 
examined both for livestock and ration origin. At the same time, most respondents 
seem to trust more locally produced foods and feed, as they consider them healthier 
than their imported counterparts, enhancing their identity of locality. It was noted 
that respondents’ demographic characteristics and especially their age and educational 
level are features that affect their responses as younger and more educated people seem 
to be more interested in issues of healthy eating and adopting good eating habits while 
looking for information about the origin of the food they consume. Finally, the 
respondents were called to answer some questions about the intention to consume 
certain types of animal products. Their responses reaffirmed their positive attitude 
towards locally produced animal feed, as many consumers said they would be willing 
to pay (WTP) even more than usual to eat meat and dairy products that have been fed 
with locally produced feeds. Concluding, locality index should be reevaluated both for 
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farms and supply chain, making clear all different aspects of originality. Final results 
can be transformed accordingly in order to be used as a promotional mix for local 
stores or supermarkets. 

Keywords: Consumer behavior; Supply chain management; Principal 
Component Analysis.  

JEL Codes: C38; D12; D91; I12. 
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Abstract. Our modern era has brought about radical changes in the way courses 
are delivered. To meet the new challenges, a new course type has emerged, the 
blended course in the context of which online teaching and conventional 
instruction are efficiently mixed. This paper demonstrates a way to identify 
factors affecting students’ critical performance in blended courses through the 
development of a potent risk model. The risk model is demonstrated in the 
context of two specific blended courses, sharing the same learning design. 

Keywords: risk model; risk factors; students’ achievement; engagement; 
blended courses. 

1   Introduction 

Blended learning (BL), also known and as hybrid learning, is a way of teaching that 
combines traditional face to face classroom methods (with technology mediated) and 
on-line educational material. This allows students to have access to teaching material, 
even after the lesson is finished and provides them with a more personalized learning 
environment. Blended learning differs from other on-line methods in the aspect of 
counting on “face to face” teaching methods as well (Friesen, 2012). It also provides 
a shift from traditional teaching to a more interactive one, where teachers act more as 
guides and supervisors, establishing a more personal relation with their students, than 
simply act as the ones who deliver knowledge to a large audience. 

It could be argued that there are many blended learning models available which can 
be adopted by schools and institutions. This can depend on, content, scale, technology, 
learning spaces, students’ age, etc. (PERC, 2014). 

Comes to no surprise that education has been transformed the recent decades by the 
rapid spread of technology (Drosos et al., 2016; Skordoulis et al., 2014; Skordoulis et 
al., 2016; Drosos et al., 2015). Higher institutions, as the leading force in delivering 
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educational innovations, are trying to adopt to modern society’s educational needs 
(Skordoulis et al., 2015; Ntanos et al., 2020; Skordoulis et al., 2020). Therefore, 
Blended Learning can be used in a wide range of academic disciplines through a 
variety of pedagogical approaches and models. 

In terms of the students’ attitude towards blended courses, one study (Wu & Liu, 
2013) has indicated that in general, students show positive attitude towards blended 
courses and that factors affiliated with learning climate; perceived enjoyment; 
perceived usefulness; system functionality; social interaction; content feature and 
performance expectation are also significantly related to students’ satisfaction in 
blended courses (Skordoulis et al., 2014; Skordoulis et al., 2015; Zapantis et al., 2017). 
Another study (Wang, 2018) has proved that a lot of students who attend blended 
courses not only show positive attitude towards these courses but they also achieve 
better results in the context of their performance in comparison to students enrolled in 
conventional courses. That finding is also in line with the studies (Akbarov et al., 2018; 
Bakeer, 2018; Maccoun, 2016; Vernadakis et al., 2012; Alsalhi et al., 2019; Saritepeci 
& Cakir, 2015) which have pointed out that blended learning has positive impact on 
students’ performance. 

In the context of students’ performance in blended courses, one study (Ismail et al., 
2018) has considered the following four main categories as especially important and 
significant factors that have great effect on academic performance: 

• the use of technology; 
• the interaction processes; 
• the characteristics of the students; 
• the characteristics of the class. 

Another study (Ramirez et al., 2018) has attempted to describe the relationships 
concerning motivations; emotions, cognitive; meta-cognitive and learning strategies 
and their impact on learning performance in blended courses. Their results suggested 
that negative emotions play a meaningful role between expectancy (a component of 
motivation) and learning strategies and that the expectancy component of motivation 
positively influences meta-cognitive strategies. 

The issue of students’ performance in blended courses has also been addressed in 
another work (Wenchieh & Lan-Yin, 2010). This study has clarified that students’ 
performance in blended courses is affected by the success of two systems, the technical 
system and the social system. In a more elaborate detail, the technical system is 
reflected on the role of e-learning and the social system is reflected on the motivation 
and learning climate. 

In parallel manner, another research (Owson et al., 2013) proved that high achievers 
in a blended course were students who had fully participated into online activities. 
Another work (Filippidi et al., 2010) focuses on the Moodle usage practices and their 
impact on students’ performance in the context of a specific blended course proving 
that the Moodle system usage has accounted for the 20.2 % of variance in the students’ 
final grade. It is also important to refer to another study (Keskin & Yurdugul, 2019) 
which has indicated that students’ achievement in blended courses bears on their self- 
efficacy and e-learning motivation highlighting the important role of e-learning part. 

It is also vital to refer to a study (Volchok, 2018) which made use of a binary 
logistics regression analysis to predict students’ performance in two blended business 
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courses. The binary logistics’ regression outcome on a data set including social; 
individual and academic factors indicated that students’ self-regulation; skills and 
learning presence in the  community  are  strong  predictors  of  students’  final 
achievement. Needless to say that the academic factors were reflected by students’ 
engagement data including attendance; credit assignments; first quiz  grades and 
semester grades. 

In the area of students at risk, there are a lot of researches (Macfadyen & Dawson, 
2010; Anagnostopoulos et al., 2020; Marks, 2000; Newmann et al., 1992; Willms, 
2003; Fredericks et al., 2004; Zhang et al., 2004; Appleton et al., 2008) which have 
stress on engagement data as strong predictors of students’ critical performance. 

2   Research methodology 

In the risk factors’ identification process, appropriate data are analyzed in terms of 
a statistic method or a machine learning technique (Marks, 2000; Georgakopoulos et 
al., 2018; Georgakopoulos et al., 2020) in order to come up with the risk model which 
identifies the risk factors (Vose, 2008). 

The risk model development process is demonstrated for two courses having the 
same instructional design. The number of students who participated in the first course 
was 144; whereas the corresponding number in terms of the second course was 150. 
The instructional design was exported to Moodle LMS. Students were deemed to pass 
the course if they achieved a final grade greater or equal to 5. 

We modeled a binomial variable student risk describing students who were about 
to face the risk of failing the course (Macfadyen & Dawson, 2010; Anagnostopoulos 
et al., 2020). The state “0” was modeled to indicate students who were not about to 
face the risk of failing the course; whereas the state “1” was modeled to indicate 
students at risk. In parallel manner a set of variables was modeled, describing the 
students’ interaction with the course activities. These variables are listed below: 

• Number of Slides completed (“0”: not completed, “1”: completed); 
• Number of Self-assessment quizzes completed (“0”: not completed, “1”:  
• completed); 
• Number of Exercises done/completed; 
• Number of videos watched/completed; 
• Forum used (“0”: not used, “1”: used); 
• Total absences (skipping class); 
• Test grade (before the final exams); 

After the final exams, the below variables along with the student risk variable were 
deployed in terms of a binary logistics regression analysis (Volchok, 2018; Macfadyen 
& Dawson, 2010). 
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3   Results 

3.1   Binary Logistics Analysis Outcome (Course 1) 

The significant risk factors, which have significant contribution to the reduction of 
the risk probability are those factors, the significance value of which is equal or less 
than 0.05. Thereby, according to the Sig. column on table 1, these factors are the Test 
Grade and the Total Absences. 

 

Table 1.  Coefficients (Regression Model-Course 1). 

 B S.E. Wald Sig. Exp (B) 
Test grade -0.654 0.123 28.232 0.000 0.520 
Total 
absences 

0.463 0.149 9.646 0.002 1.589 

Constant -0.198 0.809 0.060 0.807 0.821 

3.2   Binary Logistics Analysis Outcome (Course 2) 

According to the Sig. column on table 2, the significant factor is the Number of 
Slides completed. 

Table 2.  Coefficients (Regression Model-Course 2). 

 
 B S.E. Wald Sig. Exp (B) 
Number of 
slides 

-0.654 0.123 28.232 0.000 0.520 

Constant -0.198 0.809 0.060 0.807 0.821 

4   Conclusions 

The results have proved that there is not a specific factor that always has 
contribution to risk occurrence in the blended courses. The risk factors vary among 
courses. Shedding more light on these cases we can deduct that factors related to a 
conventional way of course delivery (lectures attended) and factors which are affiliated 
with a modern way of course delivery (slides completed mounted on Moodle LMS and 
online test  grade)  appear  to  be  significant  in  the  reduction  of  the  probability of  
risk occurrence. 
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Abstract. Legumes constitute one of the most important groups of crop 
production. They are particularly attractive for livestock production because of 
their unique ability to fix the atmospheric nitrogen biologically. This review 
presents the high potential of legume-based systems, by indicating their socio-
economic and environmental benefits for sustainable agriculture and livestock 
production. Lower chemical nitrogen inputs, efficiency in crop rotation 
combined with higher yields, increased soil productivity, applicability in mixed 
farming systems as well as improvement of livestock production are considered 
as highly significant advantages associated with the cultivation of legumes. 
Despite these advantages and expectations, their cultivation meets some 
constraints which limit their potential. Further research and increasing 
knowledge are required, in order to overcome challenges at the production and 
market level. 

Keywords: legumes; livestock production; sustainability; livestock-crop 
systems; circular economy. 

1   Introduction 

Legumes represent the second most important family of crops in economic terms 
after Poaceae (grass family), accounting for approximately 27% of the world’s crop 
production (Mlyneková, et., al., 2014). The family of legumes (Fabaceae or 
Leguminosae) includes several important plants, such as soybean, vetch, pea, 
chickpea, lentil, lupine, bean, alfalfa, clover and peanut. They are grown for human 
consumption or for animal nutrition, as coarse feed (forage) or seeds for concentrates. 
They are also cultivated as green fertilizer plants, as they are included in crop rotation 
systems and their residuals are integrated in order to increase soil productivity. The 
introduction of legumes in livestock production especially, has been an issue of high 
importance during the last two decades, as many researches in Europe have focused 
on the potential of legumes to contribute to sustainable and low-cost livestock 
production (Rochon, et., al., 2004).   
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Τhe pods of legumes are rich in carbohydrates and are known for their high 
nutritional value. Indeed, legumes contribute by about one-third to human direct 
protein intake worldwide (Mlyneková, et., al., 2014). The benefits from their 
consumption are accepted by different societies around the world and have been 
associated with longevity in the food cultures of many peoples such as the Japanese, 
the Swedes and in the Mediterranean (Darmadi-Blackberry, et., al., 2004).  They 
constitute the main protein source in the diet of the population of developing countries, 
since proteins of animal origin are scarce and costly in these areas, and they are 
sometimes referred to as the “meat” of poor people (Nedumaran, et., al., 2015). 
Legumes are also steadily gaining higher significance in developed countries as well, 
as they are included in healthier diets and lifestyles. 

In Greece, the adoption rate of legumes in farm production remains low. The most 
commonly cultivated legumes are chickpeas, lentils, peas and beans. The limited 
cultivated areas, in combination with the unavailability of seeds and varieties adapted 
to the specific conditions of each region imply deficient production, unable to cover 
domestic consumption and livestock needs. This leads to high imports of legumes for 
human consumption and soybean for livestock use. In 2017, Greece imported 649008 
tons of soybean and soy flour (ELSTAT, 2017). Producers achieve low yields 
combined with high production costs, thus not valorizing the high potential of legumes, 
which is mainly associated with the beneficial climate and soil conditions of Greece.  

The purpose of this study is to examine the importance of legumes at a socio-
economic level by investigating their benefits for production systems. In particular, 
the review builds around the main issues concerning the production and use of legumes 
especially in livestock production as well as the possibilities to create sustainable 
legume-livestock systems.  

2   Decrease in Nitrogen Inputs 

The great importance of legumes, in relation to other types of crops, is based on 
their ability to fix the atmospheric nitrogen, so that their nitrogen needs can be partially 
or completely covered. This happens because of the symbiosis of legumes with 
Rhizobium bacteria. Because of this attribute, legumes can be used as a source of 
nitrogen in both natural and agricultural ecosystems (Mlyneková, et., al., 2014).  

The unique ability of legumes to fix atmospheric nitrogen, implies their ability to 
grow satisfactorily in soils with low nitrogen availability. By fixing nitrogen, legumes 
could maintain and improve soil fertility, which results in the reduction of expenses 
for chemical fertilizers (Kebede, et., al., 2016). This is really important, considering 
that prices of chemical fertilizers are rapidly increasing in recent years and their use 
will be limited in the long term (Kebede, et., al., 2016). Cropping systems with 
legumes can reduce nitrogen fertilizer use by 38%, compared to systems without 
legumes (Reckling, et., al., 2016). Substitution of industrial nitrogen fertilizer by 
improved use of nitrogen fixed by legumes could be an important contribution to 
resource-efficient and environmental-friendly agricultural systems (Luscher, et., al., 
2014).  
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3   Efficiency in Crop Rotation and Yield Advantage 

The enrichment of soil with nitrogen can be beneficial in cases of crop rotation, 
since nitrogen can be used by the next crop installed after legumes. The importance of 
using legumes in different types of crop rotation systems has been known since ancient 
times in Ancient Greece, Egypt and China.  

The inclusion of legumes in a well-planned crop rotation reduces insect, diseases 
and pest, improves organic matter levels and soil productivity and increases crop yield 
(Kebede, et., al., 2016). The fixed nitrogen leads to higher protein concentration in 
soil, which can also be recycled as a form of fertilizer (Kebede, et., al., 2016). As a 
result, subsequent crops do not require the use of chemical fertilizers, which implies 
economic and environmental benefits.   

Except for their advantages in terms of sustainable production, legumes entail yield 
benefits in crop rotations. Under standard fertilization levels, cereals yield is on 
average 17% higher in legume-based rotation systems than in monocropping 
cultivations (Stagnari, et., al., 2017). Studies have also proven that wheat reports 
higher yields grown in rotation after legumes (Stagnari, et., al., 2017). It should also 
be mentioned that yield advantages of legumes depend on the climate conditions of a 
specific area, on the amount of fixed nitrogen, as well as on the species (Stagnari, et., 
al., 2017).  

4   Benefits in Livestock Production 

The most important advantage of legumes in livestock production is related to the 
use of soybean in animal nutrition. Soybean is the only legume whose acreage is 
continuously increasing in Europe, reaching 3.45 million ha in 2012, more than all the 
other legumes together (Rubiales & Mikic, 2015). However, the highest percentage of 
international soybean production comes from genetic modified plants. As a result, the 
European Union and national governments promote the cultivation of other legumes 
with subsidies (Rubiales & Mikic, 2015) as an alternative to soybean. In addition, 
soybean is only imported in Greece (Table 1) since it is not cultivated in a domestic 
level, which implies higher and uncertain production costs for livestock farms. As a 
result, the use of legumes to substitute soybean is considered important for countries 
like Greece. 
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Table 1. Soybean and soy flour imports 2015-2017 in Greece. 

Year 2015 2016 2017 

Soybean 

Imports 

Value 
(million €) 

Quantity 
(thousand 

tons) 

Value 
(million €) 

Quantity 
(thousand 

tons) 

Value 
(million €) 

Quantity 
(thousand 

tons) 
116,3 302,0 115,7 315,5 118,9 317,8 

Soy 

flour 

Imports 

Value 
(million €) 

Quantity 
(thousand 

tons) 

Value 
(million €) 

Quantity 
(thousand 

tons) 

Value 
(million €) 

Quantity 
(thousand 

tons) 
112,0 278,6 104,6 293,5 111,3 331,3 

Total 228,3 580,6 220,3 609,0 230,2 649,1 

Source: ELSTAT, 2017 
 
Legumes were suggested as a sustainable solution for livestock production many 

years ago. It is expected that, by increasing the availability of legumes, livestock farms 
will benefit from a cheap and good quality protein source. In Greece, the use of 
legumes in livestock production is really important, considering that animal nutrition 
with legumes produced on-farm will be able to reduce production costs, as well as the 
dependence of farms on imported feedstuff.  

There is also evidence that the inclusion of legumes in animal nutrition affects the 
quality of produced milk in a positive way. Legume silages and legume-dominated 
silages can increase milk production compared to pure grass silages (Luscher, et., al., 
2014). Rations including legume silages led to high levels of performance of dairy 
cows, especially when legumes were of a high nutritive value. Similar results were 
reported for beef production (Luscher, et., al., 2014).  

5   Legumes in Mixed Farming Systems and Circular Economy 

The use of legumes in mixed farming systems is another significant factor 
associated with the advantages of legumes at the socio-economic level, as they can be 
used as forage in animal nutrition. Legumes species also represent excellent sources 
of green manure in sustainable agriculture and organic farming (Kebede, et., al., 2016). 
The contribution of legumes in mixed farming systems is recognized, since production 
costs can be reduced by using lower amount of coarse feed. This also implies that these 
systems pertain to circular economy principles, since they can operate as economic 
systems aimed at eliminating waste, via the circular use of their resources, forage and 
manure.   

Indeed, mixed farming systems involve complementary interactions between crops 
and livestock, which means that legumes can be a basic component because of their 
unique characteristics. The use of manure for cropping as well as the use of crop 
residuals for livestock constitutes important interactions between livestock-crop 
systems (Kebede, et., al., 2016). The uncertainty of agricultural activities can also be 
reduced through mixed farming systems because of internalizing part of the input 
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requirements of farms due to the combination of livestock and crop enterprises 
(Kebede, et., al., 2016). 

In general, the integration of the forage legumes instead of grass could contribute a 
more preferable option for livestock-crop systems. The possibility of nitrogen fixation, 
the continuity of feed supply, the increased crop productivity, the high coarse feed 
quality and the use of manure as fertilizer can secure a sustainable production (Kebede, 
et., al., 2016).  

6   Challenges and Limitations 

Legumes suffer from some limitations, which implies the need for further research 
in order to fully develop the opportunities they offer (Luscher, et., al., 2014). Besides 
the growing trends observed between 1974 and 2014, the cultivated areas of species 
such as pea, bean and lupine have declined worldwide (Stagnari, et., al., 2017). The 
average yield increase for most legumes was about 50%, which is still below the 
increases achieved by major cereal crops, which ranged between 130 to 160% 
(Rubiales & Mikic, 2015).  Poor spring growth, unavailability of seeds, limited 
farmers’ knowledge on the appropriate use of the fixed nitrogen and management of 
legumes in a whole cropping system, as well as animal health issues are the main 
reasons of concern about the viability of legume-based systems.  

There are also limitations regarding their adoption by mixed farming systems. 
Nutrient management in livestock-crop systems remains a challenge, especially 
regarding nitrogen losses in managing manure (Reckling, et., al., 2016). The adoption 
of forage legumes is also restricted in some farms in many European countries 
(Reckling, et., al., 2016).  

Market constraints are also of high significance. Although the global market is very 
well developed for soybean, supply chains and markets in general are inadequately 
prepared for the majority of legumes crops (Stagnari, et., al., 2017). There is also 
evidence that immediate profits are not delivered to producers from the introduction 
of legumes into a farming system because of the high diversification of legumes 
production trends around the world (Stagnari, et., al., 2017). This is the main reason 
why there is a high preference for cereals from farmers in Europe and they will need 
to be more convinced by future research that the cultivation of legumes has profitable 
potential.  Low prices and few marketing channels affect legumes’ commercialization 
in a negative way. Prices are currently lower than the actual feed value, which means 
that legumes produced in European countries have difficulties in the competition with 
other protein crops of the world market (Reckling, et., al., 2016). Undoubtedly, there 
are still a lot of challenges and constraints that need to be overcome for legumes to 
increase their reliability in production systems and their competitiveness in global 
markets.  
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7   Conclusions 

The advantages of legumes are numerous and should become even more significant 
in the following years. The opportunities emerging from legume-based systems are 
important in socio-economic terms and environmental perspective. Due to their unique 
characteristics, they can secure more rational use of chemical fertilizers, increase in 
soil productivity, efficiency in crop rotations and benefits in livestock production. 
Their introduction in mixed farming systems has a high potential as well. However, 
legumes are still not competitive and widespread. In order to overcome possible 
constraints and limitations, their positive effects need to be communicated to advisors 
and farmers, and regional supply chains need to be developed in food markets 
(Reckling, et., al., 2016). Further research is required to increase attractiveness and 
confidence for producers. There is also a need for research on how to integrate them 
in mixed farming systems. Agronomic knowledge is required and has to be more 
widely available. Finally, agricultural policy measures have to be introduced and 
implemented specifically for legume-based systems, so that their economic and 
ecological benefits can be valorized. 
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Summary 

This paper deals with the effect of agricultural land-use practices on biodiversity. 
The case study is an extensive arable farming system on Limnos, a Greek island in 
Norther Aegean. The particular farming system combines arable crops grown for food 
or feed with grazing lands and sheep husbandry. We present the design of a system 
that (a) records farming practices of this system; (b) associates practices with 
biodiversity impacts on the bases of extended field work with farmers and 
measurements for annual plants and animals; (c) links the field and the landscape level 
with the use of landscape-metrics in a G.I.S. environment used to facilitate the 
investigation of the relation between landscape structure and biodiversity. The reason 
for this is that although farmers apply practices at the individual field and the farm 
level, many of the impacts are manifested at the landscape level.  

The system of indicators and landscape-metrics will be implemented in a multi scale 
approach: -patch-classes-landscape-. At the field level all single fields of farmers will 
be considered as patches. Similar land-cover classes will form the secondary level of 
analysis. The landscape level will depend on the geomorphology and the land-cover at 
a scale of some square Km. Landscape metrics at the patch level will include diversity, 
shape, edge, patch density and size metrics. At the class level, metrics will include the 
frequency and size of patches, largest patch index, edge density, shape index mean, 
among others. At the landscape level, landscape structure and quantifying changes of 
this structure will be calculated with the use of indexes such as: Grain Index, Relative 
richness, Menhinich richness, McIntosh diversity, Shannon diversity and Simpson 
dominance. 

The system of indicators will be built on (i) an application that farmers will use to 
record their practices at the field and farm levels; (ii) a GeoDatabase where spatial and 
non-spatial data from the application and the rest of the data will be stored, and 
standardized. This GeoDatabase will be accompanied by a Web-GIS system for 
geographical visualization and analysis. 

During the application phase of the system, farmers will provide practices’ 
information for their fields via the application for two cultivation periods in a number 
of case study landscapes across the island. Information will be standardized and 
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processed and the selected metrics will be calculated. With the use of these metrics the 
impact of these practices and the system as a whole will be estimated and then 
presented to the farmers to help them improve their biodiversity performance while 
assisting the monitoring inputs/outputs of the use of the application. Finally, this work 
contributes towards informed-decision about farming in multiple scales.  

Keywords: Landscape metrics; land -use practices; biodiversity. 

JEL Codes: Q26, M35; L12. 
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Abstract. Consumer preferences towards lamb and beef meat depend on several 
intrinsic and extrinsic factors which include psychological, sensorial and 
marketing parameters, interacting with each other and influencing the 
purchasing decisions and willingness to pay. Beef and lamb meat is widely 
consumed globally. However, the consumers profile is too complicated to 
elaborate. Greeks largely include lamb and beef meat in their diet. Among the 
main factors affecting consumer preferences are visual appearance, flavour, 
price, quality labelling, origin, cuts and type of meat. Moreover, social and 
financial factors, customs and religious traditions, also play an important role in 
beef and lamb demand. In addition, among consumers’ top priorities are the 
sensorial characteristics and the country of origin of meat. This study aims to 
define the factors that influence consumer’s behaviour concerning lamb and beef 
meat, focusing on the meat cuts of lamb and beef that are most desirable in 
Greece. 

Keywords: Consumer; preferences; lamb; lamb meat; beef; Greece. 

1   Introduction 

Consumers’ preference, behaviour and perception of meat products is complicated 
(Pethick et al., 2011). Food quality is characterized by its degree of adaptation to the 
consumers’ requirements which may be related to the nutritional value, the 
organoleptic characteristics of the product and consumers’ health safety (Ambrosiadis, 
2005). Opinion formation is based on conscious or subconscious factors that can be 
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endogenous and exogenous. Endogenous factors are characteristics of the product that 
cannot be changed unless the nature of the product changes, such as organoleptic 
characteristics. These factors are subjective and can therefore mislead the consumer 
(Grunert et al., 2004). On the contrary, exogenous factors, such as the origin and price 
of the product, are not a property of food (Grunert et al., 2011). In addition, several 
other social, cultural, economic, religious, and moral factors may vary widely among 
consumers regarding food consumption (Font-i-Furnols et al., 2014). Especially for 
beef and lamb meat, foodborne crises, such as spongiform encephalopathy, can 
significantly alter consumer choices (Rezitis et al., 2011). Therefore, it is vital for the 
market to interpret consumer behaviour towards beef and lamb meat in order to adapt 
immediately to changes. The purpose of this review is to identify the factors affecting 
Greek and global consumer preferences concerning beef and lamb meat.  

2   Factors influencing consumer behaviour and choices 

Various factors affect consumer choices and attitudes. According to Font-i-Furnols 
et al. (2014), these factors are divided into 3 major categories: psychological (factors 
related to the individual), organoleptic (factors related to the product) and marketing 
(socio-environmental related factor). These factors are interrelated and can affect 
people’s cognitive and emotional intelligence (Figure 1). 

Psychological factors such as beliefs, attitudes, motivations, perceptions, lifestyle-
values, as well as social and cultural factors, shape consumers' personalities and 
influence their behaviour. Public has developed a negative opinion towards meat 
products due to factors related to animal welfare, slaughter conditions (Troy et al., 
2010), environmental issues (Povey et al., 2001), religion, ideology and ethics 
(Berndsen et al., 2005). Moreover, the hygiene of meat and the potential adverse 
dietary effects of meat consumption on human health, are considered to be important 
reasons for consumers (Latvala et al., 2012; Garnier et al., 2003). However, these 
negative attitudes appear to have minor impact on meat market (Grunert, 2006), as 
consumers prefer, instead of reducing meat consumption to use meat as an ingredient.  

The most important organoleptic factors that affect consumers’ behaviour are 
appearance, colour, taste, aroma, juiciness and tenderness of the meat. These factors 
are affected by both endogenous and exogenous factors, such as the type and breed of 
animal, its nutrition and age, the animal’s welfare conditions during slaughter, 
maintenance and maturation of the meat (Pethick et al., 2005). Especially, appearance 
and taste are among the most important factors influencing meat consumers' choices 
(Font-i-Furnols et al., 2014). Concerning fat, most consumers prefer lean meat (Ngapo 
et al., 2006). Still, tenderness, juiciness, taste and aroma are significantly related to 
Consumers’ purchase behaviour (Banović et al., 2009). These characteristics mainly 
depend on the intramuscular fat content of the product and the type of fat (Pannier et 
al., 2014). However, there are substantial differences among and within countries, e.g. 
in Mediterranean countries consumers prefer light sheep meat colours, as they usually 
consume carcasses of young animals (Bernué et al., 2012). 

Advertising, product promotions and proper quality labelling constitute the most 
influential ways to reach consumers, affecting their desires and perceptions. Price is 
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another important exogenous factor which is directly related to the socio-demographic 
characteristics of a population (Reicks et al., 2011), since low-income consumers 
prefer low quality cuts (Bello Acebrón et al., 2000; Font-i-Furnols et al., 2014). 
Regarding the content of meat product labels, the features required by the consumers 
to make informed purchasing decisions include the brand/product name (address line), 
expiration date, quantity statements and meat origin (Verbeke et al., 2006). According 
to Chambers et al. (2007), certified and domestic meat products are top consumers’ 
choices. Finally, consumers prefer organic products despite their high price (Kim et 
al., 2008), since they are considered to be healthier and of high-quality and have a 
better environmental footprint (Verbeke et al., 2010). 

 
Fig. 1. Factors influencing consumer behaviour and choices (Font-i-Furnols et al., 2014).  

3   World beef and lamb consumption  

Beef and lamb meat have always been high in consumer preferences worldwide. 
Many differences occur in consumer preferences among countries regarding high-
quality beef and lamb meat. According to Henchion et al. (2017), the three most 
important factors that influence consumer choices concerning beef are price, product 
labelling and fat content, followed by taste, freshness and tenderness. In Italy, the most 
important factors include price, animals’ welfare and breed, product’s labelling and 
type of production (e.g. organic). The factors that Italian consumers rank as the less 
important in influencing their preferences are organoleptic characteristics of meat 
products other than taste (tenderness, aroma, colour), their origin, their nutritional 
characteristics and the existence of an identification and traceability system (Merlino 
et al., 2018). German consumers show a significant preference for products with 
quality labelling of Black Angus meat for which they are willing to pay a higher price 
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(Meyerding, et al., 2018). Almi et al. (2013) report that in Belgium and Norway there 
is a clear preference for beef tenderloin; Norwegians are not willing to buy it because 
of its high price, unlike the people in Belgium, where its price is lower, indicating the 
impact that price and marketing in general may have on consumer choices. In contrast 
to Belgians’ attitude, Norwegians’ purchase behaviour is based mainly on products’ 
organoleptic preferences and less on products’ nutritional value or safety. In general, 
European consumers consider beef consumption beneficial to their health, thus 
positively affecting the purchase of beef, with a clear preference towards lean (Ngapo 
et al., 2006), local (Realini et al., 2013) and less technologically processed beef meat 
(Verbeke et al., 2010). 

Many differences among European countries are also observed regarding lamb meat 
preferences. The most significant difference is related to the preference of 
Mediterranean consumers for carcasses of young lambs (animals are slaughtered 
during weaning period), and the preference of northern Europeans for heavy carcasses 
of grass-fed animals. Consumers in France, UK and Iceland prefer French or Icelandic 
sheep breeds, which produce carcasses over 15 kg, while Spain and Italy prefer to 
consume autochthonous sheep breeds, with a carcass of less than 10 kg (Sañudo et al., 
2006). The factors mainly influencing European consumers’ choices are the origin and 
type (lamb or mutton) of meat, and animal’s breeding system (Furnols et al., 2011). 
The less important factors include price (Bernabéu et al., 2005), specific cuts, 
nutritional value, labelling and traceability (Bernuéus et al., 2003). 

4   Beef and lamb consumption in Greece 

In Greece, the average annual meat consumption is lower than the European 
average, mainly due to climatic and environmental factors, as well as the dominance 
of the Mediterranean diet on Greek cuisine. Meat consumption in Greece increased 
substantially during the 1970s and 1980s, stabilizing from the 1990s onwards. 
According to the most recent available data published in FAO database, in 2013 the 
annual per capita consumption in Greece was 16.1Kg of bovine meat and 12.47 Kg of 
lamb/mutton and kid/goat meat. Greek consumers prefer to buy their meat from local 
butcher shop or supermarkets (Krystallis et al., 2006). The relevant literature on meat 
consumption in Greece is limited and no information regarding preferred cuts of beef 
and sheep meat are available. 

According to the studies available, the key factor in purchasing behaviour in Greek 
beef meat market is taste. Since taste can only be assessed after purchasing, consumers 
rely on a variety of characteristics that can be assessed during purchase, such as 
appearance, colour and fat content (Krystallis et al., 2006). Social factors are also 
affecting Greek consumers’ behaviour, such as the age of the consumers and their 
educational level: older people and people with lower educational level appear to 
choose beef based only on product labelling, in contrast to younger and more educated 
consumers who further explore nutritional value and microbial safety. The bovine 
spongiform encephalopathy crisis in the global beef industry severely affected 
consumers’ attitude towards beef meat (Krystallis & Arvanitoyannis, 2006). 
According to Morrison et al. (2003), exogenous factors can potentially affect the Greek 
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market. However, the prices of beef have been relatively stable; therefore, its purchase 
is mainly influenced by consumers’ income, with older people being more affected 
(Krystallis & Arvanitoyannis, 2006). Economic crisis in Greece and the volatile 
economic environment in general had an impact on the purchasing behaviour of 
consumers in Greece who moved to low price meat cuts and products.  

Table 1. Meat preferences studies among Greek consumers. 

Reference Country Sample 
size Method Meat 

type Factors 

Sañudo et al. 
(2006) 

Greece, 
Spain, 
Italy, 

France, 
United 

Kingdom, 
Iceland 

773 

Organoleptic 
evaluation at 

home, 
questionnaire 

Lamb 
meat 

Smell, 
aroma, 

tenderness, 
juiciness, 
flavour 

Krystallis et 
al. (2006) Greece 268 

households 

Questionnaire, 
personal 
interview 

Beef, 
Lamb 
meat 

Organic 
product, 

price, 
availability 

Krystallis & 
Arvanitoyannis 

(2006) 
Greece 268 

households 

Questionnaire, 
personal 
interview 

Beef, 
Lamb 
meat 

Safety, 
nutritional 

value, 
labelling, 

taste, 
appearance 

Morrison et al. 
(2003) Greece  Review 

Beef, 
Lamb 
meat 

Price, 
income, 

taste 

 
 
Greeks prefer to eat lamb over mutton, as it is considered to be of better quality due 

to its lighter coloration (Bernabeu et al., 2005). Lambs are usually slaughtered at 4-8 
weeks old, when the carcass weight varies between 6-10 kg (Christodoulou et al., 
2007). However, in specific regions of the country (Epirus, Sterea Ellada) a significant 
portion of citizens in the Greek countryside consume heavier sheep carcasses (over 13 
kg) (Skapetas et al., 2006). Katsaounis et al. (1996) argue that the heaviest sheep 
carcass became more acceptable to Greek consumers when the latter were aware about 
its high nutritional value. Both lamb and mutton consumption presents seasonal 
demand, with Easter being the period of the highest demand due to religious purposes. 
Sañudo et al. (2006) examined consumer preferences in six European countries. After 
organoleptic examination of meat of different breeds at different ages of slaughter, 
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they concluded that taste (juiciness, tenderness, and aroma) and appearance (colour, 
fat content) play the most important role in beef and lamb meat selections. These 
factors are mainly influenced by animal’s breed, age and diet. Most Greek consumers 
preferred to consume autochthonous sheep breeds with a slaughter age of up to 2.5 
months. Similarly to beef, there are no literature sources describing the preferred sheep 
meat cuts. Georgakis et al. (2002) report that the sheep and goat carcasses are usually 
cut shortly before they are sold in the butcher's shop and their cuts follow those of 
cattle. 

5   Conclusions 

Consumer behaviour regarding beef and lamb meat is difficult to assess accurately, 
due to the large variation it presents both among and within countries. There are several 
differences among European countries, concerning the preferred endogenous factors 
of beef and lamb meat. The puzzle becomes more complicated if one takes into account 
the various social, economic and cultural factors that prevail in each country and the 
current events, which are constantly changing the market and demand. In addition, 
exogenous factors, such as the price of the product, seem to affect consumer behaviour 
both within countries and among them. Globally, two large consumer groups are 
recognized: the consumers that are willing to pay more for a better-quality food and 
the consumers that look for the cheapest food, regardless of quality. However, some 
similarities are observed among countries. The vast majority of consumers prefer 
domestic beef and sheep food. Similarly, consumers prefer to buy fresh meat, relying 
mostly on its bright red colour. In any case, it is necessary for the beef and lamb meat 
market to continuously assess the factors affecting consumer choices in order to adapt 
to any contemporary changes. 
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Abstract. Greek ruminant meat production is challenged by the lack of objective 
carcass and meat evaluation protocols. X-ray Computed tomography (CT) is 
used as an innovative tool for carcass evaluation in many farm animal species. 
For the first time in Greece, in 2 beef, 13 sheep and 6 goat carcasses CT scans 
were performed to estimate carcass traits and composition. Image analysis 
protocols, formerly implemented in other species, were used to estimate carcass 
length and width as well as fat, muscle and bone volumes and weights. Our 
preliminary results indicate that accurate carcass composition estimations might 
be possible with the use of CT and image analysis. Results should be re-
evaluated on a bigger sample size. Concurrent carcass dissections could 
facilitate the validation of CT estimations. Standardization of carcass 
composition evaluation protocols based on non-destructive methods can certify 
meat quality and contribute to the overall competitiveness and sustainability of 
the sector. 

Keywords: X-ray Computed Tomography; ruminant carcass; lean meat yield; 
fat yield; bone yield 

1   Introduction 

Ruminant meat production in Greece represents 57.28% of non-poultry meat 
production. In 2018, Greek beef, sheep and goat annual meat productions were 39.65, 
50.57 and 19.56 thousand tons, respectively (Ministry of Rural Development and 
Food, 2018). Only 30% of annual meat consumption is covered by domestic 
production. Beef meat is mainly based on purebred or crossbred male beef cattle that 
are slaughtered around the age of 24 months. Small ruminant meat production is a 
secondary activity of dairy production and mostly very young or old animals are 
slaughtered; no special diet is fed prior to slaughtering. Lack of objective carcass 
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evaluation protocols has led to dramatic decreases in meat price. Carcasses are usually 
sold as whole or split in halves, a tradition which removed lamb and goat meat from 
modern household routine and made it a seasonal delight. New tools are necessary to 
evaluate carcass and meat quality and increase the competitiveness of the sector. 
Herein, we explore X-ray Computed Tomography (CT) as an innovative approach 
towards ruminant carcass quality evaluation.  

So far, CT implementation on sheep aimed to predict carcass composition on live 
animals mostly for breeding purposes. Cross-sectional scans at three to seven specific 
anatomical positions were performed; non-carcass tissues were segmented semi-
automatically with a specially designed image analysis software (Lambe et al., 2003; 
Karamichou et al., 2006; MacFarlane et al., 2006; Clelland et al., 2014). The 
‘reference’ scanning method, as it is known, is widely used for commercial purposes 
because it is fast, accurate (R2 values ranging: 83-98.6%) and preserves animal welfare. 
Prediction equations used are breed-specific; hence, more inclusive approaches are 
needed (Navajas et al, 2006). Cavalieri method is an alternative which uses more cross-
sectional images and utilizes inter-scan distances and tissue densities to estimate tissue 
volumes and weights. It is equally accurate and applicable across breeds, but more 
time-consuming (Bünger et al., 2011). Variations of the above are used in recent 
studies as standard methods for in vivo (Matika et al., 2016) or post-mortem carcass 
composition evaluations (Anderson et al., 2015; 2016). Respective applications of CT 
in dairy goats have been reported since the 1990’s (Sørensen, 1992; Németh et al., 
2010; Eknæs et al., 2017). 

An approach based on spiral CT scanning of primal cuts and image analysis with 
special software has been used to estimate beef carcass composition (Navajas et al., 
2010a). Accurate predictions of carcass tissue weights have been reported (R2 = 0.89-
0.97%). Large size of beef carcasses complicates CT scanning procedures and 
increases relevant costs. Thus, recent studies focus on CT scanning of specific muscles 
or carcass parts and investigate for possible correlations, which will allow predictions 
of total carcass composition (Navajas et al., 2010b; Anderson et al., 2018). 

In another approach implemented on pigs, spiral CT scans are obtained from half 
carcasses or specific commercial cuts and image analysis software is used to separate 
tissues. To estimate tissue volumes and weights, voxel dimensions and tissue densities 
are utilized; results are highly accurate (Daumas and Monziols, 2011).  This method 
can be implemented in a broad spectrum, since it was developed independently of 
dissection (Daumas and Monziols, 2016).  

Considering the strengths and weaknesses of the above methods and the 
peculiarities of Greek ruminant meat production, the present study is a preliminary 
approach of CT as a post-mortem carcass evaluation tool in Greece.  

2   Objective 

The objective was twofold; (i) to use CT and image analysis protocols designed for 
carcass evaluation in other species (ie. pigs), to estimate sheep, goat and beef carcass 
traits (length, width) and composition parameters (volume and weight of muscle, fat 



 39 

and bone tissues) and (ii) to compare the estimated sheep carcass quality parameters 
with respective dissection data of a previous study.  

3   Materials and Methods 

3.1   Animals and Experimental Design  

Dairy sheep and goats (mostly fat-tailed Chios sheep or other crossbreds) of both 
sexes at different live weights (representing 25%, 35%, 50%, 70% and 100% of mature 
weight –Table 1) were selected. Male, crossbred beef cattle at the optimum finishing 
weight were also selected. Animals were slaughtered in three commercial 
slaughterhouses. Sheep and goat carcasses were chilled for 24 hours then transferred 
to the CT scanner located at the Laboratory of Diagnostic Imaging, School of 
Veterinary Medicine, Aristotle University of Thessaloniki. Chilled beef carcasses were 
scanned 48 hours after slaughtering. In total, 13 sheep, 6 goat and 2 beef carcasses 
were scanned.  

 

Table 1. Weight range per species in each of the live weight categories  

 

  Weight range (kg) 
  Sheep Goats 

Live weight 
categories                  
(% of adult 
weight) 

25% < 17.5 < 17 
35% 17.6 - 27.5 17.1 - 23.5 
50% 27.6 - 39.5 23.6 - 32.5 
70% 39.6 - 55 32.6 - 42.5 
100% > 55.1 > 42.6 

 

3.2   X-ray Computed Tomography  

Beef carcasses were split in halves and one half was scanned. Beef carcass halves 
were dissected into six primal cuts (Figure 1) to facilitate the scanning procedure. 
Sheep and goat carcasses were scanned intact and contained remaining organs (heart, 
lungs, liver, internal fat, kidneys), except for heavier carcasses (70% and 100% of 
mature weight). The latter were longer than the maximum scanning length (110 cm); 
thus, two scans were performed representing front and back halves of carcasses. A 
helical volume of data comprising the carcass was acquired at 150 mAs and 120 kV, 
acquisition matrix 512x512 and convolution kernel STANDARD (soft tissues) using 
a 16-row multi-detector CT scanner (Optima CT520, GE Hangwei Medical Systems, 
Beijing China) (Figure 2). Transverse overlapping slices of carcass were obtained. 
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Slice thickness for small ruminants was 0.625 mm and ranged from 0.625 to 3.75 mm 
for beef. Field of view (FoV) ranged depending on carcass width, as did tube current 
since dose efficiency parameter (Optidose) was active (Table 2).  
 

Table 2. CT Acquisition parameters per species 

 
CT Acquisition Parameters (per species) 

    
 Sheep  Goats Beef 

FoV range 246*246 - 
454*454 

228*228 - 
440*440 

389*389 - 
500*500 

Tube current 
range (mA) 49-345 49-349 49-350 

Tube tension (kV) 120 120 120 

Acquisition 
matrix 512 x 512 512 x 512 512 x 512 

Slice thickness 
(mm) 0.625 0.625 0.625 – 3.75 

Convolution 
Kernel  

STANDARD (soft 
tissues) 

STANDARD (soft 
tissues) 

STANDARD (soft 
tissues) 

Type of scanning Spiral Spiral Spiral 

Dose efficiency 
(Optidose) Active Active Active 

 
 

Fig. 1: Beef carcass primal cuts: (1) Neck, (2) Chuck, (3) Brisket, (4) Ribs-Sirloin, (5) Flank, 
(6) Rump-Round 
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Fig. 2: Beef round (left) and sheep carcass (right) undergoing CT scanning 

 

3.3   Image Analysis  

Remaining organs segmentation was performed using TurtleSeg software (version 
1.2.1). To eliminate differences due to operator effect, only one trained researcher 
performed the protocol. Viscera area was selected by semi-manual contouring in 
several images (Figure 3); after completion, a 3-dimensional grid containing all viscera 
was created and exported as a new set of images, which was used to subtract these 
organs from the original dataset.  
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Fig. 3: CT images showing viscera segmentation with TurtleSeg software. In the right lower 
quartile, a 3-dimensional grid containing all viscera is depicted. 

 
Image analysis was performed using ImageJ software (version 1.52t). By 

implementing density thresholds, image voxels were distributed to fat, muscle or bone 
tissue. Voxels in the Hounsfield unit (HU) range of 0 to 120 were considered parts of 
muscle (Figure 4). Voxels with density lower than 0 and those with higher than 120 
were allocated to fat and bone tissue, respectively. Total number of tissue voxels 
multiplied by voxel volume (FoV/Acquisition matrix * slice thickness) was used to 
calculate tissue volumes (Daumas and Monziols, 2011). Tissue weights were obtained 
by multiplication of tissue volumes by tissue densities (muscle: 1.04, fat: 0.95 – White 
et al., 1989; 1992). Due to differences in bone density, beef bone weight was calculated 
as the difference between carcass weight and fat and muscle weight. As most small 
ruminant carcasses included viscera, bone weight was not estimated. 

Carcass width was measured on the 13th rib image of all carcasses (Figure 5). For 
carcass length measurement, the total number of consecutive images from the first 
depiction of the humeri bones until the first image of the femoral heads was multiplied 
by slice thickness.  

3.4   Historic Dissection Data and Analysis 

Sheep carcass dissection data (muscle and fat weight) of an earlier study (Arsenos, 
1997) were compared to the results of the present study. A total of 82 animals of both 
sexes and different live weights (13.9 – 71.6 kg) were used. Carcasses were split in 
halves and one half was fully dissected into muscle, fat and bone tissues, which were 
weighted following dissection. To optimize comparison, carcasses of the earlier study 
were grouped based on carcass weight to correspond to the weight categories of the 
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present study. Means of muscle and fat weight were calculated for each weight 
category in each dataset. 

 

Fig. 4: Transverse CT raw image of beef ribs (left) and the same image after implementation 
of threshold for muscle (right) – ImageJ software 

 

Fig. 5. Tranverse CT image at the level of the 13th rib of a sheep carcass, showing the carcass 
width measurement – ImageJ software 
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4   Results and Discussion 

4.1   CT Carcass Traits and Composition Parameters 

Means of carcass traits and composition parameters for each live weight category 
per species are presented in Tables 3a and 3b. Total number of carcasses differs in each 
weight category and in some cases no carcasses have been examined so far. As the 
study is still ongoing, results presented here are preliminary. Completion of the 
experiment will provide a larger sample of carcasses equally distributed in each live 
weight category within species.  

Estimated carcass length and width were in the normal range for each species. The 
method was fast and easily applicable; it is a good alternative to manual measurements.  

As discussed in the introduction, CT scanning of sheep has so far been implemented 
in variable experimental protocols and on live animals. The latter complicate a direct 
comparison of results. Anderson et al. (2015), used a similar approach on a large 
sample (n=1665) of Merino sheep (mean carcass weight: 23.3 kg); mean fat and muscle 
percentage were 27.0% and 57.1% of carcass weight, respectively. In the present study, 
the respective values were 16.7% and 40.5%. The difference may be due to variations 
between populations and samples; herein, a very limited sample (n=13) of dairy sheep 
carcasses was used and mean carcass weighted only 16.9 kg. 

Studies on goats are limited and close to sheep ones regarding methods (Sørensen, 
1992; Németh et al., 2010). In a recent study (Eknæs et al. 2017), adult lactating dairy 
goats (mean live weight: 55.1-55.7 kg) were CT-scanned multiple times throughout 
lactation and the reported mean fat and muscle weights ranged between 7.5-11.4 and 
14.2-14.8 kg, respectively. Herein, one adult male goat carcass (carcass weight: 32.6 
kg, live weight: 73.0 kg) was examined, and the respective values were 4.8 and 16.3 
kg. Variations in experimental protocols between studies and physical differences 
regarding tissue distribution and body weight between sexes might be causing the 
observed discrepancies. 

Two beef carcasses (mean carcass weight: 389.9 kg) were examined and mean fat, 
muscle and bone percentages estimated were 12.0, 70.1 and 17.9%, respectively. 
Navajas et al. (2010a) followed a similar protocol for a bigger sample (n=44, mean 
carcass weight: 356.5 kg) and estimated mean fat, muscle and bone percentage of 20.4, 
64.1 and 15.4%. Except for fat percentage, the other estimations are quite similar 
considering the differences between the two datasets. 

The present results compared to other studies, demonstrate a tendency towards 
lower estimated fat and fluctuating muscle weights. Variable experimental designs and 
population parameters among studies complicate safe assumptions. Lack of dissection 
data directly related to the present dataset does not allow the proper validation of 
results.   
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Table 3a. Means of CT carcass traits for each live weight category per species 

Carcass Traits 

 total 
carcasses male female carcass 

weight (g) 

carcass 
length 
(mm) 

carcass 
width 
(mm) 

sheep 25% 3 2 1 10666.67 551.04 154.13 
sheep 35% 4 3 1 14200.00 586.75 159.78 
sheep 50% 3 3 0 18133.33 666.67 164.75 
sheep 100% 2 0 2 31200.00 836.88 329.24 
sheep total 13 9 4 16907.69 635.43 185.69 
       
goats 25% 4 2 2 8050.00 515.94 125.90 
goats 70% 1 0 1 21600.00 822.50 218.88 
goats 100% 1 1 0 32600.00 864.38 288.75 
goats total 6 3 3 14400.00 625.10 168.54 
       
beef 2 2 0 389900.00 1507.5 568.92 
       

 

4.2   CT and Dissection Data Comparison 

Means of fat and muscle weight of dissected sheep carcasses are presented in Table 
4. Mean carcass weights for each live weight category are similar between the two 
datasets; percentage change of mean CT-estimated values compared to dissection data 
varied from 1.71 to 4.53% by absolute value. Regarding fat weight means, slight 
differences were observed (percentage change: 3.24 – 6.23% by absolute value), 
except for light carcasses (25% of adult weight). Muscle weight means were slightly 
different for middleweight categories (35 and 50% of adult weight – percentage 
change: 3.96 – 7.74% by absolute value). In contrast, percentage changes were larger 
for heavier and lighter sheep (10.92 – 17.68% by absolute value). Generally, CT-
estimated muscle and fat weights were close to dissection data regarding middleweight 
carcasses. Fat weight estimation was more uniform compared to muscle (except for 
light carcasses). A variety of factors, such as genetic differences and dissection quality, 
may be causing the observed discrepancies.  
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Table 3b. Means of CT carcass composition parameters for each live weight category per 
species 

Carcass Composition  
 muscle volume (cm3) fat volume (cm3) bone vol   (cm3) 
sheep 25% 4350.79 1589.18 965.29 
sheep 35% 5930.28 2152.96 1301.54 
sheep 50% 6738.03 2952.85 1529.63 
sheep 
100% 9748.15 9354.78 2871.86 

sheep 
total 6339.55 3315.42 1518.17 
       
goats 25% 3034.22 940.01 700.64 
goats 70% 8640.73 4554.37 2046.96 
goats 
100% 15656.46 5046.62 3784.99 

goats total 6072.35 2226.84 1439.08        
beef 262848.13 49368.18 33465.93        

 muscle 
weight (g) 

fat 
weight       
(g) 

bone 
weight 
(g) 

muscle 
content 
(%) 

fat 
content   
(%) 

bone 
content 
(%) 

sheep 25% 4524.82 1509.72 NA 42.59 13.97 NA 
sheep 35% 6167.50 2045.31 NA 43.50 14.30 NA 
sheep 50% 7007.55 2805.21 NA 38.63 15.48 NA 
sheep 
100% 10138.07 8887.04 NA 32.48 28.52 NA 

sheep 
total 6593.13 3149.65 NA 40.47 16.69 NA 
       
goats 25% 3155.59 893.01 NA 39.35 11.08 NA 
goats 70% 8986.36 4326.65 NA 41.60 20.03 NA 
goats 
100% 16282.72 4794.29 NA 49.95 14.71 NA 

goats total 6315.24 2115.50 NA 41.49 13.17 NA        
beef 273362.05 46899.77 69638.17 70.13 12.03 17.84        
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Table 4. CT and dissection data comparison – (1) Dissection estimation: Means by live weight 
category, (2) CT estimation: Means by live weight category, (3) Difference between carcass 
tissue weight by CT and dissection, (4) Difference between carcass tissue weight estimated by 
CT and dissection as percentage of tissue weight by dissection 

1 - DISSECTION DATA      

 total 
carcasses 

carcass 
weight (g) 

muscle 
weight (g) 

fat weight 
(g) 

muscle 
content 
(%) 

fat content 
(%) 

sheep 25% 26 10204 4079.54 1159.69 49.63 13.80 
sheep 35% 20 14447 5724.30 1947.80 48.84 16.31 
sheep 50% 15 18797 7296.67 2991.47 47.60 19.25 
sheep 100% 21 30095 12315.33 8608.19 40.93 28.60 
sheep total 82 18386 7353.96 3676.79 46.75 19.49 
       

2 - CT DATA      

 total 
carcasses 

carcass 
weight (g) 

muscle 
weight (g) 

fat weight 
(g) 

muscle 
content 
(%) 

fat content 
(%) 

sheep 25% 3 10667 4524.82 1509.72 42.59 13.97 
sheep 35% 4 14200 6167.50 2045.31 43.50 14.30 
sheep 50% 3 18133 7007.55 2805.21 38.63 15.48 
sheep 100% 2 31200 10138.07 8887.04 32.48 28.52 
sheep total 13 16908 6593.13 3149.65 40.47 16.69 
       

3 - DIFFERENCE      

   carcass 
weight (g) 

muscle 
weight (g) 

fat weight 
(g) 

muscle 
content 
(%) 

fat content 
(%) 

sheep 25%   462.63 445.28 350.03 -7.05 0.17 
sheep 35%   -247.30 443.20 97.51 -5.34 -2.01 
sheep 50%   -663.87 -289.12 -186.26 -8.98 -3.77 
sheep 100%   1104.76 -2177.26 278.85 -8.44 -0.08 
       

4 - DIFFERENCE (%)      

   carcass 
weight (g) 

muscle 
weight (g) 

fat weight 
(g) 

muscle 
content 
(%) 

fat content 
(%) 

sheep 25%   4.53 10.92 30.18 -14.20 1.25 
sheep 35%   -1.71 7.74 5.01 -10.93 -12.33 
sheep 50%   -3.53 -3.96 -6.23 -18.86 -19.57 
sheep 100%   3.67 -17.68 3.24 -20.63 -0.29 
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5   Next Steps and Implementation Perspectives 

This is the first study to implement CT as a carcass evaluation tool in Greece. 
Preliminary results presented in this manuscript indicate potential in this field. Our 
next tasks focus on the enrichment of the sample with more CT-scanned carcasses and 
the inclusion of dissection data that will directly validate the results.  

Standardization of a carcass evaluation protocol, based on non-destructive methods, 
can significantly change meat industry in Greece. Accurate and easy carcass quality 
evaluation will facilitate high-quality meat production, competitive against imported 
special cuts and able to reach high selling prices. Objective quality perception will 
permit grading of different meat cuts, thus allowing for better produce capitalization 
and waste minimization. This effort will form a value chain, rewarding quality meat 
producers, creating bigger profit margins and meeting consumer demands. 
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Abstract. Mussel farming in Vistonikos Bay, North Aegean, constitutes an 
activity of high socio-economic importance. The wide area consists of three 
basins rich in organic material, namely Porto Lagos Lagoon, Vistonicos Gulf 
and Vistonida lake. Oceanographic morphology, sea currents, meteorological 
and climatic conditions, as well as the primary productivity of the wide marine 
area of Vistonikos Bay, favor mussel farming development but sometimes may 
affect them harmfully. In the present review, historical oceanographic and 
meteorological data are discussed, including seawater temperature, air 
temperature, monthly rainfall and wind dynamics, in an aquaculture related 
point of view. Supporting evidence revealed that occasional restrictions 
imposed to mussel farm units in the past are related to climatic factor extremes. 
However, overall, Vistonikos Bay demonstrates a suitable area for 
maintenance and further development of aquaculture of mussels and other 
bivalves. 

Keywords: Mussel farming; temperature; Vistonikos; wetland; Aegean Sea. 

1   Introduction  

The wetland area of Vistonikos Bay - Porto Lagos Lagoon - Vistonida Lake 
extends between the Prefecture of Xanthi to the west and Rodopi to the east (Figure 
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1). Specifically, Porto Lagos Lagoon is located in the center of these three reservoirs 
and is connected to the north with Vistonida Lake through three canals and to 
southwest with Vistonikos Bay through one canal (Koutrakis et al., 2005). Vistonida 
Lake receives to its northern part, the freshwater inflow from Kosynthos, Kompsatos 
and Travos streams (Tsakoumis et al., 2016), enriching the lake with significant 
amounts of nutrients of agricultural origin, as well as processing of domestic and 
industrial waste water (Markou et al., 2006), whereas its southern part is of higher 
salinity due to the entering seawater (Koutrakis et al., 2005). 

The three reservoirs of Porto Lagos Lagoon, Vistonicos Bay and Vistonida Lake 
are characterized as small average depth, 2-3, 8 and 2 meters respectively (Koutrakis 
et al., 2005; Markou et al., 2006). Combined with the shallow depth, the tidal 
conditions of the area favor the development of all forms of fishing activities, 
including aquaculture. Furthermore, the ripple effect is negligible in the lagoon and 
very small on the east side of the Vistonicos Bay, near Fanari area, where mussel 
aquacultures are located, while the continuous circulation of water due to the 
presence of canals and benthic morphology constitute the major factors for sufficient 
water oxygenation (Dimiza et al, 2016). 

The wide area is also a habitat of high ecological importance, which contributes to 
the numerous meadows of Posidonia and other aquatic plants, forming in many 
places an environment suitable for a habitat of oyster and other bivalve’s offspring 
and juvenile fish. The whole habitat is also recognized as part of the National Park of 
Eastern Macedonia and Thrace, which is one of the 10 Greek wetlands protected by 
the Ramsar Convention and also as a protected area included in the European Union's 
Natura 2000 network (Dimiza et al., 2016).  

The Vistonikos-Porto Lagos wetland exhibits an enormous fishing value at 
primary production levels. Fisheries have been for many decades a very important 
activity for Vistonicos, which in combination with the rest Thracian sea, 
Strymonikos Gulf, Kavala Bay and coasts of Thasos, accounts for more than 30% of 
the country's marine catches that are landed and traded (ELSAT, 2018).  

Mussel farming was first developed in the region in 1999, when seven mussel 
farm units were environmentally and administratively licensed (Decisions DAMT 
654-656/24-10-2000, 633/1-11-2001, 640/1-11-2001) (Figure 1). Given the 
recognition and protection of the area through the Ramsar and Natura 2000 
Convention, this form of aquaculture is a fully compliant activity with these 
regulations as well as with the protection of the natural environment, since the 
burden on the marine area is negligible and derives solely from secretions of farmed 
mussels (Eleftheriadis, 2001). It should be also noted that the first units started with 
native mussel populations from the area itself, thereby avoiding biological 
contamination with alien species and at the same time stimulating the local shellfish. 
In the present review, historical oceanographic and meteorological data are 
discussed, including seawater temperature, air temperature, monthly rainfall and 
wind dynamics, in an aquaculture related point of view. 
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Fig. 1: The wetland area of Vistonicos bay. Red dots indicate the location of mussel 
aquaculture units. 

2   Area properties 

2.1   Oceanography  

The Aegean Sea archipelago is characterized by various seabed topologies, 
encompassing many differential depth and relief areas. In contrast, the Vistonikos 
Bay exhibits a greater uniformity with lower depths (Androulidakis et al., 2017). The 
larger part of Vistonikos seabed is sandy, hosting many coastal areas with Posidonia 
meadows, while rocky areas are fewer (Dimiza et al., 2016). At Fanari Cape, an 
artificial reef system was constructed and installed in 1999, consisting of a protective 
zone (240 m3) and a core (9 Italian and 9 French artificial reefs) exceeding length of 
6 km at an approximate depth of 25 km (Manoudis et al., 2005). The construction of 
these artificial reefs is a measure of great importance for the management of coastal 
marine ecosystems and has also proven to be very effective in enhancing fisheries 
(Pickering et al., 1998). They can also play an important role in the marine area of 
the coastal zone, including protection against the mechanical impacts of fishing gear, 
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such as trawling, habitat restoration, increased territorial heterogeneity and substrate 
diversity in deep seabirds (Manoudis et al, 2005).   

2.2   Sea currents 

The mechanisms of water circulation depend on the amount of water and other 
hydrological factors, such as wind intensity, thermal fluxes, salinity flows and 
upstream movement due to river outflows. In the North Aegean the circulation of 
water is cyclonic (Figure 2). The flow of the North Aegean streams is strongly 
influenced by the outflow from the Black Sea and the additional influx of fresh water 
from rivers. These inflows are low salinity and are offset by an influx of more saline 
waters from the eastern Mediterranean that balance the salinity of the Aegean in 
general (Poulos et al., 1997). In particular, the salinity of the Black Sea waters is 
lower (29.6‰) than the corresponding Aegean waters (38,9‰), therefore they are 
lighter and move superficially in the water column. On the contrary, the waters of the 
Aegean flow to the bottom of the water column heading towards the Black Sea, 
forming a countercurrent stream. However, it should be noted that the low salinity 
water outflow from the Dardanelles is the most important lateral buoyancy force, 
which exceeds that of all rivers (Kourafalou and Barbopoulos, 2003). These streams 
have lower temperature and higher nutrient content than the oligotrophic Aeagean 
(Siokou-Frangou et al., 2002), which favored the development of mussel aquaculture 
in the Aegean northern parts, such as Thermaikos, Vistonikos and the bay of Kavala. 
In particular, in the region of Vistonikos, recorded salinity values are considered 
normal for coastal waters near estuaries. The lowest values are found in the surface 
layers of the water column (0 - 4 meters deep). Also, lower salinity values are usually 
observed during the winter. The transfer of fresh water from lake Vistonida 
contributes to these lower salinity values as well. 
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Fig. 2: The cyclonic flow of streams in the North Aegean (modified image by Olson et al., 
2007) 

  
The precise determination of the hydrodynamic circulation in the Vistonicos Bay 

presents many difficulties. The currents depend on many causes, most notably winds, 
tides and densities (Manoudis et al., 2005). The tidal effect within the Vistonikos 
Bay is generally low, however it plays an important role in the rotation of the 
maritime masses, but also, in conjunction with underground currents, in the 
transporting of pollution outward to the bay. Density differences play an important 
role in the local movement of water (surface - bottom). They occur mainly during the 
hot season when the surface layers of water are heated, thus becoming lighter than 
the deeper layers. As a result, there is a lack of oxygenation of the deeper marine 
masses. On the contrary, during the winter season, the surface layers of water get 
cooler, become heavier and sink, disturbing water stratification, thus homogenizing 
the water column and helping the oxygenation of water throughout the column. This 
is particularly important for the survival of mussels, which are susceptible to low 
concentrations of dissolved oxygen (Anestis et al., 2007), whereas the general 
cyclonic water flow of the North Aegean is, among other factors, responsible for the 
genetic homogeneity of the mussel populations (Giantsis et al. 2014). Although 
winds are the main cause of water circulation, they are of variable direction and 
intensity on a small-time scale. Therefore, currents also follow this variable state. 
The prevailing winds are the northeast, from which mussel cultivation units are 
protected. Surface currents are correlated with the direction of the winds, while the 
deeper currents have usually an opposite direction.  
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2.3   Meteorological and climatic data 

The climate of Eastern Macedonia – Thrace is generally typical Mediterranean 
with mild winters and a dry, warm summer. During winter the general circulation of 
the atmosphere brings to the region winds of western origin, which are closely linked 
to cyclonic crossings and polar air intrusions. Also, winter months are mostly rainy, 
due to the meet up of tropical warm winds with polar cold winds, and they have more 
than twice of the average rainfall over the rest of the months (Figure 3).  

Fig. 3: Average monthly rainfall based on a weather station in Imeros Rodopi belonging to the 
Meteorology and Climatology Department of AUTH as well as on a weather station in 
Genisea Vistonida, belonging to the Greek Ministry of Agriculture 

 
In contrast, during summer, northern winds weaken locally due to the action of the 

sea breeze. While the mean monthly air temperature during summer does not exceed 
26 °C, instant daily temperature often reaches 40 °C (Figure 4). The average seasonal 
temperature range is between 15 °C and 26 °C in surface waters in the Aegean 
(Figure 5) and can adversely affect mussel survival during summer months, 
occasionally causing direct mortality to mussels, increase of harmful microorganism 
populations and reduce of dissolved oxygen availability. The maximum critical 
temperature limit of Mytilus galloprovincialis mussels depends on the residence time 
and has been calculated at 28 °C for a few days or at 26 °C for a period of 2 weeks 
(Mavridou et al, 2016). 
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Fig. 5: Diagram of average monthly seawater surface temperatures in the Aegean (Ciappa, 
2019) 

2.4   Primary productivity 

Primary marine productivity is defined as the production of chlorophyll 
phytoplankton (Smetacek et al., 2002), a property of great importance for the 
development of mussels. These organisms synthesize, via photosynthesis, organic 
compounds from inorganic salts dissolved in seawater, like nitrogen, phosphoric and 

Fig. 4: Average (orange) and maximum (red) air temperature values of the four hottest months during the last 20 years 
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silicon salts, and carbon dioxide. These nutrient inorganic salts represent higher 
concentrations in coastal waters and estuaries as well as at high depths. Also, these 
concentrations are even higher during winter season, due to the mixing of water 
column, and in mid-autumn when the thermal sea water column is completed.  

Usually nitrogen and phosphoric salts in the seas are limiting factors for the 
production of biomass (primary production). On the other hand, silicon does not 
appear to be a limiting factor except for diatoms (Smetacek et al, 2002). 

In Vistonikos Bay the concentrations of orthophosphate range from zero, during 
summer season, to the highest concentrations of 75.1 μg/l (Eleftheriadis, 2001), 
which are observed from the end of winter to the middle of spring. As for nitrates 
concentrations, they represent the highest values during winter, and they drop during 
summer (less than 10 μg/l). Also, the concentrations of ammonium salts are higher 
than those of nitrate and nitrite, with the highest values being observed during winter, 
as well as in spring. All these above values of inorganic salts can be characterized as 
suitable for aquaculture, providing ideal nutritional conditions for the growth of 
mussels. 

3   The effect of meteorological-climatic data on mussel farming in 
Vistonikos Bay 

The reasons that contributed to the development of mussel aquaculture in 
Vistonikos Bay can be summarized (a) in the presence of natural shellfish 
populations, (b) in the quality of water in combination with the sea currents and 
shoreline morphology and (c) the presence of the Porto Lagos port and the Fanari 
fishing harbor.  

However, in 2010, the production of “all mussels” in the area was completely 
destroyed due to the emergence of phytoplankton. The high concentrations of toxic 
phytoplankton in seawater occurred at the end of summer and early autumn, periods 
when the highest temperatures were observed (Figure 4). Also, in 2012, a series of 
unexplained deaths in experimental mice were observed, that were attributed to 
lipophilic toxins with nerve symptomatology (Vlamis et al., 2015). Increased 
concentrations of harmful microorganisms, such as toxic phytoplankton and toxin-
secreting bacteria, are positively correlated with high temperatures (Jay, 2000). Such 
problems can be avoided in mussel aquaculture by monitoring the physicochemical 
properties of seawater and the early collection or transport of cultivated populations 
during periods of increased risk. 

Generally, near heat stress limits, mussels show a decrease in aerobic capacity. 
This decrease is not necessarily caused by the decrease in ambient oxygen levels, but 
mainly by the limited capacity of oxygen delivery mechanisms, such as the exchange 
of gases with the surrounding environment (Anestis et al., 2007). 
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4   Conclusion 

Mussel aquaculture is a particularly lucrative form of primary production in 
Greece. The oceanographic characteristics, the water physicochemical properties, the 
meteorological and climatological data of Vistonikos Bay and Porto Lagos, as 
summarized above, demonstrate the suitability of the area for the development of the 
aquaculture. However, occasionally, as marked in 2010-2012, production may be 
influenced by secondary factors that are directly dependent on the climate. Therefore, 
accurate monitoring of the temperature and physicochemical characteristics of 
seawater in mussel farms may be a valuable solution to such kind of problems and 
limitations and contribute as new tools for the rational management of mussel 
aquaculture. 
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Abstract. This study investigates the main determinants of economic growth 
examining a structural system equation model taking into account the positive 
effect of agriculture, tourism and energy development on economic growth. Two 
stage least squares method is used in order to define the direct and indirect 
relationships between the dependent and independent variables of the estimated 
model. The empirical results indicated that agriculture, tourism and energy 
sectors promote economic growth increasing innovation and entrepreneurship.  

Keywords: economic growth; agriculture; tourism; energy sector; system 
equation model; two stage least squares method  

1   Introduction 

The investigation of empirical interrelation among agriculture, tourism, energy, and 
economic growth consists an important issue in the modern empirical literature. 
Following the studies of (Maniatis 2017, Adamopoulos 2018,), a healthy economic 
system facilitates the tourism growth through innovation and entrepreneurship. Energy 
sector consists one of the most important determinants of economic growth. USA 
precedes many other developed countries in using renewable resources of energy. By 
this way, energy is conserved through the substitution of the primary sources of energy 
with renewable resources and so the limitation of using excessive electric power 
energy is achieved.  

The main objectives are summarized as follows  
• To examine the interrelation among economic growth, agriculture, tourism 

and energy development 
• To estimate a system equation model with two stage least squared method 

Surely, the paper examines a very powerful economy such as USA which is 
characterized by higher rates of economic development facilitating the tourism and 
energy growth. USA is regarded as one of the widely developed countries, worldwide. 
The model hypothesis predicts that agriculture, tourism and energy development 
promote economic growth for USA for the examined time period from 1995 to 2017.  
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First of all, it is to take an approach to the methodology of this empirical study. 
Besides, it is to analyse the empirical results and then to formulate the final conclusions 
on the matter.  

2   Data analysis 

A system equation model is adopted to estimate the effect of agriculture, tourism 
development, and energy use on economic growth. For this reason, the two-stage least 
squares method is applied in order to find out the relationship between the examined 
variables, based on economic theory. The general form of the structural system 
equation model is the following one: 

 
where 
GDP                  = Gross Domestic Product  
AGR                  = Agriculture 
REN_CS           = Renewable energy consumption 
EN                    = Energy use 
EL_PROD_RS = Electricity production from renewable sources 
OUTPUT          = Renewable electricity output 
ALTER             = Alternative and nuclear energy 
CO2_EM           = CO2 emissions from liquid fuel consumption 
FF_CS              = Fossil fuel energy consumption 
EL_CS              = Electric power consumption 
INV                  = Investments  
TAR                 = Tourist arrivals 
TEXP               = Tourist expenditures 
TRANS            = Transport services 
TRAV              = Travel services 
X                      = exports of fossil fuels 
GDP_REN      = Gross Domestic Product of renewable sources 
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c                       = coefficient 
t                        = time trend 
t-i                     = lagged time trend 
ut                      = residual (error term) 
 
Based on studies of Maniatis (2017) and Adamopoulos (2018), the variable of 

economic development (GDP) is measured by the real gross domestic product, 
investments (INV) are expressed by the gross fixed capital formation. 

Energy growth models include renewable energy consumption (REN_CS), energy 
use (EN), electricity production from renewable sources (EL_PROD_RS), renewable 
electricity output (OUTPUT), alternative and nuclear energy (ALTER), fossil fuel 
energy consumption (FF_CS), electric power consumption (EL_CS) and CO2 
emissions from liquid fuels consumption (CO2_EM).  

Transport services (TRANS) and tourist expenditures (TEXP) represent measures 
of tourist growth. Tourist growth model includes also travel services (TRAV) and 
tourist arrivals (TAR). (World Development Indicators online database, 
https://data.worldbank.org). 

In this empirical study annual data are used in the matter of United States of 
America, while the time period ranges from 1995 to 2017. Data have been obtained 
from the statistical database of World Bank (World Development Indicators online 
database). All data variables have been transformed in constant prices regarding 2010 
as a base year. The basic hypotheses of structural equation model are summarized as 
follows: 

Hypothesis Η1: Agriculture, renewable energy consumption, energy use, tourism 
expenditures and transport services have a positive effect on 
gross domestic product. 

Hypothesis Η2: Gross domestic product, renewable electricity output and exports 
of fossil fuels have a positive effect on agriculture output 

Hypothesis Η3: Gross domestic product, electricity production from renewable 
sources have a positive effect on renewable energy consumption, 
while CO2 emissions have a negative effect on it. 

Hypothesis Η4:  Gross domestic product, electric power consumption, fossil fuel 
energy consumption, alternative and nuclear energy, and 
investments have a positive effect on energy use while GDP of 
renewable resources has a negative effect on it. 

Hypothesis Η5:   Gross domestic product, travel services and investments have a 
positive effect on transport services 

Hypothesis Η6:  Gross domestic product, investments and tourist arrivals have a 
positive effect on tourism expenditures 

The following diagram depicts these theoretical hypotheses:  
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Fig. 1. Basic hypotheses of system equation model 

3   Methodology  

The structural system equation model is consisted by six equations. The dependent 
variables are (GDPt, AGRt, REN_CSt, ENt, TEXPt, TRANSt,) and the independent 
variables are (GDPt-3, OUTPUTt-1, Xt-1, EL_PROD_Rt, CO2_EMt EL_CSt, 
FF_CSt, ALTERt-1, GDP_RENt, INVt, Xt-2, TRAVt, INVt-1, TARt-3).   

The estimation of the structural system equation model is mainly based on some 
basic specification tests. Eviews 9.0 (2015) software package is used to conduct these 
tests. Initially, ordinary least squares method is applied to estimate a linear regression 
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model for statistical significance. This method defines that the regression line is fitted 
to the estimated values by minimizing the sum of squares residuals, which indicates 
the sum of the vertical distances between each point and the relative point on the 
regression line. The shorter the distances, the better fitted the regression line. A 
regression model has a general form as follows:  

     

Estimating a regression model with ordinary least squares method, mainly we have 

to find the estimations of constant term ( ) and the slope of equation model ( ), 
namely to solve the following patterns (Seddighi et al, 2000) 

 and , 

where is average of values of Y (dependent variable) and  average of values 
of X (independent variable). The final estimated model has the general form as follows  

    

Finally, two-stage least squares method is used for estimation of structural system 
equation model.  

4   Empirical Results 

The significance of the empirical results is dependent on the variables under 
estimation. The number of fitted time lags was selected for the best estimation results 
and to ensure statistical significance in each equation model. The basic hypothesis 
denotes that there is a positive interrelation between agriculture tourism, energy use 
and economic growth. Estimating the structural system equation model with two-stage 
least squares method we can infer that there is a statistical significance in coefficients 
of independent variables, based on probabilities and t-student distribution test 
statistics, the empirical results of two-stage least squares method are summarized as 
follows: 
GDPt = -0.9 + 0.22 AGRt + 0.24 REN_CSt + 0.58 ENt-2 + 0.46TEXPt + 0.43 TRANSt +u1                 (1) 
AGRt= 0.01 + 0.58 *GDPt + 0.24*OUTPUTt-1 + 0.25Xt-1                                  (2) 
REN_CSt = 0.9 + 0.7 *GDPt-3 + 0.06* EL_PROD_RSt - 0.63 *CO2_EMt                 (3) 
ENt = 0.14 + 0.26 *GDPt + 0.3 *EL_CSt + 0.6*FF_CSt + 0.08*ALTERt-1 

                 -0.68 *GDP_RENt + 0.15*INVt + 0.02*Xt-2                                      (4)      
TRANSt = 0.27 + 0.29*GDPt + 0.11*TRAVt + 0.26*INVt                                     (5)                 
TEXPt = -0.27 + 0.55 *GDPt + 0.33*INVt-1 + 0.48*TARt-1                         (6)                                                                               

                                                                                                               
As we can see from the estimated results, renewable energy consumption, energy 

use, transport services, and tourism expenditures have a positive direct effect on 
economic growth, while CO2 emissions and GDP of renewable sources have a 
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negative direct effect on it. Also, alternative and nuclear energy, fossil fuel energy 
consumption, electric power consumption, electricity production from renewable 
sources, tourist arrivals and travel services and investments, exports of fossil fuels have 
a positive indirect effect on economic growth.  

5   Conclusions 

The purpose of this paper was to examine the interrelation between agriculture, 
tourism and energy development and economic growth for United States of America 
for the period 1995-2017 estimating a simultaneous system equations model by the 
two-stage least squared method. This model is consisted by six linear equations which 
represent the effect of agriculture, tourism growth and energy use on economic growth 
taking into account the empirical studies of Maniatis (2017), Adamopoulos (2018). 
Indeed, the empirical results indicated that agriculture, tourism development in 
conjunction with the development of energy consumption have a positive direct effect 
on economic growth for USA. Future interest should be focused on the comparative 
analysis of empirical results for many other countries using alternative modern 
econometric methodology. 
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Summary 

The agri-food sector is characterized by a complexity of phases that span diverse 
stages such as the supply of inputs, cultivation, collection, treatment, transformation 
and distribution of food. Moreover, globalization has changed the way people act and 
the way companies do business. Transportation of materials and delivery of final 
products become difficult as the supply chains got longer. Additionally, the demand 
of faster delivery of high-quality products is increasing linear to the demands of 
consumers, thus, the suppliers need to meet these demands and stay competitive as 
well as profitable on the market.  

In this scenario, the Blockchain Technology (BCT) can play a fundamental role and 
could have a wide scope of application, taking into account the importance of knowing 
the origin of an agro-food product for consumers, the usefulness of this technology to 
fight against counterfeiting of products especially of the ones with PDO (Protected 
Designation of Origin), PGI (Protected Geographical Indication) or TSG (Traditional 
specialty guaranteed). Additionally, BCT considerably simplifies information sharing 
between actors along supply chain, reduces the need of paperwork and digitizes the 
processes that give the possibility to trace and track the product in a significantly short 
time and with low costs.  

The foundation of the methodology of this work is based upon a case study and 
analysis of valuable literature in the field. Case study methodology provides us with 
the opportunity to carry out qualitative analysis on the basis of real occasions as well 
as to study the phenomenon in natural surroundings and to elaborate theories from 
practical circumstances, contrary to the literature review.  

The case study provided in this work is about wine supply chain. It is one of the 
most sensitive products with the features such as provenience and quality. Moreover, 
wine sector is characterized by profound changes in its production processes as well 
as in the consumer behavior. In such circumstances, it is essential for stakeholders 
operating along wine supply chain to adopt effective strategies and efficiently organize 
internal and external processes. This would enable them to respond to the needs of 
constantly evolving market. Case study demonstrates the advantages of blockchain 
based supply chain.  
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The results show that the Blockchain is a useful tool to ensure a traceability system 
and to protect the production from any type of fraud. The Blockchain also encourages 
a transparent system that benefits various stakeholders, particularly, the consumers. 
Lastly, case study illustrates how effective blockchain diffusion can be in the wine 
supply chain in terms of information sharing and time and costs of tracking back the 
products. 

Keywords: Blockchain; supply chain; agri-food; wine. 
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Abstract. In this paper the theoretical basis, evolution and results of the field 
tests regarding the modelling of the agricultural tire-soil traction model are 
presented. The model is a reasonable compromise between the simpler empirical 
models, for which the range of applicability is limited to the cases having similar 
conditions to the ones from which the models were derived, and the analytical 
models, which require in-situ evaluation of a large number of soil properties. 
The model is based on the Mohr-Coulomb failure criteria, assuming that the 
maximum traction force is limited only by the soil shear strength. A computer 
program was developed in order to solve the system of equations introduced by 
the model, with the traction force and traction efficiency being evaluated. In the 
initial model the tire-soil contact patch was assumed to be an ellipse and no 
modifications of the tire cross-section were taken into account. Further 
developments took into account a super ellipse shape of the tire-ground contact 
surface, effect of tire slip over the contact patch area and deformation of the tire 
cross-section. 

Keywords: traction model; Mohr-Coulomb failure criteria; goodness-of-fit; 
traction force; traction efficiency. 

1   Introduction 

Tire-soil interaction models are used in order to predict the wheel traction force and 
traction efficiency. They take into account the shape and area of contact patch between 
tire and soil, which is also used for the calculation of the surface pressure and for 
modelling stress propagation in soil in order to predict the compaction risk (Diserens 
et al., 2011). 

Accurate prediction of traction performance of a tractor wheel depends largely on 
the model of the tire-terrain interaction. Hambleton & Drescher (2008) classified 
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wheel-soil interaction models into empirical, analytical and numerical models. 
Empirical methods are mainly based on soil properties (cone index, plate sinkage, 

shear strength) using similitude and dimensional analysis.  
The semi-empirical (analytical) models represent a physical-based approach, which 

considers the mechanics of the wheel-soil interaction and are suitable for practical 
applications (Battiato&Diserens, 2017). In the semi-empirical models, the shear 
deformation of soil is considered; the models are based on soil parameters obtained by 
the means of a bevameter technique (penetration and shear tests), assuming that the 
vertical deformation of soil is similar to the deformation under a sinking plate, while 
the shear deformation of soil under a traction device is similar to the shear action of a 
torsion device (Tiwari et al., 2010). The parameters involved in the equations are 
determined experimentally.  

This paper presents the evolution of a semi-empirical tire-ground interaction model; 
while the basic elements of the model remained the same, different assumptions 
regarding the shape of the tire-ground contact area and the tire deformation were used 
in time. 

2   Tire-ground interaction model 

2.1   Initial model 

We have chosen to use a Bekker type model, assuming that the circumferential force 
limits the value of the wheel net traction force.  

In order to evaluate the dimensions of the contact area, the model assumes that, 
under the vertical load (G, Fig. 1), the wheel sinks into the soil, reaching depth (zc) and 
the load induces tire deflection (zp) (Rosca et al., 2004). As a result, the radius of the 
contact patch becomes rd (rd >r0), and the circular length of the contact patch is: 
 

lc = 2×b×rd = 2×a×r0 . (1) 
 

Using the Bekker equation (Bekker, 1969) and assuming the tire is perfectly elastic, 
we get: 

, (2) 

 , (3) 
 , (4) 

where qp is the tire volume stiffness, zp is the tire deformation due to the vertical load 
G (G = qp·DVp) and zc is the soil deformation. 

The tire change in volume due to deflection DVp was evaluated considering that the 
tire radius increases from r0 to rd as the tire flattens in the contact area, while the tire 
width was considered constant, as shown in Fig. 2 (Ghiulai&Vasiliu, 1975). 

( )[ ]ò
b

+ ×a××=×b×+j×b-j-b××
2

0

2
0

3
p

2
d

3
p

n1n
d rq

3
4rq

3
4dcoscosrk

b×--= cosrzrz 0p0c

( ) ( )b-×-a-×= cos1rcos1rz d0p



 72 

 

 

 

Fig. 1. Schematics of the wheel-soil interaction 
model 

r0 – radius of the undeflected tire; rd – radius 
of the contact patch under vertical load. 

Fig. 2. Initial tire deformation model 
DVp - tire change in volume due to 
deflection; b - tire width; 
 

 
The shape of the tire-ground contact patch was assumed elliptical; the minor axis, 

lw was calculated using zp (Upadhyaya & Wulfsohn, 1990), while the major axis, lc, 
results when solving the system of equations (1, 2, 3, 4). 

A computer program, based on an iterative process, was used in order to solve the 
system of equations (1, 2, 3, 4) and find lc, zp, zc and rd (Rosca et al., 2014). 

The maximum traction force was assumed to be limited only by the maximum shear 
strength of the soil, given by the Mohr-Coulomb criterion, based on soil cohesion and 
the internal friction angle of the soil. 

According to Wulfsohn & Upadhyaya (1992) and Lach (1996), the shear stress 
developed at the interface between the vehicle tire and the terrain is a function of shear 
displacement J: 

 , (5) 

where K is the soil shear deformation modulus and J is the shear displacement, given 
by the relation presented by El-Gawwad et al. (1999). 

The net traction force and traction efficiency were calculated with the formulae given 
by the ASAE S296 standard.   

2.2   Model development 

Variable shear area. The first improvement of the model took into account the fact 
that, according to some authors (Komandi, 1993; Abd El-Gawwad et al., 1999) the 
shear area varies during the traction as a function of slip: 

 (6) 

where , with the values of the constants c1, m1 and m2 depending 
upon the nature of the ground surface. 
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Shape of the contact patch.  Another improvement of the tire-ground interaction 
model is to consider the shape of the contact patch to be a super ellipse, based on the 
results presented by Keller (2005), who also considered the contact patch as a super 
ellipse and made measurements of the vertical stress below tires using compression 
cells. The value of the super ellipse exponent was calculated with the formula 
presented by Keller (2005): 

 (7) 
where b is the tire width and d is the outer diameter. 

Deformation of the tire cross-section. The next step consisted in approximating the 
shape of the tire cross-section with an ellipse (Koutný, 2007), as shown in Fig. 4a. 
Under the effect of vertical load (G, Fig. 1), the cross-section was deformed (Fig. 4b); 
thus, the minor semi-axis has decreased to h-zp, while the major axis has increased 
from b to lw. 

 
a) 

 
b) 

Fig. 4. Tire cross-section deformation 
a) tire section parameters; b) tire section deformation under load; 
di – rim diameter; h – tire section height; b-tire width (undeformed); lw – tire width (under 

load); zp - tire deflection under vertical load 
 

The major axis of the ellipse was calculated assuming that its perimeter remained 
unchanged: 

 . (8) 

2.3   Experimental tests 

In order to validate the theoretical results, field tests were developed, using the U-
650 tractor, equipped with the P2V plow; Table 1 presents the main features of the 
driving wheel and tire.  

During the experiments, drive wheel slip and net traction force were measured 
directly, for wheel slips up to 30%.  
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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 
Transversal radius of the undertread [m] 0.3 

 

2.4   Goodness-of-fit analysis 

In order to evaluate the goodness-of-fit between model and experimental data the 
following criteria were considered (Schunn & Wallach, 2005): 

• percentage of points within 95% confidence interval of data (Pw95CI); 
• mean absolute deviation (MAD; 
• root mean squared deviation (RMSD); 
• mean scaled absolute deviation (MSAD); 
• Pearson correlation coefficient r2. 

3   Results and discussion 

Tables 2 and 3 summarize the results regarding the traction force and traction 
efficiency, for the initial model (which assumes that the area of the contact patch is not 
affected by wheel slip) and for the one that uses equation (13) in order to compute the 
shear area. Traction force data analysis showed that the use of variable shear area 
assumption has led to the improvement of the traction model, with smaller differences 
between experimental values and the calculated ones.  

In the meantime, the differences between the values for the traction efficiency provided 
by the variable shear area model and the experimental ones have decreased for wheel slips lower 
than 16…17%. 

Fig. 5 and 6 present the data for the traction force and traction efficiency based on 
the data provided by the variable shear area model. 

When the hypothesis of the super ellipse shape of the contact patch was considered, 
the results of the goodness-of-fit analysis, in terms of traction force, showed a better 
goodness-of-fit of the super ellipse type contact patch for almost all the criteria taken 
into account; in the meantime, in the case of super ellipse, 44.4% of the points 
predicted by the model are within the 95% confidence interval of each corresponding 
experimental data point, compared to only 33.3% when the elliptical shape was 
considered. 

Finally, deformation of the tire cross-section was taken into account (Fig. 4), while 
maintaining the super ellipse shape of the tire-ground contact patch. Figures 7 and 8 
present the predicted and experimental results concerning the traction force and 
traction efficiency for this case. The charts clearly show that the model predicted 
higher values of the traction force and traction efficiency when the deformation of the 



 75 

tire cross section was considered, due to the increased value of the contact surface area. 

Table 2. Net traction force [kN]. 

Wheel slip, % Experiment Constant area Variable area 
6.1 1.8 2.24 1.73 
9.4 2.37 2.8 2.45 
13.94 3.0 3.75 3.29 
16.7 4.25 4.13 3.63 
20.5 4.31 4.5 4.1 
25.4 4.67 4.9 4.58 
Average relative difference [%] + 10,25 - 2,6 

Table 3. Traction efficiency. 

Wheel slip, % Experiment Constant area Variable area 
6.1 0.6513 0.6824 0.6316 
9.4 0.6784 0.6990 0.6680 
13.94 0.6832 0.6900 0.6719 
16.7 0.6997 0.6740 0.6610 
20.5 0.6990 0.6500 0.6420 
25.4 0.6919 0.6170 0.6110 
Average relative difference + 3.1% - 5.7% 

 
 

  
Fig. 5. Traction force (variable shear area) Fig. 6. Traction efficiency (variable shear 

area) 
 

The goodness-of-fit analysis showed that, compared to the previous model, the most 
significant differences were recorded for the traction efficiency: the Pearson 
correlation coefficient r2 increased from 0.186 to 0.216, the mean absolute deviation 
(MAD) decreased from 0.058 to 0.051, root mean squared deviation (RMSD) 
decreased from 0.0752 to 0.0686 and the mean scaled absolute deviation (MSAD) 
decreased from 5.225 to 4.557.  

When referring to the values of the traction force, all the goodness-of-fit parameters 
recorded better values for the modified traction model. 
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Fig. 7.  Traction force Fig. 8. Traction efficiency 

4   Conclusions 

The time evolution of a semi-empirical model for the prediction of traction 
performance of a tractor driving wheel is presented in this study.  

The model was developed in several stages: 
a) constant tire-soil shear area, elliptical shape of the contact patch and no deformation 
of the tire cross section; 
b) variable tire-soil shear area (depending on wheel slip), elliptical shape of the contact 
patch and no deformation of the tire cross section; 
c) variable tire-soil shear area, super ellipse shape of the contact patch and no 
deformation of the tire cross section; 
d) variable tire-soil shear area, super ellipse shape of the contact patch and deformation 
of the tire cross section. 

A goodness-of-fit analysis, based on several statistic criteria, was performed in 
order to validate the model; model predicted data and experimental data from 
ploughing tests were used in this analysis.  

The successive development stages led to a better fit between theoretical and 
experimental data referring to traction force and traction efficiency.  
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Abstract. The recent Covid-19 pandemic outbreak has forced the whole world 
in an emergency situation. The primary health care infrastructure has difficulty 
in handling all the cases of patients that ask remotely for help. The diagnosis of 
patients that need to have further medical examinations is performed in a fuzzy 
manner and the medical reactors needed are in shortage. To this end, a novel tool 
is proposed in this paper that could assess the patient symptoms and give 
appropriate instructions to the patient or for more safety, forward the data 
collected from the patient to qualified medical staff. More advanced features 
offered by the developed tool include geolocation and sound processing for 
cough and respiratory classification. It has been developed in Microsoft © 
Xamarin platform and thus, it could be offered as an Android or iOS mobile 
application.  

Keywords: Covid-19; Symptom assessment; Xamarin; mobile app. 

1   Introduction 

Human diseases can be diagnosed either from their symptoms or more precisely 
from molecular tests. In the first case, the patient clinical view is examined by medical 
staff while blood, urinary, saliva, tissues, etc. can be analyzed in a molecular level [1]. 
The condition of a patient can be even remotely monitored using for example, 
temperature, respiratory, blood pressure, glucose, skin perspiration sensors. More 
advanced tests such as electrocardiogram, electromyogram, etc., can also be performed 
[2]. Image processing techniques [3] can either be employed for the classification of 
the disease symptoms or for molecular tests. Magnetic Resonance Imaging (MRI) [4] 
can be used for various diseases relevant to the brain such as glioma, dementia, 
Alzheimer, cancer, etc. Skin disorders can also be recognized from image processing. 
Melanoma is the most important skin disease [5] but several others including mycosis, 
warts, papillomas, eczema, acne, vitiligo, etc., can also be recognized by images 
displaying skin lesions [6-7]. These images are usually represented in Red-Green-Blue 
(RGB) color space although different spaces such as spherical color coordinates and 
L*a*b have also been employed to separate the Regions of Interest (ROI) with higher 
precision [8-9]. Smart phone implementations for skin disorder diagnosis have also 
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been reported [10]. Other diseases where image processing is applied include 
mammograms for the detection of breast cancer [11], images of blood vessels for 
cardiovascular diseases [12], retinal examination [13], etc.  

Sound processing has been reported in some disease diagnosis applications. For 
example, ultrasound Doppler systems are routinely used for the diagnosis of 
cardiovascular diseases [14]. The authors of [15] describe how audible tones with 
varying pitch are perceived by patients with Alzheimer Disease. A review of audio 
processing algorithms applicable for digital stethoscopes is presented in [16]. 

Covid-19 (often called simply Corona) virus is currently one of the major threats 
for thousands if not millions of lives throughout the world. No commonly accepted 
medicine is available yet for curing the often-fatal pneumonia caused by this virus 
although some drugs used for other infections like malaria or some cocktails of drugs 
seem to be effective. A large effort is given by many research teams to produce a 
vaccine that would equip vulnerable populations with antibodies capable of fighting 
the Covid-19 virus. However, many features of this lethal virus have not been revealed 
yet and its behavior as well as its consequences are still unknown to a large extent. 

 The most effective way of protecting the population from the Covid-19 virus is the 
drastic isolation of each person in his home. Whole countries are locked down to 
support this isolation with tremendous effects in the economy worldwide. Staying 
home for a long time, without performing creative activities and without being able to 
socialize also causes severe psychological and physical health issues that in turn pose 
additional overhead to the health services offered by each country. The available 
Intensive Care Units (ICUs) and breathing equipment needed are not sufficient for the 
support of ill people infected by Covid-19, even in developed countries like Italy and 
Spain.  

An important issue is the treatment of individuals potentially infected by Covid-19 
at the primary health care units. If an ill person visits with no precautions such a 
primary health care unit to check whether he or she is infected by Covid-19, there is a 
large chance to spread this virus to most of the visitors and the medical staff of this 
unit due to the extremely high contagious nature of Covid-19. For this reason, the 
citizens are instructed to treat all symptoms common with flu or cold as Covid-19 cases 
preferably staying at home for two weeks, even if the symptoms vanish earlier. People 
are generally discouraged from visiting any health care unit or meet a doctor in person. 
They are urged to call appropriate health care services and describe their symptoms 
and their clinical condition in general. It is obvious, that the medical staff that is 
responsible for the communication with these patients cannot remotely diagnose 
whether they are potentially infected by Covid-19. They merely assess the symptoms 
of the patient based on his description that may not be precise. Then, if they judge that 
the condition of the patient may get worse, a costly transport of the patient is arranged 
to a hospital with all the necessary precautions, in order to perform a precise molecular 
examination that will formally confirm whether the patient is infected by Covid-19 or 
not. In the first case he will probably be moved to an isolated hospital room with 
negative pressure where he will be monitored until full recovery. In case of pneumonia 
he will need breathing equipment or ICU support. 

From the procedure described above, it is obvious that a critical point is the decision 
on whether a patient should be transported to the primary health care unit or not. This 
decision depends heavily on a) the communication between the patient and the doctor, 
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b) the accuracy of the symptom description that the patient will provide, c) the 
experience of the responding doctor, d) potential missing updates of the protocol for 
Covid-19 treatment and many other subjective factors. Moreover, the network traffic 
congestion between the patient and the health care call center may cause critical delay 
in the communication. The mobile platform proposed in this paper (Coronario) aims 
to assist this procedure reducing the traffic of these call centers and providing a more 
objective opinion about whether a patient should follow for a hospital treatment.  

Coronario asks the end user to fill a questionnaire concerning the symptoms that he 
may have. It also takes into account the geographical location of the user and the 
possibility that he has come in touch with other persons already infected. A more 
advanced feature is based on sound processing. The cough or the breathing of the 
patient can be recorded and analyzed by Coronario application in order to decide more 
accurately on whether the user needs further medical tests or treatment. The 
incorporated medical protocol that would combine with different weights a) the data 
given by the questionnaire, b) the position and c) the sound analysis results, should 
support online update in order to follow always the latest directions in the Covid-19 
treatment. 

It has to be stressed that the Coronario platform does not intend to substitute the 
valid opinion of the qualified medical staff nor will provide itself a diagnosis directly 
to the user. It can rather be used as a complementary tool supervised by medical 
experts. 

This paper is structured as follows. In section 2 the implementation of the Coronario 
platform is described in detail. More specifically, the implementation and the rationale 
behind the controls of each page in the application is explained. The incorporation of 
a sample medical protocol and the potential extensions and uses of the Coronario 
application are discussed in Section 3. 

2   The Architecture of the Coronario Application 

The Coronario application has been implemented in Microsoft Xamarin platform that 
allows its deployment as a smart phone application for Android or iOS operating 
systems or as a desktop/laptop/tablet application. It has been developed in C# and 
Visual Studio 2019 while the following NuGet packages/libraries have been used: a) 
SkiaSharp and SkiaSharp.Views for bitmap handling (for the representation of a sound 
file in frequency domain), b) Xam.Plugin.SimpleAudioPlayer for playing sound files, 
c) Xamarin.Plugin.FilePicker for the selection of a file stored in the file system of the 
target device. The initial page of the application is shown in Fig. 1a. The user selects 
the user interface language that will be used throughout the rest of the application pages 
and clicks the button Next to proceed with the questionnaire, the geolocation and the 
sound processing as will described in the following subsections. 
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2.1   The Questionnaire with the Symptoms 

The checkboxes with the symptoms that the end user has to check appear in the 2nd 
page of the Coronario application shown in Fig. 1b.  

           
(a)           (b) 

Fig. 1. Selection of the User Interface language (a) and the symptoms’ questionnaire (b).  

Table 1.  Symptoms of Covid-19, Common Cold, Flu and Allergies.  

Symptom Covid-19 Common Cold Flu Allergies 
Fever Common Rare Common Sometimes 
Dry Cough Common Mild Common Sometimes 
Breath Short. Common No No Common 
Headaches Sometimes Rare Common Sometimes 
Aches/pains Sometimes Common Common No 
Sore throat Sometimes Common Common No 
Fatigue  Sometimes Sometimes Common Sometimes 
Diarrhea  Rare No Sometimes No 
Running Nose Rare Common Sometimes Common 
Sneezing No Common No Common 
Taste Difficulty Sometimes No No No 
Smell 
Difficulty 

Sometimes Sometimes No No 
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In the questionnaire of Fig. 1b the user checks the symptoms that he may have. After 
the Covid-19 outbreak tables that compare the frequency these symptoms appear, have 
been published to help people understand whether their symptoms match Covid-19, 
common cold, flu, or allergies. This comparison is displayed in Table 1. The estimated 
frequency that these symptoms appear may change dynamically. For example, some 
Covid-19 patients complained about the difficulty they had in the odor or the taste. Thus, 
although this symptom was not initially taken into consideration, recently it is also 
considered as a typical Covid-19 one. Moreover, gastrointestinal problems have been 
recently reported as Covid-19 symptoms although at the beginning of the pandemic 
outbreak these symptoms were assumed irrelevant with this virus. The weight of each 
symptom is obviously not the same. Moreover, the weights of the symptoms used for 
the classification of a clinical view in one of the four categories listed in Table 1 (Covid-
19, common cold, flu, allergies) may change dynamically as more accurate statistics are 
developed worldwide. The list of questions can also change dynamically according to 
any new findings from the study of the virus behavior. 

         
(a)         (b) 

Fig. 2. Estimation of the current user position and the region where he resides (a) display on the 
map of the user position (b).  

2.2   Geolocation Support 

The next page of the application is shown in Fig. 2a. The user can exploit the GPS 
of his mobile phone to retrieve the coordinates of his position and display his location 
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on Google Maps © as shown in Fig. 2b. The target of this geolocation service is to find 
evidence about how risky the region is where the user lives, based on the latest number 
of Covid-19 cases reported. This kind of information would be very useful if it 
concerned a restricted area e.g. the prefecture of the current user position. This would 
be feasible if local databases were available with detailed information about the Covid-
19 cases. Since this information is not yet available, a website with global data was used 
in the present version to get the total number of cases reported for each country. This 
website is: https://www.worldometers.info/coronavirus/ . 

           
Fig. 3. Selection of a sound file (a) and the display of its spectrum (b).  

2.3   Sound Processing 

The most representative symptoms of Covid-19 are the dry cough and a short of 
breath or difficulty in breathing. The analysis of the cough sound can give valuable 
information about the condition of the lungs. A recorded cough sound is analyzed in the 
frequency domain in the Coronario application searching for representative frequencies 
that may suggest Covid-19 infection. Of course, an extensive study should be performed 
for a successful classification of these sounds and this will be part of our future work. 
In the present implementation the input sound is segmented in groups of 1024 samples 
and Fast Fourier Transform (FFT) is applied to get the spectrum of these segments. The 
FFT output frames are visualized with different colors. 
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The page where the sound file is selected is shown in Fig. 3a. With the button Open 
the user can select a recorded sound file. The sound can be played and analyzed with 
the corresponding buttons. Check boxes indicate if the sound is cough or breathing 
sound. The spectrum of a specific cough sound is shown in the next page (Fig. 3b). 
Specific signatures can be recognized even by the naked eye in the specific spectrum. 

The respiratory function can be analyzed either in frequency domain using the same 
analysis as the one described for cough sound or in time domain using data from a 
respiratory sensor as will be described in the next section. The respiratory is a pseudo-
periodic function and the distance between the peaks can lead to useful conclusions 
about whether the user is in a short of breath or more generally if he has difficulty in 
breathing. 

3   Discussion - Extensions 

The information collected from all the application pages described earlier can be used 
to reach a decision on whether further examinations are needed to confirm the infection 
from Covid-19. The diagnosis cannot be based on the symptoms only thus, the question 
that has to be answered is if the symptoms match adequately Covid-19 or another 
disease. A different score can be estimated for each one of the infections listed in Table 
1 (Covid-19, common cold, flu, allergies). The score of each infection is estimated by 
adding the weights of the symptoms checked in the questionnaire. The symptoms can 
have different weights and the same symptom can participate with different weight in 
each disease. Similarly, the current spread of each infection (not only the Covid-19 one) 
as determined by the geographical location of the user can modify its score. 

The processing of cough or respiratory sounds can be used with pattern matching 
techniques or other classification methods (neural networks, supervised vector 
machines, decision trees, random forests, k-nearest neighbors, etc.). The result of these 
methods can be the classification of the recorded sound as one of the supported 
infections or the modification of their scores. Simple observations of several sound 
spectrums show that productive cough has more intense low frequency components 
than dry sound, but extensive experimentation has to be carried out in order to select an 
appropriate pattern recognition strategy. 

The output of the tool can be a descriptive analysis notifying the user about the 
significance of each symptom and its relevance with Covid-19. Based on this analysis 
a suggestion can be given about the necessity of further examinations. However, such a 
suggestion has to be approved by qualified medical staff that will take into consideration 
the results of the analysis performed by the Coronario tool. In any case it has to be 
stressed once again that this tool does not intend to substitute the formal diagnosis 
performed by the supervisor doctor but rather act as a complementary tool for fast 
remote monitoring of patients.  

Several extensions can be incorporated in the next version of the Coronario tool. First 
of all, new controls will be added to the symptoms and geolocation pages for the 
exploitation of information about risky contacts that the user may have had and for the 
tracking of the places that he has visited or the people that he has met. A connection to 
cloud services will be supported for: a) user authentication for secure communication 
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with medical staff-supervisor, b) dynamic update of the medical protocol used by the 
application and c) for the exploitation of additional data generated by sensors connected 
to the cloud. 

Cooperation with eHealth infrastructure will be supported. More specifically, 
temperature sensors, glucose and body pressure sensors, respiratory and body position 
sensors, electrocardiogram (ECG), electromyogram (EMG), etc., will be connected to 
the cloud for the remote monitoring of fever, breathing difficulties and sensitive 
population like diabetics, patients with heart diseases etc. 

The application pages will be improved in the following: a) the check boxes in the 
questionnaire will be replaced by sliders so that the user can describe in an analog way 
the intensity of each symptom, b) new fields will be added for the entry of information 
about the time the symptoms started and c) aesthetic and ergonomic improvement of 
the application pages. The application will also be extended for monitoring other similar 
diseases/infections such as common cold, flu, H1N1, SARS, etc. 

4   Conclusions 

A cross platform mobile application called Coronario has been developed for the 
assessment of the early symptoms of Covid-19. The target of this tool is to reduce the 
overhead of the primary health care units, by suggesting the cases of patients that 
should undergo further tests (e.g., for Covid-19) or treatment. The tool input is a 
questionnaire, geolocation information and cough or respiratory sound analysis.  

Future work will focus on incorporating dynamically, appropriate medical protocols 
as well as on the extension of the functionality of the developed tool and the infections 
covered. A connection to external eHealth sensors and cloud will be also be supported. 
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Summary 

One of the newer active ingredients (a.i.) that have been registered in many 
countries for the control of Rhyzopertha dominica (F.) (Coleoptera: Bostrychidae) is 
the juvenile hormone analogue (JHA) s-methoprene. Piperonyl butoxide (PBO) is 
well-known as a synergist in combination with a specific group of a.i., such as 
pyrethroids, that exhibits toxicity through mixed function oxidases. The mechanism 
through which PBO inhibits P450s is mostly unknown. Moreover, resistance to s-
methoprene has not been analyzed yet in R. dominica, largely due to the lack of 
genomic resources for this species. In the current study we investigate, for the first 
time, the mechanisms underlying s-methoprene resistance in R. dominica using 
transcriptome analysis to identify the potential role of a set of differentially expressed 
genes related to cytochrome P450s in resistance to s-methoprene against two strains, 
a resistant and a susceptible of R. dominica. Moreover, laboratory bioassays were 
performed in order to evaluate the efficacy of s-methoprene alone and in combination 
with PBO.  

For the transcriptome analysis we sequenced the transcriptomes of both strains and 
identified the Cytochrome P450 (CYP) genes. Larvae of R. dominica (both strains) 
were pooled respectively and preserved in RNA later, and total RNAs of each was 
extracted using the GeneJet RNA Purification kit (ThermoScientific), according to the 
manufacturer’s protocol. For the bioassays, treated wheat grains with s-methoprene, in 
presence and absence of PBO, were used for laboratory bioassays. S-methoprene 
concentrations of 0, 0.01, 0.03, 0.1 and 0.3 mg kg− 1 for susceptible and 0, 1, 3, 10 and 
30 mg kg− 1 for resistant strain, were used. For PBO, the recommended label rate for 
combinations, 0.013 lt per 45.3 kg wheat, was used. 
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The results of the present study indicate that resistance to s-methoprene is 
potentially mediated by cytochrome CYPs. MET gene sequence analysis on the 
resistant and the susceptible strains clearly identified P489L substitution in the open 
reading frame (ORF) of resistant strain, conferring resistance to s-methoprene. For the 
bioassays the progeny production varied. In the case of the susceptible strain, similar 
results had the treated wheat with s-methoprene alone or in combination with PBO. 
Moreover, progeny production was higher in the lowest dose of s-methoprene, 
regardless the existence of PBO. In contrast, for the resistant population, when s-
methoprene was applied alone, progeny production was significantly lower than that 
in the control vials. However, there was a considerably high offspring emergence, 
regardless of the concentration. Similarly, when s-methoprene was applied with PBO, 
the increase in the concentrations reduced progeny production. Furthermore, for the 
two lowest s-methoprene concentrations, progeny production was not affected, 
regardless of the presence of PBO. Nevertheless, for the two higher concentrations, 
progeny production was considerably lower when s-methoprene was applied in 
combination with PBO, than for the application of s-methoprene alone. 

Subsequently, we sequenced the transcriptomes of s-methoprene-resistant and 
susceptible strains and identified the CYP genes. Interestingly, their analysis revealed 
that a number of them were significantly upregulated in the s-methoprene-resistant 
strain and are thus worth of further investigation to determine their role in insecticide 
resistance. 

Keywords: piperonyl butoxide; s-methoprene; Rhyzopertha dominica; 
transcriptome analysis. 
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Abstract. This paper looks at organization of micro-controllers in a Service 
Oriented Architecture in road vehicles. Research is being done on why SOA was 
originally considered by automotive manufacturers and compares the situation 
with the one of nowadays. Overview of a common implementation setup is 
provided as an example to showcase the resulting complexity of the solution. 
This is followed by a discussion on alternative paths that may be taken to reduce 
the overall cost of the solution with comparison of key differentiating points 
between SOA and the alternative solution. 

Keywords: SOA; Micro Services; design patterns; cost efficiency; Separation 
of Concerns; Forced Encapsulation. 

1   Introduction 

Vehicle manufacturing industry is over 100 years old. It has experienced numerous 
changes in approaches to manufacturing, design and market positioning. What’s even 
more important, over that time the industry had the opportunity to degrade some design 
and manufacturing cues that were deemed ineffective, only to reinvent them decades 
later in a different context. 

One such change took place at the end of the 1980s, when computerization of 
vehicles became economically viable. Not only it altered the production processes, but 
it also required the whole product to be regarded in a different manner. No longer was 
it a set of mechanical elements with given projected reliability, but rather a complete 
system that can be designed in a way we understand the systems design and 
development today. (Hula, Alson, Bunker, Bolon, 2014). 
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2   Motivation 

One of the differences between the mechanical and electronically controlled 
elements is that the latter can provide feedback. This is crucial from a systematic point 
of view. This has been widely accepted in automotive production, which resulted in a 
wave of effort to replace mechanical moving parts with an electronically enhanced 
unit. (Hula, Alson, Bunker, Bolon, 2014) 

Generally speaking, moving parts have to be controlled in modern cars. Ideally, all 
moving parts should be computerized to provide information on the part’s usage, 
health, errors, etc. Initial automakers’ solutions used dedicated controllers and 
computation units to support them. For example, Antilock Brake System (ABS), Anti 
Slip System (ASR), Electronic Brakeforce Distribution (EBD), Electronic Stability 
Programme (ESP) and other active suspension parts (to name a few), all have a 
dedicated computer chip to support its need for computing power. 

This approach largely resembles the Service Oriented Architecture (SOA) or Micro 
Services, widely used in the software world. Compared to the software, the hardware 
solution required in production of an individual vehicle is way more sensitive to 
production, deployment and maintenance costs. The question here is whether the 
advantages of SOA outweigh the added complexity of the system when discussed in a 
highly cost-sensitive environment. 

In this paper we will look into the organization of micro-controllers in cars. 
Research will be done on why SOA was favored by manufacturers and comparison 
will be made with the current situation of R&D. A common implementation setup will 
be reviewed as an example to showcase the resulting complexity of the solution, 
followed by a discussion on alternative paths that may be taken to reduce the overall 
cost of the solution with comparison of key differentiating points between SOA and 
the alternative solution. 

3   SOA 

Service Oriented Architecture (SOA) is at the heart of a revolutionary computing 
platform that is being adopted world-wide and has earned the support of every major 
software provider. (Erl, 2005) The micro service-based architecture implements 
several concepts (Singh, Huhns, 2005) (Marks, Bell, 2006) (Udantha, 2019): 
    • Scalability 
    • Availability 
    • Resiliency 
    • Flexibility 
    • Independent, autonomous 
    • Decentralized governance 
    • Failure isolation 
    • Auto-Provisioning 
    • Continuous delivery through DevOps 
    • Separation of Concerns 
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    • Forced Encapsulation 

3.1   Original implementation arguments 

Even though all of the concepts are deemed beneficial to a vehicle’s controller 
network design, it’s probably the failure isolation that tipped the scale. It’s easy to 
understand that at the point in time when these decisions were made, the production 
quality particularly in the electronics segment was different from today’s standards. 
The automakers had to adopt not only the new functionality, but also the complete 
technology that supported it. 

Another factor that played a role in architectural decisions is the power output of 
individual chips. At that historic moment the processing units were largely under-
powered. Individual chips had to be chosen carefully for a given task to prevent 
failures, overheating, etc. 

3.2   Implementation details 

Individual chips, properly scaled for the task, had to interact further to give the 
benefit of a responsive system. This was covered by a Controller Area Network (CAN 
bus). Its aim was to provide a common protocol to integrate individual micro-
controllers into a network of units that can communicate information in a unified 
manner. (Johansson, Törngren, Nielsen, 2005) 

Later on, CAN bus was replaced by a LID bus. It served the same purpose and its 
main goal was to provide a lower-cost alternative for the proprietary CAN bus. Many 
sources still reference it a CAN bus and do not make a difference between the two as 
they are conceptually same. 

The later results can be illustrated in an official schematic provided by Volvo: 
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Fig. 1. Distributed control architecture for the Volvo XC90. Two CAN buses and some other 
networks connect up to about 40 ECUs. (Courtesy of Volvo Car Corporation.) (Johansson, 
Törngren, Nielsen, 2005). 

4   Centralization 

As a part of simplification process, some automakers are considering a partial or 
even a complete removal of a common bus between controllers. This has large 
implications on the overall solution. In particular, computational power requirements, 
manufacturing processes, pattern support and, of course, cost efficiency. 

4.1   Computational power 

Current state of the processing units is very different from the situation of the end 
of the 20th century. Controllers and chips are easy to produce, and the demanded 
production quality standard may be high. 

Also, there is a huge performance overhang above what is required for almost any 
individual function. This said, there is no reason to believe that computational power 
may be a limiting factor preventing unification of multiple controllers into one unit. 

4.2   Manufacturing processes 

Reduction in a number of controllers used to cover the same functionality results in 
wider use of analog communication. For example, when a vehicle’s door controllers 
are replaced with a single unit, this unit will be farther from each individual door. This 
will require more analog wiring (controller-to-servo) then in the case when the 
controller is incorporated in the door itself. 
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It was stated that Tesla Model S (as an example of a highly centralized architecture) 
uses about 3km of wiring. The number can be allegedly reduced multiple times. 
(D’Angelo, 2017) 

4.3   Pattern support 

Service Oriented Architectural patterns (as described in section 3) are suspected of 
being generally applicable to any distributed system. Here individual patterns will be 
confronted with the possible implementation options in automotive environment and 
effort will be made to validate its benefits in given context. 
 
Scalability (horizontal) is naturally reduced. As stated earlier though, the requirement 
of horizontal scalability is minimal, as the performance overhang of individual chips 
may be enormous. 
 
Availability and Resiliency is only a concern in case of critical systems. These, of 
course, can use separate controllers. Yet again, manufacturers like Tesla have shown 
that even critical components like Self Driving Computers (SDC) may be implemented 
with multiple CPUs on the same motherboard. 
 
Flexibility is a matter of maintenance and development point of view. This is not really 
degraded by unification of similar controllers or equal redundant controllers. 
 
Independent and autonomous services are welcome, but not required. This largely 
covers very specific situations. 
 
Decentralized governance is not beneficial in automotive environment at all. A 
vehicle is an isolated system with only a few input-output options, which provide all 
the governance possible. 
 
Failure isolation is a big issue. It also is probably the main argument why 
manufacturers focus on the SOA instead of following the obvious simplification 
strategy. 
 
Auto-Provisioning is not beneficial in automotive environment. The services are 
closely incorporated with the hardware, so there can be no automated provisioning of 
new services. 
 
Continuous delivery through DevOps is yet again non-beneficial in automotive 
environment, as the services are closely incorporated with the hardware. 
 
Separation of Concerns is a development pattern that has a great use in vehicle 
manufacturing. This is because it allows to purchase some of required functionality. 
However, if the functionality is completely developed in-house by the company itself, 
the benefits are much smaller. 
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Forced Encapsulation is another development pattern. This one is exactly the reason 
why a common bus had to be introduced in every modern vehicle. It also causes the 
obvious costs attached to the development of bus-compatible controllers and 
production of the bus itself during every vehicle’s manufacture. 

4.4   Cost efficiency 

Development and maintenance of a large system is costly. The further the 
development deviates from a monolithic design, the more costly the development 
becomes. Micro Services have their great advantages, but cost efficiency is not one of 
them. 

Service Oriented Architecture introduces borders between individual services. 
These have to be maintained, documented, and in case of vehicle context they also 
have to be manufactured. 

4.5   Example of a centralized model 

Electric vehicles have fewer moving parts in general. There are no driveshafts, no 
intake and exhaust systems, etc. In case of the aforementioned Tesla, the solution 
seems to come down to a body control unit, Self-Driving Computer (SDC) and a 
central computer with infotainment. Currently Tesla also use in-door universal micro 
controllers to reduce wiring in between the components. 

Here is a comparison of a similarly sized vehicles. One uses a micro service setup 
(Chevrolet Bolt, left) and one uses a centralized setup (Tesla Model 3, right). 
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Fig. 2. Source: UBS (Rapier, 2018). 

5   Discussion 

Utilization of a common chip to complete multiple tasks is an option. Vehicle 
manufacturers historically used a Service Oriented Architecture, but some are 
targeting simplification through: 

• Computation power sharing. This makes possible to use a single HW unit to 
provide multiple functions, provisioning individual applications with unused 
computational power. 

• Workspace sharing between applications. This is important during both 
development and maintenance, as applications may utilize common logging, 
same outer-world interfaces, unified storage, etc. 

• Great reduction in HW production costs. Due to less produced elements the 
HW design and production may be largely simplified. 

• Some reduction in SW production costs. As developers are not required to 
overcome strict restrictions imposed on them by forced encapsulation, the 
SW development processes may become less costly. 
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6   Conclusion 

It has been shown that there is a historic reason why vehicle manufacturers maintain 
the Service Oriented Architecture. SOA has undeniable benefits in both SW 
development world and in automotive field. Redundancy and failure isolation are 
hugely beneficial, same as Separation of Concerns during the development process. 

Yet the costs of maintaining this design are large and may use some reduction. 
There are companies that try to achieve cost efficiency through removal of SOA from 
their micro-controller network. It has been shown that some of the concerns are of little 
value, while others may be mitigated by proper design even within a reduced number 
of separate computational units. 
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Abstract. This paper discusses the usage of the ArchiMate language in the 
viewpoint of achieving consistency in the enterprise architecture, which in turn 
enables interoperability across the whole organization. ArchiMate language in 
continuous development. However, its popularity and adoption rate is miles 
ahead of the mentioned development in form of official releases. Thus, The 
ArchiMate language is also evolving in multiple shadowy ways parallel to the 
official one. The described situation presents threats for the effective 
maintenance of enterprise architecture and in consequence, hinders the decision-
making process itself. This short paper presents a case study of Czech 
eGovernment and proposes a way how to achieve viable long-term conformity 
with the official release and its compliance.  
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1   Introduction 

With the increased scope of any of the information system, the complexity of this 
system also increases. The same applies to any organization. As the organization grows 
the complexity of it also and probably not linearly increases. As a parallel to managing 
the complexity of information systems a solution for managing the complexity of 
organization has emerged – the discipline of enterprise architecture. 

This discipline contains of multiple rival frameworks and other tools which tackle 
this complexity from different sides (Lankhorst, 2017). One of approaches to cope 
with organization complexity is usage of diagrams, models which can be graphically 
created, maintained and interpreted. This paper is mainly focused on one of this type 
of tool, namely it is ArchiMate language which is one of a major modelling language 
concerning enterprise architecture. In this work the aspect to ArchiMate recent changes 
and further development and potential weaknesses which could lower value coming 
from enterprise architecture usage. 

This paper is organized into the following parts:  
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• This introduction is followed by chapter 2 with more detailed information about 
ArchiMate.  

• Chapter 3 reflects on the recent changes to ArchiMate in correspondence to its 
implication for the modelling process. This chapter also points out the main 
relevant issues that are still unresolved and hinders ArchiMate usage due to the 
tailoring. 

• Chapter 4 is a case study of Czech eGovernment accompanied by discussion 
and suggested course of action concerning ArchiMate users and ArchiMate 
development. 

• The conclusion of this article. 

2   ArchiMate Usage and Specification 

The ArchiMate language is meant to ease the process of managing enterprise assets 
in order to increase effectiveness of an organization (Lankhorst, 2017). As a language 
ArchiMate could be viewed as a tool enabling model creation. This creation, due the 
ArchiMate specification, could be realized via modelling software – Computer Aided 
Systems Engineering (CASE). ArchiMate retains its higher-level abstraction and so 
UML, BPMN and other means are used to represent the realization of those concepts. 
From this point of view ArchiMate is modelling architecture, these other mentions 
concepts are used for designing the actual solution. 

 
Fig. 1. ArchiMate full framework, core framework denoted by the dotted line. Source: 
https://pubs.opengroup.org/architecture/archimate3-doc/chap03.html, edited. 
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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 (Chen, 1976). Due to this 
fact, ArchiMate incorporates the best practice form the languages that precede him. 
ArchiMate is influenced by UML from which incorporates and somewhat transforms 
structural relations (such as aggregation, composition, inheritance). On the other hand, 
it does not incorporate multiplicity or class instance notation due to its different 
abstraction levels (Object Management Group, 2017; The Open Group, 2019). 

The full ArchiMate language currently breaks down into multiple layers and aspects 
(core version has only 3 layers and 3 aspects) fig. 1. 

3   On Recent ArchiMate Standard Changes and Tailoring 

The last addition for the ArchiMate language up to this date is release numbered as 
3.1 in November 2019. This release replaces version denoted as 3.0.1 from August 
2017. 

The last release brought a new element, value stream, which brings Porter’s value 
chain into ArchiMate. However, the concept of adding exactly this element, 
respectively coping with its absence was already proposed and discussed by Caetano 
et al. (Caetano et al., 2017). Other main changes were the addition of orientation of 
association relationship (the weakest relation in ArchiMate) and updated relationship 
derivation rules. These changes could be referred to as minor ones. The changes and 
elements introduced in 3.0.1 were bigger. However, the change to association 
relationship could bring issues with updating the old models and using the old not 
oriented association with the current one. 

The ArchiMate language like TOGAF is built to be changed, further developed. 
This process is usually called tailoring (The Open Group, 2019, 2018). This enables to 
add new features to the language. On the other hand, these changes could be 
problematic when a new version of ArchiMate is released and is not complementary 
to the tailored one, then indeed the problem of consistency arises. 

The expected addition of security aspect was not added and so the security is mainly 
tailored and is still causing active discussion (Hacks et al., 2019; The SABSA Institute, 
2018). 

4   Tailoring your ArchiMate - Case Study of Czech eGovernment 

Although Czech eGovernment did not adopt TOGAF and ArchiMate fully, the 
framework that it uses is mainly based on those two. Czechia made its own framework 
and changed up the content of ArchiMate language, some features of ArchiMate has 
been restricted, e.g. elements but new features have been added for example 
stereotypes. The Czech architecture framework (National Architectural Framework, 
abbreviated NAR) is maintained by the Office of the Chief eGovernment Architect of 
the Ministry of the Interior of the Czech Republic (Czech Republic, 2020). 
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Overall those changes could be justified as a proposition to bring all those 
organizations participating in Czech eGovernment up to speed and as discussed by Al-
Kharusi et al. (Al-Kharusi et al., 2018).   

In order to cope with change a conceptual model of the proposed application for 
Czech eGovernment is proposed fig. 2. The proposal and solution are using the Model 
repository application which is currently being tested. The analytics application would 
be then built to use a graph database to perform analytics on tailored and base 
ArchiMate models. The mechanism of how to cope with possible changes and 
inconsistencies as the ArchiMate and tailored models mature is as follows: 
• By access to model source code (which represents the model and is machine-

readable), a stripped standardized model will be made. 
• The previous step achieves consistency with future ArchiMate releases. 
• The stripped model could be saved as a differential file, with indexed changes 

that mean the whole tailored model could be recreated. 

 

Fig. 2. Conceptual architecture model for continuality and consistency. Source: author. 

5   Conclusion 

This paper presented the ArchiMate language in view of recent changes and issues 
which are still present in utilizing the ArchiMate language. The principle of tailoring 
for the perspective of ArchiMate was discussed. Then a case study of Czech 
eGovernment is presented. Due to the tailoring process, the approach of versioning 
and architecture model source code manipulation is presented via the conceptual 
model. Given the fact that ArchiMate models could be exported and used in the form 
of a machine-readable file, this function could be fully automated. However, this 
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approach has drawbacks as it is generally “doubling” the number of models – one 
tailored and one ArchiMate base specification ready (the data usage is not doubled as 
only the difference between the two models must be kept). On the other hand, adding 
new information to the ArchiMate base model could be then cross-referenced to the 
original one and so it accelerates the modeling process.  
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Summary 

In the present work, the distribution of phosphine gas in six metal silos with wheat 
was modelled and compared with available distribution data from phosphine sensors. 
During the fumigation, a recirculation system was used to improve the diffusion of 
phosphine. Three different Scenarios of the recirculation system were used: (a) 
Scenario 1: the recirculation system was used for only 24 h in the beginning of the 
fumigation, (b) Scenario 2: the recirculation system was used for four consecutive days 
from the beginning of the fumigation and (c) Scenario 3: the recirculation system was 
used from the beginning of the fumigation for approximately 50 hours, the 
concentration reached over 300ppm and all sensors had gas equilibrium. In each silo, 
sensors were placed to monitor the concentration of phosphine, along with vials with 
phosphine-susceptible and -resistant insect populations. The insect species that were 
used were Rhyzopertha dominica and Oryzaephilus surinamensis. A Computational 
Fluid Dynamics (CFD) method was used for precision fumigation by using phosphine 
sensors with the OpenFoam software. Gas transport and sorption effects of phosphine 
into the grain was accounted through the CFD model. Simulation results were obtained 
for insect mortality as a function of their exposure to phosphine gas. CFD-based 
modelling was accurate in simulating and forecasting fumigation results and provided 
good predictions on each location inside the fumigated areas. Moreover, the 
fumigation applications resulted in complete control in all populations tested. The 
recirculation system improved the distribution of phosphine in the fumigated area. The 
most appropriate Scenario was Scenario 3, showing the least uneven distribution in the 
treated silo in contrast with the other two. These results indicated that CFD correlates 
well phosphine concentration with insect mortality and thus, a methodology for 
precision fumigation can be further established. 
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Abstract. Robots are increasingly entering agricultural fields to support human 
labor. Heavy tasks like harvesting are assigned to robots due to their advanced 
modularity, robustness and accuracy that provide automated solutions to tedious 
and elaborate tasks. In this paper, the technological requirements of a specialized 
Agrobot (Agriculture robot) for supporting viticulture tasks such as harvest, 
green harvest and defoliation, are identified. This robot aims at developing on-
board intelligent decision making on-the-spot based on commercial hardware, 
machine vision and innovative computational intelligence algorithms. Design, 
structures, methods and sensors are briefly discussed. This study delineates a 
prototype grape harvesting robot, consisting of a reliable information acquisition 
system that includes sensor-fusion algorithms and data analysis, adopted to the 
dynamic conditions of agricultural environments such as vineyards. 
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1   Introduction 

Current practices of grape harvest include human involvement, such as monitoring 
and specialized manual work, which seems to have reached its limits; young people 
abandon viticulture because of inherent work difficulties, the increasing age of grape 
harvesters prolongs harvest duration, therefore reduces the quality of the harvested 
grapes and of the produced wines. Thus, there is a need to reliably automate grape 
harvest (Avital Bechar, 2010; Mavridou et al., 2019). Vine harvester combines were a 
first attempt toward automation. However, the advent of Agrobots has the potential to 
raise the quantity and quality of grape product in a constant way, reduce production 
costs and manual labor and compensate for the shortage of specialized workers.  

Extensive research has focused on the application of Agrobots to a variety of 
vineyard tasks (Bac et al., 2014). Kondo (Kondo, 1991) developed a trial robot to 
harvest individual bunches of grapes, consisted of a hand which could hold and cut 
rachis, a visual sensor and a crawler type travelling device. Monta et al. (Monta, Kondo 
and Shibano, 1995) constructed a multipurpose robot for vineyard tasks, consisted of 
a manipulator, a visual sensor, a traveling device and end-effectors, able to perform 
several tasks. A research team (Morris, 2007) developed a total vineyard 
mechanization system of almost all practices, including dormant and summer pruning, 
leaf removal, shoot and fruit thinning, canopy management, and harvesting. Two 
harvesting machines functioning under the same principles were developed by Pezzi 
et al. (Pezzi, Balducci and Pari, 2013); one with horizontal shaking and another with 
vertical shaking. The machines were tested and compared. 

 Simplifying the agricultural tasks and enhancing Agrobots with sensors may 
improve their performance, but this will refer to a non-feasibly constructed Agrobot 
and it is insufficient for successful implementation in real in-field practices. For this 
reason, robotics and non-robotics disciplines need to be identified (Burks et al., 2005) 
so as to address the following requirements: the robot has to be technically capable of 
performing the defined agricultural tasks, economically feasible, safe and  accepted by 
the farmers. To comprise all requirements successfully, a multidisciplinary team of 
specialized experts including engineers, viticulturists and agronomists should extract 
design methods collaboratively. In this work, the technological needs for the 
development of an “intelligent” wheeled Autonomous Robot for Grape harvest (ARG) 
are identified. The objective of this study is to delineate optimally the ARG 
requirements by a group of experts, towards mechanizing grape harvest in a way that, 
instead of massively harvesting rows of vines, to harvest selected grapes from the 
vineyard. This study is based on the ongoing work of project POGHAR (Personalized 
Optimal Grape Harvest by Autonomous Robot)(Personalized Optimal Grape Harvest 
by Autonomous Robot (POGHAR), 2018). POGHAR regards the development of an 
autonomous ground robot equipped with a robotic arm to support viticulture tasks such 
as harvest, green harvest and defoliation.  
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The rest of the paper is structured as follows. In Section 2 the requirements of the 
selected agricultural operations are defined. According to these, in Section 3 the 
corresponding technological needs of the robot, in terms of hardware and software are 
identified. Conclusions are presented in Section 4. 

2   Grapes Harvest Activity Requirements  

First, defoliation will be automated, followed by green harvest in order to optimize 
grape quality/quantity and prepare vines for the harvest. Finally, homogeneous harvest 
is automated in the sense that ARG will harvest only grapes of similar degree of 
ripeness. In what follows, the requirements for the three agricultural tasks are 
addressed by a group of viticulturists and agronomists. 

2.1   Defoliation  

Selectively removal of leaves, namely defoliation, is suggested in order to improve 
the microclimate in vineyards (Fig.1). Thus, the quality of the produced wine is 
increased due to better plant health i.e. better ventilation and due to acquisition of better 
phenolic characteristics of grapes as a result to their exposure to the sun. The robot 
must remove carefully and uniformly a percentage of leaves on the crop base, only 
from the east side of the vineyard. 

 

   
(a) (b) (c) 

 

Fig. 1. A vineyard (a) before, (b) during and (c) after defoliation.  

2.2   Green Harvest  

In order to improve the phenolic content of grapes, it is necessary to reduce the load 
on the vine; a number of grapes are removed from each tree. This process, namely 
green harvest, meliorates taste and aroma of the remaining grapes (Fig.2). The robot 
must remove a percentage of grape clusters from each vine, in a priority order as 
follows: sick, malnourished, uneven and immature. 
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2.3   Harvest  

When grapes are ripened, harvesting takes place. At this phase, the robot must 
remove all ripened grape clusters (Fig.3) and place them in harvesting baskets. 
Sick/damaged clusters are not collected and either removed or left on the vine.  

3   Defining the Technological needs of ARG 

The in-field robot must be able to understand the physical properties of each 
encountered object and be able to work under dynamic conditions. The robot first will 
acquire raw data about the environment from its sensors, will analyze it for reasoning 
and will operate based on its perception according to its operation plan.   

 

  
(a) (b) 

 
Fig. 2. Green harvest for (a) a red and (b) a white grape variety. 

 

  
(a) (b) 

Fig. 3. Homogenous harvest. Red grapes (a) not fully ripened and (b) fully ripened ready to 
harvest.  

Technically, the ARG will be developed by the integration of a wheeled robot, one 
robot arm, end-effectors such as a cutter, electronic sensors e.g. cameras, and software 
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that will coordinate the operation of the mechanical and electronic devices. In addition, 
an aerial drone could contribute to the development of digital maps required for ARG’s 
autonomous navigation. ARG’s sensing system needs to be equipped with specialized 
manipulators and end-effectors able to work under varying conditions, since dust, 
humidity, heat etc. can easily affect the electric circuits and cause corrosion and, 
therefore, instability to the system. Regarding reasoning and planning, effective 
software needs to be developed so as to ensure two basic abilities for ARG; robot 
functionalities (e.g. obstacle avoidance, self-localization, path planning, navigation) 
and robot applications (e.g. harvesting, defoliating, handling). Algorithms need to be 
adaptive and able to deal with object and environment variations such as illumination. 
In what follows, a group of electrical engineers and computer scientists addresses the 
hardware (Fig.4(a)) and software (Fig.4(b)) needs for developing the ARG. 

3.1   Hardware Needs 

Drone. An unmanned aerial vehicle (UAV) will acquire multiple RGB imagery of 
vineyards, resulting in a large fraction of overlapping between them to derive a binary 
difference dense model (DDM). The DDM will provide the 3-D macro structure of the 
vineyard which is necessary for the navigation of ARG.   
 

  
(a) (b) 

 

Fig. 4. Technological needs in (a) Hardware and (b) Software.  

 
Wheeled Robot. A mobile robotic platform, especially designed for outdoor missions 
and able to navigate in different types of terrains, will carry all sensors around the field 
and necessary electronics. It needs to be equipped with sensors such as Global 
Positioning System (GPS), Light Detection and Ranging (LIDAR), Inertial 
Measurement Unit (IMU), 3D camera and encoders to facilitate localization, 
navigation and obstacle avoidance. It needs to be equipped also with an extra battery 
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ensuring the proper operation of the system for a long time, voltage converters and 
signal processing units. 
 
Manipulator. A robotic arm will perform all agricultural operations. The arm should 
be lightweight, at least of 6 Degrees-Of-Freedom (DOF) and able to carry the weight 
of a big grape cluster. The arm will be equipped with adequate end-effectors such as 
two fingers to hold a stem and a cutter to cut it off. 
 
Sensors. Cameras are the most important external sensors for a harvesting robot as they 
replace human’s eyes for discrimination, recognition and distance measurements. The 
two RGB cameras mounted on the robotic arm will provide stereoscopic vision and a 
near infrared (NIR) and a thermal camera will provide additional information for the 
spectral characteristics of vines. 

3.2   Software Needs 

Traceability and Geo-positioning. The Agrobot must navigate between the lines of the 
vineyard and sample. The maps of the vineyards must first be extracted from the drone 
information (Fig.5(a)). Then, a wireless positioning system based on GPS needs to be 
developed so as to provide positioning information of the robot and use it to support 
real-time precision navigation between specific geographic coordinates of the map.  
 
Navigation and Guidance. An algorithm must be developed to extract the navigation 
path in the vineyard (Fig.5(b)), including the headland turns between the vineyard 
lines. The algorithm needs to combine machine vision and both global and local 
positioning information from the mounted sensors, so as to determine the navigation 
paths, and execute path planning along with obstacle avoidance. 
 
 

  
(a) (b) 

 
Fig. 5. (a) Extracted grapevine map from multiple UAV RGB images and (b) robot’s trajectory 
between the lines (red color) of the vineyard. 
 
Computer vision. Computer vision algorithms (Fig.6), based on in-field images 
(Fig.7(a)), need to be developed to support the following tasks:  
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1) Leaves detection (Fig.7(b)) so as to define the position and percentage of leaves to 
be removed during the defoliation process. 

2) Grape clusters detection (Fig.7(c)) so as to define the position and percentage of 
grape clusters to be removed during green harvest, giving priority to the 
malnourished, uneven and immature. 

3) Ripeness estimation during harvest. Only fully ripened clusters will be removed. 
The rest will remain on the vines or removed separately from the healthy ones. 

4) Stem detection (Fig. 7(d)). The stem of leaves and grape clusters needs to be 
detected, approached and cut-off by the end-effector. 

5) Harvesting baskets detection. The baskets need to be located and filled with the 
collected clusters up to a certain point.  

6) Movement of the robotic arm toward a target point. Stereoscopic vision will be 
used to locate the exact distance of an object. 

7) Movement of the robotic arm by avoiding collisions. Cameras mounted on the 
robotic arm will be used as real-time collision detectors. Manipulators and sensors 
must be able to cope with various geometries of obstacles and targets. Detection 
and motion planning algorithms have to generate new manipulator trajectories 
adapted to every target in a short time horizon.  

 
 

Fig. 6. Computer vision algorithms need to be implemented into the ARG. 
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(a) (b) 

   
(c) (d) 

 
Fig. 7. (a) Original RGB image and segmented grape (b) leaf, (c) cluster, (d) stem. 
 
User Interface.  A user-friendly interface needs to be developed for establishing the 
communication between user and robot. The user needs to: have access to the vineyard 
map, create the navigation path, select exact points on the map where the Agrobot will 
perform selected tasks and define the tasks. The user interface should permit 
personalized changes for each agricultural task, e.g. percentage of leaves/clusters to 
remove. Moreover, it must provide monitoring information for the robot, e.g. battery 
level, current position, status of sensors and live streaming. 

4   Conclusions 

This work addresses the technological needs for the development of an Agrobot that 
deals with three vineyard tasks; defoliation, green gravest and harvest. The objective 
of this study is to delineate optimally the ARG requirements by a group of experts, 
towards mechanizing effectively the aforementioned tasks. Identifying the 
technological needs of ARG contributes to a more realistic system design. The 
literature indicates that systematic design process techniques can contribute to the 
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technical and economic feasibility of a robot (Angeles and Park, 2008).  After 
identifying the needs, the next phase of the ARG development is the electric and 
mechanical connection of sensors combined with effective algorithms (Kaburlasos et 
al., 2019) towards implementing the above-mentioned agricultural tasks. 
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Abstract. The effect of different row spacing (35 cm and 70 cm) on the 
development of soybean plants was studied using two soybean varieties, Lenka 
and ES Mentor. By using RFID technology, which includes a smart tag with a 
microchip, temperature, moisture and three sensors, an antenna and a reader, we 
measured temperature, humidity and light in the middle of the row space of each 
experimental field throughout the growing season. Besides, crop development, 
measurements of the morphological characteristics of the plants inventory of 
weeds and yield weight were made. We discovered that differences between 
soybean varieties were more pronounced than differences between different row 
spacing. The application of RFID technology was proved to be accurate enough 
in plant growing, so together with proposed improvements RFID would allow 
the farmer to control agricultural land more quickly and to respond in a shorter 
amount of time in comparison state meteorological station. 

Keywords: RFID; soybeans; row spacing; weather data. 

1   Introduction 

RFID (Radio frequency identification) is an emerging technology that can have 
enormous opportunities in Agri-food sector. Technological developments in the area 
of networking devices, sensors and communication technology play significant role in 
sustainability of Agri-food sector. RFID is one of such pervasive technology, which is 
now increasingly utilized in food logistics, supply chain management, cold chain 
monitoring and retail (Ruiz-Garcia and Lunadei, 2011). Compared with traditional 
technologies like, barcode and data loggers, RFID shows several advantages. RFID 
devices do not require visual contact (Abad et al., 2009). They can be placed inside 
boxes, containers, embedded in any object or injected into animals (Finkenzeller, 
2004). RFID tags can write 5 tags per second and have storage capacity: 1 MB in active 
tags and 4 kB in passive (EPC Global, 2008). RFID tag with associated hardware and 
software provides additional benefits such as real time monitoring, environmental 
sensing, tracing and tracking. Different types of sensor can be embedded with RFID 
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Tags to collect information about various parameters like temperature (Amador and 
Emond, 2010), humidity (Abad et al., 2009), and light intensity (Abad et al., 2009). 

Biosensor tags are also under development that could be used for detecting bacterial 
contamination of food products along the supply chain (Wentworth, 2003). The main 
purpose of our research was to use RFID technologies with sensors for measuring 
temperature, humidity in light intensity between soybean plants during the vegetation. 
Two varieties of soybeans ‘Lenka’ and ‘ES Mentor’ both of the same maturity class 
(00 were grown on 35 cm and 70 cm row spacing. We investigated the differences in 
plant development as well as temperature, humidity and light gradients between 
varieties and row spacing. Finally, we estimated the accuracy of RFID with the 
measurement of meteorological conditions on nearby meteorological station. 

2   Material and Methods 

The soybean experiment was carried out on the field owned by a local farmer, it is 
located in the municipality of Hoče-Slivnica (Slovenia). The plot ‘Štuk’ (46o30’28’’N, 
15o039’19’’E) has 2.37 ha in area with the average altitude of 272 m and the average 
slope is 1% and 0.6 °, respectively. 

For the purpose of the experiment, the south-eastern part of the parcel was selected 
and divided into four experimental sub-parcels with 1200 m2 each (Fig. 1). The fields 
were visibly divided by 0.75 m wide "border bands", where no crop was presented. 
The relatively large area of the experimental fields allowed for a more precise choice 
of location for the placement of the measuring devices and represented a more 
representative sample for the analysis of the results. 

The prerequisite of soybeans was winter wheat, followed by white mustard after 
harvest. The experimental boxes were separated by wooden stakes, marked with 
variety and row spacing. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1. Location of trial plots. 
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2.1   Description of Devices 

We used a measuring system consisting of a semi-passive smart tag with an 
integrated circuit, in our case it was a SL900A microchip, which has an integrated 
temperature sensor and allows the connection of additional external sensors. 
Furthermore, the measuring system consists of sensors, antenna and battery. We 
collectively call this set a smart badge or Tag (Fig. 2). The measuring system also 
includes an antenna reader, in our case, the DRM-900A, which transfers data from a 
badge to a computer. The smart badge was equipped with a humidity sensor (EMD-
4000) and an illumination sensor (TEMD6200FX01). The described RFID measuring 
system automatically measures and stores data every 2 hours. In this way, the memory 
was sufficient for 14 days of data storage. Battery life is up to five years, depending 
on weather conditions and measurement time interval. The data transmission range can 
be up to 100 m with a properly performing antenna, and the transmission starts when 
the radio frequency signal of the reader is received. The system operates at ultra-high 
frequencies (UHF 860-960 MHz) according to the master-slave principle. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2. Smart badge with microchip, sensors, antenna and battery button. 
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2.2   Optical Sensor TEMD6200FX01 

The sensor is a semiconductor element - a closed-polarized diode that converts light 
into electrical current. Sensor size is 2mm x 1.25mm x 0.85mm. The spectral 
sensitivity of the diode is adapted to the response of the human eye. EMD-4000 
Moisture Sensor The sensor substance is a special polymer deposited on a bismuth 
coated ceramic substrate. The polymer changes the impedance in the presence of 
moisture. The smart badge excites an alternating current sensor and measures 
impedance as a function of relative humidity. The size of the sensor is 10 mm x 5 mm 
x 1.5 mm. 

3   Results 

3. 1   Comparison of morphological properties 

As seen from Fig. 4 the highest average plant height was measured by ‘Lenka’ 35 
cm (110.1 cm). The highest number of branches per plant was recorded with ‘EC 
Mentor’ 35 cm (57). The maximum distance of the first branch from the ground (13.5 
cm) was measured by both varieties at a distance of 35 cm between the rows. The 
‘Lenka’ variety had more shoots that are lateral at both interspace distances than the 
‘ES Mentor’ variety. 

Table 1. Comparison of physiological characteristics between ‘Lenka’ and ’ES Mentor’ July 
30, 2019. 

Treatment Height 
(cm) 

Number 
of pods 

Distance from 
soil (cm) 

Number of 
buds 

‘Lenka’ 35 cm 110.1a 43.8b 13.5a 13.7a 

‘Lenka’ 70 cm 108.4a 45.9b 12.8b 13.4a 

‘ES Mentor’ 70 cm 92.7b 52.8a 11.9c 10.2b 

‘ES Mentor’ 35 cm 92.7b 57.2a 13.4a 11.9b 

a, b sig. at p<0.05 Duncan test 

3. 2   Measurements of temperature with RFID 

Table 2 shows the average values of the individual sensor at each of three 
measurement intervals as well as the reference values obtained from the closest ARSO 
meteorological station Edvard Rusjan Maribor Airport (ARSO, 2019) located 850 m 
from our field. The data measured on the experimental plots of the ‘Lenka’ 35 cm in 
all intervals and ‘ES Mentor’ 35 cm in the second and third measuring interval 
correspond with the data obtained by ARSO, while all the other measurements were 
significantly lower. The reason for differences is the coverage by the soybean plants 
in those particular variants. Comparison between varieties for the ‘ES Mentor’ 35 cm 
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variety shows a bigger coverage of the row space at a distance of 70 cm. Despite the 
average number of buds per plant of the ‘Lenka’ variety, this covered less row space. 
‘Lenka’ 70 cm covered an average of 59.6% of row space, while the ’ES Mentor’ 70 
cm averaged 70.7% of row space, respectively. 

Table 2. Temperature measurements with RFID. 

Average temperature [°C] 
Treatment June 30-July 14 July 15-July 30 July 31-Aug 14 
     ARSO 20.93b 22.65a 22.96a 

‘Lenka’ 35 cm 22.10a 22.98a 22.67a 

‘Lenka’ 70 cm 18.29b 19.24b 19.33b 

‘ES Mentor’ 70 cm 18.93b 20.62b 19.67b 

‘ES Mentor’ 35 cm 18.04b 22.11a 22.06a 

a, b sig. at p<0.05 Duncan test 

3. 3   Measurements of humidity with RFID 

Table 3 shows the average values of humidity for the individual sensors at each 
three measurement intervals. The data measured correlate opposed as the temperature 
development due to the differences in coverage between varieties and row spacing. 
Thus, the highest average relative humidity was measured in ’ES Mentor’ 35 cm but 
did significantly differ only from ‘Lenka’ 35 cm as well as from the data of 
meteorological station. Later shows smaller values due to the open meadow in which 
the data very captured. 

Table 3. Humidity measurements with RFID. 

Average humidity [%] 
Treatment June 30-July 14 July 15-July 30 July 31-Aug 14 
     ARSO 70.12a 68.95a 70.40a 

‘Lenka’ 35 cm 69.10a 67.98a 70.67a 

‘Lenka’ 70 cm 72.29b 70.24b 72.89b 

‘ES Mentor’ 70 cm 72.93b 70.62b 72.97b 

‘ES Mentor’ 35 cm 72.04b 70.11a 73.06a 

a, b sig. at p<0.05 Duncan test 

3. 4   Measurements of light intensity with RFID 

As seen from Table 4 the light intensity is significantly lower below the leaves in 
the zone of sensors in all varieties and row spacing. Additionally, from the first to the 
last measuring period the development of leaves decreased the light intensity 
significantly in the same treatment. However, in the second and third period the light 
intensity was significantly lower in ‘ES Mentor’ comparing to ‘Lenka’ in both row 
spacing. This corresponds also with the higher number of pods in ‘ES Mentor’ (Table 
1). 
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Table 4. Light intensity measurements with RFID. 

Average light intensity [lx] 
Treatment June 30-July 14 July 15-July 30 July 31-Aug 14 
     ARSO 28500a 29400a 30800a 

‘Lenka’ 35 cm 9300b 6400b 4300b 

‘Lenka’ 70 cm 10050b 6100b 4500b 

‘ES Mentor’ 70 cm 8800b 3700c 3300c 

‘ES Mentor’ 35 cm 7800c 4400c 2800c 

a, b,c sig. at p<0.05 Duncan test 
 

3. 5   Yield of soybean 

On October 13 the soybean was harvested and weighed directly on the field. It 
contained 12.5 % of moisture so later it had to be additionally dried out to storage 
moisture of 9 %.  From Table 5, showing the yield of soybean with 9 % moisture, we 
can see that the ‘ES Mentor’ had significantly higher yield than ‘Lenka’ in both row 
spacing. On the other hand, there was no difference between the row spacing among 
the same variety, either. 
 

Table 5. Yield of soybean with 9 % moisture 

 
Treatment Yield [kg/ha] 
‘Lenka’ 35 cm 2367b 

‘Lenka’ 70 cm 2521b 

‘ES Mentor’ 70 cm 4637a 

‘ES Mentor’ 35 cm 4512a 

a, b sig. at p<0.05 Duncan test 

4   Conclusions 

The effect of different row spacing of two soybean varieties on development of 
plants was studied using RFID technology to measure temperature, light and humidity 
in the middle of row spacing. Since the growing phase R1, we estimated the height of 
the plants, the distance of the lower pods from the ground, the number of lateral buds 
and the number of pods per plant. We found that the row spacing did not have a 
significant effect on the development of the crop within the same variety. However, 
the biggest differences were observed between the two soybean varieties.  



 120 

RFID showed to be a suitable tool for accurate measurements of temperature and 
humidity more accurately than the official meteorological station, which might serve 
for predicting the start of many fungal diseases on time. 

The UHF-RFID technologies have also some disadvantages. Above all, the problem 
is the reliability of the connection, since electrically conductive materials represent a 
barrier to electromagnetic waves (reflection and wave absorption). Thus, moisture in 
plants is also a barrier. These problems do not have a Magnetic Assembly (HF) based 
badge. 

The second problem represents the storage capacity of RFID as well as the reading 
and transferring of data every few weeks. The easiest way would be to read data from 
RFID in the field using a drone with a built-in UHF reader. The drone would be 
connected to a home computer via a WiFi network, which would determine, for 
example, the time, method or means of spraying, based on the built-in algorithms and 
data collected. If such a drone were equipped with hyperspectral imaging cameras, 
then algorithms could be installed to separate and detect the state of plants based on 
spectral signatures. This would give a reliable prediction of the necessary measures, 
which would be an effective contribution to the future vision of technologically 
advanced farms and smart villages.  
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Abstract. A plant disease diagnosis method based on processing images that 
display a sick plant part, is tested here on four pear diseases. In the original 
classification method employed, an extensible feature ranking method had been 
adopted. Specifically, a discrete grade was assigned to each invariant feature 
depending on whether its value was found within predefined strict or loose 
limits. The potential classes that may correspond to the test sample, were sorted   
according to the sum of the grades of the features. In the current implementation, 
a Gaussian behavior is assumed and an analog feature grade is assigned 
depending on the distance of the extracted feature value from the mean. 
Modeling feature values with Gaussian distribution would eliminate the need of 
heuristic selection of the strict/loose feature limits but would make more difficult 
the extension of the supported set of diseases by the end user. However, the 
experimental results show that the feature values do not follow a Gaussian 
distribution since comparable classification precision results are obtained only 
when a normalization scheme is applied to the input image.  

Keywords: plant disease diagnosis; Gaussian distribution; normalization; image 
processing; smart phone application. 

1   Introduction 

Plant monitoring is important in precision agriculture and similar Internet of Things 
(IoT) applications [1][2]. Plant pathogen diagnostics are reviewed in [3]. A review of 
machine vision techniques employed for the inspection of citrus fruits with accuracy 
ranging between 60% and 100% is presented in [4]. Several monitoring techniques for 
specific plants have been recently proposed for garden strawberry diseases [5], rice 
blast [6], Fusarium infections on wheat [7], etc. Image processing in color scale 
different than Red-Green-Blue (RGB) has also been employed for plant disease 
diagnosis. For example, CIE L*a*b color scale is employed in [8] and a neural network 
achieves 91% classification accuracy. The use of hyperspectral data and neural 
networks in plant disease diagnosis is reviewed in [9]. Mobile phone applications for 
the recognition of plant diseases have also been presented in [10] (Purdue Plant Doctor 
implemented for iOS and Android) and [11] for Android.  
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In this paper, an alternative implementation of the smart phone application 
originally presented in [12] and extended in [13] to support several color normalization 
techniques, is used. At the input of this smart phone application, an image is used of 
the plant part displaying the symptoms of a disease as a number of lesion spots. The 
image is segmented to the background (ignored), the normal leaf or fruit, the spots and 
halo around the spots. A number of invariant features concerning the 3 Regions of 
Interest (ROI) are used for the classification. In the previous versions, a small number 
of representative training images were used for each disease to arbitrarily extract strict 
and loose limits for each feature. During the test phase, the extracted new feature value 
was compared to the extracted limits defined for a specific disease and different grade 
was assigned according to whether the new feature value resided within the strict or 
loose limits. The weighted sum of all feature grades was used to sort the potential 
diseases that may have infected the plant. This method will be called henceforth Limit 
Test (LT).  

The alternative classification method tested here, assumes that the values of each 
feature found in images displaying the same disease, follow a Gaussian Distribution 
(GD). During the training phase, the various values of a specific feature are used to 
estimate its mean and variance that are stored in the signature (recognition rules) of a 
specific disease. The grade assigned to each feature depends, in this case, on the 
distance of the current feature value from the mean. Two cases are examined: a) use 
of the original images without normalization and b) use of Linear Dynamic Range 
Expansion (LDRE normalization) for each one of the RGB colors to moderate the 
differences in the light exposure of each photograph. Sensitivity, specificity, precision 
and accuracy metrics are used to evaluate the LT and GD classification methods. The 
pear diseases tested with the methods described above include: Fire Blight, Pear Scab, 
Mycosphaerella and Powdery Mildew. Fifty photographs displaying the upper surface 
of a pear leaf have been tested from each disease.  

The LT, GD classification methods are described in Section 2. The experimental 
results are presented and discussed in Section 3. 

2   Plant Disease Recognition Methods 

The photographs of plant parts captured by the user must display indicative lesions 
(spots) of a specific disease. The plant parts can be leaves or fruits or even roots, 
branches, flowers, etc. The user initially selects the user interface language, the image 
normalization type and the halo zone around the lesion spots with its thickness 
expressed as a number of pixels (see Fig. 1a). Then, the photograph is analyzed by 
potentially configuring the thresholds for the separation of the background, the normal 
plant part and the lesion. In the present application version, separate thresholds are used 
for each color component of the RGB color scale (red, green, blue) as shown in Fig. 1b. 
Additional information can be given by the user to assist the disease classification (e.g., 
weather data of the specific rural region where the plant exists, located by Global 
Positioning System-GPS). The smart phone application was initially developed for 
Windows Phone and then ported to Android platforms. The classification methods are 
described in detail and the reader can refer to [13] for more implementation details 
concerning the application.  
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(a)        (b)     (c)  (d)   

Fig. 1. The basic application pages. Selection of language, normalization type and halo thickness 
(a), photo selection and analysis (b), updated photo using LDRE normalization (c) and list of 
extracted features (d). 

The following invariant features are extracted by the segmented photograph: 
number of lesion spots, their area, the average gray level of each region (normal plant 
part, spots, halo). A separate histogram is generated for each color component (red, 
green, blue) and each ROI (normal, spots, halo). It is assumed that photographs 
displaying the same disease would have similar features like the ones listed above. 
Instead of attempting to match full histograms, their similarity is simply checked by 
comparing where they start, where they end and the where their peak is (the histograms 
usually consist of a single lobe).  

When the input photograph is analyzed two triplets of thresholds are used to 
separate the background and the spots. If all the red, green, blue values of a pixel (pr, 
pg, pb, respectively) are higher than the corresponding background thresholds (BGr, 
BGg, BGb) then, this pixel is mapped to the background since the background in this 
implementation is simply assumed to be much brighter than the plant part. The rest of 
the pixels are initially mapped as normal plant part (e.g., the leaf in the cases examined 
here). The lesion spots can either be darker or brighter (the user indicates this fact to 
the application through the Invert checkbox shown in Fig. 1b), than the normal leaf. If 
all the pr, pg, pb values of a leaf pixel are lower than the corresponding thresholds THr, 
THg, THb and the lesion is darker than the normal leaf color, this pixel is mapped to 
the lesion region. If the pr, pg, pb values of a leaf pixel are higher than the corresponding 
thresholds THr, THg, THb and the lesion is brighter than the normal leaf, again this 
pixel is mapped to the lesion region. Finally, the pixels existing in a zone around the 
spots with thickness defined by the corresponding field shown in Fig. 1a, are mapped 
to the halo region. The user can also select an image normalization method from the 
page shown in Fig. 1a. The supported normalization methods are described in detail in 
[13]. In this paper, the normalization Type 1 (no normalization) and Type 2 (LDRE in 
all RGB colors) are tested since Type 2 seems to achieve a better classification 
accuracy [13] compared with the other supported normalization schemes. 

The matrix BGW1 is defined with the same size as the original image and each one 
of its cells can have four distinct values corresponding to normal leaf, spot, hallo and 
background. Matrix BGW2 can be derived from BGW1 by marking pixels belonging 
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to the same spot with the same identity. BGW2 can be used to estimate all of the 
features used, in a simple way. The maximum spot identity is the number of spots 
while the area covered by the spots is estimated by the number of spot pixels divided 
by the total number of pixels belonging to the plant part. The average gray level of 
each region can be estimated by averaging the gray level of the pixels mapped to this 
region in BGW2. Spots consisting of a very small number of pixels (less than the 
threshold “Min Area” of Fig. 1a) are considered as noise and are not taken into 
consideration.  

During the training phase of the application for a new disease, a small number of 
representative photos with similar sick plant parts can be analyzed even by an end user 
that is not aware of the application architecture and implementation details. The range 
of each feature fi as determined by the training photographs is used to define the strict 
limits [fi_s1..fi_s2]. This narrow range can be heuristically extended in order to define the 
loose limits [fi_l1..fi_l2] of this feature for a specific disease. The application lists all these 
limits to the end user as shown in Fig. 1d, to assist the definition of new diseases or for 
the customization of the existing diseases. All the feature strict and loose limits are 
stored in a disease signature exploited during the test phase. When a new photograph is 
examined in the test phase, all the features fi are extracted and are compared to the 
predefined limits stored in each disease signature. A rank Gr is estimated for each 
potential disease using the following equation: 
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The parameters wi_l and wi_s are the individual grades (weights) assigned to feature 
fi if it is found within the loose or strict limits, respectively of a specific disease. The 
diseases are sorted according to the rank Gr that they have received for a specific 
photograph. The three diseases with the highest rank are listed. The simple classification 
method described above is the LT. 

The new classification method (GD) tested in this paper assumes that the feature 
values that are extracted from the photographs of a disease training set, follow a 
Gaussian distribution. The mean feature value fm,i, is estimated by the training samples. 
The rank Gi given for this feature is inversely proportional to the distance of the value 
of this feature from fm,i. If σ2 is the variance for this feature (also estimated by the 
training samples), then the disease rank Gr can be estimated by: 
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The LDRE normalization employed in the experiments performed in the context of 
this paper, stretches the values of each color component in the RGB scale according to 
the following equation: 
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PrevCol is the original color value, MinGray and MaxGray are the minimum and 
maximum pixel values of the gray version of the image (excluding the background), 
Range is the desired final range and StartCol is the desired offset where Range starts. 

  
(a)                                                           (b) 

  
(c)                                                          (d) 

Fig. 2. Indicative photographs from the tested pear diseases: fire blight (a), pear scab (b), 
mycosphaerella leaf spot (c) and powdery mildew (d). 

3   Experimental Results 

Indicative photographs from the pear diseases that have been tested in the framework 
of this paper are shown in Fig. 2. The metrics used to compare the LT and GD 
classification methods are the sensitivity, specificity, precision and accuracy. Let True 
Positives (TP) be the number of photographs that are correctly recognized as positive 
to a disease. True Negatives (TN) are the number of photographs that are correctly 
recognized as negative to a disease. False Positives (FP) are the photographs that are 
falsely recognized as positives and False Negatives (FN), the ones that are falsely 
recognized as negatives to a disease. The aforementioned four metrics are defined as: 
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As already mentioned, 50 photographs of each pear disease have been tested. They 
have been retrieved from pear trees in the Achaia prefecture of Greece. About half of 
these photographs have been captured under sunlight and the rest, under a canopy in 
order to test different light exposure. Eight representative (training) photographs have 
been used to extract the disease recognition signatures in either LT (containing the 
loose and strict limits of each feature), or GD (containing the mean and variance of 
each feature). In the first test case, the photographs have not been normalized. The 
experimental results for this case are shown in Tables 1 and 2.  

Table 1.  LT classification method without normalization.  

Disease Sensitivity Specificity Precision Accuracy 
Fire blight 0.89 0.92 0.78 0.91 
Pear scab 0.44 1 1 0.86 
Mycosphaerella leaf spot 1 0.85 0.69 0.89 
Powdery Mildew 0.98 1 1 0.99 
Average 0.83 0.94 0.87 0.91 

Table 2.  GD classification method without normalization.  

Disease Sensitivity Specificity Precision Accuracy 
Fire blight 0 0.75 0 0.57 
Pear scab 0.96 0.67 0.51 0.87 
Mycosphaerella leaf spot 0.88 0.99 0.96 0.96 
Powdery Mildew 0.06 0.97 0.43 0.73 
Average 0.48 0.85 0.47 0.78 
 
As can be seen from the results listed in Tables 1 and 2, GD is much worse than 

LT since 2 of the 4 diseases (fire blight and powdery mildew) cannot be recognized at 
all: their sensitivity is 0 although the specificity achieved is more acceptable. Using 
LT as the classification method, only pear scab has a low sensitivity but all the average 
metrics are better than GD.  

If image normalization with LDRE is used, the results obtained are listed in Tables 
3 and 4. Although the average values of the 4 metrics obtained for GD are still worse 
than the ones achieved by LT, they are much closer with LDRE normalization. In any 
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case, these results show that although Gaussian seems a more natural way to describe 
the distribution of the various feature values, the classification accuracy achieved by 
GD is worse than the one achieved by LT. The positive aspect of this conclusion is 
that the rules in the disease signatures used by LT can be defined in a simpler way by 
an end-user that is not familiar with the implementation details of the developed 
application: it is easier for an end-user to determine the limits in a list of feature values 
than estimate the mean values and variances required by the GD. For this reason, the 
employed LT classification method allows the extension of the supported set of 
diseases by an end user that is not particularly qualified in computer science or 
statistics. 

Table 3.  LT classification method with LDRE normalization.  

Disease Sensitivity Specificity Precision Accuracy 
Fire blight 0.92 0.85 0.67 0.87 
Pear scab 0.56 0.97 0.87 0.87 
Mycosphaerella leaf spot 0.96 1 1 0.99 
Powdery Mildew 1 0.99 0.96 0.99 
Average 0.86 0.95 0.87 0.93 

Table 4.  GD classification method with LDRE normalization.  

Disease Sensitivity Specificity Precision Accuracy 
Fire blight 0.83 0.87 0.67 0.86 
Pear scab 0.58 0.93 0.74 0.84 
Mycosphaerella leaf spot 0.89 1.00 1.00 0.97 
Powdery Mildew 0.88 0.98 0.93 0.96 
Average 0.79 0.95 0.83 0.91 

5   Conclusions 

Two classification methods are tested in the framework of a mobile phone 
application capable of recognizing pear diseases. The experimental results showed that 
the classification method based on the assumption that the invariant image feature 
values follow a Gaussian distribution in images displaying the same disease, does not 
achieve a better accuracy than the heuristic classification method that compares if the 
feature values reside within predefined strict and loose limits. The benefit from the 
classification method based on Gaussian distribution is that it favors the extensibility 
of the supported set of diseases by a non-expert. Image normalization significantly 
improves the accuracy of this classification method. 

Based on the experimental results presented in this paper, future work may focus 
on supporting multiple ranges of feature values for comparison e.g., too strict, strict, 
loose, too loose, etc, in order to improve further the accuracy. 
 
Acknowledgments. This work is protected by the provisional patents 1009346/13-8-
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Abstract. A variety of plant protection approaches exists to aid against pests 
and diseases, and they all converge in recognizing early and precisely plant 
stress to make applications more effective and as low-cost as possible. 
Consecutive advances on the field of remote sensing regarding sensor quality, 
data availability, procurement costs and development of smart agricultural 
services have enhanced the ability to assess and monitor crop health, both in 
individual plants and field levels. In this work, a methodology to create a 
detection model for olive tree stress status based on Sentinel-2 data is presented. 
Vegetation indices were created based on the acquired data and are presented as 
intermediate results of analysis in order to enhance the assessment of health 
status. These extracted data will be used to train and validate a machine learning 
classification model. The resulting model will be able to support agriculture 
professionals by enhancing their decisions and investigations.  

Keywords: Remote Sensing; Plant Stress; Vegetation Index; WMS; FIS; DIAS 
Mundi. 

1   Introduction 

Plant diseases have constantly been a significant concern for horticulture since they 
strongly and adversely affect production and quality of products. Impacts of biotic crop 
stress such as diseases and pests, fluctuate from minor side effects to extreme losses 
of whole yields, which bring about major expenses for agricultural businesses and 
affect intensely agricultural economy, particularly in developing countries that rely 
upon a single or a small number of crops.  
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Evading these significant disasters can be accomplished by various strategies 
focusing on timely stress factor identification. In any case, it is difficult for growers to 
apply these strategies, as a significant number of them are inaccessible and regularly 
require explicit domain knowledge and are, often, costly and resource-heavy to 
complete. 

Absence of reliable, dedicated and far reaching services restricts growers' actions 
in being proactive in their efforts against epidemics containment, as detection at 
ground-level is hard to apply continuously and consistently. 

The usefulness in the utilization of sensors, mainly optical, to accurately detect plant 
diseases is recognized by Kuska and Mahlein (2018). The necessity to address the 
difficulties to be resolved in the application of such techniques for increasingly 
efficient plant disease protection is also recognized. 

Hornero et al. (2018) also used Sentinel-2 data to calculate spectral indices able to 
provide spatio-temporal indications for tracing and mapping Xylella fastidiosa 
damage. 

In the research carried out by Yuan et al. (2017) the capacity of satellite information 
to monitor pests and diseases is also shown. They used a combination of remote 
sensing data with different spatial resolution, Worldview 2 and Landsat 8, in order to 
compute a combination of vegetation indices and environmental features. 

Immitzer, Vuolo and Atzberger (2016) in their work, utilized preliminary Sentinel-
2 data and a variety of analysis approaches to map vegetation in order to produce land 
cover maps. Part of their research aimed at using the Sentinel-2 data to discriminate 
between crop types and part at differentiating between seven deciduous and coniferous 
tree species for forest management. Their results suggest that high accuracies can be 
achieved for many of their utilized analysis methods. 

The aim of this work was to use Sentinel-2 derived Vegetation Indices to provide 
insight for stress detection in olive trees. 

2   Utilized Datasets & Sampling Procedure 

All disease symptoms are attributed to anatomical and physiological deteriorations 
which, as a result, differ from the typical reflectance of a healthy plant. Additionally, 
these deteriorations are often correlated with fluctuations in the concentration of 
chlorophyll and carotenoids in plant tissues.  

Chlorophyll and carotenoid concentration can be more easily correlated in specific 
spectral regions such as green, red, red-edge and near infrared.  

The samples used for analysis were square polygons (sampling units) and the 
ground truth data accompanying them is biotic and abiotic stress-related assessments 
carried out by visual inspection of the present symptoms. Accompanying the 
assessments is a list of factors which heavily affect reflectance data from the sampling 
units. These are ground cover vegetation, tree biomass and irrigation of the crop, as 
well as, the variety of the assessed trees. Vegetation present in the ground is always 
included in the reflectance value of each pixel and accounts for all reflectance 
corresponding to the sampling unit that is not attributed to tree foliage. Recording this 
list of factors can further support data analysis and support the final conclusions.  
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 To acquire data from the wavelengths of interest Sentinel-2 images from Halkidiki, 
Northern Greece were accessed. The Copernicus programme through the Sentinel-2 
missions offers detailed and timely information that can be used for vegetation 
imaging, soil and water cover, inland waterways and coastal areas or to deliver 
information for emergency services. 

Sentinel-2 is a polar-orbiting, multispectral, high-resolution, imaging mission used 
for crops and farmland applications. Additionally, it currently consists of a 
constellation of two satellites, Sentinel-2A and Sentinel-2B, allowing for a revisit time 
of five days under the same viewing conditions, in most regions. 

At this time, the free downloadable content provides ready-to-use bottom of 
atmosphere products (Level 2A) in 13 bands, with a maximum spatial analysis of 10-
m for Blue, Green, Red and Near Infrared bands. Level 2A products from Sentinel-2A 
and 2B are atmospherically corrected and the data are immediately available for 
download and ready for analysis. 

The services for accessing satellite data is offered by EUXDAT, an online platform 
developed in the frame of the European H2020 project aiming at providing efficient 
and easy way to access and process remote sensing data for the agricultural domain. 
EUXDAT relies on Mundi DIAS to access a comprehensive database of Sentinel 
products. 

3   Tools & processing 

The objective of data analysis is to assess for each pixel the incidence and severity 
of stress and subsequently provide similar quantitative information for a given field. 
Various vegetation indices were calculated for the sampling units. The use of multiple 
vegetation indices is deemed important to compute and assess for the detection of 
stress. 

These indices can be used to classify each pixel to one of two classes; stress 
incidence, caused by various biotic and abiotic factors, or lack thereof. 

The analyzed data were accessed by Web Map Service (OGC WMS standard) and 
Feature Info Service (Sentinel Hub FIS standard) requests on the EUXDAT platform.  

WMS requests, by defining a geographic layer and area of interest to be processed, 
allow for faster acquisition, lighter storage requirements and easier analysis. An 
advantage of this service is that it provides a geo-referenced map image (JPEG, 
GeoTiff, PNG) that can be displayed in a browser application, and thus only the image 
in the area of interest and the desired bands can be downloaded and not entire tiles. 
The interface also supports the ability to specify whether the returned images should 
be transparent so that layers from multiple servers can be combined or not. 

The feature info service (FIS) performs elementary statistical computations — such 
as mean, standard deviation, and histogram approximating the distribution of 
reflectance values — on remotely sensed data for a region specified in a given spatial 
reference system and across different bands and time ranges. This step facilitates 
access to specific pixels, rather than entire images, thus making the data processing 
more effective. 
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A typical application example would be querying the service for basic statistics and 
the distribution of NDVI values for a polygon that represents an agricultural unit over 
a time range. 

4   Preliminary Results 

Below, the generated vegetation indices are listed, with their values corresponding to 
Sentinel-2 band reflectance relevant for their calculation. The selected indices provide 
important insight in vegetation reflectance fluctuations associated with different 
sources of stress. 

Table 1. Vegetation indices tested on samples from the test area (Halkidiki).   B02-B08 refer to 
the bands of Sentinel-2. 

Vegetation Index Index Formula 
MIV* of all 
Stressed 
samples 

MIV* of 
all Healthy 
samples 

 

NDVI 
Normalized 
Difference Vegetation 
Index 

(B08 - B04) / (B08 + B04) . 0.0482 0.0307 (1) 

RDVI 
Renormalized 
Difference Vegetation 
Index 

(B08 - B04) / sqrt(B08 + B04) . 0.0317 0.0205 (2) 

GNDVI 
Green Normalized 
Difference Vegetation 
Index 

(B08 - B03) / (B08 + B03) . 0.1379 0.1051 (3) 

SAVI Soil Adjusted 
Vegetation Index 

(B08 - B04) / (B08 + B04 + 0.5) * 
(1.0 + 0.5) . 0.0334 0.0217 (4) 

EVI Enhanced Vegetation 
Index 

2.5 * ((B08 - B04) / (B08 + (6 * 
B04) - (7.5 * B02) + 1)) . 0.0432 0.0299 (5) 

TVI Transformed 
Vegetation Index 

sqrt(((B08 - B04) / (B08 + B04)) 
+ 0.5) . 0.7402 0.7282 (6) 

ARI1 Anthocyanin 
Reflectance Index 1 (1 / B03) - (1 / B08) . 1.4346 1.1635 (7) 

ARI2 Anthocyanin 
Reflectance Index 2 B08 * ((1 / B03) - (1 / B08)) . 0.3238 0.2424 (8) 

CRI1 Carotenoid 
Reflectance Index 1 (1 / B02) - (1 / B03) . 0.0980 -0.1515 (9) 

CRI2 Carotenoid 
Reflectance Index 2 (1 / B02) - (1 / B08) . 1.5326 1.0120 (10) 

*Mean Index Value 
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Fig. 1. EVI index showcasing plant stress in Halkidiki. 

 
Fig. 2. NDVI values accompanying ground truth data. 

The figures above display sampling points from the test area on Halkidiki. The 
status of sampling points, being Healthy or Stressed can be shown, together with the 
values of EVI (Fig. 1) and NDVI (Fig. 2) as indicators of their health status based on 
Sentinel-2 reflectance data. This kind of depiction can help corroborate ground truth 
with use of the vegetation indices calculated. 
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By utilizing vegetation indices as showcased in Fig. 1 and Fig. 2, advisors and 
growers are given the ability to assess which spots are highlighted as stressed or not, 
and what is the accompanying value of the relevant vegetation index. They can then 
act according to that knowledge. 

5   Discussion & Conclusions 

The presented work can assist to the identification of stresses in olive tree. 
Considering the frequent revisit time of the Sentinel-2 satellites, it can contribute to an 
early warning system for olive trees stress. 

The presented vegetation indices will be used in the process of training a support 
vector machine (SVM) model to classify each pixel to one of the two categories, 
healthy or stressed. Development of this process is being carried out by using Jupyter 
Lab with Python 3 programming environment and the relevant libraries available for 
accessing, acquiring, processing and modeling the data. 

The resulting model is expected to produce maps showcasing potentially stressed 
olive fields across a large area and in a small amount of time. This map can be used as 
a guide for further investigation by local agronomists of identified stressed fields or 
highlight areas of, previously non-existent, stressed fields. Thus, local agronomists and 
producers can benefit from the early detection of stress and by enacting more relevant 
agricultural investigations and applications. 
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Abstract. While precision agriculture has been present for many years and 
lately massively spread through the agricultural and scientific community, little 
to nothing has been published for smart farming and agriculture in aromatic 
and herbal plants. In this article we search and review publications regarding 
aromatic plants’ crop management,  the use of state of the art techniques while 
recording most common UAVs, special thermal and multispectral cameras for 
the raw data acquisition and aerial imagery post - processing software used. 
We also discuss common methodologies and indices used for this specific 
segment of agriculture and point out the hidden potential of more efficient, in 
many ways, crop management in the use of UAVs. 
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1   Introduction 

The majority of people living in developed countries have become really selective 
when it comes to the quality of their everyday nutrition. Along with frequent 
exercise, quality food is a must for both Generation X and Millennials. A large 
number of people in developing countries have traditionally depended on products 
derived from plants, especially from forests, for curing human and livestock 
ailments. Additionally, several aromatic plants are popular for domestic and 
commercial uses and collectively they are called medicinal and aromatic plants 
(MAPs) (M.R. Rao, 2004). Nutrition quality of the modern family is one of the main 
reasons that medicinal and aromatic plants consumption and -therefore- cultivation 
have continuously been on the rise for many years as well as being relatively 
inexpensive to cultivate but with a respectable profit margin.  

At the same time, vast progress has been made in Remote Sensing and 
Geographical Information Systems (GIS) while rising technologies such as Internet 
of Things (IoT) alongside Machine Learning and Artificial Intelligence (AI) broaden 
their scope of application each year. All of the aforementioned, combined with the 
ease of use of the latest Unmanned Aerial Vehicles (UAV) –which have almost 
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become part of our everyday lives- and their relatively low cost in initial purchase 
and maintenance, pave the way for better and more efficient crop management of 
aromatic plants through constant monitoring∙ to name a few, UAVs can be used in 
crop mapping and soil analysis with the use of specific sensors and software, 
fertilizer spot spraying, seed planting. 

UAV designs include many different forms, features, and functions (Vergouw, 
2016). The four primary types of drones are fixed-wing, single-rotor, multi-rotor, and 
hybrid; all of these types have certain advantages and disadvantages and they have 
been widely used for research in various fields. They feature simple controls, require 
low costs, and are highly mobile with the ability to take off anywhere (Chen, 2020) 
and by employing UAVs, the corresponding spatial resolution can be increased to 
much less than a meter (Prem Chandra Pandey, 2020). 

Aromatic and herbal plants can be divided into groups based on how they are used 
as:  
• Raw materials for essential oil extraction; a major use of these plants.  
• Culinary spices; the non-leafy parts are used as a flavoring or seasoning.  
• Culinary herbs; the leafy or soft flowering parts are used as a flavoring or 

seasoning.  
• Medicinal group; the development of natural or semi-synthetic medicine 
• Miscellaneous group: MAPs and their extracts become components of 

cosmetics, dyes, air fresheners, disinfectants, botanical pesticides, insect 
repellents, etc. (Solomou, 2016) 

 
Most commonly cultivated medicinal and aromatic plant species in Greece are 

(Solomou, 2016); 
 
Sideritis sp. 
Pimbinella anisum 
Origanum sp. 
Origanum dictamus 
Crocus sp. 
Hyssopus officinalis 
Salvia sp.  
Origanum majorana 
Jasminum officinalis 
Lavandula spica 
Sinapis sp. 

Matricaria chamomila 
Hypericum 
perforatum  
Urtica sp. 
Aloysia citriodora 
Crithmum maritimum 
Mentha viridis 
Coriandrum sativum 
Mentha sp. 
Salvia sp. 
Lepidium sp. 

Crocus sp. 
Phacelia tanacetifolia 
Phoeniculum vulgare 
Rosmarinus 
officinalis 
Thymus sp. 
Glycirrhiza glabra 
Cuminum cyminum 
Ocimum basilicum 
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2   Literature Review 

2.1   Respective Aromatic and Herbal Plant papers 

Systematic and thorough literature search was conducted with searches only in the 
English language in the following scientific databases; 

Web of Science, MDPI, PubMed, ScienceDirect, ResearchGate, Elsevier and 
Google Scholar by using search terms such as “medicinal plant UAV” “aromatic 
plant UAV” “herbal plant UAV” along with keyword combinations (e.g. 
“Multispectral Imaging”, “remote sensing”, “Vegetation Index” and “cultivation 
practice”) in order to find the relevant published papers and complete the literature 
review.  

Our aim and focus in using multispectral –as well as thermal- cameras will be 
mainly in aromatic and herbal plants that are cultivated in Greece and particularly 
within the Western Macedonia Prefecture in order to find ways to enhance the crops’ 
cultivation and help ease the consequences from the violent decarbonization of the 
area. Specifically, Rosemary (Salvia rosmarinus), Oregano (Origanum vulgare) 
(Olmedo, 2013), Sage (Salvia officinalis) and Lavender (Lavandula angustifolia). 

The use of Remote Sensing Data and GIS Technologies for Monitoring Stocks of 
Medicinal Plants, was examined in 2019 with the necessity of a digital terrain model 
along with multispectral and plain photography data as the outcome (Fadeev, 2019) 

By monitoring the effect of different levels of irrigation in the cultivation of 
oregano with the use of GIS and a 4 band multispectral camera, the NDVI vegetation 
index was not proved particularly reliable and further research using other growth 
indicators was recommended (Lontou, 2020). 

By investigating correlation between salt stress in rosemary and NDVI with 
remote sensing technique, significant relationship between salt stress and reflection 
values in the plant was highlighted. The findings show that the reflectance values 
could be used to estimate the salt-stress level in plants (Atun, 2020) even though 
earlier studies show that there is no direct relationship between NDVI and 
chlorophyll content (Hernandez et al., 2014). 

Hyperspectral Imaging (HSI) is a non-destructive, time-saving versatile and 
environmentally friendly technique with potential application for on-line quality 
monitoring (Shikanga, 2013), mostly used in the absence of organic solvents 
(Tripathi and Mishra, 2009). It offers new possibilities by combining spectral and 
visual data, researchers and producers can employ this tool for mapping distributions 
of compounds, adulteration, and contamination in aromatic and medicinal plant 
products as well as derivatives such as spices (Sajad, 2018). 

In 2019, a study proved that a fusion of multispectral and Structure from Motion 
(SfM)-derived vertical information significantly improves the accuracies of 
classification of shrubland vegetation (and conclusively herb plants) to the level of 
individual species, without the need to invest in (expensive) LiDAR sensor 
equipment (Prošek, 2019) 
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Mapping rosemary cover results established that not any vegetation index is useful 
for classification, but there are combinations to find for well training the supervised 
classification while indices as NDVI, MCARI and BI are forming the best 
combination (Chafik, 2020). 

2.2   Respective Basic Vegetation Indices for Aromatic and Herbal Plants 

According to a 1991 research (Jackson, 1991), Vegetation Indices (VI) classify 
into two major groups, slope-based and distance-based; slope-based VIs are 
combinations of the visible red and the near infrared bands and are widely used to 
generate vegetation indices and distance-based VIs have as main objective to cancel 
the effect of soil brightness in cases where vegetation is sparse and pixels contain a 
mixture of green vegetation and soil background (Silleos, 2006). 

A recent study of the Vegetation Indices, reviewing their developments and 
applications over the years recorded significant increase in used and implemented 
indices calculated from multispectral as well as hyperspectral information (Xue. 
2017). 

NDVI, as normalized ratio between the red and near infrared bands is the 
Normalized Difference Vegetation Index (Karnieli, 2010) and may perhaps be the 
widely known one but there are many more although it is very difficult to indicate 
which would be the best approach without knowing the details of the desired 
application; there are too many factors that can influence the decision (costs, spatial 
resolution, area coverage, type of image to be used, type of feature of index to be 
calculated, etc.) (Barbedo, 2019). 

3   Discussion and Conclusion 

According to the aforementioned literature review, proper and thorough research 
of various vegetation indices in aromatic and herbal plants has to be made, especially 
for those species that are mostly cultivated in Greece and specifically in Western 
Macedonia Prefectures’ climate which may be traditionally Greek through the 
summers but is particularly rough through autumn and winter given that it is in the 
northern part of the country (Figure 1).  
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Fig. 1. Western Macedonia Perfecture in Greece, its‘ major cities and Area of Interest within 
the Public Power Corporations‘ (PPC SA) old deposits of the lignite mines. 

Therefore, an area of 26 acres has been chosen for the cultivation of 4 different 
herbal species from scratch, within accordingly formed area in an old deposits area 
from the lignite mines that dominated the area in previous years, as can be seen in the 
corresponding Figure 2: 

• Rosemary (Salvia rosmarinus), 4 acres 
• Oregano (Origanum vulgare), 12 acres 
• Sage (Salvia officinalis), 3 acres 
• Lavender (Lavandula angustifolia), 7 acres 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

Fig. 2. The four different species of aromatic and herbal plants that will constitute our research 
area over the Vegetation Indices used on them with the use of a UAV carrying a multispectral 
and a thermal camera. 

There is striking potential to be analyzed in terms of research, some of the areas 
that we intend to emphasize are the following; 
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• Comparison of the lignite mine old deposits sites’ ground with an area 
away from the mines in terms of moisture etc. 

• Comparison of the lignite mines’ old deposits site ground -using of 
multispectral and thermal camera- with the outcome from soil testing 
bore holes  

• Research over various vegetation indices in all four herbal and aromatic 
species throughout the cultivation stages, crop growth and yield with the 
use of a four-band multispectral camera as well as a radiometric thermal 
camera 

• Research for the output produced by using a rotary wing drone vs a fixed 
wing Unmanned Aerial Vehicle 

• Evaluation of the level of influence different heights or/and different 
flight plans/use of Digital Surface Model of the UAVs used 
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Abstract. The minimum acceptable word length for the representation of real 
numbers in Fast Fourier Transform (FFT) with undersampled inputs is studied 
in this paper. FFT is a critical module in Orthogonal Frequency Division 
Multiplexing (OFDM) telecommunication infrastructure also used in Internet of 
Things (IoT) environments. The FFT input/output values, the twiddle factors 
and its intermediate results are complex numbers that can be represented either 
in fixed point or floating-point format. A tradeoff has to be made between 
rounding error and complexity. We focus on FFT with sparse inputs such as the 
values generated by many IoT sensors, surveillance cameras, etc. A configurable 
new FFT architecture has been developed to test various FFT sizes, word lengths 
and Quadrature Amplitude Modulations (QAM). The simulation results show 
that 8 bits FFT word length is sufficient in the employed undersampling 
procedure.  

Keywords: FFT; sparse; OFDM; word length; rounding error. 

1   Introduction 

Discrete Fourier Transform (DFT) is used for the representation of periodic 
functions as a sum of sine and cosine functions. Fourier transform is used in several 
scientific domains of mathematics (e.g., for the analysis of differential equations) and 
signal processing (filtering, spectroscopy, etc.) [1]. Fast Fourier Transform (FFT) 
implementations avoid repeating the same operations [2]. One option is to implement 
real numbers in Floating Point format. This format supports wide dynamic range and 
avoids issues like scaling and overflow/underflow. In floating point format standards 
like IEEE-754 [3] a real number is described by one bit for the sign (sgn), a number of 
bits for the significand (c) and a signed exponent (e) for a base b such as 2 or 10. More 
specifically, the real number can be expressed as (-1)sgn×c×be. Floating point format is 
implemented with complicated hardware. In Fixed Point format multiplications and 
divisions by 2 can be implemented with simpler circuits but the outcome of these 
operations may have scaling and overflow/underflow issues. In fixed point format, if 
for example, base b=2 is used, 8 bits are allocated for the whole number and 5 of the 8 
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bits are used for the fraction then 10101101 corresponds to the real number: 
1×22+0×21+1×20+0×2-1+1×2-2+1×2-3+0×2-4+1×25=4+1+1/4+1/8+1/32= 5.40625.  

The representation of the real numbers is very important to computationally 
intensive operations like FFT. Due to the FFT’s high complexity, the real numbers 
have to be implemented preserving a minimum word length, otherwise severe 
rounding errors occur. The limited precision of fixed-point arithmetic for different FFT 
algorithms is studied in [4] where radix-2 Decimation-In-Time (DIT) FFT is examined 
due to its higher accuracy in term of signal-to-quantization-noise ratio. In [5] the 
round-off error of fixed point FFT is investigated while the results of the classic paper 
[6] are reproduced and an error in the results presented in [6] is demonstrated. The 
consequences of the violation of the assumption for almost pure sine waves is also 
investigated in [5]. Radix-4 FFT is used in [7] where input quantization and coefficient 
accuracy is ignored. The error in Radix-2 butterflies is analyzed in [8].  

The analysis for the FFT word length presented here concerns an OFDM transceiver 
that has been recently presented in [9]. In this OFDM transceiver undersampling is 
applied when sparse information is exchanged i.e., some FFT input samples are not 
obtained by the Analog Digital Converter (ADC) on the receiver side and are replaced 
by others that have been previously retrieved. A configurable FFT has been developed 
in synthesizable Very high-speed IC Hardware Description Language (VHDL) in the 
context of this paper in order to test the effect of limited word length in the 
representation of the FFT parameters. These parameters include inputs, outputs, 
twiddles and the intermediate results. The following combinations were studied here: 
FFT size N of 256 or 1024 points, q=16 or q=4 QAM modulation, two subsampling 
frequencies (R2=N/4 and R8=N/16) and sparseness levels up to 10%. Fixed point word 
lengths of 8 or 6 bits are tested. The Normalized Mean Square Error (NMSE) and the 
Symbol Error Rate (SER) are measured. The NMSE and SER are severely degraded if 
6 bits are used. However, if 8 bits are used as FFT word length, the quantization error 
is negligible compared with the one caused by the undersampling procedure.  

The OFDM and FFT architectures as well as the proposed undersampling method 
are described in Section 2. The simulation results are discussed in Section 3. 

2   OFDM and FFT Architectures 

In [9], wired and wireless OFDM transceivers are described and undersampling is 
supported during sparse information exchange: some input samples of the receiver FFT 
can be omitted and replaced by others. In this work, we use the wired OFDM transceiver 
model in order to study the rounding effect in the FFT. The input of the OFDM 
transmitter is encoded generating a parity bit stream. If q-QAM modulation is used, 
log2(q) bits from the interleaved parity/data bit streams are mapped to the corresponding 
constellation symbol Xk (0≤k<N). At the input of the N-point IFFT, q-QAM symbols 
are arranged in a proper order and the symbols xn (0≤n<N) are generated at the IFFT 
output. The reverse procedure is followed on the receiver where the symbols yn=xn+zn 
form the N-pointt FFT input. The symbol zn is Additive White Gaussian Noise (AWGN) 
noise. The output of the FFT are N, Yk symbols. An appropriate error decoder such as 
Viterbi corrects a number of errors using the parity bits, avoiding packet retransmission 
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The parameters yn, Yk are the N, DFT input, output symbols and Xk, xn are the N, 
Inverse DFT (IDFT) input, output symbols respectively. The twiddle factors w are 
defined as !!" = ##$"/!. The xn symbols of the OFDM transmitter IDFT output are sent 
over the communication channel and they are received as yn at the input of the receiver 
DFT module. FFT reduces the O(N2) operations required by DFT to O(N∙logN). FFT 
building blocks are the Radix-r butterflies. Radix-2 butterflies operate on a pair of inputs 
(y1 and y2) that are defined as follows [10] for Decimation in Time (DIT) FFT: 

%(2() = ∑ (+#&_((,) + +#&_)(,))!!/#&*
!
"+,
*-. . 

(1) 

%(2( + 1) = ∑ (+(#&0,)_((,) − +(#&0,)_)(,))!!/#2*
!
"+,
*-. . 

(2) 

The FFT input yk is split in two parts: yk_a and yk_b. In Radix-4 butterflies, 4 pairs of 
inputs are used and radices that are not powers of 2 (such as Radix-3, Radix-5) can 
also be employed. Decimation in Frequency (DIF) differs from DIT in the fact that the 
order of the butterfly inputs and outputs is bit reversed. The FFT software 
implementations are slow and thus, most of the modern telecommunication systems are 
based on hardware implementations. 

There are log2(N) stages in the N-point FFT implemented in this paper. The real and 
imaginary parts of the stage p inputs are stored in a pair of buffers. A pair of operands 
are accessed through ports rp1 and rp2 while a pair of values can be stored to the buffer 
through write ports wp1, wp2. Each one of these read or write ports has size d. The 
twiddle factors w, are retrieved from a ROM with N/2p+1 size at stage p. Each Butterfly 
block performs the following calculations: 

0#1!(3+,),2 = 0#133,2 + 0#133#2 ∙ 0#{5!} − 7({33#} ∙ 7({5!}. (3) 

7(1!(3+,),2 = 7(133,2 + 0#133#2 ∙ 7({5!} + 7({33#} ∙ 0#{5!}. (4) 

0#1!(3+,)#2 = 0#133,2 − 0#133#2 ∙ 0#{5!} + 7({33#} ∙ 7({5!}. (5) 

7(1!(3+,)#2 = 7(133,2 − 0#133#2 ∙ 7({5!} − 7({33#} ∙ 7({5!}. (6) 

The sparseness level S is the fraction of the non-zero bits in the input data stream 
and is expected to be small (e.g., 1%-2%) if the input data are sparse. Many q-QAM 
symbols are expected to be equal (Xc) due to data sparsity and they form an IFFT input 
set with appropriate structure. A number of samples in this FFT input set are expected 
to be equal (due to the input sparseness) and they can replace each other. The ADC in 
does not need to sample all the values since some of them can be replaced by others 
already received. The ADC sampling rate can thus be reduced on the receiver for lower 
power. The OFDM undersampling method proposed for wired channels is based on 
the following DFT property: 

8* = ,
! (∑ 92!!2*!+#

2-.,#,.. +∑ (92 − 920!")!!
2*

!
"+,
2-,,6.. ). (7) 
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8*0!" =
,
! (∑ 92!!2*!+#

2-.,#, −∑ (92 − 920!")!!
2*

!
"+,
2-,,6, ). (8) 

The outputs and of the IDFT are equal, only if = and k is odd. 

In this case (and thus: ) can be replaced by xn (yn). On the receiver, up to 

half of the symbols placed in odd positions with n>N/2, can be substituted by others. 
The ADC on the receiver can operate at half speed, 50% of the time in this case. The 
maximum number of substituted samples is R2=N/4 but this value would make sense 
only if all inputs are 0, otherwise a high error floor occurs. If the value of R is smaller, 
the error may be acceptable.  

4   Simulation 

The effect of the rounding error caused by the limited FFT word length is studied 
through simulations. The two metrics used, are the Normalized Mean Square Error 
(NMSE) and the Symbol Error Rate (SER). If it is assumed that an FFT output Y 
corresponds to IFFT input X, its NMSE error can be expressed as : = ‖% − 9‖##/‖9‖##. 
There is an area on the QAM constellation plane where Y is recognized as X due to 
shorter distance compared with the neighboring constellations. Although the NMSE is 
not 0 in this case this error does not affect SER. If e.g., Y is recognized as a different 
16QAM symbol than X, only one of the 4 data bits that correspond to this constellation 
would be inverted. Thus, the effect of this error on the Bit Error Rate (BER) would be 
4 times lower than on the SER. 

    
(a)         (b)    

Fig. 1. Sparse images used to define the IFFT input structures tested in this paper.  
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(a)          (b) 

  
(c)         (d) 

Fig. 2. Combination C1. NMSE (a), SER (b) with 6 and NMSE (c), SER (d) with 8-bits word.  

If two numbers of nb bits are multiplied, the rounding error is between . If 

and if the error probability is uniform (1/ds), then the error variance is: 

. The rounding noise for N-point FFT is up to [11]: =78 = 9#"
: (>?@#A − 2). The 

undersampling error for 16QAM as explained in [9] is =;8 = (0 ∙ B ∙ √2DEF −
1G>?@#F)#. The simulation results presented in this section highlight the cases where 
selecting appropriate number of bits nb makes PRE<<PUE. Three representative 
combinations are examined: C1) N=256, 16QAM, C2) N=256, 4QAM (Quadrature 
Phase Shift Keying-QPSK) and C3) N=1024, 16QAM. Data are taken from sparse 
images like the ones shown in Fig. 1. The IFFT input packets formed have sparseness 
S between 5% and 30%. This is too high for the proposed undersampling procedure as 
explained in [9] but these IFFT input packets will merge with several others consisting 
of only Xc symbols (S=0). Thus, a projection is also used to display how NMSE and 
SER changes according to S. 

Fig. 2 shows the simulation results for combination C1. When 6 bits (with 3 bits 
fraction) are used, truncation (“Trunc”) caused by limited word length plus 
undersampling error makes the quantization error much higher than the undersampling 
error alone (“NoTrunc” cases). However, the error is almost identical and equal to the 
undersampling error when 8 bits (with 5 bits fraction) are used i.e., the quantization 
error is small in this case.  

2
2 )1( --

±
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)1(2 --= bn
sd 12/2sd
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(a)          (b) 

  
(c)         (d) 

Fig. 3. Combination C2. NMSE (a), SER (b) with 6 and NMSE (c), SER (d) with 8-bits word.   

  
(a)         (b) 

 
(c)         (d) 

Fig. 4. Combination C3. NMSE (a), SER (b) with 6 and NMSE (c), SER (d) with 8-bits word.  

Similar conclusions can be drawn from Fig. 3 and 4 for combinations C2 and C3, 
respectively. It should be noticed that the undersampling error is quite small with 
QPSK (C2) especially with R8, making the quantization error relatively high even 
when 8-bit word length is used. In the C3 combination, different NMSE values lead to 
similar SER behavior. NMSE can be drastically reduced when 8-bit word length is 
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selected. Fig. 5 shows how the NMSE, SER can be projected in the range S=[0..10%] 
for one of the cases (C3). Similar plots can be retrieved for C1 and C2. 

  
(a)         (b) 

Fig. 5. NMSE (a) and SER (b) projection for C3 in the range S=[0..10%]. 

5   Conclusions 

The effect of the selected FFT word length in an OFDM transceiver supporting 
undersampling when sparse information is exchanged as in the case of IoT sensors, 
surveillance cameras, etc. was studied. Simulation on three combinations of FFT size 
and QAM modulations, showed that the use of 8-bits in the FFT word length was 
adequate in order to keep the power consumption and complexity low. 
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Summary 

The challenge to meet 2050 food demands while minimizing or reserving 
environmental harm from agriculture will be critical if we are to ensure that agriculture 
is sustainable in terms of healthy soil, clean water, greenhouse gas balance or economy 
viability. A key aspect is to increase production through optimized use of the available 
natural resources with a minimal environmental impact. Recent work has shown that 
fertilizers can be used with much greater efficiency than is currently the case in many 
of Europe’s cropping systems. The iFAROS project, funded by ICT-AGRI, is 
developing a multi-source digital farming system for site-specific nitrogen application 
in winter wheat (Triticum aestivum L.), which is the most important crop in Europe 
and is produced in 56 million hectares. 

The overarching aim of the iFAROS project is to sustain and increase agronomic 
productivity and environmental performance for small European farmers. The 
technical objectives of the iFAROS project are: (1) To develop a new cloud-based 
application, acting as an intelligent middleware with data analytics capabilities, for the 
collection, storage and integrated processing of the data coming from and related to 
agricultural production, deriving from data sources such as farm machinery, UAVs, 
Wireless Sensor Networks (WSN), and other sources of open data at the farm and at a 
regional level; (2) To realize better decision-support algorithms for farm management 
and operations. In particular, this will include the creation of application maps for VRA 
of fertilizers, yield prediction, and the reporting for whole-farm management 
productivity costs; and (3) To apply the produced site-specific management fertilizer 
application map in an automated manner by utilizing ISO 11783 (ISOBUS). To 
achieve this, specific hardware had to be designed and validated. 
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The system allows the connection of a commercial nitrate soil & NDVI crop sensor 
and its bridge into the tractor communication infrastructure.  To reach bi-directionality, 
not only  information  from  the  device  is  sent  to  the  cloud  platform  but  also  file  
transfer between the cloud services and the tractor is supported. In this regard, the 
integration of information systems from satellite/UAV data as well as from proximal 
remote sensors, and the automated generation of management zones are carried out in 
such a way that it can be adapted to a suitable form for end-user devices. A unifying 
layer (middleware) was developed to interconnect the components in the tractor with 
the information from the remote sensing database, creating a set of common network 
communication protocols principles (Open API) between the vehicle devices and 
cloud platform. 

The results of the first year highlight the technical characteristics and the 
information flow of the developed middleware as well as the developed hardware, 
which enables the automated collection of ISOBUS data.  Furthermore, the hardware 
acts as a gateway between the FMIS and the tractor terminal by downloading the 
developed site-specific nitrogen application to the Task Controller of ISOBUS. 

Keywords: Precision farming; sustainability; site-specific fertilization. 
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Abstract. Within the context of the European Union member states 
cross-collaboration for the delivery of seamless e-Government systems, the 
cross-border strategies have flourished during the last few years across Europe. 
Specifically, worldwide various innovative programs have been implemented 
and a considerable number of initiatives took place for upgrading these 
systems or announcing new ones mostly based on advances on Artificial 
Intelligence. In addition, the integration of new emerging technologies (Cloud 
Computing, Big Data and Internet of Things) into existing or designing new 
systems and services, combined with the use of readymade platforms in 
Europe of e-Authentication, e-Signature and e-Identification opened up a new 
perspective on cross-border e-government for security-sensitive areas such as 
Life Sciences (e-Health, e-Banking, e-Immigration, Smart Agriculture, e-Food 
etc). Meanwhile, the variety and complexity of e-government initiatives 
implies the existence of a wide range of challenges and barriers to its 
implementation and management. This paper mainly focuses on identifying 
and overcoming the implementation challenges of cross-border e-government 
systems as European governments must make efforts to fill in the gaps and 
barriers across several categories, including organizational, semantic, 
technical, policy and regulation issues, such as lack of government integration, 
privacy, heterogeneous national systems and lack of shared standards and 
compatible infrastructure among EU countries. 

Keywords: e-Government systems; Implementation issues; Authentication; 
Electronic Identification; Cloud Computing. 

1...Introduction 

In the light of the required cross-border mobility, the level of maturity of e-Gov 
services, provided by the Member States of the European Union has increased 
significantly, gaining more and more of the trust of citizens and businesses. Existing 
government e-services are an important part for the development of many sectors, 
such as of economy, employment, agriculture, health, at national and cross-border 
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level [1]. According to recently published reports, they also increase the innovation 
index, create new services for businesses, contribute to budget savings, increase 
public revenues and ultimately create the conditions for the development of new 
business activities and jobs [2]. 

The perspectives of promising cross-border cooperation between EU Member 
States can create many challenges, which have already been designed at operational, 
semantic and technical level by the European Union. However, the driving forces are 
the innovative European Programs (Interreg, One-Stop-Government and 
“Once-Only” Principle Projects (TOOP)) [3][5], which carried out actions of 
cross-border cooperation and laid the foundations for further development of the 
existing government systems. For the last 5 years, at European level, there has been a 
hodgepodge of actions and programs, all of which tried to provide integrated 
e-government systems, but the provision of such systems remains fragmented. It is 
clear that borders are a complex multidimensional phenomenon in Europe as there 
are many dimensions that need to be addressed (political, economic, legal, technical, 
linguistic and cultural) in order for the cross-border cooperation to deliver results [4] 
[6]. 

The need for secure and reliable e-services is a key objective for the European 
Union and the governments of the Member States which to a large extent were 
treated primarily as national affairs. However, e-government services are in a 
dynamic process of Europeanization and very careful steps must be taken to remove 
chronic vulnerabilities within existing systems of Life Sciences (e-health, e-justice, 
e-banking, e-migration, e-agriculture, etc.) at a cross-border level [7]. 

Certainly, now the ready-made software platforms e-Authentication (e-AU), 
e-SIGNatures (e-SIGN) and e-Identification (e-ID) and, in conjunction with 
emerging technologies (Cloud Computing, Big Data and Internet of Things) shape 
the roadmap for transforming existing services into smart cross-border ones, offering 
increased security, standardization and interoperability. Along with these 
perspectives, the proposed smart cross-border government systems (SCBeG) that 
incorporate innovative technological features to be utilised in order to solve some of 
the issues which are mentioned below [6]. 

It is clear that for transforming the national government agencies in order to 
function reliably and fully functionally at the cross-border level, important 
parameters of each system must be considered, as each member state of the European 
Union has its own peculiarities and unique characteristics. A representative example 
is the health sector as it is considered to be one of the most data sensitive sectors as 
health professionals continue to face different (potential) obstacles due to 
dissimilarities of rules between MSs, various (cross-sectorial) administrative 
requirements and unspecified secure way of delivering patients' personal data [7][8]. 

This paper attempts to clarify the obstacles and technical difficulties that may 
arise from transforming national systems of government into a cross-border 
environment. Section 2 presents current developments in cross-border systems. 
Section 3 presents the obstacles and vulnerabilities in the integration of systems. 
Finally, in the fourth section draws conclusions from the adoption at the level of 
productive use of cross border systems. 
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2...Current Developments in cross-border systems 

Nowadays, cross-border e-government services are booming, and this is due to 
many reasons. First, the need to transform national government systems was 
imperative as the world trade is flourishing rapidly, the movement of citizens within 
European borders is continuous and the central government of each Member State 
was Europeanized, acting as a cross-border bridge. It is obvious that the European 
citizen should be able to use any e-government service of his country, wherever he is, 
for instance, his medical history, his criminal record, even for a document from the 
registry office of his city [9]. 

Secondly, the contribution of cross-border cooperation between EU Member 
States, known as Interreg A, launches a European territorial cooperation, which is 
divided into internal and external border cooperation [10]. This European model 
divides Member States into structures, which usually consist of public authorities 
(municipalities, regions, counties, regions) from different countries, organized into 
working communities, European regions or EGTCs (European Grouping of 
Territorial Cooperation) [11].   

European programs running at the moment significantly promote maturation and 
upgrading of existing cross-governmental systems, while laying the foundations for 
new smart cross border systems that will fit perfectly into European standards and 
will face obstacles to necessary and imminent transformation of national government 
systems [12].  

The European Commission has taken concrete actions to develop cross-border 
digital public services and, through integrated and customer-oriented mechanisms 
(One-stop Government and Once-Only Principle Project (TOOP)) [5], aims to 
implement automated, secure and reliable e-government services. Citizens and 
especially businesses can benefit significantly from the implementation of the 
aforementioned projects as they will be able to complete their legal obligations with 
reduced administrative burden, time savings and cost minimization. At the same 
time, the data that will be handled during the transactions of the public 
administrations will always remain under the protection and the consent of the 
companies involved, applying with the EU data protection legislation [13]. 

Clearly, the contribution of European actions is crucial as they define the models 
that encourage the design of sophisticated e-government systems to address technical 
and organizational problems, and in particular the secure exchange of personal or 
confidential information. However, from a technical point of view, the integrated 
European projects have left behind important tools, which can ensure the required 
security, interoperability and seamless operation of cross-border systems. The 
ready-made platforms of e-AUthentication (e-AU), e-SIGNature (e-SIGN) and 
e-IDentification (e-ID), which are deliverable of the pan-European STORK 2.0 
project, created a single Electronic Identification and Authentication area for Europe. 
Expecting this foreseeable development, ongoing European eGovernment projects 
are based on experience and previous work from relevant projects (eg STORK, 
STORK 2.0, e-SENS, e-CODEX and PEPPOL) in order to fill the existing gaps and 
obstacles, for which this document aims to propose solutions [14] – [18]. 
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However, in order for a natural or legal person of a particular state to be able to 
enjoy the E-Gov services offered by another EU state, the administrations and their 
respective information systems must have the appropriate technical infrastructure to 
interact with each other. The following figure shows the interactions required to 
enable a cross-border transaction between the public administrations of two Member 
States [19]. 
 

 

Fig 1. Transactions for the provision of public e-services at the cross-border level. 

The first type illustrates the process required for the direct interaction between the 
businesses and citizens of one state with the public administrations of the other state 
(Administration-to-Business (A2B) and Administration-to-Citizen (A2C)) and the 
second concerns the process between the public administrations of the states 
involved but with the central administration of the EU 
(Administration-to-Administration (A2A)) [20]. 

Now, milestone in the functioning of cross-border government systems is eIDAS 
(electronic IDentification, Authentication and trust Services) regulation, which 
entered into force on 17 September 2014 and is effective from 1 July 2016 except 
some of its specific provisions contained in Article 52. All organizations providing 
digital services in an EU Member State must recognize electronic identification by 
all other EU Member States from 29 September 2018. The purpose of eIDAS is to 
monitor electronic authentication and trust services for electronic transactions within 
the EU Single Market. It regulates digital signatures, electronic transactions, the 
authorities involved, but also the integrated procedures to provide a secure way for 
users to manage their affairs online such as electronic funds transfer or transactions 
with public services [21][22]. 
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Fig 2. Schematic sequence of an authentication 

Greece has fully implemented the eIDAS regulation, which has been incorporated 
in the majority of its public administrations and organizations. As recently 
announced by the President of the Athens Stock Exchange, the organization has 
managed to deal with bureaucratic issues, while at the same time, as a provider of 
Electronic Signature Certification Services, it is evaluated every year according to 
the WebTrust for Certification Authorities standard [31]. The other banking and 
academic organizations are moving in the same direction, as the former, through the 
eIDAS regulation, have benefited significantly, offering their customers increased 
security, greater data accuracy, less time-consuming procedures and a larger 
customer base while the latter use EIDAS node to ensure the connection of the 
Erasmus Exchange Student Identification Service (i.e. student mobility service) [32]. 

For the effective handling of complex cases in areas demanding global security for 
cross-border applications, in conjunction with the provided e-ID Interoperability 
Framework, which consists of several national nodes acting as pan-European proxy 
server services (PEPS) or intermediate devices (MW solution)), the use of emerging 
technologies Cloud Computing (CC), Internet of Thinks (IoT) and Big Data (BD) 
will offer unique features to existing cross-border systems. Therefore, the proposed 
Smart Cross Border e-Government (SCBeG) systems, making full use of ICT 
innovations and able to meet the requirements of the ever-changing and highly 
demanding cross-border environment [23] - [25]. 

However, there are similar European initiatives in the field of agriculture, as 
efforts are made to remove barriers to agricultural trade between countries to increase 
economic growth and access to safe, nutritious food at the cross-border level. 
Indicatively, a recent pilot project, AGROPOL, launched by the EC, provides 
practical guidance to strengthen agricultural production and the food industry 
through cross-border cooperation [34]. In the field of agriculture, the eIDAS 
regulation enables farmers, through their eID, to register areas across the border in 
the system of foreign agricultural services. This perspective will allow them to 
comply with EU law as, on the one hand, the animals do not cross the national 
borders, especially in mountain pastures and on the other hand in cases of declaration 
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of mountainous, unregistered areas. An example is the German-Dutch and 
Dutch-Belgian borders [34]. In addition, current technological advances, using the 
eIDAS approach, could also help farmers by providing secure transactions on foreign 
agricultural public agency portals, in order to apply for subsidy or registration of 
cattle.  

More specifically, the steps that a farmer has to take from state A to state B are 
shown in the figure 3. The farmer, from state A, uses the eIDAS credentials, which 
were issued to him to connect the web portal (1). The system redirects the farmer to 
his national eIDAS node, where the required identification is performed (2) (3). 
Finally, the system when identifies the farmer provides him access to the provided 
electronic services (4) (5) [24]. 

Today, farmers and small and medium-sized agricultural enterprises, using smart 
government systems have decisive benefits, have the ability to further minimize 
bureaucracy, costs and time required in normal transactions. In addition, with the 
emerging technologies (IoT, AI, RFID, GPS and CC), farmers can automate a variety 
of processes, which until recently were laborious and required its physical presence 
in the field [35]. Thus, processes such as soil and plant monitoring, environmental 
monitoring and control systems and monitoring of important farm data (soil 
component, soil moisture, light, wind and air) are now available from any portable 
device. Therefore, galloping technology will significantly benefit the agricultural 
production sectors, providing increased profitability, sustainability and food safety 
and improving input efficiency [1]. 
 

 

Fig 3. Agricultural e-service Web Portal Authentication Process 
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3...Barriers to the implementation of Cross-border E-Gov Systems 

According to the European Interoperability Strategy (EIS) and other responsible 
organizations working to provide reliable and uninterrupted cross-border government 
services, interoperability is mentioned as one of the key aspects. However, equally 
important parameters, such as accessibility, security and protection of personal data, 
imply a wide range of challenges and obstacles in their implementation and 
management. The following figure shows the relations between the initiatives of the 
European Interoperability Framework [25] [26].  
 

 

Fig 4. Interoperability initiatives to establish European cross-border public services 

 

3.1...Accessibility 

Ensuring equal opportunities for all through open, inclusive e-government systems 
is crucial to making them accessible to the public without discrimination. Interface 
design must follow some generally accepted principles in order to ensure access for 
people with disabilities and to offer support in a language that is understandable to 
the user. The Web Accessibility Guidelines set up by the Word Wide Web 
Consortium of the Web Access Initiative must be followed [17]. 
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3.2...Multilingualism 

A wide variety of languages is used in the services offered in Europe. At the 
presentation level (front office and Internet sites - the level at which citizens and 
businesses interact with administrations), language is clearly an important factor in 
the effective implementation of cross-border e-Government services. 

At the back-office level, the basic architectures should be linguistically neutral, so 
that multilingualism does not become an obstacle to the provision of HD services. If 
neutrality is not possible (eg in XML-systems), provisions should be made to 
facilitate translation mechanisms. Three common mechanisms that can address the 
issue of multilingualism are: a. separated instances for each language, b. shared 
content with a dynamic language switching and c. machine translations.  

However, in the field of machine translations, with the help of artificial 
intelligence and Cloud Computing, a cross-border government service will be able to 
directly multi-language, based on neural network-based AI translation, interacting 
with the user, using innovative techniques such as Conversational User Interface 
(CUI), Machine Learning (ML) and Natural Language Processing (NLP) [30]. 

3.3...Security 

Reliable exchange of information is carried out in accordance with established 
security policy. This is achieved by carrying out appropriate risk assessment actions, 
before the final definition and implementation of services and appropriate security 
measures. This principle also applies to cross-border services. 

In this case, EU Member States will have to consider their own security policy and 
reach agreements to define a common security policy and a clear regulatory 
framework at a pan-European level. Indicatively, it is stated that Article 13 of the 
Security Council applies to the exchange and promotion of personal data. 

However, Authentication Platforms (e-AU, e-ID, e-SIGN), in conjunction with the 
emerging technologies that have emerged below, have set up a strong security 
framework, which of course needs to be constantly revised as network security 
threats (cyber terrorism, cyber espionage), advanced permanent threats, mixed 
threats, etc.) are constantly changing as vulnerabilities are discovered in both 
established and newly established systems and solutions are needed to address these 
threats.  

It is obvious that the existing technological achievements could ideally be applied 
in the field of e-agriculture, especially in precision agriculture. The US Federal 
Bureau of Investigation (FBI) has released a guide that draws attention to the dangers 
posed by the increasing use of technology in Smart Georgia. Precision Agriculture 
generates huge amounts of data and related security crises. There are challenges 
regarding the use of data, storage method and ownership. Even since the early 
introduction of data generating precision agricultural data, there have been concerns 
from farmers themselves about how and where the data is stored and used. The data 
extracted by farmers are just as sensitive as other sectors and contain personal data of 
producers and their staff. Some of these may be the financial status of the farms 
concerned, crop yield data, property sites, and more. One proposed solution is the use 
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of Ciphertext (CP-ABE) policy-based encryption, which could be applied not only to 
e-farming systems but to all cross-border government systems [27] [29]. 

3.4...Privacy 

Cross-border electronic services should ensure a uniform level of protection of 
personal data, including measures, in which individuals have the right to choose 
whether their data can be used for purposes other than their original use. Data 
processing information should also be provided to anyone interested. However, all 
the above and the work on interoperability should be in line with the latest General 
Data Protection Regulation (GDPR), which was issued on 25 May 2018. 

3.5...Subsidiarity 

The guidance provided by the European Interoperability Framework concerns 
only the cross-border level of services. In accordance with this principle of 
subsidiarity, this guidance does not affect the internal functioning of administrations 
and national agencies, and each EU Member State should accommodate the 
necessary measures to ensure the subsidiarity of its systems across borders [25]. 

3.6...Policy and Regulation 

A spectrum of new guidelines, policies, laws and governmental changes is needed 
for the pursuit of cross border e-government systems principles in order to address 
electronic activities including archiving, signatures, identification, data protection, 
intellectual property rights and copyright matters. 

The forming of protections and legal amendments will be required in order to 
ensure in addition to further elements, privacy, security and legal acknowledgement 
of electronic signatures and interactions. A holistic approach which is not focused 
solely on technology must be incorporated for this effort to be successful. Similarly, 
new policy conditions and legal reforms may have to be embraced before the smooth 
functionality of the online world. Significant project complication or stopper can be 
caused by archaic laws, old regimes of regulation and contradictory authorities.     

4...Discussion 

Cross-border government services have been at the forefront for a number of years 
now and all indicate that they will be at the spearhead in the future as they offer 
significant advances in further development of applications in almost all areas and 
Life Sciences applications such as health, agriculture, justice, commerce and etc. 
However, key enablers for further penetration of cross-border e-services are security, 
personal data protection and interoperability. Meanwhile, ready-made authentication 
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platforms (e-AU, e-ID, e-SIGN), in combination with emerging technologies (CC, 
IoT, BD and AI) offer basic conditions for additional development in specific 
data-specific application areas, such as e-agriculture, namely precision agriculture. 

Interoperability between Member States' public administrations is a prerequisite 
for the provision of cross-border services. Accessibility, multilingualism, security, 
subsidiarity, the use of open standards and the protection of personal data are the 
principles of well-functioning systems and at the same time, the reason for upgrading 
existing systems to smart ones. 

Although in recent years a multitude of European programs and initiatives have 
been implemented to mature the existing cross-border systems technologically and 
institutionally, a lot remains to be done in order to remove obstacles and address the 
issues of cross-border systems and e-government services. 
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Abstract. The case study investigates the behaviors of the residents on a Greek 
Island in the Aegean Sea, where there is a sanitary landfill and disposal is the 
main solid waste treatment method implemented. With the use of hierarchical 
log-linear analysis certain correlations were examined including the citizens’ 
quality of life, the performance of waste collection system, the location and 
allocation of waste containers, the cleanliness services provided, environmental 
consciousness in everyday life, awareness level on recycling and general waste 
management issues. 

Keywords: waste collection; attitudes; hierarchical log-linear analysis; quality 
of life; municipal solid waste; behaviors. 

1   Introduction 

Municipal solid waste management (MSM) has been proven to be one of the pivotal 
challenges for modern societies resulting from the increasing global population and 
urbanization [1]; while, it is a fact that the citizens’ quality of life is highly dependent 
on efficient waste management [2]. To this end, the examination of the citizens’ views, 
behaviors and attitudes is of outmost importance in order to define the most effective 
policies and strategies towards environmentally friendly, energy efficient, cost-
effective, and socially acceptable solutions. Moreover, it should be stressed that the 
citizens’ pro-environmental behavior is a major factor in waste management process 
[3]. Therefore, a foreword towards integrated waste management planning means that 
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the citizen’s participation in decision making should be considered as granted. 
According to Gallardo et al. [4], a primary stage in effective planning is the definition 
of the waste generation and composition patterns of an area, which depend on various 
socio-economic characteristics, while there are certain differentiations on dense areas 
and rush hours. The latest consequently affects the organization of waste collection 
systems in terms of routes, nodes and collection frequencies. 

The aim of this paper is to analyze the residents’ behaviors and attitudes concerning 
the operation effectiveness of the municipal solid waste management on Samos island, 
where the only MSM infrastructure is a sanitary landfill.  

2   Methodology  

The study area was the Island of Samos in the Eastern Aegean Sea in Greece. 
Administratively, Samos belongs in the Region of North Aegean and at the Regional 
Unit of Samos. In the island there are two municipalities and a sanitary landfill in the 
area of Kamara, in the east part of the island. 

Simple random sampling was used due to its simplicity, since it requires the least 
possible knowledge of the population compared to other methods [5]. The estimation 
of the proportion of the population and the estimation of the standard error of the 
proportion of the population sp, were given by the formulas of simple random sampling 
[6]. Separate pre-sampling of 50 individuals carried out in order to calculate the size 
of the sample, which was estimated for every quantitate and qualitative variable 
according to the formulas of simple random sampling, where t = 1.96 and e = 5% [7]. 
The sample of the sample was estimated to 400 inhabitants for possibility (1-
α)100=95%, e=0,049.  

Hierarchical Log-linear Analysis was used to examine two groups of variables. 
Prior to the application of Hierarchical Log-linear analysis, the expected frequencies 
in the contingency table were examined [8]. Classes were grouped together in order to 
satisfy the criteria mentioned by Tabachick and Fidell [9]. For the data analysis the 
Statistical Package for Social Sciences (SPSS 16) was used. The collection of the 
questionnaires was conducted in 2018. 

3   Results 

The residents of Samos state to be satisfied in a percentage of 39.5%, 17.8% very 
satisfied and 6% absolutely satisfied with the quality of live provided in the island they 
live; while, less satisfied are the 26.8% and not at all satisfied the 10%.  

Slightly more negative rates are also observed for the satisfaction they have with 
the cleanliness services provided. In particular, 37.8% reckon to be less satisfied, 36% 
satisfied, 12.5% not at all satisfied, 12.3% very satisfied and 1.5% absolutely satisfied. 
According to recent findings [10; 11; 12] waste management plays a crucial role for 
the society as it closely affiliated with the citizens’ quality of life. 
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Addressing the frequency of the waste collection system 45% of residents claim 
that they are satisfied, 33% are less satisfied, 13.8% are very satisfied, 5.8% are not at 
all satisfied and 2.5% are absolutely satisfied. More specifically, concerning the 
emptying of the waste containers on a weekly basis, the 9% of the residents notice that 
it takes place once a week, the 20.8% twice, the 26.2% three times, the 14.5% four 
times, the 15% five times, the 10% six times, and the 4.2% every day; the 0.3% did 
not answer this question. It should be noted that there is a positive correlation between 
the generated waste and the popularity of the streets, which in turn requires the proper 
selective collection nodes respectively [13]  

The frequency of routes for the waste collection is related to the number of the 
existing waste containers [14] and consequently to the distance from their users. The 
distance from the citizens' residence and the waste containers according to the 33.3% 
of the residents is estimated as being between 16 to 50 meters, the 27% state to be 
between 51 to 100 meters, the 23% notes that the containers are far from their houses 
of less than 15 meters and the 16.8% that the containers are farther than 100 meters. 

The fact that the containers are under a constant change of position proves that the 
residents are annoyed by their presence. Indeed the 21.3% affirms that it is true while 
the 78.8% disprove this fact.  

The placement of disinfecting clean waste containers for proper hygiene outputs 
and foot operated opening mechanism by means of a pedal that ensures that the lid lifts 
automatically, are two features that tend to make the presence of containers more 
acceptable by the residents. In the case study it seems that the maintenance of the waste 
containers is satisfactory in Samos, yet, a low percentage of 6% residents claim to 
dispose their waste out of the waste containers when they are filled. It should be noted 
that most of them (94%) place their waste inside the containers. Unfortunately, an 
important percentage (25.5%) declare that they have unconsciously dispose waste on 
the street, while the 74.5% of the residents has never adopted this attitude.  

Prior to the initiation of the log-linear analysis (in particular the hierarchical), it is 
intentional to examine the size of the expected frequencies in the crossing table. Is it 
therefore observed that the only anticipated frequency lower than 5 is 3.4. Therefore, 
no anticipated frequency is lower than 1 and only one is lower than 5; hence, there 
exists no problem with low anticipated frequencies. We further observe that there is a 
disparity between the observed and the anticipated frequencies. This means that the 
assumption of full independency between these three criteria is incorrect. Through the 
application of Hierarchical Log-linear analysis, in both cases (municipalities) after the 
removal of the third-class degree of correlation, it was established that the most 
appropriate model was the one which included the impact and the interaction of the 
variables divided by two.  

Hierarchical Log-linear analysis was implemented for the variables “provision of 
cleanliness services”, “distance between the residents’ households and the waste 
containers”, “waste containers emptying” and “waste containers change of position”. 
There was no interaction per 4 ή 3 criteria, because the X2 for Pearson’s test is 4.624 
with probability (p) = 0.593 and because the X2 likelihood ratio is 4.816 with 
probability (p)= 0.588. The representations are the following: 
• Residents that are absolutely satisfied to satisfied with the cleanliness services 

provided report that the waste containers are emptied four to seven times a week. 
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On the other hand, those who are not at all or less satisfied with the cleanliness 
services provided claim that the waste containers are emptied from one to three 
times a week (Table 1). 

• Residents who declare that their home is within 50 meters of the waste containers 
report that the waste containers are emptied four to seven times a week. On the 
other hand, those who state that their home is more than 50 meters away from the 
waste containers affirm that their containers are emptied one to three times a 
week (Table 2). 

• Residents who state that they are absolutely satisfied to satisfied with the 
cleanliness services provided report that their home is within 50 meters of the 
waste containers. While, those who say they are not at all satisfied with the 
cleanliness services provided say that their home is farther than 50 meters away 
from the waste containers (Table 3). 

• Residents who are absolutely satisfied to satisfied with the cleanliness services 
provided state that the waste containers are not often moved. Whereas, those who 
are not at all or less satisfied with the cleaning services provided reckon that the 
containers are often moved (Table 4). 

• Residents who report that their home is within 50 meters far of the waste 
containers regard that the containers are not often moved. On the contrary, the 
ones report that their residence is farther than 50 meters away from the containers, 
state that the waste containers are often moved (Table 5). 

Table 1. Cross tabulation of variables “cleanliness services provided” and “waste containers 
emptied per week”. 

cleanliness services 
provided 

  waste containers emptied 
per week Total 

  1 - 3 times 4 - 7 times 

absolutely satisfied / 
satisfied 

Count 95 103 198 
Expected count 111.2 86.8 198.0 

Residual -16.2 16.2  

less -not at all 
satisfied 

Count 129 72 201 
Expected count 112.8 88.2 201.0 

Residual 16.2 -16.2  

Total Count 224 175 399 
Expected count 224.0 175.0 399.0 
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Table 2. Cross tabulation of variables “distance (meters) from waste containers” and “waste 
containers emptied per week”. 

Distance (meters)from 
waste containers 

  waste containers emptied 
per week 

 

  1 - 3 times 4 - 7 times 

0 - 50 meters 
Count 111 113 224 

Expected count 125.8 98.2 224.0 
Residual -14.8 14.8  

> 50 meters 
Count 113 62 175 

Expected count 98.2 76.8 175.0 
Residual 14.8 -14.8  

Total Count 224 175 399 
Expected count 224.0 175.0 399.0 

Table 3. Cross tabulation of variables “cleanliness services provided” and “distance 
(meters)from waste containers”. 

cleanliness services 
provided 

  Distance (meters)from 
waste containers Total 

  0-50 meters > 50 meters 

absolutely satisfied / 
satisfied 

Count 137 62 199 
Expected count 111.9 87.1 199.0 

Residual 25.1 -25.1  

less -not at all satisfied 
Count 88 113 201 

Expected count 113.1 87.9 201.0 
Residual -25.1 25.1  

Total Count 225 175 400 
Expected count 225.0 175.0 400.0 

Table 4. Cross tabulation of variables “cleanliness services provided” and “the containers are 
often moved”. 

cleanliness services 
provided 

   the containers are often 
moved Total 

  Yes No 
absolutely satisfied 

/satisfied 
Count 24 175 199 

Expected count 42.3 156.7 199.0 
Residual -18.3 18.3  

less -not at all satisfied 
Count 61 140 201 

Expected count 42.7 158.3 201.0 
Residual 18.3 -18.3  

Total Count 85 315 400 
Expected count 85.0 315.0 400.0 
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Table 5. Cross tabulation of variables “distance (meters) from waste containers” and “the 
containers are often moved”. 

cleanliness services 
provided 

  the containers are often 
moved Total 

  Yes No 

0 - 50 meters 
Count 33 192 225 

Expected count 47.8 177.2 225.0 
Residual -14.8 14.8  

> 50 meters 
Count 52 123 175 

Expected count 37.2 137.8 175.0 
Residual 14.8 -14.8  

Total Count 85 315 400 
Expected count 85.0 315.0 400.0 

 
One practical solution towards effective waste management is the prompt emptying 

of the filled waste containers. Added to that, the less time the waste remains on the 
waste containers the less disturbances will appear in the close area such as unpleasant 
odors and hygiene matters. To this end, it would be useful for the citizens to dispose 
their waste just before they are collected [4] Unfortunately, a large proportion (32.8%) 
of citizens dispose waste to the waste containers any time of the day, 29.5% in the 
morning, 18% at night, 12.5% in the evening and 7.2% in the afternoon. 

Another important issue for the residents of Samos is that there is insufficient 
awareness on waste management. 46.3% are said to be less informed, 24% not at all 
informed, 20.3% informed, 6.5% very informed and 3% absolutely informed. Thus, 
only 15% of the residents are aware of the cleanliness regulation when the 85% of 
them are unaware of its content. 

However, it seems that they are better informed about recycling; 37% claims to be 
less informed, 30.5% informed, 14.3% not at all informed, 12.8% very informed and 
5.5% absolutely informed. Indeed, 97% of citizens consider that the products they use 
(paper, aluminium, glass, etc.) should be recycled. 

Nevertheless, they also share the opinion that waste management is a procedure that 
includes costs for them. Namely, the municipal fee they have to pay for waste 
management in Samos is regarded as neutral for the 42.3%, high for the 35.8%, very 
high for the 16.5% while the 5% and the 0.5% consider this cost as low and very low 
respectively. 

Hierarchical Log-linear analysis was applied for the variables “Provision of 
cleanliness services”, “unconsciously disposal of waste on the street”, “cost of the 
municipal fee for waste management” and sex. Therefore, there was no interaction per 
4 or 3 criteria, because the X2 for Pearson’s test is 10.567 with probability (p) = 0.307 
and because the X2 likelihood ratio is 11.404 with probability (p)= 0.249. The 
representations are the following:  
• Residents who regard they are absolutely satisfied with the provided cleanliness 

services state that the cost of municipal fees is neutral to very low. On the 
contrary, those who consider they are not at all or less satisfied with the provided 
cleanliness services claim that the cost of municipal fees is high and very high 
(Table 6). 
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Table 6. Cross tabulation of variables “cleanliness services provided” and “cost of municipal 
fees” 

cleanliness services 
provided 

  cost of municipal fees 
Total   very high - 

high 
neutral - very 

low 

absolutely satisfied / 
satisfied 

Count 80 119 199 
Expected count 104.0 95.0 199.0 

Residual -24.0 24.0  

less -not at all 
satisfied 

Count 129 72 201 
Expected count 105.0 96.0 201.0 

Residual 24.0 -24.0  

Total Count 209 191 400 
Expected count 209.0 191.0 400.0 

• The residents that have noticed that unconsciously dispose waste on the street are 
males while the ones that have not found themselves dispose waste on the street 
are females (Table 7). 

 
 

Table 7. Cross tabulation of variables “found themselves dispose waste on the street” and “Sex”. 

 

found themselves 
dispose waste on the 

street 

  Sex Total 
  Male Female 

                  Yes  
Count 51 51 102 

Expected count 40.8 61.2 102.0 
Residual 10.2 -10.2  

No 
Count 109 189 298 

Expected count 119.2 178.8 298.0 
Residual -10.2 10.2  

Total Count 160 240 400 
Expected count 160.0 240.0 400.0 
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Τable 8.  Demographic features of the respondents 

Gender male female   
 40.0% 60.0%   

Age     
18-30 31-40 41-50 > 50  
25.3% 32.3% 25.2% 17.0%  0.3% 

Marital status unmarried married divorced or widowed 

 40.5% 49.3%  10.3%  
Childhood     
without children one child two children three children more than three 

48.8% 14.5% 25.5% 8.5% 2.8% 
Educational  primary school lower secondary technical school 
level 4.5% 4.0% 9.8%  

 upper secondary technological ed. university  
 30.5% 25.0% 26.3%  

Profession    farmers or 

 private 
employee public servants self-

employed 
livestock 
farmers 

 24.0% 24.0% 18.8% 3.5% 
 students Pensioners housewives unemployed 
 7.3% 8.8% 4.5% 9.3% 

 
According to the demographic characteristics of the questioned, a major part was 

consisted of women (60%), while most of them were allocate to the total of age 
categories, half of them are married while the half of them have two or no children 
(25.5%), they are well educated mostly employed in the public and private sector. 
Finally, almost four out of ten of the residents (33.8%) are satisfied with the incomes; 
while the, 33% claim to be less, 23% not at all, the 7.8% and the 2.5% as very and 
absolutely satisfied with their incomes, respectively (Table 8).  

4   Conclusions 

The residents of Samos claim to be satisfied with their quality of life, whereas they 
assess the cleanliness service and the frequency of the waste collection system in a 
negative point of view. On the other hand, the residents who are more satisfied with 
the cleanliness services report that the waste containers are being emptied more 
frequently (4-7 times a week), they are located in the close area of their residence (up 
to 50 meters) and they are not being moved by other residents. The latest leads to the 
conception that when services are of better quality, they receive better acceptance by 
the residents they address. In addition, and according to the residents’ views there is 
an association between the acceptance of better services with the lower fee they have 
to pay at the municipality for the waste management system. Another important 
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conclusion drawn by the results was that males tend to unconsciously dispose their 
waste on the street more frequently. 

As regards the information that residents receive about waste management it is said 
to be unsatisfactory, while there is a better notion on recycling raising awareness 
issues. Accordingly, the residents’ knowledge of the cleanliness regulation is regarded 
as inadequate when at the same time their acceptance of recycling is something 
established. Eventually, it is clear from the abovementioned that raising awareness 
addressing the residents of Samos, should be examined and further extended on the 
general framework of waste management schemes. 
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Summary 

The digital divide is nothing more than a reflection of the existing, varied and 
diachronic social differences in the modern information world, conveying inequalities 
in access to and use of Information and Communication Technologies (ICTs) (Botsiou, 
2020). Conceptualizations of the digital divide have been described as “who, with 
which characteristics, connects how to what” (Hilbert, 2011). The intra-rural digital 
divide is particularly interesting and is described as “the emergence of a digital divide 
which creates pockets of relative or even absolute disadvantage within agricultural 
society” (Warren, 2002:6). Nowadays, the use of the Internet gives, or in many cases, 
facilitates access to innovation and resolution of various issues and challenges that 
farmers face. As a result, reduced use or access to the Internet equals reduced access 
to innovation. 

Our research focuses on how farmers use the Internet and on the socioeconomical 
characteristics that concern this use, defining the intra-rural digital divide. The 
research conducted in two Greek Regional Units (Heraklion and Kilkis), in a sample 
of 339 agricultural holders (2016). The sample was drawn in 26 settlements, out of 
which 18 are located in the Heraklion R.U. and 8 in the Kilkis R.U. The selection of 
the settlements was carried out with proportional stratified random sampling at 10%. 
The stratification criteria were: (i) the degree of the urbanization (urban/rural 
settlements) (ELSTAT, 2011), (ii) the mountainous subclass of the settlements 
(mountainous, semi-mountainous, lowlands) (ELSTAT, 2011) and (iii) the settlements’ 
broadband access ADSL 24 mb/s in the first half of 2016. Subsequently, the sample of 
the farmers was drawn in random sampling within the indicated settlements. 

Based on the previous qualitative research in 29 farmers and using content analysis 
(Botsiou, 2012), we developed an Internet Usage Scale that consists of 18 different 
Internet activities in a frequency of 5-point Likert scale. Using Exploratory Factor 
Analysis, we identify the underlying dimensions of the Internet Usage Scale. Next, in 
order to determine how changes in the farmers’ characteristics are associated with 
changes in each factor, we applied Categorical Regression Analysis.  

The results reveal four different model-environments of Internet utilization. The 
first model-environment, which is labeled “Professional use of the Internet: Search for 
agricultural information”, is affected by those whose main occupation farming and 
those who are most experienced in ICT use. The “Professional use of the Internet: 
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Online shopping and sales", is affected only by the number of years the farmers’ have 
experience in ICTs. Activities that relate with social media, communication and e-
banking which is labeled as “Other Internet usage”, are affected by farmers owning 
ICT devices and their knowledge of a foreign language. The fourth model-environment 
is about Internet use on “Education and Lifelong Learning”, and the results reveal that 
those who look for Life long-learning choices have 3 things in common: Education, 
they know a foreign language and they possess/use ICT devices. 

Keywords: Intra-rural Digital Divide; Internet; Farmers; Greece. 

JEL Codes: Q16. 
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Abstract. Software design patterns help software developers to design robust 
and easy to maintain systems as they could be used to solve already identified 
problems in less time. These software design patterns are mostly textual 
descriptions which are introduced from books as catalogues. While senior 
developers tend to know about these patterns by experience, the novice 
developers need to refer necessary books to get knowledge about them. 
Therefore, it will be a great help for software development if there are tools to 
detect and recommend design patterns in software designs. The ultimate 
advantage will be to automatically apply a design pattern over an initial design 
to improve it. This will be a model transformation task under model driven 
architecture. As an initial step towards this goal, in this paper a survey has been 
done to study the existing knowledge representation techniques used for 
software design patterns. These representations help automatic reading and 
processing of software design patterns in order to build necessary CASE1 tools. 
Finally, the best design pattern specification techniques are recommended for 
pattern-based model transformation. 
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1   Introduction 

A single software program can be designed differently by different software 
developers. While one design is readable, robust and easy to maintain the other can be 
complex, hard to read and change. The quality of the design also depends on the 
experience of the developer. To overcome these issues software design patterns are 
used extensively in software engineering. Further software design patterns speed up 
the development without compromising the design quality. These patterns are 
documented and published by experienced and respected programmers [1, 2, 3, 4].  

However there exists some issues about the usability of the design patterns. One of 
these is the difficulty for the software developers to learn about all necessary design 
patterns [5]. It is also hard to memorize them all and it is inconvenient to refer these 
as and when you design software. To overcome these issues, researchers suggest that 
there should be some tool support regarding the application of software design 
patterns. For an example some researchers have created recommendation systems to 
suggest necessary design patterns [6, 7]. There are also studies carried out to 
automatically detect the existence of design patterns in software designs/code [5, 8, 9]. 

But the main challenge in this regard has been to model and represent design 
patterns in a machine-readable form. This paper presents a survey of such knowledge 
representation techniques used to represent design patterns with an emphasis towards 
model transformations. Finally, the best option is chosen to be used for authors’ 
ultimate goal, which is to automate/semi-automate application of a design pattern upon 
a given software model/design. 

2   Background 

There is no common specification for documenting design patterns as different 
forms have been used so far by pattern authors. Fowler mentions some of these forms 
such as GoF, Portland Coplien, POSA and P of EAA [10]. GoF Form is the most 
comprehensive and nicely structured form among these. However, GoF patterns are 
quite large with many pages of descriptions. 

Software developers usually first come up with the models for the business case and 
then manually refine the models applying the selected software design patterns. For 
example, software engineers initially design the class diagram for the underlying 
business case. Then they refine the class diagram by applying necessary design 
patterns. However, developers should be initially aware of a particular design pattern 
and its applicability in order to benefit from it. A developer is also responsible for 
properly implementing the suggested design pattern in his context. 

Model transformation techniques can be used to automate or semi-automate this 
process. They can be utilized to validate the manually refined models as well. Model-
driven engineering (MDE) is considered as a well-established software development 
methodology that uses abstraction to bridge the gap between the problem space and 
the software implementation [11, 12]. Model transformations constitute the essence of 
MDE [13]. 
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3   Existing Knowledge Representation Techniques for Software 
Design Patterns 

3.1   Ontology based Approaches 

These approaches are based on the concepts and technologies of semantic web such 
as Web Ontology Language (OWL) [14] and Resource Description Framework (RDF) 
[15]. The major contribution in this category for coming up with a representation for 
software design patterns is from Dietrich and Elgar [16, 17]. They have come up with 
an OWL ontology named Object Design Ontology Layer (ODOL) [18]. Then they 
have extended the ontology by adding pattern refinement [18]. Dietrich and Elgar have 
made a prototype of a Java client to show how ODOL can be used. This prototype 
software can access the ODOL based pattern definitions which are published online 
and can detect patterns in Java programs. 

Initially ODOL has only supported structural properties of the design patterns. 
Later, Di Martino and Esposito have further extended ODOL to support dynamic 
behaviour of the design patterns and also to support cloud patterns [9]. They have 
revised original ODOL to support pattern categorization. Structure of this augmented 
ODOL is shown in Figure 1. Further OWL-S [18] has been used to describe behaviour 
of the pattern. OWL-S defines how the different participants communicate and relate 
to each other dynamically. Then, they have used this representation of design patterns 
to come up with a rule-based procedure to automatically recognize design patterns in 
UML diagrams. Each design pattern is individually converted to a set of first-order 
logic rules in Prolog by the use of Thea framework [19]. In parallel, the UML model 
which needs to be analyzed is converted to XMI (XML Metadata Interchange) with 
the use of existing tools and then converted to Prolog facts using their own tool. Then 
using Prolog based inference rules specified they could check whether a respective 
design pattern exists in the UML model under investigation. 



 182 

 
Fig. 1. Augmented ODOL [8] 

ODOL has been also used to represent design patterns in an attempt to automate the 
Sequence Diagram generation when realizing a particular design pattern [20]. In this 
case, the OWL based representation of design patterns are converted into Java Expert 
System Shell (Jess) facts by using a conversion tool, called SweetRules. Then the Jess 
rule engine is used for the execution of design pattern rules to produce an output 
sequence diagram. 

Ontology based representations of design patterns have following aspects [16]. 
• Formal definition of patterns 
• Machine readable representation 
• Modular design that supports the separation of schema and instances 
• Compatibility with standard web 

3.2   Formal Mathematical Logic based Approaches 

Formal approaches represent design patterns based on mathematics and formal 
logic. One of the earliest such approaches is Language for Pattern Uniform 
Specification (LePUS) [21]. This has only covered the structure of design patterns. On 
the contrary, Distributed Co-operation (DisCo) specification supports the behavioural 
aspect of patterns [22]. Taibi and Ngo, who have been inspired from both LePUS and 
DisCo have come up with Balanced Pattern Specification Language (BPSL) [23]. 
BPSL combines the First Order Logic (FOL) and Temporal Logic of Actions (TLA) 
to support both structural and behavioural aspects of design patterns. 

Jeon et. al. have also come up with their own formal specification of design patterns 
[24]. Inference rules are derived for design patterns and then these rules are saved as 
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Prolog rules. This Prolog rule base is used to find candidate spots in Java program code 
to apply a certain design pattern. 

Formal approaches have been emerged in order to remove ambiguity, support 
reasoning about patterns and facilitate automation. However as per Khwaja and 
Alshayeb, formal specifications are not popular in the software industry [25]. They 
mention that formal specifications are hard to use with less tool support while requiring 
strong mathematical background from the user. 

3.3   UML Notation based Approaches 

Design Pattern Modelling Language (DPML) is a visual language that can be used 
to represent software design patterns [26]. DPML can be used along with UML as it 
also supports instantiation of the design patterns into UML design models. However, 
DPML does not support dynamic aspects of design and meta-data of design patterns. 
Other drawbacks are the lacking tool support and notational differences from UML.  

Role Based Metamodeling Language (RBML) is another UML based pattern 
specification language [27]. RBML specifies the pattern solutions as a specialization 
of the UML metamodel. RBML provides 3 types of specifications; Static, Interaction 
and StateMachine in order to handle both structural and behavioural aspects of the 
design patterns. Each RBML specification is an instance of the RBML metamodel. A 
tool called RBML-Pattern Instantiator (RBML-PI) has been also created to generate a 
UML model from an RBML pattern specification. 

These approaches are complex and require dedicated tool support which is not 
abundant. Therefore, not many applications could be found in the literature leveraging 
these specifications. Further these approaches fail to represent the textual descriptions 
which describe design patterns. 

3.4   XML Notation based Approaches 

Khwaja and Alshayeb have come up with Design Pattern Definition Language 
(DPDL) based on XML (Extensible Markup Language) to share design patterns 
between developers [25]. They have reviewed most of other techniques mentioned 
above and have chosen XML as it is popular and easy to understand. DPDL supports 
both structural and behavioural views of the design patterns. High level schema of 
DPDL is shown in Figure 2. 
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Fig. 2. DPDL high-level schema [25]. 

4   Discussion 

Meta-Object Facility (MOF) is an Object Management Group (OMG) standard for 
model-driven engineering [28]. The MOF 2.0 Queries Views and Transformations 
(QVT) provides a standard for expressing model transformations. Judson et. al. have 
come up with an approach to automate pattern-based transformations leveraging the 
MOF 2.0 standards in meta-model level [29]. Overview of their approach is depicted 
in Figure 3. Initially, Source Model is converted into a meta-model named Source 
Pattern. Source Pattern is transferred into the Target Pattern using the Transformation 
Schema and Transformation Constraints. Hence the Transformation Pattern consists 
of three parts: Source Pattern, Transformation Schema, and Transformation 
Constraint. Finally, the Target Model is derived from Target Pattern. 

The main drawback with their approach is the necessity to prepare a Source Pattern 
for each design pattern to be applied in a specific scenario. However, it is nice if the 
freedom is given to the developer to specify the Source Pattern. For an example the 
developer can choose artefacts from a UML model and ask the transformation engine 
to transform them by applying a certain design pattern. For an example he/she can 
mark a certain class in the UML diagram and apply Singleton pattern over it. Then 
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transformation engine should be robust enough to transform the source model 
accordingly. 

 
Fig. 3. Transformation Overview [29] 

However major challenge in this regard is to dynamically generate Transformation 
Schema and Transformation Constraints for a specific application of a design pattern. 
This will be not feasible unless the design patterns are represented in a machine-
readable format. ODOL + OWL-S seems to be the best choice as per the review in 
section 4 and it is popularity. The represented design patterns will be not limited to a 
specific purpose as the definitions can be shared online for public access. Another 
advantage of this is the fact that OWL supports different syntaxes such as RDF/XML, 
OWL2/XML and Manchester. Therefore the developers get ample options to adjust 
according to their tool stack. DPDL also cannot be left out as it stands out with ease of 
use and shorter learning curve as a second choice. 

5   Conclusion 

In this paper, existing knowledge representation techniques for software design 
patterns were reviewed with a focus on using them for model transformations. 
Introductions about software design patterns and model transformations were also 
included to provide a complete overview of the subject domain. In the discussion, the 
importance of design pattern specification techniques for pattern based model 
transformations was presented with example usage. Finally, the best design pattern 
specification techniques were recommended for the tasks of model transformation. 
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Abstract. Uneven access to broadband has deepened a divide, which sees rural 
residents struggling with digital technologies (DTs). This situation has resulted 
in the emergence of creative attitudes to take advantage of the potential of DTs 
even though full potentiality cannot be accomplished. In this paper, the impact 
of the utilization of DTs is analyzed through the lens of the community capitals 
framework. Focus groups and interviews were carried out with youth (out-
migration), seniors (ageing), and businesses (survival) in three communities of 
southern Manitoba, Canada. Building on an emerging concern, two 
complementary focus groups were conducted with emergency services 
personnel and residents who experienced emergencies. The results show that the 
interactions that exist between the resources of rural communities are being re-
shaped by the progressive adoption and utilization of DTs. Three conditions for 
rural communities to take full advantage of digital opportunities are highlighted: 
reliable access, cheap access, and digital skills.  

Keywords: Digital technologies; Rural broadband; Community capitals; 
Canada. 

1   Introduction 

Many perceive Digital Technologies (DTs) as instrumental to remedy extra costs 
induced by the rural constraints of low densities and long distances to metropolitan 
areas (Warren, 2007; Kilpeläinen and Seppänen, 2014; Salemink et al., 2017), which 
stem in a rural urban divide. In this context, the role of DTs appears to be double-edged 
and results in two discourses. A positive one depicts rural areas as alive, while a 
negative one portrays rural areas as dying (Lundgren and Johansson, 2017). In 
summary, DTs might be, under certain conditions, which we attempt to highlight in 
this study, a transformative tool for rural development.  



 189 

In Canada, pressure for better services is strong (Auditor General of Canada, 2018). 
In 2016, the Canadian Radio-television Telecommunications Commission recognized 
affordable broadband access as a need and right of today’s world. In 2018, the 
broadband standard included speeds of 50 Mbps download/10 Mbps upload for fixed 
broadband services, unlimited data option for fixed broadband services, and the latest 
mobile wireless technology available not only to all homes and businesses, but also 
along major Canadian roads.  

In this paper, we investigate the impacts of DTs on rural community capitals to 
highlight whether DTs boost or hinder their potential and discuss whether rural 
communities have achieved meaningful digital outcomes. We mobilize the 
Community Capitals Framework (CCF) to highlight the impact of the adoption and 
utilization of DTs on the stocks and flows of the diverse resources available at the 
community level in a community-based approach. We conducted phone interviews 
with businesses and focus groups with residents in three francophone communities of 
southern Manitoba. Results show unlocking the potential of DTs requires quality 
services, affordable access and digital literacy in order to boost the limited 
entrepreneurial initiatives relying on DTs. In the following literature review, we 
highlight the community capitals framework. We then describe the method and data 
used for this analysis. We finally present the results and discuss them. 

2   Literature Review 

The multidimensionality and complexity of community capitals open the door for 
varied dynamics of community development (Pigg et al., 2013). The CCF hypothesizes 
that communities invest in their own resources to produce new ones (Flora and Flora, 
2004). It is a flexible tool that allows interfacing at the community level with all its 
resources and has the mechanistic ability to chart capitals’ progress. Table 1 
characterizes the distinct features of each capital. 

Table 1.  Community capitals’ characteristics.  

Capital Definition 
Built Infrastructure or the planned construction in a community. 
Cultural Shared worldviews framing decisions. 
Financial Resources available for investment in capacity building. 
Human The skills and abilities of healthy individuals in the community. 
Natural Environmental resources and geographical features. 
Political Influence a group may have on the allocation of resources. 

Social Close connections that build trust and norms along with loose ones that 
diversify sources of information. 

 
The CCF aids in visioning in a systemic approach the potentials that a community 

possesses (Gutierrez-Montes et al., 2009). It presumes that strategies can be employed 
to improve community capacity and economic development, even with drastic declines 
in population and income per capita (Emery and Flora, 2006; Fey et al., 2006). Since 
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the utilization of DTs impacts several aspects of rural life, the CCF is relevant for 
investigating the impact of DTs in rural communities. We also build on Jacobs’ (2011) 
description of rural communities to include inflows and outflows of resources while 
DTs can also contribute to fostering capitals interactions (Figure 1). 

 

 
Fig. 1. A framework for analyzing the re-configuration of the community capitals 

3   Method and Data 

We used a combination of phone interviews and focus groups to tackle three major 
issues faced by Canadian rural communities: the outmigration of youth, the increasing 
share of seniors, and the survival of businesses. In addition, we also integrated the 
emerging theme of safety issues.  

We selected three rural communities of southern Manitoba (Figure 2), a polarized 
Canadian Province where 61% of the population lived in Winnipeg metropolitan area 
in 2016. The selection was based on complementary characteristics (population, 
metropolitan influence, community area, and distance to Winnipeg), which make their 
comparison relevant. 
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Fig. 2. Shows the location of the three communities in southern Manitoba, Canada. 

 
Phone interviews with 28 business representatives (B) were structured around the 

types of DTs used by employees, employees’ digital skills, the benefits and drawbacks 
of using DTs, as well as the presence of businesses on social media and the internet. 
Each interview lasted on average half an hour. Businesses were purposely selected to 
reflect a wide range of activities ranging from banking to camping sites.  

One focus group with youth and another one with seniors were organized in each 
community. They focused on DTs utilization, access to devices, learning processes, 
and safety issues. Youth and seniors volunteered in response to calls shared by 
community leaders. A total of 16 youth (YFG), aged 16 to 25 years old, and a total of 
20 seniors (SFG), over 65 years old, participated. In La Broquerie, focus groups with 
emergency services personnel (ESFG) and residents who had experienced emergencies 
(RFG) were conducted to tackle the emerging theme of safety issues. 

In both cases, audio records were transcribed and coded using NVIVO. 

4   Results 

4.1   Built Capital: The Foundational Role of Digital Infrastructure  

Built capital was participants’ primary concern. Youth, seniors and business 
representatives across the three rural communities consistently acknowledged a lack 
of infrastructure supporting the utilization of DTs. Participants felt limited in their 
capacity to capitalize on digital products. The inconsistency of service placed a burden 
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on residents for daily actions. Dead zones forced most participants to plan their 
location for efficiency and safety; knowing points of connectivity was a challenge. 
Seniors were particularly concerned about their ability to call for help. Emergency 
services personnel stressed the difficulty to provide effective responses due to both the 
inability to communicate with each other and for victims to reach them.  

4.2   Financial Capital: The Opportunity Cost of Staying Connected 

Business representatives were particularly enthusiastic about DTs, which can 
potentially lower their operating costs by saving time in communications and money 
in paperless systems. A few senior and youth participants heralded the entrepreneurial 
opportunities unlocked by DTs as they have developed presence on digital 
marketplaces. Participants also commonly emphasized the benefits of on-line shopping 
to access a wider product selection and having items shipped to close delivery points. 

Businesses, seniors, and youth alike opted for a technology or a service that aligned 
with their budgets. The range of affordability was wide, with participants transitioning 
to smart houses to those that remained on frugal phone plans. Emergency services 
personnel affirmed their inability to afford investing in satellite phones to eliminate 
reliance on broadband. The cost of services, compared to urban areas, was a grievance. 

4.3   Human Capital: Maintaining Capacities 

Because seniors perceived that increased development of DTs could help them at 
home, they were hopeful of a time when DTs would eliminate the option of 
transitioning to care homes. Participants of the three communities also expressed the 
advantage that DTs provide in the acquisition of knowledge. For instance, youth that 
could not attend institutions, because of distance and affordability, took advantage of 
digital distance-learning opportunities. Although both youth and seniors enjoyed the 
digital learning opportunities, they still appreciated human contacts.  

Learning approaches diverged significantly. Although both seniors and youth 
showed capacities to learn about DTs, they seemed to learn at different paces, using 
different methods. Whereas seniors tended to learn under the guidance of somebody 
that they considered an expert, youth tended to learn more individually through trial 
and error.  

4.4   Social Capital: Coming Together through Social Connectivity 

In the three communities, DTs tended to contribute to the development of social 
capital through both the maintenance and the creation of relationships. For instance, 
participants noted that DTs had assisted them in remaining in contact with family and 
friends. Both youth and senior participants explained that shared digital challenges 
provided a feeling of camaraderie and support. For youth, DTs provided greater access 
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and comfort for communication with teachers, parents, and seniors. In this regard, DTs 
empowered youth by enabling them to share their input for local decision-making. 
Distant communication enabled youth to break the ice with intimidating seniors; the 
digital interface creates a non-threatening interaction. On the other hand, seniors 
learned to appreciate and involve youth, because they began to understand that youth 
had resourceful solutions and represented the future of the community.  

4.5   Cultural Capital: Informing New Norms 

Testimonies commonly aligned on the fact that DTs contribute to reshaping norms. 
Both seniors and youth developed their own intra-generational culture, and both were 
critical of the other group’s usage of DTS. Their testimonies highlighted a contention 
between enjoying the benefits of DTs and mitigating drawbacks.  
Participating youth relied extensively on social media, which were perceived as 
delivering current view of fads, shaping careers, romantic relationships, and 
personalities. The departure from how older generations forged lifelong relationships 
also showed how DTs could trump traditional manners through the exposure to new 
cultural standards. The youth were aware of how to maintain safety with online friends. 
Some of these rules included: never meet someone alone (especially at night), always 
have an image of the person you are meeting, always call the person before meeting 
and know their voice. 

5   Discussion 

Results highlighted three conditions for a meaningful utilization of DTs: investing 
in infrastructure, maintaining affordable access, and building digital literacy. Low 
levels of built capital limit the utilization of DTs. Inflows of built capital require 
investment (e.g., towers, fiber) while rapid technological turnover results in an outflow 
of digital infrastructure as it outdates. While DTs can promote entrepreneurial 
activities, DTs can also enable access to marketplaces outside the communities, 
creating an outflow of financial resources, thereby limiting the accumulation process 
underlying economic growth. The learning curve for using DTs, and acquiring relevant 
digital skills, is another barrier that seems to slow down the meaningful utilization of 
DTs for entrepreneurial pursuits. Interestingly, the learning process can add leadership, 
which is particularly true for youth who can use their digital skills to lead their 
community into new pathways. 

6   Conclusion 

While rural actors clearly perceive the benefits of DTs, be they financial (e.g., 
expand market, save resources), socio-cultural (e.g., maintain social connections, 
define new norms), and human (e.g., access resources to develop capacities, improve 
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health), they also perceive the existence of risks, be they financial (e.g., outflow of 
financial resources resulting from on-line shopping), socio-cultural (e.g., introduction 
of new behaviors and norms), and human (e.g., more difficult access to resources 
fostering knowledge creation). This contention between benefits and risks appears to 
be associated with the lag characterizing digital infrastructure available in rural 
communities. It appears crucial for rural communities to engage with DTs despite a 
lag in infrastructure that hinders the impact of digital utilization. 
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Abstract. The primary goal of urban parks and green spaces is to provide 
ecosystem services not only for the people that use them but also for the entire 
urban population. So far, few studies have recorded the views of residents about 
parks and urban green spaces in Cyprus island. The present paper uses a 
structured questionnaire to record the views of Paphos residents, concerning the 
urban parks and green spaces in their municipality. More specifically, the 
residents were asked to evaluate the local parks and green spaces as regards their 
number and size, suitable design, safety for children, the variety and care of 
plants, and the facilities for people with disabilities. They were also asked to 
record problems such as noise pollution, mess from companion animals and 
unpleasant odors. The residents’ satisfaction regarding the local authorities and 
their contribution towards improving parks and green spaces was also evaluated 
to some extent. The residents’ answers led to useful proposals that could be 
adopted by the local authorities to manage the green infrastructure of the city 
and in order to meet the daily and future needs of the people who visit parks and 
urban green spaces 

Keywords: urban parks; green spaces; residents’ views; questionnaire; 
Municipality of Paphos; Cyprus island. 
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1   Introduction 

The “urban green infrastructure”  as a concept emerged the last two decades 
including not only urban green spaces, parks, gardens, woodlands, nature areas, green 
streets and avenues [1], but also as the strategically planned networks of high quality 
designed, natural and semi-natural areas, including, other environmental features such 
as waterbodies, planned and managed to deliver a wide range of ecosystem services to 
their users and to protect biodiversity in urban settings [2, 3]. 

The urban green areas constitute indicators of sustainability, which need to be 
considered in city development and policy [4]. Developing more sustainable cities is 
not just about improving the abiotic and biotic aspects of urban life, it is also about the 
social aspects of city life, such as people’s satisfaction, experiences, and perceptions 
of their everyday environments [5]. Attention to green spaces of the urban structure is 
still poor. Low appreciation of green spaces is also reflected in the cuts of budget of 
many towns [6]. However, it is argued that urban green infrastructure is a topic of 
strategic importance for the quality of life particularly in areas that have become 
importantly urbanized [7]. 

For people living in large and dense areas a good quality of life depends largely on 
the quality of the urban environment. The influence of urban green areas in 
environmental quality is recognized in most developed countries [8].  

Parks also constitute a space for socialization and collaboration between residents. 
Another important role of green infrastructure is to strengthen communities and make 
cities and neighborhoods more attractive places to live and work in [9].  

It is important, however, to understand the preferences of residents and their 
satisfaction in relation to green infrastructure in their neighborhood [10]. The amount 
of green spaces in close distance to places where people live, has a significant relation 
to their perceived quality of wellbeing. Thus, this relation might be explained by the 
fact that the increased presence of urban green spaces is likely to increase their use by 
the public [11].  

Some previous studies carried out in various European countries underline the 
influence of urban parks and green spaces on local residents [12]. Whereas, Cypriot 
cities do not have the green areas they should have [13]. Therefore, there is a lack of 
knowledge concerning this subject. 

The aim of the present study was to investigate the residents’ perceptions, 
preferences and satisfaction about the urban green infrastructure of the municipality of 
Paphos in Cyprus island, evaluate the importance of green areas for the residents’ 
wellbeing and suggest management improvements.  

2   Materials and methods 

2.1   Study area 

Paphos, is a coastal city in the southwest of Cyprus (34°46′N 32°25′E) and lies on 
the Mediterranean coast, about 50 km (30 min) west of Limassol (the biggest port on 
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the island). The city of Paphos, with more than 35,961 inhabitants, has a limited 
number of parks and green spaces. 

The lack of urban planning when developing the town of Paphos, coupled with 
severe degradation of public spaces, as it took place in the past decades, dictates the 
creation of a unified system of green spaces able to improve the micro-climate of the 
town, and result in achieving biodiversity preservation goals [14].   

2.2   Methodology 

Simple random sampling was used due to its simplicity, since it requires the least 
possible knowledge of the population compared to other methods [15]. The estimation 
of the proportion of the population and the estimation of the standard error of the 
proportion of the population sp, were given by the formulas of simple random sampling 
[16]. Separate pre-sampling of 50 individuals was carried out in the two researches in 
order to calculate the size of the sample, which was estimated for every quantitate and 
qualitative variable according to the formulas of simple random sampling, where t = 
1.96 and e = 5% [17]. The sample was estimated to 400 inhabitants for possibility (1-
α)100=95%, e=0,049.  

Hierarchical Log-linear Analysis was used to examine the four groups of variables. 
Prior to the application of Hierarchical Log-linear analysis, the expected frequencies 
in the contingency table, were examined [18]. Classes were grouped together in order 
to satisfy the criteria mentioned by Tabachick and Fidell [19]. For the data analysis the 
Statistical Package for Social Sciences was used (SPSS 16). 

3   Results 

3.1   Demographic profile of the respondents 

During the interviews, the residents were initially asked about their demographic 
profile. As shown in Table 1, they are mainly men, public servants with upper 
secondary education.  

3.2   The residents’ well-being is related with the use of parks and green spaces 

People living in dense urban areas perceive benefits and enhance their well-being 
by visiting green spaces [20]. According to the first question of the survey, the 
residents of Paphos evaluated rigorously the parks and urban green spaces of their 
municipality. Half of them (43.5%) found them as mediocre, and about one to four 
(26.3%) evaluated them as good and (6.8%) very good or very bad (6.5%). 
According to the results most of the residents (34%) visited urban green spaces rarely 
and 26.5%, sometimes per month, 21% visit the green spaces sometimes per week and 
18.5% more than once per year.  
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Most of the residents (66%) of Paphos considered that the best season for visiting 
green spaces is mainly in spring. Less residents visit parks in summer (19.5%), autumn 
(8.8%) and winter (5.8%).  

Their visits were usually short and lasted between 15 and 30 min (32.3%) or 30 and 
60 min (32.8%). Less visitors (16.5%) stayed in the park for more than an hour having 
leisure time with their children. Some visitors (15%) stop at the park for less than thirty 
minutes of isolation and walking, while 3.5% did not answer the question.  

Table 1. Demographic features of the respondents 

Gender male Female   
  65.3% 34.8%   
Age 18-30 31-40 41-50 > 50 
 49.3%  25.8%  15.0%  10.0%  
Marital unmarried Married divorced or widowed 
Status 47.8%  45.3%  7.0%   
Childhood     
without children one child two children three children more than three 

49.8% 15.8% 17.5% 12.0% 5.0% 
Educational  primary school lower secondary technical school  
 Level 3.3% 1.8% 10.8%   
  upper secondary technological ed. university  
  45.3%  7.3%  31.8%   
Profession    farmers or live- 

 private employee public servants self-employed  stock farmers 
 24.5% 33.0% 7.5% 3.0%  
 students pensioners housewives unemployed 
 17.3% 3.3% 1.0% 10.5% 

Annual  ≤ 5.000 € 5.001-10.000 € 10.001-20.000 € 
 Income 14.3% 12.5% 21.3%   

 20.001-30.000 € > 30.000 € No answer  
 12.3% 8.0% 31.8%  

 
The residents of Paphos were then asked about their satisfaction with their perceived 

wellbeing in their municipality and 54.3% stated that they were satisfied, 18.8% very 
satisfied and 5% absolutely satisfied. Only one to six (15.3%) of the respondents were 
less satisfied or 6.8% not at all satisfied with their wellbeing in the Municipality of 
Paphos. 

Through the application of Hierarchical Log-linear analysis, in four cases after the 
removal of the third-class degree of correlation, was established that the most 
appropriate model was the one which included the impact and the interaction of the 
variables divided by two.  

To the variables ‘evaluation of green spaces’, ‘duration of visit’ and ‘satisfaction 
with the wellbeing’ Hierarchical Log-linear analysis was applied where we have no 
interaction per 3 criteria, because the X2 for Pearson’s test is 0.164 with probability 
(p)= 0.921 and because the X2 likelihood ratio is 0.166 with probability (p)= 0.920. 
With the application of Hierarchical Log-linear analysis to the data for the municipality 
of Paphos the relations are:  
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The residents evaluated the parks and urban green spaces as very good or good, they 
visit them sometimes per week or per month and they are absolutely or very satisfied 
with their quality of life. On the contrary the residents found the park and green spaces 
in their municipality as mediocre to very bad, they visit them rarely or sometimes per 
year and they are less or not at all satisfied with their wellbeing.  

Additionally, residents were asked to identify their perceived sense of crowding and 
the possible disturbance caused by other visitors in the park. Most of them (62.8%) 
noted that they enjoyed the presence of other visitors; while, 22% of them were 
indifferent about the crowd. Eventually, only 10.5% of the residents specified that they 
were disturbed by the presence of other people and a few of them (2.8%) responded 
that they were disturbed by “something else”.  

Moreover, parks and green spaces were evaluated as bad places to spend time 
“alone”, “with your family”, “your friends” or “your mate” (Table 2). 

Table 2. Evaluation of the parks in the Municipality of Paphos according to the type of 
companionship at the moment of the visit 

  Very good Good Bad Very bad No answer 
Alone 9.0% 32.3% 40.0% 15.3% 3.3% 
With your mate 10.3% 28.5% 38.3% 18.8% 4.3% 
With your friends 10.0% 34.5% 44.5% 9.0% 2.0% 
With your family 12.5% 32.8% 35.5% 13.0% 6.3% 

3.3   Satisfaction with the existing infrastructures in the parks and green spaces 

The residents were also asked to rate the level of importance and satisfaction with 
the existing conditions in the parks and green spaces via a 5-points Likert scale (1 
being the most negative value and 5 being the most positive value). Results are 
reported in Table 3. Most residents were of the opinion that the number of urban green 
spaces in their municipality were either mediocre or insufficient (41.3% και 30% 
respectively). The total area of existing green spaces was also assessed as mediocre 
or insufficient (38.5% and 42.3% respectively) and also the same assessment took 
place concerning their architectural design (42.5% και 28.3%). With more positive 
view the residents evaluate the distribution of green spaces in their municipality (41% 
mediocre, and 21.5% good), their accessibility (good 39.8% and mediocre 38%), and 
their satisfaction with the activities performed by municipality (44% very satisfied 
and 24.5% mediocre). 

Regarding the variables ‘number of parks’, ‘distribution of parks’, ‘number of 
visitors’ and ‘satisfaction with activities performed by the municipality’ Hierarchical 
Log-linear analysis was applied, showing that there is no interaction per 3 or 4 criteria, 
because the X2 for Pearson’s test is 0.164 with probability (p)= 0.921 and because the 
X2 likelihood ratio is 0.166 with probability (p)= 0.920. With the application of 
Hierarchical Log-linear analysis to the data for the municipality of Paphos the relations 
are: 
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• The residents who were absolutely or very satisfied with activities performed by 
the municipality, stated that the number of the parks and green spaces were 
absolutely or very sufficient, their distribution very good or good and that there 
were very big or big numbers of visitors in them.  

• On the contrary the residents who were mediocre or not at all satisfied with 
activities performed by the municipality’, claim that the numbers in the parks and 
green spaces were mediocre to absolutely insufficient, their distribution is 
mediocre to very bad within the municipality and they accept mediocre to little 
number of visitors. 

Table 3. Evaluation of the characteristics of the parks and green spaces in the municipality of 
Paphos.  

Number of green spaces 
absolutely sufficient sufficient mediocre insufficient absolutely insufficient 

5.0% 16.8% 41.3% 30.0% 7.0% 
Total area of existing green spaces 
absolutely sufficient sufficient mediocre insufficient absolutely insufficient 

2.5% 16.0% 50.3% 25.3% 6.0% 
Distribution of green spaces in the municipality 

very good good mediocre bad very bad 
3.8% 21.5% 41.0% 28.5% 5.3% 

Accessibility of green spaces 
very good good mediocre bad very bad 

6.3% 39.8% 39.0% 11.3% 3.8% 
Number of visitors 

very big big mediocre small� very small� 
3.0% 14.5% 37.8% 30.0% 14.8% 

Architectural design 
absolutely satisfied very satisfied mediocre a little satisfied not at all satisfied 

2.5% 17.3% 42.5% 28.3% 9.5% 
Infrastructure available 

very good good mediocre bad very bad 
2.5% 17.5% 47.3% 26.0% 6.8% 

Cleanliness 
very good good mediocre bad very bad 

4.8% 21.8% 44.3% 23.3% 6.0% 
Plant care 

very good good mediocre bad very bad 
4.0% 25.0% 45.0% 19.3% 6.8% 

Children’s playgrounds 
very good good mediocre bad very bad 

3.3% 20.5% 48.5% 19.3% 8.5% 
Sports facilities 

very good good mediocre bad very bad 
3.5% 11.8% 40.5% 28.3% 16.0% 

Safety for children 
very good good mediocre bad very bad 

2.8% 19.8% 40.8% 23.3% 13.5% 
Facilities for people with disabilities 

very good good mediocre bad very bad 
2.8% 12.0% 36.5% 28.3% 20.5% 
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Presence of pets 
no problem little problem mediocre big problem    very big problem 

15.8% 22.5% 32.3% 23.5% 5.8% 
Noise pollution  

no problem little problem mediocre big problem    very big problem 
5.5% 26.0% 38.5% 22.3% 7.8% 

Unpleasant odors 
no problem little problem mediocre big problem    very big problem 

6.3% 21.3% 36.8% 26.5% 9.3% 
Satisfaction with activities performed by the municipality 
absolutely satisfied very satisfied mediocre a little satisfied not at all satisfied 

9.5% 24.5% 44.0% 19.8% 2.3% 
 
The parks of the municipality did not receive good evaluation from the residents 

addressing their infrastructure facilities. More specifically, the available 
infrastructures in the parks (sits, kiosks etc.) were rated as mediocre (47.3%) and bad 
(26%), the cleanliness as mediocre (44.3%) and good (25%), plant care as mediocre 
(45%) and good (25%), the children’s playground (48.5%) mediocre (40.5%) and bad, 
(28.3%) Sports facilities as mediocre (40.5%) and bad (28.3%), safety for children  
were also evaluated as mediocre (40.8%) and bad (28.3%) and the facilities for people 
for disabilities were assessed as mediocre 36.5% and bad 28.3% (Table 3).  

To the variables ‘cleanliness’, ‘plant care’, ‘Safety for children’ and ‘Sports 

facilities’ Hierarchical Log-linear analysis was applied and showed that there were no 

interaction per 3 or 4 criteria, because the X2 for Pearson’s test is 2.741 with probability 

(p)= 0.740 and because the X2 likelihood ratio is 2.862 with probability (p)= 0.721. the 

relations are: 

• The residents stated as very good and good the safety for children; while, they 
found that the cleanliness, the plant care and the sport facilities are very good and 
good. 

• On the contrary the residents who stated that the safety for children was mediocre 
to very bad, evaluated the plant care, cleanliness and sports facilities as mediocre 
to very bad. 

According to the evaluation of the problems in the parks the residents regard 
unpleasant odors, the presence of animals and noise pollution were mainly mediocre 
(Table 3).  

For the variables ‘their perceived sense of crowding’, ‘the presence of animals’, 

‘noise pollution’, and unpleasant odours’ Hierarchical Log-linear analysis was applied 

representing no interaction per 3 or 4 criteria. There is no interaction per 4or 3 criteria, 

because the X2 for Pearson’s test is 3.995 with probability (p)= 0.780 and due to the 

fact that the X2 likelihood ratio is 4.049 with probability (p)= 0.774. the relations are: 

The residents who stated that the people around amused them, found that problems 
like noise pollution, the presence of companion animals and the unpleasant odors are 
mediocre to not regarded as problems.   

On the contrary the residents who consider that the people around disturbed or are 
indifferent found the problems like noise pollution, the presence of companion animals 
and the unpleasant odours, as very big or big.  
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4   Conclusions 

The city of Paphos has a limited number of parks and green spaces because of the 
absent of proper urban planning when the city Paphos was under development [14].  

This study offers a general understanding of public perceptions regarding urban 
green spaces and parks from the residents’ point of view. The fact that most of the 
residents evaluated the green infrastructure of their city as mediocre, bad or very bad 
is an indicator that there is a problem encountered also in other European countries 
like Italy [12].  

Half of the residents stated that were satisfied or little satisfied with their life in the 
city. Furthermore, the findings revealed that the residents’ well-being is related to their 
satisfaction with urban green infrastructures. The residents that considered themselves 
satisfied with their life, visited parks more frequently and for longer periods than the 
residents that were not satisfied with their life. Therefore, encouraging people to visit 
green spaces and parks can make them feel more satisfied with their lives. 

Through the Hierarchical Log-linear analysis, it became evident that the existing 
green spaces were mediocre to insufficient in number, size, design, and distribution 
for about the half of the study population. 

The results of the present study can be used as a valid tool in the planning, design 
and management of urban green spaces, thus promoting the adoption of participatory 
processes in decision making by the local authorities [21]. 
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Abstract. This paper presents the Italian National Database of Investment for 
Irrigation and Environment (DANIA), providing a multi-functional and 
interoperable tool for policy makers and water resource management actors. 
DANIA was born in collaboration with Italian Regions, in the frame of the 
Budget Law 2018 which provided the financing of irrigation investments. 
DANIA consists in a harmonized collection of planned and financed 
interventions for collective irrigation, aimed to irrigation or hydrogeological 
instability defense. The technical, financial, and environmental data are useful 
for programming, monitoring financial progress and evaluating policies’ 
effectiveness. Standardized codes allow a semantic interoperability with other 
national database, particularly with SIGRIAN – the National Information 
System for Water Management in Agriculture. DANIA has been already applied 
to support programming and monitoring irrigation investments in Italy. 

Keywords: information system; interoperability; multi-functionality; 
investment policy; water management; WFD. 

1   Introduction 

To support policy making processes in agricultural sector it is necessary to deal with 
a wide number of information from many sources, to include efficiency and 
sustainability principles. These data often are collected and codified autonomously, so 
that it becomes necessary the harmonization, in order to allow the connection between 
different sources. 

The importance of databases for programming agricultural investments has been 
worked out at supranational scale; Daidone and Anríquez, (2011) presented an 
extended cross-country database for agricultural investment and capital, underling the 
need for homogeneous and multidisciplinary information to reach more targeted 
results. In Italy, the competence for water management and irrigation investments in 
agriculture is distributed among different actors and levels: Ministry of Agriculture 
(MiPAAF) and other Ministries (Environment, Infrastructure), River Basin District 
Authorities, Regions, and Local Irrigation Agencies (as actuators). Therefore, 
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especially by the time of water crises of 2003 and 2007, it was highlighted the need of 
coordination between these different administrations and Agencies of an intersectoral 
and national relevant planning of investments in the water sector, following the 
indications of the European Commission (EC, 2007). So, the National program of 
interventions in the water sector was launched, following the intervention strategy 
basically aimed at increasing water storage and irrigation efficiency, and promoting 
wastewater reuse. This strategy is still implemented with several regional, national and 
European financing sources for irrigation investments. 

So, the existence of a unique database able to harmonize information from different 
institutions becomes of strategic importance. Several national databases (financial, 
environmental, agricultural data) are available and their interoperability, as pursued by 
INSPIRE directive (2007), allows an exponential increase of available tools for policy 
makers. 

In order to support and match needings of all the involved parties, the Council for 
Agricultural Research and Economics - Research Centre for Agricultural Policies and 
Bioeconomy (CREA-PB), as scientific and technical support entity for MiPAAF, 
proposed a multi-functional and interoperable tool for the investment policies of 
agricultural sector, in coordination with environmental and sustainability principles. 

This work aims to show the Italian National Database of investments in agriculture, 
as an example of a Decision Support System for agricultural water management, due 
to multi-functional and interoperable features. 

2   Database data and structure 

During 2018, CREA-PB started the creation of an investment database, in 
collaboration with Regions, collecting information useful for the selection of 
interventions to be funded by investment programs stated by Budget Law 2018 (GU 
2017, L 205), with prevalent issues of irrigation (including multi-purpose reservoirs) 
or aimed to defend territory and agriculture from hydrogeological damages. 

For reported projects, the level of planning, the compliance with Water Framework 
Directive (WFD) objectives and the intervention priority assigned by the Regions, has 
been requested at least.  

However, these beginning information was not exhaustive for the wider issue 
dealing with the management of the several funding lines, and the correlated different 
type of investments. It became evident the necessity of a new structure, able to respond 
at the needing of all the funds in every phases of financing activities. Consequently, 
CREA-PB developed the National Database of Investments for Irrigation and 
Environment (DANIA). Stakeholders’ feedbacks were considered in setting the 
structure. At first, the new relational database was implemented in Microsoft Access. 
Currently the online version of DANIA has been developed by CREA-PB 
(http://dania.crea.gov.it/), implemented on SQL server using Microsoft MVC 
technology. Web application will allow the Regions and the Irrigation Agencies (as 
implementing actors of the interventions, see fig. 1) to update online their information. 
The database will be accessible for consultation also to the Ministries and the River 
Basin District Authorities. CREA-PB is administrator user. 
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DANIA information is grouped into four sections (fig. 2), each of them is composed 
by one or more subsections. 

Section I - project master data, groups general data of project, included the status 
(planned or funded). 

Section II- intervention characterization, contains four subsections. 
Subsection II-A contains the level of authorization acquired and the project progress 

status (feasibility, executive, …) to know if a project is ready to the realization. 
Subsection II-B includes the intervention description with reference to type of 

intervention, prevailing purpose, type of works, WFD objectives and other information 
(fig. 2). 

Subsection II-C includes the sensitive environment elements of intervention area, 
as hydrogeological and seismic hazards, vulnerability to desertification. 

Subsection II-D deals with the strategic level of the intervention, namely the 
priorities assigned to the intervention at regional and River basin district level and 
consistency with the River Basin Management Plan (RBMP). 

Section III - financial data, allows to keep track of the project amounts and funded 
amounts. 

Section IV- monitoring data, contains geographical reference data (including 
SIGRIAN code of intervention area and WISE code of the involved water body) and 
dimensional data of intervention (extension of network, number of measurers, water 
volumes involved, area moving to higher efficiency, etc). 

 

Fig. 1. Irrigation agencies of Italy (source SIGRIAN). 
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Fig. 2. Basic conceptual scheme of characterization of intervention in DANIA. 

3   Results and discussions: multi-functionality and interoperability 
features. 

Currently, DANIA contains data related to about 1800 projects, referred to 224 
irrigation agencies. Project amount resulted for about 12 € billion, of which about to 
9 € billion is related to planned projects and the remaining related to recently funded 
projects. However, the data are continuously updated. Figure 3 schemed DANIA’s 
numbers grouped for Regions at the end of 2019. 

DANIA responds to the features of a multi-functional database since it is open at 
several public administrations involved in planning irrigation investments and territory 
defense at different geographical scales and institutional level. The first degree of 
multi-functionality stands in the possibility for each user type to employ DANIA for 
its specific purpose, starting from information on irrigation investments of its own 
competence. Moreover, DANIA makes available for national, regional and District 
Authorities, always up to date information useful for their own programming, without 
the necessity of periodic reconnaissance. 

At national level, DANIA is a DSS to be use in different phases of the decision-
making process for collective irrigation investments.  

As first, in planning and programming phase the data, particularly those in 
Subsection II-B, allow to classify the interventions according to the implementation 
status, the purpose of the intervention, and the priority level. Selection according to 
the different funds aims may be based on this information and classification. Figure 4 
shows some selection procedure based on DANIA data. 
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During the life of the project, several financing steps occur. Storing this information 
allows investigations on the progress of the single project but also the evaluation of 
spending capacity of funds allocated to Regions and actuators, in order to identify 
critical issues, or define the opportunities for future additional funding.  

Finally, monitoring activities may support the assessment of investment policies’ 
effectiveness. Information in the Section IV has been recently employed to calculate 
the indicators in the NRDP evaluation (table 1). 

Several connections with other National database are included in DANIA’s 
structure. Since the individual databases are designed to store specific dataset, many 
challenges arise when they interoperate with each other (Trinh et al., 2007). Through 
the unique project code (CUP), DANIA’s projects can be track down within the Public 
Administration database of Public Works (BDAP), that is aimed at gathering all the 
information about the expenditure cycle of public works.  

Another important connection is driven by Water Information System for Europe 
code (WISE) of the water body interested by the intervention. WISE is the European 
reporting information system relate to WFD implementation. The Italian node of 
WISE system is represented by the National Information System for Protection of the 
Italian waters, SINTAI (Cocchi and Alfò, 2013). WISE code allows the policy makers 
to know quality state of surface water and groundwater bodies involved in the projects. 
Furthermore, it is possible to link the investment realized and planning for each water 
bodies to the structural measures included in the Rural Basin Management Plans 
(RBMP). This allows to verify the interventions financed in application of current 
RBMP for agricultural sector and to know planned investment that could be included 
in the updating of RBMPs for the next WFD planning cycle (2021-2027). 

Finally, DANIA collects identification keys from webgis SIGRIAN, related to 
Irrigation Agencies, districts and water schemes, allowing a first localization of the 
project. SIGRIAN, is the Italian national database of reference for all the 
infrastructural and management data of the national irrigation system, including 
monitoring of irrigation water volumes (Zucaro et al., 2019), useful for the fulfilment 
of obligations set by the ex-ante conditionality related to the EU Rural Development 
Policy (Zucaro et al., 2017a). The identification keys make DANIA and SIGRIAN 
coordinated and complementary database systems for the decision makers, even 
because, as set by MiPAAF, the compliance to obligations of metering and monitoring 
irrigation volumes are both precondition for financing investments and obligations for 
project funded. Furthermore, combining DANIA and SIGRIAN data can support the 
evaluation of water distribution efficiency for irrigation use. Indeed, comparing the 
water volumes abstracted and used, as implemented in SIGRIAN (Zucaro et al., 2019), 
it could be possible to identify any significant losses of the distribution network; this 
can be used as a selection key for projects stored in DANIA to find possible 
investments to be implemented in order to reduce water losses and improve the 
resilience of the irrigation system in the frame of climate change (Zucaro et. al., 
2017b). 
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Fig. 3. Planned and funded interventions grouped by Regions (source DANIA). 

 

Fig. 4. DANIA Application in programming phase.  
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Table 1. Some indicators related to NRDP funded projects (source DANIA). 

River basin 
district 

Area with 
more 

efficient 
irrigation 
systems 

Potential 
water saving 

through 
investments 

Recovered 
volume of  

water storage 

Realized 
volume of 

water  
storage 

(ha) (m3) (m3) (m3) 

Eastern Alps 156.532 24.623.493 36.500 39.200 
Po river 187.486 41.017.752 412.500 291.700 
Northern 
Appennines 10.128 4.820.570 - - 
Central 
Appennines 3.229 5.038.662 - - 
Southern 
Appennines 21.434 37.128.456 - 4.200 
Sardinia - - - - 

Siciliy 17.084 7.800.000 - - 

Italy 395.893 120.428.933 449.000 335.100 

River basin 
district 

 New 
realizatio

n of  
network 

Adaptation 
and 

modernization 
of network 

Completed 
network 

Total of 
network 
under 

intervention 

(km) (km) (km) (km) 

Eastern Alps 0 31.298 7.625 38.923 
Po river 21 166 134 321 
Northern 
Appennines 48 0 5 53 
Central 
Appennines 0 84 0 84 
Southern 
Appennines 0 2 1 3 
Sardinia - - - - 
Siciliy 0 7.719 0 7.719 

Total Italy 69 39.268 7.765 47.102 

4   Conclusion 

DANIA contains a constantly update data on planned and financed interventions 
implemented by irrigation agencies, shared among all Italian actors of irrigation 
management from national to local level. Its applications confirmed the common 
conviction among the agricultural development economics researchers of the huge 
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importance of database for agricultural policy. By means of its multi-functionality and 
interoperability, DANIA promises to be a useful DSS for the Italian policies of the 
sector, also highlighting synergies and complementary of the various financed 
interventions and investments. Together with SIGRIAN, they are emerging as an 
essential element of the same information system for the investment policies aimed at 
reducing risks in agriculture, both in relation to water scarcity and hydrogeologic 
instability. 
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Summary 

Irrigation is the major cause of water consumption in agriculture. It contributes to 
increasing crop productivity, but it is also a means to the preservation of water 
resources. Therefore, advancing the rational exploitation of water through smart 
irrigation in agriculture is essential for improving crop yield, decreasing costs, and 
contributing to environmental sustainability. The intense use of Information and 
Communication Technologies (ICT) has the potential to reduce the amount of water 
supplied to the crop. The Internet of Things (IoT) is the natural choice for irrigation 
applications, even though the integration of different hardware, software and 
connectivity technologies required for making it work seamlessly in practice, while 
keeping the cost at reasonable levels, is still at an early stage. Low-Power Wide-Area 
Access (LPWA) is considered an emerging class of connectivity technology, 
encompassing radio protocols capable of covering large geographic areas, while 
delivering multiple years of operation for devices running on batteries with a single 
charge. LPWA technologies have the potential to provide a step change in the 
enablement of energy efficient IoT applications. In this respect, LPWA networks are 
currently one of the most suitable approach for end-to-end connectivity in the farming 
domain.  LoRaWAN is probably one of the most promising LPWA technologies, 
which offers long range, low power consumption, and secure data transmission, over 
license-free frequency bands. It can achieve data transmission ranges up to 15 km in 
open areas using a single gateway, and is supported by a wide community of industrial 
players, academics, IoT makers, and software developers. 

In this paper, we propose a prototype LoRaWAN-based quasi-smart water 
management platform for irrigation, deployed in an olive grove of the Peta village of 
Achaea Region Unit. Since the water needs are directly linked with the soil moisture, 
we propose an IoT system for regularly and reliably monitoring the status of soil 
hydration and reporting it to a centralized entity for further processing. The system is 
built upon customized IoT hardware based on low-cost microcontrollers with 
embedded sensor interfaces and telecommunication modems, open-source software, 



 
 

214 

open and standardized data transport protocols, and keeps capital and operational 
expenses at low levels. IoT end-nodes are deployed in the olive grove. Each node: i) 
collects soil moisture samples at various depths, i.e. at 30cm, 60cm and 90 cm, with a 
period of 20 minutes, ii) is battery operated with a lifetime of several months under a 
single charge, iii) an RF harvesting board is also deployed in each node providing an 
additional alternative for charging batteries  and  iv) uses the LoRaWAN for 
connectivity. A LoRaWAN gateway deployed in an adjacent warehouse due to power 
supply and weather protection. The gateway collects the sensor measurements from 
the IoT nodes and forwards the information to a cloud-based infrastructure using 4G 
connectivity. Data is finally stored in a database and can viewed from any Internet-
connected user, in real-time, through dashboards. At a later stage the collected data 
will be used for creating smart irrigation policies, apply them in the olive grove and 
evaluate the corresponding water savings. The proposed platform presents several 
novel features in terms of hardware integration, operational options and connectivity 
support. 

Keywords: Olive groves; IoT; LPWA; LoRaWAN; Irrigation. 

JEL Codes: Q26, M35; L12. 
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Abstract. It seems that the future scenarios for water resources management are 
characterized by increasing demand and by the short-term unsustainability of 
many reservoirs in the Mediterranean basin. To address these scenarios, 
improved management of water resources was needed for water economy, and 
water recycling policies. Furthermore, agriculture characterized as the largest 
water user worldwide and the monitoring of the agriculture via remote sensing 
techniques is an enormous subject where it used for special scientific 
applications such as irrigation, precision farming, yield prediction, estimation of 
evapotranspiration etc. The main objective of this paper is to present the current 
situation of water resources in the Mediterranean region and present the 
methodology and main objectives of the SWSOIP project which aims to develop 
a smart watering system for the irrigation process based on the estimation of 
evapotranspiration using both in-situ data (spectroradiometric, LAI, CH and 
meteorological) and Sentinel satellite data. 

Keywords: water management; agriculture; remote sensing; smart watering 
system. 

1   Introduction 

It is indisputable that water is an invaluable element for the smooth running of our 
planet's life. It is the vital resource for ecosystems while at the same time, the basic 
needs of the human population are met by it, thus being the key to the development of 
fisheries, agriculture, energy production, industry, transport and tourism. While water 
characterized as a renewable resource, it cannot be considered inexhaustible. The 
seeming abundance of water has resulted in a man being considered a given good and 
being replaced by nature for free, leading to irrational use and pollution (Fragkou and 
Kallis, 2010). 
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According to IPCC (2008), the term climate change refers to the difference in the 
state of the global climate, which is expressed by significant fluctuations in the average 
meteorological conditions that extend over decades or even more years. These 
changes, have a direct impact on water resources and the global hydrological cycle, 
exacerbating the water crisis caused by poor management with a high cost to people 
who do not already have access to clean water (UNFCCC, 1992). 

The impact of climate change is harmful to agriculture. The degradation of 
agricultural water resources as well as the loss of fertile soil, are events that require the 
adoption of strategies aimed at ensuring protect food security and rural vitality. These 
strategies, achieved by limiting the consumption of natural resources through the 
promotion of agro-environmental practices, alternative agricultural methods, crop 
diversification and water and soil conservation while limiting the use of natural 
resources fulfil (FAO and Plan Bleu, 2018). 

Agriculture existed several thousand years ago, and its development is mostly 
guided and influenced by the climatic differences of cultures and the existing 
technology in them. However, agriculture inextricably linked to the techniques for 
expanding and managing soils suitable for growing domesticated plant species. 
Furthermore, a significant link exists between agriculture and water also, where 
according to the Food and Agriculture Organization of the United Nations, agriculture 
characterized as the largest water user worldwide (Dubois, 2011). Future estimations 
indicate that the world population will reach between 8.4 and 8.6 billion people by 
2030 and 9.5 and 13.3 billion in 2100 (Nations, 2015), thus before that happened, to 
fulfil the growing needs, global agriculture production will have to increase by 60 per 
cent from 2005/2007 levels (Alexandratos and Bruinsma, 2012). However, the 
expected increase in agricultural production must be followed up by vital management 
of agrarian lands since it has adverse effects to the quality/quantity of water and soil 
resources, biodiversity, greenhouse gas emission or land degradation (Gomiero et al., 
2011). 

In agriculture processes, the optimal management of water in agrarian lands has 
always been of great importance, specifically to the most water-intensive ones. Crop 
health problems are more likely to relate to the lack of or overflowing in water 
irrigation. Thus, estimation of evapotranspiration (ET) tends to be a necessary process, 
to face water management problems and find a viable solution in croplands. 

ET from agriculture lands, “plays” crucial role to the terrestrial hydrological cycle.  
Definition of ET is the loss of water from the ground, lake or vegetation regions to the 
atmosphere through the evaporation of liquid water. Therefore, evaporation and 
transpiration are the component key of ET in agroecosystems. It is momentous to keep 
a water balance between protecting the sustainability and productivity of the 
agroecosystems (Irmak, 2008). 

Monitoring water resources traditionally determined by collecting samples from the 
field campaigns, where the biological, physical, and chemical properties of water 
examined through laboratory analyses of these samples. Although these in-situ 
measurements provide high accuracy, they lag in spatial analysis and present 
difficulties of successive and integrated sampling. Also, traditional methods cannot 
determine spatio-temporal variations in water quality required for a comprehensive 
assessment and management of water resources. In other words, there cannot provide 
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a simultaneous database corresponding to a regional or a broader scale (Duan et al., 
2013a, 2013b; Gholizadeh et al., 2016). 

A significant problem nowadays since climate change began is water scarcity and 
drought. Water scarcity refers to the non-existence of water in a water supply system 
which may lead to limitations on consumptions which caused by drought and human 
activities such as overpopulation or unfair access to water (El Kharraz et al., 2012). 
Drought and scarcity have a massive impact on the environmental and socio-economic 
aspects of the Mediterranean countries. The Middle East is the area with the most 
severe water scarcity in the world while at the same time, critical water shortages 
located in the Eastern Mediterranean region (Jägerskog, 2003; Tropp and Jagerskog, 
2006). Innovative water strategies required to encounter the environmental issues in 
the Mediterranean region (Ferragina, 2010). 

For the prevention and suppression of the problems mentioned above; near-real-
time monitoring needed. Remote sensing is a vital tool to handle this situation, which 
is used since the 1970s and continues widely used up to date. Remote sensing 
techniques can effectively and efficiently monitor water resources and detect any 
problems from local to a global scale with high spatial-temporal analysis. (Anding and 
Kauth, 1970; Giardino et al., 2014; Hadjimitsis and Clayton, 2009; Saad El-Din et al., 
2013). 

Although the era of satellite remote sensing began in 1957 by the Russians with the 
launch of Sputnik-1, the first satellite explicitly designed for Earth observation was 
Vanguard-2, which replaced by TIROS meteorological satellite series in 1960 and 
continued with Landsat multispectral and thermal sensors since 1972 (Tatem et al., 
2008). These sensors were the start for mapping, analyze and estimate ET across broad 
spatial and temporal scales. From that moment, a variety of satellites mission launched, 
and numerous scientific researches took place trying to estimate evapotranspiration 
accurately. Many different models conducted to measure ET. Specifically, there are 
temperature-based ET models and conductance-based ET models. The latter category 
has been discovered first, where Penman (1948) combined the effects of atmospheric 
drying power and available energy on evapotranspiration. Then Monteith modified the 
Penman equation by including stomatal resistance, surface control and replacing wind 
speed dependent coefficient, to make the equation more suitable for terrestrial surfaces, 
creating the Penman-Monteith ET model (Monteith, 1973). On the other hand, the first 
temperature-based model conducted with the help of a thermal scanner mounted on an 
airplane (Bartholic et al., 1972).  

A vast number of empirical methods have been deployed since Penman made a start 
and numerous scientists and specialists worldwide tried to estimate evapotranspiration 
from areas with a different climate. Some early studies used the Penman-Monteith 
model to derive ET from croplands via meteorological conditions (wind speed, 
radiation, temperature humidity) by scaling it using a crop coefficient (Bausch, 1993; 
Choudhury et al., 1994; Jackson et al., 1980). In 1990, FAO organized a conference 
with experts and researchers where the Penman-Monteith combination method 
recommended as the new standard for reference evapotranspiration. Also, an update 
made in the procedures for calculation of the various parameters (Allen et al., 1998).  
In the sequel, this method became the basis on which a lot of alternative methods were 
developed (Allen et al., 1998; Arain et al., 2002; Liu et al., 2003) and comparisons 
made (Luo et al., 2018). 
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2   The SWSOIP Project 

As mentioned above, water is a very important factor in agriculture. The savings of 
water in areas that are facing with water scarcity problems like Cyprus, requires the 
adoption of measures that will serve to conserve water. Agriculture characterized as 
the largest water user worldwide and the monitoring of the agriculture via remote 
sensing techniques is an enormous subject where it used for special scientific 
applications such as irrigation, precision farming, yield prediction, estimation of 
evapotranspiration etc. For these purposes, to protect the water resources, the SWSOIP 
project was used on a pilot basis. The SWSOIP project is based on remote sensing 
techniques and focuses on water management. 

SWSOIP is used in this paper as the abbreviation of the: ‘Smart Watering System 
for Optimizing Irrigation Process’. The main goal of the SWSOIP Project aims to 
provide ‘new’ irrigation data based on the indirect estimation of evapotranspiration 
using both satellite and meteorological inputs. This data can be used to inform the 
producers and the decision–makers for the water demand of their crops aiming to better 
and more rational management of irrigation water. The ‘Smart Watering System’ will 
automatically estimate the water demand for irrigation purposes and will release 
automatically the optimum water quantity for each crop-type through the ‘Smart 
CropWATER Valve’ without any human intervention. 

SWSOIP platform (https://www.swsoip.com/) consists from the frontend and 
backend system. The SWSOIP frontend aims to communicate with the farmers in order 
to collect inputs related to the farmers and their crops such as farmers’ id; crop type; 
cultivation date; plot area; etc. and provide outputs to the farmers related to the water 
needs of their crops. The SWSOIP backend aims to gather and process all the data such 
as satellite; meteorological and in-situ (spectroradiometric; LAI; CH) based on the 
inputs of the farmers. Then the backend system will be able to estimate the irrigation 
demand for each farmer and plot and will communicate this output both with the 
frontend system to inform the farmer and the WISENSE Platform which will transfer 
this information to the CropWATER Valve to provide automatically the estimated 
water quantity to the crops without any human intervention. 

The proposed product is expected to contribute and have an effective impact on 
water saving and smart management of water resources since lack of water is one of 
the most serious problems that Cyprus has been facing for centuries and agriculture 
accounts for about 69% of the total water consumption. 

3   Methodology 

The proposed ‘Smart Watering System’ will consist of 3 Stages. The processing 
workflow shown in Fig. 1 is divided into 10 steps. The 3 Stages are defined as follows: 
(i) Input (Steps 1-3) (ii) Reading / Processing (Steps 4-7) and (iii) Output (Steps 8-10). 
The overall methodology consists of the following 10 steps: 
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Fig. 1. Flow chart of the proposed methodology. 

 
The methodology will be applied for selected crop types. The Penman-Monteith 

algorithm will be applied individually for each crop employing the necessary crop 
parameters using Sentinel data. The input parameters will differ according to the crop 
type for example leaf area index (LAI), crop height (CH), albedo (crop parameters) 
takes various values. Since Sentinel images will be acquired every week the 
development stages of the crops will be immediately identified. For the 
implementation of this study, selected farmers will collaborate with Agricultural 
Research Institute (ARI) and all the necessary parameters such as the crop-type, 
planting day, phenological stage and crop area will be given. The steps for the 
implementation of the SWSOIP is given in Fig. 2.   

 
List of input parameters: 
Monteith (Monteith and Unsworth, 1990), is a function of climate data such as 

temperature (T), humidity (RH%), solar radiation (Rs) and wind speed (U) and crop 
parameters, such as the surface albedo (a), the leaf area index (LAI) and the crop height 
(CH) which can be used to predict ETc: 

 

ETc = f ( a, LAI ,CH, T, RH%, Rs, U )  

 

(1) 

Penman-Monteith adapted to satellite data algorithm: 
Penman-Monteith method adapted to satellite data will be used to estimate ETc in 

mm/day. The specific equation needs both meteorological and remotely sensed data to 
be applied. The ETc  is  estimated  using  remote  sensing  after  CH  and  LAI  maps  
are  created  to  specify  these  parameters  spatially  through Vegetation  Indices. The 
algorithm provides at the end of the procedure, direct values of daily ETc through maps 
of evapotranspiration. 

Input

• End-users login / Inputs from 5 end-users (such as crop-types, cultivated area, phenological 
stage, water-cost, comments or needs, contact details)

• Cross-check of inputs  
• Create unique ID-code for each end-user 

Reading / 
Processing 

• Processing Sentinel data on 'spot' - retrieve crop parameters readings 
• Retrieve meteorological data on 'spot' - retrieve meteorological readings 
• Field measurements at the same time with Sentinel acquisition 
• Processing readings, calculate and send the estimated water demand to the sms card for each 

end-user (ID-code) 

Output 

• Development of the Smart 'CropWATER' Valve: reading inputs from sms card & release the 
required amount of water 

• Development of the 'CropWATER' app which will inform the end-users for the irrigation 
demand of their fields 

• Validation of results / product - Feedback from the end-users (interviews) 
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Fig. 2. Implementation plan of the methodology. 

4   Current Status of the project 

4.1   Contact frontiers farmers and start registered them to the SWSOIP Platform 

Experimental fields were selected after the evaluation of farmers’ questionnaire. 
Farmers growing potatoes, onions, alpha-alpha, ground nuts, black-eyed beans and 
beans in large plots (< 50m X 50m) where asked and agreed to add their field in to 
SWSOIP experimental plan. Farmer were trained to add their fields into the SWSOIP 
platform following the JOIN SWSOIP menu button which is available through the 
SWSOIP website (swsoip.com) (see Fig. 3). The link is provided both in Greek and 
English language. Farmers were asked to add their full name and email address, type 
of crop, date of planting and expected date of harvesting and finally to add a kmz or 
kml file indicating with a polygon the cultivated surface are of the crop. Farmers 
agreed to provide all necessary information regarding the crop cultivation, irrigation 
and nutrition stages. Furthermore, farmers agreed to provide access to SWSOIP 
researchers into their plots in order to collect ground data (Spectroradiometric / LAI / 

Insert & Validate Farmers Inputs 
o Personal information (such as name & contact information) – Farmer ID 
o Crop type 
o Plantation date 
o Size & location of field 

Data Collection  
o Meteorological through meteorological & telemetry station 
o Ground field data: derived spectroradiometric 
o Satellite images to retrieve CH, LAI & albedo using the developed 

models 

Retrieval of ETc 
o ETc = f (albedo, CH, LAI & Meteorological)  

Send information to end-users 

Send information to end-users 
o SMS to farmers through CropWATER Mobile-App 
o Info to Smart CropWATER Valve 

Front-end 
system 

Front-end 
system 
 

Back-end 
system 
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CH) and install necessary equipment (smart irrigation system combined with a 
2”electric valve connected with a 2”hydrometer and a controller). 
 

 
Fig. 3. Front End-User Registration form. 

4.2   Collecting field data 

During the SWSOIP project the following crops will be examined: potatoes, ground 
nuts, beans, alpha-alpha, onions and black-eyed beans. The selection of the crops was 
based on the input received by the frontiers farmers and are the crops more frequently 
cultivated by the farmers during the study period in the selected study area which is 
the Mandria village in Paphos, Cyprus. The crops phenological cycles was observed 
following the BBCH Monograph. The extended BBCH-scale is a system for a uniform 
coding of phenologically similar growth stages of all mono- and dicotyledonous plant 
species (Hack et al., 1992). 

Data were collected in different plots within the study site area as also from fields 
in different cultivations areas in Cyprus. Observations began after the seeding date of 
each crop. The seeding time depends on the microclimate of each area. Field 
measurements including LAI, spectroradiomeric and CH data (Fig. 4) have been 
completed covering the phenological cycle for potatoes and onions; they are on-going 
for ground-nuts and they will start according to the plantation period for the rest of the 
crops. The spectral signatures of the potatoes, onions and ground nuts related to the 
BBCH are presented in Fig. 5.   
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Fig. 4. (a) Potato: LAI data collection below canopy and inter row; (b) Potato: Data collection 
using a GER1500 spectroradiometer in potatoes during BBCH19 (left) and BBCH 39 (right); 
(c) Potato BBCH 38: 80% of plants meet between rows, measuring plant diameter 

 

Fig. 5. Spectral signatures following the BBCH phenological cycle: (a) Potato; (b) Onions and 
(c) Ground nuts. 
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4.3   System Architecture 

Following you can see a presentation of the SWSOIP software system 
architecture. In Fig. 6 the high-level overview of the system is presented.  

 

 
Fig. 6. SWSOIP software system architecture. 

 
Up to now, the following sub-systems have already been developed:   
 

i. The User Registration Front-End is the system that registers the farmers 
and their crops to the SWSOIP system. Due to lack of technological 
adoption by the farmers, it was found that the most practical way to register 
farmers together with their parcels (as geometries) requires a very 
simplified approach. For this reason, the form type registration was chosen 
instead of an interactive complex webGIS tool.   

 
ii. Currently a total of 21 farmers have been registered and imported to the 

SWSOIP system through the above described front-end.  
 

iii. The Mobile Application has been designed and is now on the 
implementation phase and the ‘beta-release of CropWATER Mobile-app. 
Based on the user responses, a simple parcel oriented mobile app is needed. 
The mobile app screens are the following: Login Screen; User information 
overview; Parcel(s) information overview; Current Parcels status; Past 
parcels status and Notification page  

 
iv. The components of the Virtual Machine – Back End System such as the 

Application Server; the Database Server and Storage and the Daemon 
Service and scripts are currently under design and development phase. 
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5   Conclusions 

The main goal of the SWSOIP Project aims to provide ‘new’ irrigation data based 
on the indirect estimation of evapotranspiration using both satellite and meteorological 
inputs. The ultimate goal is the development of a Smart Irrigation System for 
EFFICIENT and EFFECTIVE Water Resources Management. The ‘Smart Watering 
System’ will automatically estimate the water demand for irrigation purposes and will 
automatically release the optimum water quantity for each crop-type without any 
human intervention through the ‘Smart CropWATER Valve’. The proposed product is 
expected to contribute and have an effective impact on water saving and smart 
management of water resources since lack of water is one of the most serious problems 
that Cyprus has been facing for centuries and agriculture accounts for about 69% of 
the total water consumption. 
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Abstract. Determining the presence and extent of surface water bodies is of 
paramount importance in order to monitor mosquito breeding habitats. With the 
availability of high spatial and temporal resolution SAR images through the 
Sentinel-1 mission, it becomes possible to map surface water on a regular basis 
in mosquitos’ prone areas. In this work the potential of Machine Learning (ML) 
algorithms is investigated for the near-real time mapping of surface water in the 
Chalastra plain in Central Macedonia in Greece, using Sentinel-1 data. Three 
ML algorithms: One-Class SVM, One-Class Self-Organizing Map, and 
Multilayer Perceptron with Automatic Relevance Determination (MLP-ARD) 
were compared to the Otsu Valley-Emphasis method, a commonly used 
approach based on histogram thresholding. All methods were automated and 
tested in the pilot area. Results show that the MLP-ARD algorithm achieves the 
highest overall accuracy (0.974) among all methods with a kappa coefficient of 
0.933.  

Keywords: inundated area; remote sensing; SAR; one-class classifier; MLP-
ARD. 

1   Introduction 

The distribution of surface water bodies varies with time and space depending on 
weather conditions, irrigation patterns, as well as different water uses. Regular 
mapping of water bodies is a good practice towards the sustainable management of 
water resources. Water ponds, wetlands, inundated rice, and flooded areas are some 
major habitats of mosquitoes’ breeding. Monitoring the presence of water helps 
identifying hotspots of mosquitoes’ larvae development, for targeted and effective 
larvicide application, in order to reduce their potential harm to human health. With a 
rational use of such larvicides the impact on water resources will be minimized. 
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Remote sensing data, both radar and optical, were widely used for monitoring 
surface water from space. Optical satellite data were used to produce surface water 
indicators (e.g. the Normalized Difference Vegetation Index - NDVI, the Normalized 
Difference Water Index - NDWI and the Modified NDWI - MNDWI) (Xu 2006,Xiao, 
et al. 2002, Du, et al. 2016) but their performance is limited to clear-sky conditions. 
Radar data have the advantage of providing information even under cloudy conditions 
thus are more appropriate for monitoring activities (Martinis, et al. 2015, Duy 
2015,Betbeder, et al. 2014,Li and Wang 2015), but terrain effects introduce errors in 
water detection (Huang, et al. 2017).  

There is also an emerging trend in the literature (Komarkova, et al. 2019,Imam, et 
al. 2020) that is using images from drones to achieve higher spatial and temporal 
resolution. However, these have very limited coverage as compared to satellites and 
are not fit for wide areas at the regional or national scale level.With the European 
Union’s Copernicus Programme, Sentinel-1 data became available every 6 days with 
a high spatial resolution (10 m), making the use of Synthetic Aperture Radar (SAR) 
data convenient for mapping water bodies’ extent over a long time period, 
independently of cloud cover. 

In order to identify pixels with water on satellite images, histogram thresholding 
was widely used with multispectral and SAR data (Duy 2015, Martinis, et al. 2009, 
Bioresita, et al. 2018, Bangira, et al. 2019). The Otsu method (Otsu 1975) is the most 
popular method for threshold identification, some revised approaches were then 
proposed such as the Valley Emphasis thresholding method (Ng 2006). 

ML combined with remote sensing techniques have been utilized widely in order to 
detect temporal and spatial alterations in small waterbodies so as to provide 
information in the field of water security, drought monitoring, and crop irrigation 
decision-making. The above combination forms a reliable, cost-effective, solution for 
surface water mapping in large and inaccessible areas. Bangira et al. (2019), proposed 
a such an approach based on the effective combination of automatic thresholding of 
NDWI using Sentinel-2 and backscatter from Sentinel-1 data with VH polarisation for 
mapping waterbodies of diverse spectral and spatial characteristics. The resulting maps 
were compared to the classification performances of five ML algorithms, namely 
decision tree (DT), k-nearest neighbor (k-NN), random forests (RF), and two 
implementations of the support vector machine (SVM), enhancing the accurate 
classification of optically complex waterbodies. 

In the present work three ML algorithms are presented and tested against a classical 
method of histogram thresholding for the automatic mapping of surface water bodies 
in the Chalastra plain, Greece.  

2   Study area and field data 

The study area is the plain of Chalastra, which is the lowest part of the floodplain 
of rivers Axios and Loudias (Greece). It is intensely cultivated with irrigated annual 
crops, most predominantly with paddy rice. Numerous drainage canals, river segments, 
and their estuaries have formed a complex wetland system (Fig. 1). 
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Fig. 1. Study area where the measurements have been taken. 
 
A field campaign was conducted during summer 2019 to collect ground data of wet 

and dry polygons in the wider area around Chalastra. The samples were taken at dates 
concurrent with the overpass of Sentinel-1. Sampling locations consisted in rice fields 
(inundated during the early season and presenting different plant growth stages) and 
wetlands which are typical breeding habitats but also built areas, natural vegetation 
and dry soils which can challenge the water detection algorithms and help training the 
ML ones. The mapped polygons were characterized by different water depths and 
vegetation cover. On the date of June 12th 2019, a total of 30 polygons were collected 
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leading to a total of 16866 10-by-10m pixels labelled as wet or dry in the test area. 

 
Fig. 2. Sentinel-1 backscatter map with VV polarization for the pilot area on 12/6/2019.  

3   Methods 

A Sentinel-1 image was downloaded using Google Earth Engine (GEE) with both 
VV and VH polarizations, Ground Range Detected (GRD) type and in Interferometric 
Wide swath (IW) mode. The downloaded image was already pre-processed in GEE as 
proposed by the Sentinel-1 Toolbox and saved as Geotiff data file with the backscatter 
given in decibel. A section of the image was used for processing (2552*1102 pixels) 
(see Fig1). 

Four surface water mapping algorithms were implemented in Matlab and tested on 
the Sentinel-1 image of June 12th, 2019. In particular, three ML algorithms were 
compared to a revised histogram thresholding method. 

3.1   One Class SVM (OC-SVM) 

To achieve One Class SVM Classification, a suitable description of SVM as a model 
to describe only target data introduced by Tax and Duin (2004) in the form of Support 
Vector Data Description (SVDD) has been applied. The OC-SVM develops a model 
by being trained in using normal data conforming to the SVDD description. At the 
second stage, it allocates test data based on the occurring deviation from normal 
calibration data as being either normal or outlier (Scholkopf, 2002). 
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                      (1) 
It can be determined by considering that a sizeable spread indicates a linear class of 

target data while on the other hand, many support vectors joint with a small spread 
indicate a highly nonlinear case as is illustrated in Figure 2. A spread parameter 
equivalent to 1 yielded the best results concerning waterbodies detection. The 
threshold for accepting outliers was set at 10 %. 

3.2   One Class Self-Organizing Map (OC-SOM)  

The OC-SOM constructs a model from target data (dry areas) and progressively 
classifies new data conferring to its deviation from the target baseline condition. 
During novelty recognition, novel instances from feature combinations (in the current 
case the features from the S1 image) of not definable state validation data samples, are 
used to form the input to the network, while the SOM algorithm chooses the Best 
Matching Unit (BMU). In the current application, the BMU is defined as the most 
proximal SOM centroid vector in the weights space to the incoming data vector. In the 
occasion that the quantisation error that is the outcome from the appraisal between the 
new exemplar data (xNEW) and BMU is larger than a pre-specified threshold (d) then 
the example is considered as novel (Saunders & Gero, 2001).  

3.3   Multilayer Perceptron with Automatic Relevance Determination (MLP-
ARD) 

MLPs are feed forward artificial neural networks, that in classification problems 
map a set of input vectors onto their respective classes. For this study, a fully connected 
MLP with a three – layer architecture (input layer, hidden layer and output layer) is 
assigned for the classification of the spectral signatures into the healthy or the intensity 
of the disease level conditions. The weights correction is performed by the scaled 
conjugate gradient back propagation algorithm and the transfer function that were 
selected were the hyperbolic tangent (tanh) for the interconnections between the input 
and the hidden layer and the logistic function for the respective interconnections 
between the hidden and the output layer. 

Apart from the first level hyperparameters, the values of which are randomly chosen 
as priors for the initialization of the MLP classifiers, Automatic Relevance 
Determination (ARD) is used in this study. In the application of the ARD technique a 
new regularization hyperparameter, alpha (α) is introduced, for every weight that is 
associated to the i input variables, in order to determine the relevance of the input data 
into the model (Pantazi et al., 2017). 

 

2 2( , ) exp{ / }x z x zK s= - -
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3.4   Otsu Valley-Emphasis (OVE) 

The Otsu Valley-Emphasis method (Ng 2006) is an improved Otsu algorithm for 
finding automatically a threshold in the SAR backscatter histogram (Otsu 1975). The 
method maximizes the inter-class variance and minimizes the weighted within-class 
variance, while giving weight to the valley points in the histogram in order to favor 
values that reside at the valley of two peaks or at the bottom rim of a single peak. Only 
VV-polarized Sentinel-1 data were used as input to the OVE method (Twele et al., 
2016). 

4   Results 

For the implementation and assessment of the ML algorithms the field survey 
dataset was split. 11806 samples were used for training and 5060 for validation, while 
the Otsu Valley-Emphasis method was validated using the whole dataset. All four 
methods were implemented using Matlab version R2019b. 

The results of the best performing ML algorithm the MLP-ARD are presented in 
Figure 3.  

Table 1.  Confusion matrix results for the four methods tested. 

Algorithm Precision Recall Overall accuracy Kappa 
OC-SOM 0.917 0.977 0.925 0.820 
OC-SVM 0.895 0.986 0.915 0.802 
MLP-ARD 0.987 0.977 0.974 0.933 
OVE 0.906 0.903 0.948 0.869 
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Fig. 3. Surface water map of the pilot area on 12/6/2019 using the MLP-ARD algorithm.  

The MLP-ARD method led to the highest overall accuracy of 0.974 with a kappa 
coefficient of 0.933. The precision and recall metrics for this method are respectively 
0.987 and 0.977, higher than for the other methods meaning that false alarms and 
missed detections are minimized. 

The other two one-class ML methods OC-SVM and OC-SOM provided a lower 
accuracy than the Otsu Valley-Emphasis method. However, in precision and recall 
OC-SOM algorithm supersedes OVE. Both OC algorithms have equal or better recall 
than the OVE. This result can be explained by the OC algorithms ‘excellent outlier 
detection capability with the recall of OC-SVM reaching a performance of 0.986. 

As shown in Fig 3. the sea, riverbed and coastal wetlands were detected by the MLP-
ARD algorithm with few missed detections. Unlike for the one-class algorithms, the 
built areas in the neighboring villages did not cause false alarms. 

The computation time required to train the OC and MLP -ARD algorithms is 
minimal and requires very few minutes. For producing a prediction map for 
waterbodies detection with a size of over 2.8 M pixels, different time was required for 
the two OC algorithms (few hours), which appeared to be a limiting factor for near-
real time application. Both the MLP-ARD and OVE methods produced maps in a 
reasonable time (few minutes). 
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5   Conclusion 

Both the Otsu Valley-Emphasis and MLP-ARD algorithms provided good accuracy 
for the detection of water bodies using high-resolution SAR images. Due to the 
generalization capability of the MLP -ARD, the trained network can be applied further 
without any retraining and can generalize over new example images acquired from 
different days and years. A more robust version of the MLP-ARD will be produced by 
training by data from different days’ time series of Sentinel-1 images will be processed 
using the MLP-ARD to monitor surface water bodies during the whole summer season 
of 2019. Results will be presented in a future communication. 
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Abstract. Climate change is anticipated to impact adversely diverse levels of 
organized life. Mediterranean countries, counting Greece encounter the 
problem of increased desertification, with its islands being listed as areas of 
high risk. The Aegean islands are faced with major confrontations as areas of 
abandoned terraces with low vegetation cover. Nowadays, terrace fields are 
crucial as green infrastructures to mitigate climate change impacts, as they 
improve rainfall absorbency, reduce soil erosion, smooth extreme summer 
temperatures, moderate the risk of floods and forest fires while preserve the 
biodiversity and ecosystems services. LIFE–TERRASCAPE project aims to 
revitalize island terrace farming, through the implementation of Land 
Stewardship (LS) enterprise for the first time in Greece, in association to 
Information and Communication Technologies (ICT) applications. The study 
aims to measures of innovative agricultural establishment and production as an 
integrated adaptation strategy that elaborates new technologies and methods to 
mitigate climate change to terrace landscapes in island ecosystems. The 
cultivation plan and the technologies implemented to terracing restoration to 
protect land resources are presented and discussed.  

Keywords: Climate change; agriculture; local landraces; ecosystem 
sustainability; innovation. 

1   Introduction 

Terrace cultivation is the method of growing crops on sides of hills or mountains 
by building graduated terraces into the slope. This method has been employed 
effectively for centuries to maximize arable land area and to avoid soil erosion and 
water loss. Terrace farming is the principal method for cultivation in the dry and poor 
soils of Aegean islands in Greece, supporting the agrarian communities, providing 
ecosystem services and preserving the biodiversity. On the other hand, the 
demographic changes in rural populations along with the urbanization have led to 
terrace abandonment and land-use alterations. Climate change and land-use alteration 
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including abandonment threaten environment and rural communities sustainability 
(Pereira et al. 2012). Sustainable land management and policy intervention can 
contribute to reducing the negative impacts of climate change, support restoration of 
ecosystems and safeguard their sustainable use and rural development (Schadler et al. 
2019). 

Climate change and food security remain the main challenges of the 21st century. 
Climate change describes the long-term shift in global or regional weather patterns, 
and it is highly associated with the rise in global average temperatures. Terrace 
abandonment has a key role in amplifying the impacts of climate change with 
tremendous adversities to both the landscape and the communities (Giordan et al. 
2017). The LIFE-TERRACESCAPE project centers on the restoration and re-
cultivation of abandoned terraces at a multifunctional approach. The cultivation of 
terrace lands aims to a climate smart agriculture system to benefit both the society 
and the economy and lessen the climate change effects. The study presents the 
cultivation of terraced lands as functional green infrastructures using new 
technological applications to foster rural development. 

2   Research Area 

Most islands of the Aegean Sea are confronted with strong desertification issues. 
The impacts of climate change are being already noticed in the weather conditions of 
each area. Aegean islands are characterised by intense relief and low vegetation 
cover and thus, are listed as high-risk areas. Changes in the climate conditions are 
expected to influence negatively local biodiversity, ecosystem services, soil structure 
and composition, water reserves, and finally the primary production and economic 
activities on the islands (Karamanos and Voloudakis, 2011). Terrace cultivation has 
been for years the main cultivating system of perennial and arable crops on the 
islands of the Aegean Sea. However, during the last decades a significant drop in 
cultivation rate is noticed in these rural areas. The abandonment of terrace fields is 
often followed by massive soil movement due to stone walls collapse, surface water 
runoff, decline in soil depth and moisture, slope instability phenomena, and general 
alteration of the island landscape (Morreno de las Herras et al. 2019; Van Der Sluis 
et al. 2014). It becomes obvious thus, that terraces could be considered as ‘climate-
smart landscapes’ that promote ecosystem resilience and adaptability to climatic 
change.  

The study research area is located in the island of Andros. Nowadays terrace 
cultivation is indispensable to maintain sustainable development, food security and 
adequacy to control soil erosion and protect land resources. Fig. 1 presents the area 
of terrace cultivation in Andros island.   
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Fig. 1. The intervention area in Andros island. Terrace cultivation is shown with blue and 
green pins, meteorological station system is depicted by yellow.  

2.1   Land use cultivation and study design  

The re-cultivation plan of the study is based on the selection of appropriate crops 
and varieties, which will contribute to the mitigation of climate change, as well as to 
the production of high-added value products. Therefore, emphasis is given in the use 
of local landraces, which are considered valuable genetic resources due to their high 
adaptability to the indigenous climate and landscape conditions (microclimate, soil 
composition, soil slope, geological and architectural peculiarities), preserving and 
promoting biodiversity. Cultivation operation plan integrates a selection of local 
varieties of cereals, legumes and vegetables for terraces restoration as green 
infrastructures. Barley landraces are included due to their high tolerance to drought 
conditions, compared to wheat and other cereals. Legumes are considered a rich 
protein source in human and animal diet, but more importantly, legumes can be used 
for the enrichment of poor soils (typical of the island landscape) due to their ability 
to fixate nitrogen. The selected crops are finally used in cropping schemes of low-
input and organic farming as “climate-smart” and friendly cultivars. Native 
biodiversity is enhanced by the reinstatement of local landraces, the use of cropping 
mixtures and low input-farming.  

2.2   Implementation of Land Stewardship (LS) and ICT applications 

The Land Stewardship (LS) enterprise is utilized for the first time in Greece as a 
strategic method to encourage active participation of local bodies and land users, in 
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terrace re-cultivation through a land consolidation scheme. The LS enterprise aims to 
transcend land fragmentation and cost-input resources to enhance sustainable terrace 
cultivation and benefits. Taken into account the geomorphological difficulties of 
terrace cultivation an operational cultivation plan in association to appropriate 
machinery and cutting edge technological applications, are engaged. Adequate 
terrace machinery and man-power are both key drivers of terrace cultivation and 
productivity sought by the LS enterprise. Thus terrace-machinery is used in rotation 
by LS members to enable all agricultural practices such as soil preparation, sowing, 
weed management, and crop harvest. 

Moreover, the Information and Communication Technology (ICT) applications 
used contribute significantly to the efficient utilization of natural resources, to 
support a climate-smart agriculture. Thus a widespread meteorological system was 
established in several sites across the cultivated terraces. This meteorological system 
provides a thorough monitoring of local climate conditions and a crucial record of 
climate change impact on the surrounding area. Data collected from the 
meteorological stations are further used for the development of local weather forecast 
and models that are indispensable to climate smart agriculture. In this study, 
projections derived from a state-of-the-art Regional Climate Model (RCM) -within 
the framework of EURO-CORDEX- were used to examine the potential future 
climate changes in the Aegean region. The RCA4 regional climate model SMHI 
(Collins et al., 2011; Martin et al., 2010) with boundary conditions from the global 
HadGEM- ES model of the Met Office Hadley Centre (MOHC) was found to give 
the best results for the Aegean region following evaluation. In order to depict future 
climate changes, maps for the Aegean area were constructed along with the analysis 
in climatic indices relevant to extreme phenomena and agriculture, based on models’ 
temperature and precipitation simulations at a horizontal resolution of approximately 
12km. The selected climatic indices which directly or indirectly affect agriculture in 
the examined area were: mean maximum (Tmax) temperature; Number of days with: 
Tmax>30oC (hot days), Tmax> 35oC (heatwave days); Total Precipitation (PR); 
Maximum length of dry spell (consecutive days with PR<1mm). Changes in climate 
indices between control period (1971-2000) and two future periods, the near- and 
distant future period (2031-2060 and 2071-2100, respectively) were examined under 
two new IPCC emissions scenarios, namely the RCP4.5 and the RCP8.5, 
representing the medium mitigation scenario and the high emission scenario, 
respectively (Table 1).  
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Table 1.  Changes of climate indices for Aegean region between the near future period 2031-
2060 or the distant future period 2071-2100 and control period 1971-2000, under the future 
scenarios RCP4.5 (weak climate change mitigation scenario)   and RCP8.5 (non-mitigation 
scenario with high emissions), based on the projections of the selected Regional Climate 
model. 

Climatic Index 

Climatic changes / Differences - Near future (2031-2060) 

Cyclades Dodecanese Central Crete N Aegean 

RCP 
4.5 

RCP 
8.5 

RCP 
4.5 

RCP 
8.5 

RCP 
4.5 

RCP 
8.5 

RCP 
4.5 

RCP 
8.5 

Hot days (d/y) +27 +27 +25 +25 +25 +30 +20 +25 

Tmax (°C) +3 +5 +4 +5 +2 +3 +3 +4 

Heatwaves +2 +6 +10 +20 +2 +5 +10 +30 

PR (%) -7 -7 -5 -5 -5 -5 -5 -5 

Maximum 
length of Dry 

spell (d/y) 
+40 +50 +40 +45 +25 +34 +34 +40 

Climatic changes / Differences - Distant future (2071-2100) 

Hot days (d/y) +30 +35 +25 +30 +35 +60 +25 +30 

Tmax (°C) +4 +6 +5 +6 +4 +6 +6 +6 

Heatwaves +25 +30 +40 +50 +12 20 +35 +48 

PR (%) -15 -25 -15 -25 -15 -25 -15 -25 

Maximum 
length of Dry 

spell (d/y) 
+40 +50 +40 +50 +50 +60 +55 +60 

 
 

Implemented ICT and applications are closely linked to the cultivation operation 
plan for better utilization of natural resources. More precisely, rainfall frequency and 
distribution throughout the growing season play a major role and actually determine 
the kind of crops to be cultivated in the area. The cumulative precipitation (mm) for 
two growing seasons (2018-2020) in Andros island (Fig.2) shows that there is 
significant rainfall during the period February to June, which coincides with the 
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critical growing stages of the winter crops. Crops like barley and legumes have 
increased need for water supply during the seed filling stage (April to early May), 
and thus take full advantage of the available “green water” (rainfall water that is 
stored as soil humidity).  

 
 

 

 

 

 

 

 

 

 

 

Fig. 2.  Cumulative Precipitation and Solar radiation in Andros island during two growing 
seasons (2018-2020). 

All meteorological data is available and accessible to every farmer through a user-
friendly mobile application. The latter enables them to organize efficiently terrace 
cultivation and management, according to local weather conditions. Furthermore a 
Geographic Information System (GIS) application depicts the selected cultivated 
terraces in association to soil chemical analyses in order to develop a spatial map of 
terrace cultivation impacts on soil composition and properties. Knowledge of soil 
composition counting nutrient status, soil-type, and soil organic matter is a powerful 
tool in decision-making process of crop cultivation, and management of integrated 
farming systems and natural resources.  

3   Conclusions 

According to primary results from the re-cultivated terraces in Andros island, the 
selected local varieties show a good adaptability to the island landscape and 
microclimate conditions. Grain and legume cultivations were characterised by high 
“green” water use efficiency (WUE), taking full advantage of the rainfall period on 
the island during the growing season. Terrace cultivation enhances soil organic 
matter and increased soil’s water holding capacity, thus lessening the impact of run-
off water and soil erosion. Moreover, legumes crops are widely known for their 
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impact on soil fertility and structure due to the symbiotic nitrogen fixation ability. 
Crop yield and quality were also assessed. Physicochemical analysis of the produced 
crops showed high content of micro and macro nutrition elements, which can be 
further exploited by local industries for the production of added value products of 
origin, in support of the local economy. 

The cultivation system of terrace fields is expanding and the influences on climate 
change mitigation are encouraging. It becomes obvious that modernization of the 
agricultural land management and primary production can be achieved by 
introducing innovative technologies and applications to traditional practices, paving 
thus, the transformation path towards a climate smart agriculture. Therefore, 
implementation of geospatial technological innovations, including GIS, remote 
sensing and precision agriculture are crucial to substantially support natural resources 
management and effective crop forecasting, to reduce crop uncertainty and chemical 
footprint towards a sustainable agriculture development.  
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Abstract. BEACON is a market-led project that couples Earth Observation (EO) 
with weather intelligence and blockchain to deliver a toolbox for timely, cost-
efficient and actionable insights for the Agricultural Insurance (AgI) sector. 
BEACON enables insurance companies to exploit the untapped market potential 
of AgI, while contributing to the redefinition of existing products and services. 
The Damage Assessment Calculator of BEACON employs remote sensing in 
order to improve the quality and cost-effectiveness of agri-insurance by: i) 
increasing the objectivity of the experts’ field inspections; ii) reducing the cost 
of field visits and iii) increasing farmers’ confidence in the estimation results. 
This paper provides an approach that employs a satellite derived agricultural 
drought indicator, implemented in the operational workflow of BEACON that 
can be used by AgI companies to improve the prediction and crop loss 
assessment due to drought. 

Keywords: BEACON; Agricultural Insurance; Drought; NDVI-Anomaly. 

1   Introduction 

The agriculture sector is highly vulnerable to drought, as it depends directly on 
water availability (Tsakiris and Tigkas, 2007; Meng et al., 2016). Although each crop 
differs in its resilience to water stress, drought can cause crop failure if the weather 
conditions are adverse during the most sensitive stages of crop growth (Peña-Gallardo 
et al., 2019). Droughts are difficult to measure and quantify (Vicente-Serrano et al., 
2016), and consequently a wide range of drought indices have been developed to 
provide tools for quantifying their effects on vegetation. 

Vegetation is constantly monitored for conditions of drought using vegetation 
indices (VIs). Among them, NDVI is the one most often used for monitoring the 
environmental conditions (e.g. grassland status, land degradation, desertification, and 
drought) all over the world (Hassan et al., 2018). NDVI is commonly calculated using 
image data from polar orbiting satellites, which carry sensors detecting radiation in red 
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and infrared wavelengths. The Moderate Resolution Imaging Spectroradiometer 
(MODIS) is most widely used for drought monitoring. There are several NDVI-based 
approaches for detecting and mapping drought using its long-term mean for a pixel or 
region at a given time. A simple and common NDVI-based approach for monitoring 
drought, is the relative NDVI Anomaly (NDVIA) (Anyamba and Tucker, 2012; 
Nanzad et al., 2019).  

The use of anomaly isolates the variability in the vegetation signal and establishes 
meaningful historical context for the current NDVI to determine relative drought 
severity. NDVIA provides a powerful tool for agricultural drought monitoring to ease 
identify drought-sensitive areas and estimate possible crop damage. This possibility 
emerges from the well-established potential of remote sensing to detect change on 
vegetation. 

This short paper presents the methodology developed in BEACON project, for crop 
loss assessment due to drought, based on the NDVIA and ground truth data made 
available by AgroSeguro, the Spanish AgI provider. The dataset consisted of drought 
damage percentage occurred on wheat and barley. A validation procedure was 
followed to test the accuracy of the developed EO product against in-situ data. 

2   Materials and Methods 

2.1   Satellite data  

The NDVI MODIS/Terra daily Level-2G product (GMOD09Q1) was used for 
drought monitoring. This product is provided as a service federation of the GIMMS 
MODIS NASA-UMD with a spatial resolution of 250 m and as a composite 8-day 
product, since 2001. To develop the methodology, the MODIS NDVI datasets were 
downloaded and cropped to the provided parcels extent. The total period that was taken 
into account corresponded to the growing season from 17 November to 26 June (2017, 
2018 and 2019). The number of 8-day records per growing season was 29. After image 
acquisition, the Relative NDVIA was calculated as follows: 

                                                         (1) 
where i subscript denotes the year, j subscript denotes the period (8-day), and NDVIave,j 
is the average value for the same period j from a number of years (the multi-year mean 
of the specific 8-day). The Relative NDVIA indicates the variation of the current 8-
day composite compared to the long-term average, where a positive value denotes 
enhanced vegetation conditions compared to the average, and a negative value 
indicates comparatively poor vegetation conditions (Vaani and Porchelvan, 2017). The 
historical average was based on the NDVI values of the corresponding 8-day period 
from 2001 until present.     

i, j i, j ave, j ave, jNDVIA 100 (NDVI NDVI ) / NDVI= × -
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2.2   In-situ data  

In BEACON, in-situ data were made available by AgroSeguro that manages AgI on 
the Spanish market at national level. Drought damage originated from the rural area of 
Ávila and Segovia. In this region the predominant crops are rainfed barley and wheat, 
covering 26% and 22% of the total area, respectively. Wheat and barley growing 
seasons begin by the middle of December and last until early July. The most frequent 
damaging weather phenomena in the regions are drought and hail. Number of damaged 
parcels was 91 (2017), 13 (2018), 42 (2019). The parcel size ranged between 1 ha and 
10 ha, with the majority of the parcels area being approximately 4 ha and an average 
size of ≈5.7 ha. Based on the spatial resolution of 250 m, the NDVIA pixels 
corresponding to each parcel ranged from 1 to 21. Damage severity caused by drought 
ranged between 10% and 100%. Approximately 75% of the samples were used to 
develop the methodology, while 25% were used to validate the developed EO product. 

2.3   Indicator-impact functions 

To relate the level of drought severity, expressed through NDVIA, to the number of 
reported impacts and the onset of drought (Naumann et al., 2014), indicator-impact 
functions were derived. These sigmoidal regressions are used to quantify the drought 
impact in terms of production (damage) or economic return (loss) (Bachmair et al., 
2015). The performed regressions were based on specific crop data (winter wheat and 
barley crop damage) and localized climatic conditions, therefore, several agro-
meteorological aspects had to be taken into account, such as: 

§ The developed methodology for drought applies only for winter wheat and 
barley. 

§ The crop loss assessment methodology is the same for winter wheat and barley 
crops.  

§ Vegetation stress obtained through the calculation of NDVIA for the growing 
seasons of wheat and barley (2017-2019) was attributed only to drought events. 

§ Variation of intensity of vegetation stress reflects the variation of drought 
severity throughout the growing season. 

§ Under natural conditions, the severity of vegetative drought evolves gradually 
in time. 

§ Barley and wheat yields are vulnerable to drought during spring, responding in 
both short drought timescales (1–3 months) and medium (4–6 months) 
timescales.  

§ Peña-Gallardo et al. (2019) found no major differences in precipitation patterns 
among districts in Spain during a drought study. Differences found were 
focused mainly in the average maximum and minimum temperatures. Therefore 
the methodology could be expanded to include winter wheat and barley crops 
in the entire Spain. 

In wheat (Triticum aestivum L.) and barley (Hordeum vulgare L.), drought stress 
can occur at any growth stage (Sallam et al., 2019). Although barley is less dependent 
on water availability at germination and the grain filling stage than wheat, Peña-
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Gallardo et al. (2019) found that the temporal responses of these crops to drought 
conditions were very similar in both space and time. 

3   Results and discussion 

For the development of the methodology an indicator-impact function was derived 
by correlating the drought severity with the in-situ assessment of the damage. The 
drought severity was defined as the sum of the absolute values below zero of the 
NDVIA during a certain period of time. Bachmair et al. (2015) and Naumann et al. 
(2014) proposed this approach using meteorological drought indicators. The 
accumulation time period was limited from the 1st of April to the end of June, 
corresponding to the reproductive and senescence stages. A study by Hernandez-
Barrera et al. (2016) demonstrated that during spring, precipitation deficit is the most 
influential climate factor affecting cereal growth. 

For the accumulation of the NDVIA values, the median of the pixel values, 
corresponding to a parcel, was selected for the regression which was considered as the 
most representative to be linked with the damage. An example of the procedure is 
illustrated in Fig. 1. 
 

 
Fig. 1. Relative NDVIA and Absolute Negative Sum during the growing season 2016-2017. 

Gridded datasets of the SPEI indicator were acquired for the growing seasons of 
2017-2019 from the SPEIbase1. According to SPEI values, wheat and barley crops 
faced severe drought during the 2017 and 2019 seasons, justifying the small number 
of in-situ data provided for 2018. Mutsotso et al. (2018) found that external signs of 
stress expressed through the NDVI, lagged SPEI approximately one month. However, 
they supported that SPEI correlated well with NDVIA. SPEI values are illustrated in 
Fig. 2.   
 

 
1 http://spei.csic.es/map/maps.html#months=1#month=8#year=2019 
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Fig. 2. Fluctuation of SPEI for Ávila and Segovia regions, during the growing seasons. 

To select the best function type, the goodness of fit between the drought severity 
expressed as the absolute negative sum of the relative NDVIA and the damage 
percentage was assessed assuming linear, power-law, exponential and sigmoidal 
relationships. The sigmoidal relationship that provided the best explanation of variance 
with a correlation coefficient of r = 0.53, is the following: 

                                                                 (2) 
where y is the expected impact in terms of % damage, x is the absolute negative sum 
of the Relative NDVIA. Fig. 3 provides the indicator-impact function plotted against 
the provided damage data. 

 

 
Fig. 3. Drought-damage function depicting the relationship between reduction in crop 
production and drought severity. 

A number of 28 drought damage cases were used to characterize the accuracy of the 
developed methodology and evaluate the performance of the EO data product. The 
following statistical criteria were applied, namely i. the mean error (ME), ii. the root 
mean square error (RMSE), iii. the normalized RMSE (nRMSE), iv. the coefficient of 
residual mass (CRM) and v. the correlation coefficient (r) between the observed and 
predicted data (Antonopoulos, 2000). Table 1 provides the results of the statistical 
analysis. 

-2,5
-2,0
-1,5
-1,0
-0,5
0,0
0,5
1,0
1,5
2,0
2,5

Oct Nov Dec Jan Feb Mar Apr May Jun

SP
EI

Month

2016-2017
2017-2018
2018-2019

0.31 0.31y (78.6 106.1 x ) / (2.43 x )= + × +

0

20

40

60

80

100

0 50 100 150 200 250 300 350 400 450

D
am

ag
e 

A
ss

es
sm

en
t (

%
)

Absolute Negative Sum of NDVIA



 249 

Table 1.  Statistical criteria between observed and calculated drought damage. 

Metric Value 
ME (%) -3.29 
RMSE (%) 8.28 
nRMSE% 9.88 
CRM 0.04 
r 0.69 

4   Conclusions 

According to the statistical analysis results, the following conclusions are drawn 
based on the performance of the indicator-impact equation to describe crop damage 
due to drought: 

• The developed methodology slightly underestimates drought damage.  
• The RMSE% value indicates good performance of the methodology to 

describe the drought damage. 
• The nRMSE is considered acceptable and indicates relatively good 

correspondence between observed and predicted damage. 
Overall the methodology describes fairly well the selected cases. However, the 

number of damage cases used for the validation cannot be considered adequate for safe 
results at this point. During the two-year pilot phase of the project, the algorithms for 
crop loss are expected to be further refined with new data that will be collected.  

5   Summary 

BEACON solution employs a multi-satellite approach in order to provide safe and 
reliable estimates on crop damage, for any type of AgI. BEACON takes into account 
damage by hail, floods, wild-fires and drought which are the four most devastating 
hazards of agricultural production worldwide. This paper presents a simple crop-
specific methodology that takes advantage of the historical MODIS NDVI records to 
synthesize a service for drought damage quantification. The service will support AgI 
companies in assessing and calculating damage to proceed with indemnity payouts of 
claims. In-situ data that will originate from AgI companies, most of which are early 
adopters of the BEACON’s solution, will be used to further fine-tune the algorithms. 
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Abstract. During the last decades many states under different circumstances 
have faced financial crisis, made significant adjustments to their fiscal policy 
regimes and adapted new public management reforms. The control of the 
public sector costs seems more important now, in the context of the financial 
and fiscal crisis of 2008. The international globalized environment and the 
financial crisis have generated new demands with internals (citizens-users) and 
externals (creditors) pressuring the governments to control public spending and 
improve efficiency in the supply of public goods/services. In many countries, 
performance information is now included for public budgeting, in few 
countries it is used in decision-making process for budgeting and in fewer 
countries, it is used for the allocation of resources. In the light of current 
practices, this article aims to showcase the need and importance of costing 
allocation in the public sector, in order to promote more effective financial 
management, a higher degree of transparency and accountability of public 
spending and to disseminate a ‘cost culture’ in the public administration. 
Additionally, cost allocation and performance methods are a powerful public 
management tool that can provide the knowledge capital, support the reforms 
in public organizations and lead to a responsible decision-making process. 
Governments nowadays are rethinking their models, trying to meet the needs 
of its citizens/consumers of public goods and services. The article 
demonstrates a cost analysis of the General Chemical State Laboratory 
(G.C.S.L.) and presents the major structural changes at the Greek Ministry of 
Finance. It also shows the cost allocation of the central government spending 
in Greece. 

Keywords: Financial crisis; public management; cost accountability; 
performance; decision-making; public sector. 



 253 

1   Introduction 

According to World Bank reports (1997), ‘Good government is not a luxury – 
it’s a vital necessity for development’. 

Cost determination in the public sector is more essential now due to the financial 
crisis of 2008. The main purpose of this article is to examine whether the 
implementation of Activity-Based Costing methods is possible in the Public Sector 
and how the cost analysis can lead to public accountability. In this study, we 
implement the ABC method at the Greek General Chemical State Laboratory 
(GCSL) of the Greek Independent Authority of Public Revenue (IAPR). To achieve 
this, the study needs to identify the public expenses (‘inputs’), the public goods 
services/products (‘outputs’) and the activities of GCSL. The financial cost data is 
collected (personnel cost, goods and equipment cost, operational supplies, facilities 
cost, miscellaneous cost etc.) and cost calculations are made. Also, the public 
goods/services provided by the GCSL are gathered and presented. Additionally, the 
major activities of GCSL are presented.  

Another objective is to provide insights, taking into account the 2008 fiscal crisis 
of 2008 in Greece, about the basic countermeasures taken to reduce the public 
spending and the structural reforms implemented in the Public Sector of Greece. 
Additionally, we represent data from the Organization for Economic Co-operation 
and Development (OECD) concerning the central government spending of Greece in 
comparison with European countries with similar economical size or financial status.  

The paper is organized in five sections as follows. In section 2 we present a short 
review on cost systems and public management. In section 3 we implement a cost 
analysis of the GCSL and in section 4 we outline the allocation of Greek central 
government spending in comparison with other European countries. Finally, in 
section 5 we conclude the paper and discuss todays’ and future perspective on public 
accountability. 

2   Literature Review 

In recent years, companies have reduced their dependency on traditional 
accounting systems by developing activity-based costing management systems 
(Kumar and Mahto, 2013). Traditional costing systems added a broad percentage of 
expenses into indirect costs. However, as the percentages of indirect or overhead cost 
rose, this methodology became increasingly inaccurate. Activity-Based Costing 
(ABC) was a new tool that was developed in the manufacturing sector in the 1970s 
and 1980s in an effort to improve efficiency and control cost.  

ABC was pioneered by Copper, Kaplan and Johnson and is a costing methodology 
used to mark out overhead costs directly to cost objects (product, services, processes 
or customers) and help managers make the right decisions regarding product mix and 
competitive strategies (Ray, 2012). 

Vazakidis et al. (2010) investigated the relevance of ABC in the Greek public 
sector. Their findings revealed that when combined with new technologies and new 
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methods of management, ABC can resolve public sector deficiencies and help 
produce services at minimal cost. 

Horngren et al. (2009) described that cost management systems are used to calculate 
the cost of products, services and other cost objects, to obtain information for planning 
and control and performance evaluation and to analyze the relevant information for 
decision-making. 

Bovaird et Löffler (2003), mentioned that public expenditure in most parts of the 
world increased rapidly after 1945, as the ‘welfare state’ in its various forms became 
widespread. However, by the early 1980s, budget deficits provided a major motive 
for public sector reforms in many parts of the world – reforms that covered both the 
content of public policy and the way in which public policy was made.  

According to Hood (1995), New Public Management (NPM) include a focus on 
the reduction of budgets, decentralization of activities to corporatized units, an 
emphasis on performance management and the prominence of managerial 
accountability. 

Cost management systems in public sector have different approaches in Anglo-
Saxon countries, with less emphasis on market mechanisms, notions of 
competitiveness and efficiency and value for money and in “Nordic” style countries, 
with public management focusing more on meeting citizens’ needs and a tradition of 
negotiation and consultation. 

3   Methodology 

3.1   Research design and data collection 

As mentioned before, Activity Based Costing methods (ABC and TD-ABC) 
determine ‘true’ costs by assigning more indirect costs (overhead) into direct costs 
through activities. Based on Vazakidis and Karagiannis (2006) and Lima (2012) 
reports, the steps in the implementation of ABC are: 
1. Identify expenses (cost resources) 
2. Identify end-products/services (outputs-cost objects) 
3. Identify activities (cost pools) 
4. Assign resources to activities (based on resource driver) 
5. Trace/allocate overhead costs to activities and cost objects  
6. Assign activities to products/services (based on activity driver) 

The first steps of the study were to collect the financial data for the ‘cost 
resources’ (personnel expenses, operational and supplies expenses) and the data for 
the ‘cost objects’ (analysis and audits from the annual reports). Also, the ‘activities 
drivers’ were identified.  

Moreover, a main issue is the understanding of the working processes and 
gathering relevant information through personal interviews with directors and key 
employees, gaining familiarity with the main working strengths and difficulties. 

This study presents below a total cost analysis for the Greek General Chemical 
State Laboratory and how the crisis and the changes that followed, have influenced it. 
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3.2   General Chemical State Laboratory of Greece (G.C.S.L.) 

The General Chemical State Laboratory (GCSL) was established in 1929 
(foundation law L. 4328) and until the end of 2016 belonged to the Greek Ministry of 
Finance. From 1/1/2017 it reports to the Greek Independent Authority of Public 
Revenue. The structure of G.C.S.L. after the major reorganization of 2013 is the 
following: 
• 4 Central Divisions  
• 14 local Chemical Divisions (including 25 Departments and 10 local offices) 

3.2.1   Personnel Expenses Data (Number and Cost) 

GCSLs’ personnel have extremely high academic qualifications (PhD, MSc, 
NPAS: National public administration school). 

In the period of 2010-2017, the number of personnel was reduced by 30% mainly 
due to forced retirement. In 2010, a large number of personnel were forced into 
retirement (-19%).  

The annual personnel cost of the GCSL was calculated as a distribution of 
personnel per level of education multiplied with the average monthly personnel wage 
per level of education (includes wages, allowances, benefits and employer cost). 
Then the monthly personnel wage was multiplied the number of wages (14 or 13 or 
12) as reduced during the crisis period.  

Due to austerity measures, two major reductions were made: (a) Reduction and 
finally abolishment of Christmas, Easter and vacation allowances (from 14 to 12 
wages: -15% until 2013 due to L.3845/5-2010, L. 4093/10-2011) and (b) reduction of 
allowances and benefits (-12% and -8% at the beginning of 2010 due to the 
implementation of L.3833/3-2010, L.3845/5-2010).  

As shown, the personnel average wages were reduced by a total of -35% and the 
personnel number was reduced by -30% due to retirement. As a total, the annual 
personnel cost was reduced by -49%. 
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Fig. 1. Personnel cost of GCSL for the period 2010-2017. 

3.2.2   Operational Expenses Data (exp. Personnel) 

The Annual Statement of Public Accounts of Greece and Diavgeia (The 
Transparency Program initiative, web the public site www.diavgeia.gov.gr are in 
the public domain) are the official sources for information regarding financial 
data of the Authority.  

The main categories of public expenses per KAE (code number per expenses for the 
government expenses) are: 

0000: PERSONNEL PAYMENTS & SERVICES  
(overtime/night employment, travel, post, communications, electrical energy, 

water-supply, cleaning, building maintenance, equipment fees etc.) 
1000: SUPPLIES OF GOODS & EQUIPMENT  
(office equipment/supplies, laboratories materials, maintenance and repair items, 

heating fuel, etc.) 
 
The GCSL’s annual cost per expenses’ category (exp. personnel) for the period 2010-

2017 is presented below. On the category Supplies of Goods and Equipment the total 
reduction was -61%, with a major reduction of -95% happening in 2014. On the category 
of Services (operational cost) the total reduction was -9%, with a major reduction of -50% 
happening in 2014. This was due to the fact that no public procurement procedures (for 
chemical materials, equipment maintenance items and supply, etc.) were held. The 
austerity measures led to a major reduction of public spending on all categories of 
expenses. 
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Fig. 2. Annual cost per category on Goods, Equipment and on Services of GCSL (exp. 
personnel) for the period 2010-2017. 

3.2.3   Activities-Annual Report 

The Annual report of the GCSL provides the number of activities per category (a. 
laboratory analysis, b. audits on excise duties/inspections on/products/facilities and 
others (legal and administration tasks) for the period of 2010-2017.  
A. Sector: Laboratory/Chemical Analysis 

The charts below present the number of chemical analysis per main samples 
categories for the period of 2010-2017: 
• Chemical analysis (food, alcohol, water, petrochemicals, raw materials, 

environmental, tobacco) 
• Chemical analysis/Statement of classification for customs 
• Chemical analysis of controlled substances (drugs) 
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Fig. 3. Laboratory Chemical Analysis per major activity for the period 2010-2017. 

 
As shown above, chemical analyses are performed in the fields of food, alcohol, 

water, petrochemicals, raw materials, environmental, tobacco and others, with a total 
decrease of -10%. (2010: 26.446 to 2017: 24.060 number of samples analyzed). More 
specifically, petrochemicals samples showed a major increase of +256% (due to excite 
duties) and raw materials shows a major increase of +29%. Food and environmental 
samples were reduced by -46% and -58% due to fewer samples from other authorities. 

Besides, the number of chemical analysis for customs samples was reduced by -60% 
and the number of statement of classification for customs was reduced by -35% due to the 
changes on the risk management method for samples selection by the customs. 
Furthermore, in the field of controlled substances (drugs) the number of samples is the 
highest in the category of laboratory chemical analysis tests and is increased by 31%. 
 
B. Sector: Audits on Alcohol/Fuels Taxation/Inspections on Products/Facilities 

The chart below presents the number of audits on alcohol and fuel taxation and 
inspections on products/facilities, for the period of 2010-2017: 
• Audits for alcohol taxation (that include audits in distilleries, breweries, 

wineries, vinegar, bottling units and ethyl alcohol tax warehouses etc.)  
Increase of +236% (2010: 8.374 to 2017: 28.209) 

• Audits for fuel taxation (that include tasks for determining quantity of petroleum 
in tanks, audits for issue of licenses, on meters, on suitability etc.)  
Increase of +48% (2010: 30.125 to 2017: 43.919) 

• Audits/Inspection on products and units (that include internal market, imports-
exports, substances/facilities, volatile compounds, cleaning materials etc.)  
Increase of +86% (2010: 350 to 2017: 651) 
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Fig. 4. Audits on alcohol, fuels and products & units for the period 2010-2017. 

4   Empirical Analysis on Greek Adjustment Programs and Public 
Reforms  

Since 2008, Greece has faced a serious fiscal crisis and three (3) Economic 
Adjustment Programs (Memorandums) were signed between Greece and European 
Commission, European Central Bank and International Monetary Fund (IMF). 

4.1   Structural changes at the Greek Ministry of Finance 

In the year 2013, major structural changes were implemented in many Greek 
Authorities. Specifically, at the Greek General Secretariat of Public Revenue of 
Ministry of Finance the number of organic units (divisions, departments, units) was 
reduced by 61% (from 3282 to 1285 units). Additionally, the first initiative of the e-
government (on-going process) was implemented on the financial statements of the 
Individuals and Legal entities. This led some employees to move from some 
departments and to increase the number of the auditors (from ~800 in 2011 to more 
than 2200 in 2013, auditors for tax audit & enforced collection with 90% university 
education). Moreover, initial 15days-training program and continuous yearly 
educational program was developed. Also, an on-line monitoring program for audits 
was developed and many statistical reports started to be monitored.  

On 1/1/2017 the Greek General Secretariat of Public Revenue became an 
Independent Authority. The new Authority is not supervised by the Greek Ministry 
of Finance, but directly by the Greek Parliament. 
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4.2   Central government spending – Comparing Greek government data 

Central government expenditure is defined as the central government budget 
expenditure as reported in the final central government accounts. Data are based on 
the System of National accounts (SNA), a set of internationally agreed concepts, 
definitions, classifications and rules for national accounting.  

The expenditures are divided into in the following governments activities: general 
public services; social protection; health; education; defence; public order and safety; 
economic affairs; environmental protection; housing and community amenities; and 
recreation, culture and religion. The general government sector consists of central, 
state and local governments and the social security funds controlled by these units. 

 

 
Fig. 5. Central government expenditure 2018 – comparing OECD countries. 

 
Comparing central government expenditures between Greece and others OECD 

countries with similar sizes and status (Austria, Belgium, Denmark, Italy, 
Netherlands and Portugal) we see same similarities at the percentages spent on health 
and education, data close to the OECD average of 10%. But there is a big distance on 
general public services (Greece: 56,5% average: 28,4%) and social protection (3% 
average: 25,6%). For evaluating this distance, an analytical study should be made so 
the general public services should be reviewed on the services provided and the 
resources needed, so that the public reforms should be based on financial and 
administration data and not only on budgetary constraints. 

Cost analysis of the public services is essential for better financial public 
management and ‘good’ policymaking. In recent years governance reforms have 
three orientations: improved service delivery processes and outcomes, engaging 
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informed citizens in public affairs and creating open, responsible and accountable 
government. 

5   Conclusions 

The absence of public accountability and proper oversight in so many aspects of 
Greek public finances (public deficit, public debt, public spending) compounded the 
problems. (Kindreigh A., 2017) 

The recent worldwide request for better transparency and quality of the public 
sector, calls for managerial techniques to control the public sector’s spending and for 
a continuous improvement of quality of the provided public services/goods. 
Governments nowadays are rethinking their models, trying to meet the needs of its 
citizens/consumers of public goods and services and disseminate a ‘cost culture’ in 
the public administration. 

Cost analysis is currently an issue in public authorities in order to enhanced 
productivity, effectiveness and utility of public services and goods. Cost allocation 
basically means setting up budgeting and accounting systems in a way that allows 
administrators to determine a unit cost or cost per unit of service. Cost accounting 
methods can help to determining ‘true’ costs. 

The use of ABC costing management information system by the public sector, can 
lead to cost reduction and also to process improvement. The cost determination is a 
central problem because it is always indefinable, so by using the best applied costing 
method we could assign more indirect costs (overhead) into direct costs. The use of 
ABC method would be a useful tool for the administration decision making for an 
efficient use of resources and improvement of the performance in the public sector. 

Implementing the ABC method in Greek public authorities will provide the public 
administration the information need for an efficient decision-making tool. General 
public managers are responsible for achieving specified results within specific 
budgetary constraints; on the other hand political managers are responsible for the 
overall achievement of authorities. As showed, during the Greek crisis, the cost 
reduction was implemented by the legislation and not based on cost analysis of the 
public authorities. For an efficient public sector, which will not just satisfy 
regulations and legitimate the authorities activities, we need to separate the political 
process from the financial management process. 

Busch, Johnson, & Vanebo, (2002) concluded that regardless of how one chooses 
to define efficient use of resources in the public sector and measure value creation, it 
will be up to the politicians to decide whether the services the public sector supplies 
are of high enough value in relation to their use of resources [Boe et al., 2015]. 
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Summary 

The implementation of environmentally friendly policies contributes, through the 
rational use of the natural environment, in maintaining the biodiversity of a territory. 
The EU's current Agri-environmental policies are based on the implementation of 
management-based schemes on a European scale, which do not take into account 
national and local specificity. The implementation of a model that will be based on 
achieving measurable result goals is based on the precondition that in order to 
finance integrated productive activities, it will be necessary to certify the 
achievement of biodiversity indicators, which consequently certify the quality of the 
environment. One such model is the "Result Base Agri-environment Payment 
Schemes” - RBAPS. A model that, while requiring more effort to design and 
develop, produces better tracking data. The RBAPS model is based on a grading 
system that depicts the biodiversity per parcel and provides greater freedom for 
farmers to decide how to manage their land and therefore take more responsibility for 
their results. 

The announcement aims to present simplified methodology that was developed 
using: a) high-tech tools (satellite data, specialized software, for the production of 
thematic maps), b) data on biodiversity species (protected species -Standard Data 
Forms SDF) c) local traditional knowledge and management practices and d) 
categories of production systems, to create result indicators and how monitoring 
locally the RBPS model application. A key element of the methodology is the 
mapping of High Nature Value (HNV) farmland and farming systems. This 
procedure follows the classification of land cover and farming systems using 
temporal multispectral high spatial resolution satellite data (Copernicus Sentinel 2). 
For the preprocessing and the post processing of satellite and other geospatial data, 
open source sophisticated software, like SNAP (Sentinel Application Platform) and 
QGIS were used. The classification system follows the European Corine Land Cover 
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(CLC) nomenclature. Sophisticated classification algorithm were implemented 
(random forest classifier) in order to create high precision thematic maps. The above 
mention data were correlated with spatial distribution in-situ Natura data in order to 
create thematic maps concerning the different types of species and habitats in the 
High Nature Value farmland. The analysis of these geospatial data contribute to the 
delimitation of the High Nature Value farmland within which elements of 
biodiversity habitats and species exist. 

The following methodology for implementing the RBPS model focused on High 
Nature Value farmland and farming systems that are located in or between areas of 
the NATURA 2000 Network and operate as pressures mitigation zones or as 
communication corridors of NATURA 2000 network areas. In addition, it ends up in 
the formulation of an adjusted indicator guide, monitoring mechanism and control of 
the result indicators. The proposed methodology highlights the skills of the producer, 
the possibilities of interconnecting the local farming system with the sustainability of 
the place and transforming the biodiversity, in a territorial resource.  

Finally, the implementation of the RBPS model by incorporating elements of the 
local cultural heritage can also function as a tool for territorial development, offering 
connection to the place and added value to the resources of a territory and supporting 
its farming systems. 

Keywords: RBPS model; High Nature Value farmland and farming systems; 
sustainability. 

JEL Codes: Q26, M35; L12. 
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Abstract. The paper deals with the cryptoeconomy impact on the environment. 
The term ‘cryptoeconomy’ is used for designating the emerging industry around 
cryptocurrencies and blockchain. Cryptocurrency mining consumes a lot of 
electricity. As of September 2019, the estimated annual miners’ electricity 
consumption was 78.93 TWh. According to the upper boundary estimation, 
miners’ carbon dioxide emissions were about 80.43 million tons of CO2, which 
corresponds to 0.24% of the world’s total carbon dioxide emissions. The aim of 
this paper is to develop bitcoin mining carbon footprint estimation methodology. 
The suggested method is based on the miners’ geographical distribution 
obtained by analyzing the traffic of mining pools login pages. The methodology 
includes 1) assessment of the miners’ geographical distribution; 2) estimation of 
the miners’ carbon dioxide emissions by regions. According to the proposed 
methodology, miners’ carbon dioxide emissions are about 44.12 million tons per 
year (0.13% of the world’s total emissions), which is two times lower than the 
upper boundary estimate. 

Keywords: bitcoin; cryptocurrencies; mining; carbon footprint of bitcoin 
mining. 

1   Introduction  

At the current stage of cryptoeconomy development, the following market segments 
can be identified: exchange and brokerage services, payments, storage and custody 
(storage of cryptoassets as a service), network consensus services (mining equipment 
production and operation), infrastructure (design, development, and maintenance of 
the codebases of cryptoasset networks and related applications), alternative 
fundraising, banking, and insurance. 

This paper focuses on digital mining which provides network consensus services 
and ensures the integrity of cryptocurrencies’ public ledgers, facilitates transactions 
and prevents double-spending.  
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In 2018, the Cambridge Center for Alternative Finance conducted a survey of 
miners’ performance indicators. 22 companies and 35 individual miners from different 
regions took part in it. According to the survey the indicators were distributed as 
follows (Table 1).  
 

Table 1. Performance indicators of mining centers (Rauchs et al., 2018). 

Indicator Small Miners1  Big Miners 
Easy access to electricity 4.372 4.88 
Low cost of electricity 4.47 4.88 
Friendly regulatory environment 4.37 4.75 
Stable political situation 4.37 4.63 
High-quality internet connection 4.32 4.38 
Cold climate 3.11 4.25 
Special incentives for mining activities 3.95 4.13 
Availability of skilled labor 3.32 3.75 
Cheap land 3.58 3.75 
Low crime rate 3.63 3.38 

 
Table 1 shows that the most important indicators for miners are the availability of 

electricity and its price. This is due to the fact that mining consumes a lot of electricity. 
Assuming that electricity for bitcoin mining is generated at the coal-fired power 

plants only, and knowing its electricity consumption, one can estimate carbon dioxide 
emissions by the upper bound3:  

mCO2 = φ * Eestimated, 
mCO2 − carbon dioxide emissions, kg 
φ − air pollution by power generation, kg / kWh 
Eestimated − annual electricity consumption, kWh 
Cambridge Bitcoin Energy Consumption Index (Rauchs et al., 2019) estimates 

miners’ energy consumption as 78.93 TWh per year. Air pollution for coal-fired power 
plants vary by type of coal and equipment; according to the World Energy Outlook 
(IEA, 2017), the world average is 1.019 kg CO2 / kWh. Thus, the total carbon dioxide 
emissions are about 80.43 million tons of CO2, which corresponds to 0.24% of the 
world's total emissions.  

At the same time, electricity produced by a coal-fired power plant has a significantly 
different environmental footprint comparing to electricity generated by a solar park, 
for example. Recent studies have shown that the share of renewable energy used by 
miners is increasing in the overall structure of energy consumption. However, 
estimates vary significantly – from 20% (Rauchs et al., 2018) to over 70% of the total 
(Coinshares, 2019). 

 
1 Small Miners are those who have less than 40 employees 
2 ‘1’ is not important, ‘2’ is not very important, ‘3’ is neutral, ‘4’ is somewhat important, ‘5’ is very 
important 
3 This model was used to create the Cambridge Bitcoin Electricity Index web service. 
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Therefore, a clarification of the methodology of estimation of carbon dioxide 
emissions caused by bitcoin mining is essential. 

2   Review of assessment approaches 

The assessment of the carbon footprint caused by bitcoin mining has been done in 
(Foteinis, 2018), (Krause et al, 2018), (McCook, 2018), (Mora et al, 2018), (Stoll et al, 
2019), (Vires, 2019). Taking into account the miners’ geographical distribution, Stoll 
(Stoll et al, 2019) suggested using: 1) search results for mining equipment provided by 
shodan.io; 2) IPs statistics provided by the blockcypher.com; 3) regional statistics 
provided by slushpool and btc.com. 

However, since shodan.io provides information about one thousand devices only, 
this source cannot be considered as a reliable. The analysis of blockcypher data showed 
that more than 70% of IPs come from Amazon, which characterizes the blockcypher’s 
servers rather than the actual miners’ distribution. Therefore, only slushpool and 
btc.com were used for the methodology development. But these services provide 
aggregate statistics, therefore there is a need for further improvements. 

The aim of this paper is the development of a methodology of estimation of carbon 
dioxide emissions caused by bitcoin mining, which takes into account the miners’ 
regional distribution. The methodology includes 1) assessment of the miners’ 
geographical distribution; 2) estimation of the miners’ carbon dioxide emissions by 
regions. 

3   Assessment of the miners’ geographical distribution using the 
traffic of mining pools web pages 

The proposed approach is based on the traffic analysis of the mining pools login 
pages. It was assumed that: 1) miners from different regions use login pages in 
different regions around the world in the same way; 2) traffic measurement systems 
determine the real location of those who are using VPNs, proxies, and other tools that 
allow hiding and faking locations. 

In order to get miners’ regional distribution, consensus-estimate of 3 different 
internet traffic measurement services were used: SimilarWeb4, Alexa5, SemRush6. The 
following login pages have been taken into consideration (Table 2). 

 

 
4 https://www.similarweb.com  
5 https://www.alexa.com/siteinfo  
6 https://www.semrush.com  
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Table 2. Login pages taken into consideration 7. 

Notion Webpage Hash rate share 
[btc] pool.btc.com 19.43% 
[ant] antpool.com 12.47% 
[f2p] f2pool.com 11.81% 
[poo] poolin.com 9.82% 
[slu] slushpool.com 9.36% 
[top] btc.top 7.77% 
[via] pool.viabtc.com 7.61% 
[clu] bitclubpool.com 1.74% 

  Total 80.01% 

 
The pools, considered in detail, cover 80% of the global hash rate. Table 3 shows 

an example of slushpool.com data.  
 

Table 3. Slushpool traffic analysis. 

Region According to 
Similarweb 

According to 
Semrush 

Consensus 

C&S America 7.91% 8.76% 10.45% 
China   0.37% 0.20% 
EU 17.56% 14.92% 20.74% 
Eurasia   8.92% 4.83% 
Europe 3.54% 8.72% 7.27% 
North America 4.48% 3.17% 4.95% 
Middle East 4.67% 2.23% 4.58% 
Russia 11.65% 11.52% 14.64% 
Southeast Asia   0.36% 0.19% 
U.S. 19.51% 31.70% 31.23% 
other OECD   1.07% 0.58% 
South Africa   0.66% 0.36% 

 
Stoll (Stoll et al, 2019) provides aggregate statistics from the slushpool for four 

macro-regions: CN (China), EU (Europe), US / CA (US and Canada), JP / SG (Japan 
and Singapore). Taking into account these statistics, we cross-check and adjust the data 
by regions (Table 4). 

 
 

 
7 https://btc.com/stats/pool 
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Table 4. Cross-examination of the results of miners’ geographical distribution. 

Region Part by traffic Scoring part 

C&S America 10.45% 12.73% 

China 0.20% 0.10% 

EU 20.74% 16.65% 

Eurasia 4.83% 3.12% 

Europe 7.27% 5.84% 

North America 4.95% 6.03% 

Middle East 4.58% 3.67% 

Russia 14.64% 11.75% 

Southeast Asia 0.19% 0.45% 

USA 31.23% 38.04% 

OECD 0.58% 1.33% 

South Africa 0.36% 0.29% 

 
 
Given the adjusted data for btc.com and slushpool, the resulting statistics are as 

follows (Table 5). 
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Table 5. Geographical distribution statistics. 

Region/Pool, % btc ant f2p poo slu top via clu Total  

Africa 0.0 0.0 0.0 0.0 0.0 8.0 0.0 0.0 0.8 

Brazil 2.2 0.0 0.0 0.0 0.0 1.1 3.2 0.0 0.9 

C&S America 3.8 7.8 1.3 0.0 12.7 2.8 2.2 0.0 4.3 

China 14.9 17.7 31.8 22.2 0.1 35.6 7.9 0.0 18.0 

EU 5.6 11.8 5.7 2.5 16.7 19.1 13.4 51.6 10.5 

Eurasia (other) 0.0 3.2 1.6 0.0 3.1 5.2 0.0 0.0 1.6 

Europe (other) 7.9 8.9 6.6 6.0 5.8 0.0 9.2 4.2 6.7 

India 0.0 0.0 0.0 0.0 0.0 2.4 0.0 0.0 0.2 

Japan 0.0 0.0 0.0 0.0 0.0 0.0 0.0 5.2 0.1 

Middle East 23.1 6.3 2.1 22.1 3.7 2.1 7.1 0.0 10.9 

North America 0.0 0.0 0.0 0.0 6.0 0.9 0.0 0.0 0.8 

OECD (others) 0.0 0.0 1.4 0.0 1.3 0.0 0.0 2.8 0.4 

Russia 40.7 27.3 28.9 18.1 11.8 15.2 29.5 6.7 26.4 

South Africa 0.0 0.0 0.0 0.0 0.3 0.0 0.0 10.3 0.3 

Southeast Asia 0.0 1.5 4.0 20.4 0.4 1.9 7.0 17.7 4.6 

USA 1.9 15.5 16.5 8.7 38.0 5.8 20.6 1.5 13.4 

 

4   Estimation of the miners’ carbon dioxide emissions by regions 

The obtained statistics on the miner’s geographical distribution (Table 5) were used 
to estimate carbon dioxide emissions of bitcoin mining (Table 6). The values in the 
“kgCO2/kWh” column of Table 6 express the average emission factor for generating 
1 kWh of electricity in the given region which was obtained from the “IEA World 
Energy Outlook 2017 Annex A Tables for Scenario Projections”. The values of the 
column “kWh per year” in Table 6 are calculated as follows: the overall electricity 
consumption estimate (78.93 TWh per year) is multiplied by the share of the region. 
The share of the region is given in Table 5 (in the column “Total”). 
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Table 6. Carbon dioxide emissions of bitcoin mining. 

Region kgCO2/kWh kWh per year kgCO2 per year 

Africa 0.625 616648925 385405578 

Brazil 0.157 749448315 117663385 

C&S America 0.245 3377047232 827376572 

China 0.558 14209298675 7815114271 

EU 0.351 8318688257 2919859578 

Eurasia (other) 0.727 1255237418 912557603 

Europe (other) 0.361 5268628795 1901974995 

India 0.770 187123877 144085385 

Japan 0.536 88999557 47703763 

Middle East 0.670 8620282467 5775589253 

North America 0.420 625946053 262897342 

OECD (others) 0.417 336254977 140218325 

Russia 0.750 20860389905 15645292429 

South Africa 0.990 204038381 201997997 

Southeast Asia 0.600 3643652487 2186191492 

USA 0.458 10568333847 4840296902 

  78.93 TWh per year 44.12 million tons of CO2 

 
According to the proposed methodology, carbon dioxide emissions are about 44.12 

million tons per year (0.13% of global emissions), which is two times lower than the 
upper boundary estimate. 

However, the proposed approach overestimates the proportion of regions with a 
greater concentration of small miners and underestimates the proportion of regions 
where large miners are predominant. Having data directly from mining pools would 
solve this issue. Currently, work in this area is ongoing. 

 
 

 
8 The value for China has been downgraded due to the large share of hydropower used for mining in 
Sichuan (Stoll et al, 2019) 
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5   Conclusions and discussion 

The paper presents bitcoin mining carbon footprint estimation methodology based 
on the miners’ geographical distribution. The methodology includes 1) assessment of 
the miners’ geographical distribution by analyzing the traffic of mining pools login 
pages; 2) estimation of the miners’ carbon dioxide emissions by regions.  

According to the proposed methodology, miners’ carbon dioxide emissions are 
about 44.12 million tons per year which make 0.13% of the world’s total emissions.  
The obtained estimates of electricity consumption and carbon dioxide emissions are 
approximately twice as high as the results of the Stoll’s assessment, partly it could be 
explained by the significant increase in the bitcoin network hash rate since the 
publication of his study. 

At the same time, miners search for cheap electricity worldwide (e.g. hydropower 
that occurs in some regions during floods). This leads to reducing carbon dioxide 
emissions. On the other hand, countries, which produce fossil-fuel electricity (such as 
Kazakhstan and Iran) are gaining popularity among the miners. 

Anyway, increasing electricity consumption may challenge the UN Sustainable 
Development Goals. The issue of miners’ electricity consumption and the 
corresponding environmental impact should be discussed with policymakers, industry 
participants and the general public. 
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Abstract. Nowadays, the environmental flow (e-flow) is globally recognized as 
an essential component of the sustainable water resources management. 
Therefore, defining flow requirements is an important step forward, especially 
in transboundary regions where different water management practices exist. 
This study aims to test a spatial interpolation approach for estimating the e-flow 
in the Bulgarian-Greek Rhodope Mountain Range, incorporating hydrological 
methods, GIS techniques and expert judgment. It was found that the minimum 
flow required to maintain rivers and riverine ecosystems in the region with a 
probability of exceeding 90% of the time ranges from 0.027 to 6.11 m3/s, which 
represents from 1.92 to 32.98 percentages of the mean annual flow. The base 
flow variability index varies from 2 (low) to 20 (extremely high). Based on the 
Tennant method and low-flow duration indices, the rivers were regionalized into 
5 ecological management classes that identify the quality of ecosystems and 
their conservation status.  

Keywords: Environmental flow; Rhodope; GIS; river ecosystem.  

1   Introduction 

The concept of environmental flow (e-flow) is nowadays recognized as an essential 
step towards sustainable management of the natural resources, the need of which is 
constantly increasing for the demand to ensure the human livelihoods in the context of 
global climate change and growing exigency. This concept, widespread in the last 3 
decades, defines e-flow as the flow regime (i.e. quantity, quality, and timing of water 
flow) required to sustain freshwater and riverine ecosystems (Clausen and Biggs, 
2000; EC-Guidance No 31, 2015; Acreman, 2016; Karakoyun et al., 2018; Palmer and 
Ruhi, 2019).   

One of the main reasons for increasing the use of water is to generate electricity via 
hydroelectric power plants (HPPs) (Karakoyun et al., 2018).  As a consequence of the 
abundant water reserves of the Rhodope Mountain, a significant part of Bulgaria's 
hydropower plants is located here, whereat many of the largest country’s dams have 
been constructed during the 50s and 60s of the 20th century. The construction of small 
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hydroelectric plants (SHP) is also a strategic goal for Greece, which can reduce the 
electricity imports and contribute to balance of payments (Myronidis et al., 2008). 
Even supporting the economic development of the countries, the HPPs cause damage 
to biological diversity in rivers and their ecosystems, changing the basic components 
of the river flow (i.e. volume and timing), as well as the natural interrelation between 
the river and its flood areas (Karakoyun et al., 2018). Degradation of watershed 
ecosystems can also affect soil erosion, since the healthy vegetation is one of the best 
protections against erosion. Myronidis et al., (2010) address the issue of land 
degradation caused by excessive erosion in the Mediterranean region, pointing out the 
need of sustainable plan to mitigate the negative impact on natural ecosystems.  

In the past, many of these environmental problems have not been taken into account 
in the watershed management and the construction of HPPs, which in turn requires a 
scientific approach to ensure the future sustainable development of the Bulgarian-
Greek transboundary region. Recently, the rapid development of information 
technology has significantly increased the technical capacity to assess the variability 
of flow regimes in both temporal and spatial perspective, and hence the variability in 
ecosystem processes, using a broad range of spatial scales, resolutions and data 
availability (Tharme, 2003; Smakhtin et al., 2006).  

This study aims to test a spatial interpolation approach to reveal the spatiotemporal 
variability in the flow regime in the Bulgarian-Greek Rhodope Mountain Range, 
integrating Geographic Information Systems (GIS) and the most commonly used 
hydrological indices that might predict the magnitude, frequency and timing of flow 
events to further define environmental flow requirements.   

2   Methods  

2.1   Study area and data 

The entire territory of The Rhodope Mountain Range was considered in this study, 
extending on an approximately 23 500 km2 between longitudes 23o40’E and 26o40’E 
and between latitudes 40o50’N and 42o15’N in Bulgarian-Greek transboundary region 
(Figure 1). Both the humid continental climate of the North and the Mediterranean 
climate of the South influence the local climate of the region. The average annual 
temperature varies from 5 to 10-13 °C whilst average annual precipitation ranges 
between 600-1100 mm (Yordanova et al., 2002). The relief differs from low-
mountainous in the south-east to high-mountainous in the west (0–2191 m) with mean 
elevation 630 m.  

The Rhodope Mountain Range is famous for the highest species diversity in the 
Balkans and rivers play a significant role in their conservation (Tsiftsis and Tsiripidis, 
2012). According to the Bulgarian Ministry of Environment and Water and the Greek 
Ministry of Reconstruction, Environment and Energy the region includes 36 Natura 
2000 protected sites (17 in Bulgaria and 19 in Greece) with a total area of 11 000 km2. 
The flow inventory data, employed in a previous study (Myronidis and Ivanova, 2020), 
contain monthly records for maximum, minimum and mean discharges in m3/s for 
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time period of at least 10 years of measurements (between 1936 and 1995) for 22 
pristine watersheds with mean annual discharge from 0.19 to 27.7 m3/s. 

 

 
Fig. 1. Location map of the Bulgarian-Greek Rhodope Mountain Range. 

2.2   Environmental flow assessment methodology  

A large number of methods have been used for environmental flow assessment, 
varying from simple statistics to complex models. Generally, they have been 
categorized in Hydrological, Hydraulic Rating, Habitat Simulation and Holistic 
methods (Gopal, 2013; Karakoyun et al., 2018). In this study simple methodology was 
compiled in order to assess environmental flow and classify flow regime for water 
management and habitat maintenance. The methodology includes following steps: 

1. Selecting hydrological indices that adequately characterize flow regime;  
2. Statistical analysis of the hydrological data to arrive at index values;  
3. Spatial interpolation of the index values to characterize the spatial variability 

of flow regime; 
4. Compiling a classification of the flow regime to predetermine the state of 

riverine ecosystems, based on sustainable flow requirements, in terms of 
Ecological Management Classes (EMC) proposed by the South African DWAF 
(1997).   

The hydrological methods, selected and applied in a historical record, are the most 
widely used method of Tennant (1976), based on percentages of mean annual 
discharge, and Flow Duration Curve (FDC) method, which is a cumulative frequency 
curve representing the percentage of time during which the flow rate is equal or 
exceeds particular value (Gopal, 2013). Several low-flow indices were obtained from 
FDCs in a monthly step in order to determine e-flow, including Q50, Q90 and Q95 
(daily flows exceeding 50%, 90% and 95% of the time) expressed in both m3/s and % 
of mean annual flow (MAF). In addition, Low Exceedance Flow Index – LEFI 
(Q90/Q50) (Pyrce, 2004; Clausen and Biggs, 2000) and Baseflow Variability Index – 
BVI (Q50/Q90) (Nelms et al., 1997; Pyrce, 2004) were calculated.  
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Spatial interpolation was applied to all indices to determine flow regime 
requirements in their spatial and temporal variability, enforcing “Topo to Raster” tools 
in the ArcGIS software, which represents an interpolation technique based on the 
ANUDEM program, specially designed to create a surface closer to natural drainage 
surface (Hutchinson et al., 2011). The procedure uses interpolation methods, such as 
inverse distance weighted (IDW) interpolation, without losing the surface continuity. 

Finally, a holistic approach based on calculated indices was applied to classify rivers 
according to certain requirements for maintaining the whole riverine ecosystem in its 
ecological integrity.  

3   Results 

3.1   Instream flow regime based on the Tennant method    

Since the development of Tennant's hydrological methodologies (Tennant, 1976) 
involves the collection of field habitat, hydraulic and biological data, this method 
differs from many others and is considered one of the most suitable for e-flow 
assessment (Tharme, 2003; Pyrce, 2004). The methodology consists of linking certain 
percentages of mean annual flow (MAF) to eight categories of river condition on a 
seasonal basis to sustain fish, wildlife, recreation, and related environmental resources. 
To apply this method, the mean monthly flow was obtained for all gauging stations in 
the Rhodope Mountain Range, averaging the mean monthly discharge data for all 
observed years. Then, the percentage of the MAF was calculated month by month 
(Table 1).  
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Table 1.  Mean monthly flow, calculated as a percentage of MAF.  

Gauge N: % of MAD (October-March) % of MAD (April-September) 
X XI XII I II III IV V VI VII VIII IX 

1 52 62 64 56 48 65 159 252 197 117 71 54 
2 43 75 97 81 73 88 173 238 148 89 49 42 
3 42 66 76 110 87 164 199 162 137 79 44 37 
4 63 64 80 100 143 208 203 116 101 66 37 40 
5 50 63 83 105 115 169 189 154 119 66 45 43 
6 41 67 75 83 72 101 218 221 141 90 49 39 
7 51 82 119 94 120 139 183 171 131 50 33 30 
8 33 69 108 117 108 135 185 175 120 65 47 42 
9 36 87 100 62 105 148 235 192 97 72 35 31 
10 46 93 120 89 205 183 243 198 162 66 28 27 
11 39 80 139 139 122 146 168 153 104 56 28 30 
12 30 78 97 139 123 158 185 159 112 65 30 25 
13 42 59 98 164 114 143 174 188 129 68 39 32 
14 33 89 112 144 133 158 165 120 75 36 73 33 
15 46 63 71 74 67 99 244 243 125 81 44 38 
16 24 81 138 144 121 150 187 139 107 70 22 19 
17 25 55 106 150 141 135 234 172 98 49 18 16 
18 33 99 183 194 166 146 140 107 74 31 13 17 
19  23 80 104 125 95 152 226 169 116 75 18 16 
20 30 79 170 165 206 145 122 101 79 39 18 21 
21 30 85 185 263 239 142 82 66 45 37 8 9 
22 25 32 71 78 111 176 270 189 111 68 28 40 
 
Once obtained, these percentages were interpolated via ArcGIS software to reveal 

the spatial and temporal variability of in-stream flow regimens with respect to different 
aquatic and riverine habitat conditions. Following the Tennant’s environmental flow 
recommendations, we assumed the threshold of 10% of the MAF as the lowest limit 
corresponding to “severe degradation” of a riverine ecosystem. The category up to 
10% (max to 30%) of MAF (Apr.–Sept.) was assumed to be “poor”. The other 
categories are “fair”, “good”, ”excellent”, “outstanding”, “optimum” and “flushing”, 
joined to ranges of 10%–20% (Oct.-Mar.) – 30%–40% (Apr.-Sept.); 20%–30% (Oct.-
Mar.) – 40%–50% (Apr.-Sept.); 30%–40% (Oct.-Mar.) – 50%–60% (Apr.-Sept.); 
40%–100% (Oct.-Mar.) – 60%–100% (Apr.-Sept.); 100%–200% and over 200%, 
respectively.   

As can be seen from Figure 2 and 3, the river flow maintains an ecological optimum 
over the year, ranging from good to flushing, except for the period August–September, 
during which the ecological status of rivers dramatically degrades to poor, leading to 
damage of the river and riverside habitats.  
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Fig. 2. Instream flow regime in the Bulgarian-Greek Rhodope Mountain Range for the period 
October–March based on the Tennant (1976) method.  

 
Fig. 3. Instream flow regime in the Bulgarian-Greek Rhodope Mountain Range for the period 
April–September based on the Tennant (1976) method. 

3.2   Classification of natural flow regimes for e-flow estimation   

The FDC combined with other methods, as Vogel and Fennessey (1995) indicated, 
has been used in many hydrologic studies including flood control, water quality 
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management and aquatic habitats maintenance, due to its easy application and 
expression of wealth hydrologic information (Dakova et al., 2000; Smakhtin and 
Anputhas, 2006; Smakhtin et al., 2006; Shaeri Karimi et al., 2012; Efstratiadis et al., 
2014; Ridolfi et al., 2020).  

In an attempt to find a more comprehensive approach to determine environmental 
flow requirements for the Rhodope Mountain transboundary area, FDCs were prepared 
for all gauging stations based on long-term data (from 10 to 28 years), which is 
sufficient to assess the availability of water in the study area. Focusing on duration of 
low flow events, several indices, obtained from FDCs, were used for the purpose of 
this study, which are most often employed in the government and academic literature 
regarding environmental flow assessment (Table 2).  

Table 2.  Low-flow duration indices calculated from FDCs.  

Gauge 
N: 

MAF Q50 Q90  Q95  LEFI  BVI  EMC BV class  

   m3/s %  m3/s %  (Q90/Q50) (Q50/Q90)   
1 0,94 0,65 0,31 32,98 0,26 27,66 0,48 2,10 A Low 
2 0,37 0,27 0,12 32,43 0,11 29,73 0,44 2,25 A Low 
3 0,69 0,52 0,19 27,54 0,17 24,64 0,37 2,74 A Low 
4 0,70 0,45 0,18 25,71 0,14 20,00 0,40 2,50 A Low 
5 2,63 1,79 0,65 24,71 0,5 19,01 0,36 2,75 A Low 
6 0,35 0,24 0,086 24,57 0,068 19,43 0,36 2,79 A Low 
7 25,85 20,1 6,11 23,64 3,61 13,97 0,30 3,29 B Moderate 
8 17,48 13,4 4,06 23,23 3,45 19,74 0,30 3,30 B Moderate 
9 21,82 15,1 4,73 21,68 3,83 17,55 0,31 3,19 B Moderate 
10 21,68 19,14 4,58 21,13 2,70 12,45 0,24 4,18 B High 
11 4,74 3,55 1 21,10 0,76 16,03 0,28 3,55 B Moderate 
12 3,52 2,4 0,64 18,18 0,3 8,52 0,27 3,75 B Moderate 
13 5,88 4,46 1,03 17,52 0,85 14,46 0,23 4,33 C High 
14 0,19 0,077 0,027 14,21 0,024 12,63 0,35 2,85 C Low 
15 0,39 0,23 0,05 12,82 0,038 9,74 0,22 4,60 C High 
16 2,90 2,09 0,32 11,03 0,25 8,62 0,15 6,53 D Very high 
17 0,89 0,54 0,081 9,10 0,059 6,63 0,15 6,67 D Very high 
18 2,55 1,73 0,23 9,02 0,16 6,27 0,13 7,52 D Very high 
19  1,71 1,14 0,15 8,77 0,071 4,15 0,13 7,60 D Very high 
20 27,68 19,8 1,91 6,90 1,47 5,31 0,10 10,37 D Extremely  

high 
21 0,42 0,17 0,027 6,43 0,02 4,76 0,16 6,30 D Very high 
22 5,74 2,22 0,11 1,92 0,06 1,05 0,05 20,18 E Extremely 

high 

 
Average flow magnitude (Q50), Q90 and Q95 exceedance flows overall years, 

expressed as well in percentages of the MAF, were obtained directly from the FDCs. 
Low exceedance flows index (LEFI) was calculated dividing mean magnitude of flows 
exceeded 90% of the time (Q90) by Q50 (Clausen and Biggs, 1997, 2000), while Base 
flow variability index (BVI) was obtained dividing Q50 by Q90 (Nelms et al., 1997; 
Pyrce, 2004). Those indices combined with expert opinion were utilized to define 
ecological management classes (EMC), which express the state of the riverine 
ecosystems, based on the e-flow regimes, following the procedure  proposed by 
Smakhtin and Anputhas (2006) and some of the steps proposed by South African 
Water Research Commission (King et al. 2008). The relationship between the low-
flow indices and the biological conditions of the benthic biota (e.g. elements such as 
biomass, total number of species, etc.) was also taken into account (Clausen and Biggs, 
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1997). The five EMCs were predetermined (see Table 3) assuming that higher EMC 
requires more water as a percentage of MAF with low baseflow variability for 
ecosystem maintenance and conservation.  

Table 3. Ecological management classes (EMC) assigned to the Bulgarian-Greek Rhodope 
Mountain Range.  

EMC Description of water, habitat and ecosystem quality   
A Negligible modifications from natural conditions: Rivers with minor 

changes in in-stream and riparian habitats. Negligible risk to intolerant 
biota.  

B Slight modifications from natural conditions: Ecologically important   
rivers   with largely intact biodiversity and habitats. Slight risk to intolerant 
biota. 

C Moderate modifications from natural conditions: The habitats and   
dynamics of the biota have been disturbed, but basic ecosystem functions   
are still intact. Moderate risk to intolerant biota. 

D High degree of modifications from natural conditions: Large changes in 
natural habitats, biota and basic ecosystem functions have occurred. Habitat     
diversity and availability have declined. High risk of loss of intolerant 
biota. 

E Critical degree of modifications from natural conditions: Modifications   
have reached a critical level and ecosystems have been completely 
modified with almost total loss of natural habitats and biota.  

 
Q90 exceedance flow, expressed in percentages of MAF, was selected in order to 

pre-define the spatial extend of the EMCs. The values for Q90, which vary from 32.8% 
to 1.9% of MAF, were interpolated in the ArcGIS software and were classified into 
five classes, corresponding to A, B, C, D and E of the EMC, respectively (Figure 4a). 
The same procedure was applied to BVI, identifying five baseflow variability classes 
(Figure 4b).  

Fig. 4. Environmental flow classification in the Bulgarian-Greek Rhodope Mountain Range: a) 
ecological management classes (EMC); b) baseflow variability classes. 

Looking at the continuity of the FDCs distribution (Figure 5: a, b), the five classes 
can be clustered into two groups of rivers: (1) rivers of high quality habitats (classes A 
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and B) with negligible to slight risk of degradation (15% of the total area) and (2) rivers 
of low quality habitats (classes C, D and E) with moderate to high risk of degradation. 
The second group differs significantly in the stability of the flow regime, expressed 
through greater flow variability over time. 

 

 
 

 
Fig. 5. Flow duration curves (FDCs) of the rivers in the Bulgarian-Greek Rhodope Mountain 
Range: a) rivers of EMC “A” and “B”; b) rivers of EMC “C”, “D” and “E”. 

4   Conclusions  

This study is the first attempt for a comprehensive environmental flow assessment 
in Bulgaria, where other ecological information (e.g. biological parameters) is still 
scarce. The Bulgarian-Greek Rhodope Mountain Range was chosen for this purpose, 
which is the most important transboundary area for both countries. A simple procedure 
combining hydrological methods, a holistic approach and geoinformation techniques 
was applied, emphasizing the spatiotemporal variability of the flow regime.  

The results indicate that to maintain the rudimentary functions of the rivers in the 
Rhodope Mountain Range requires an average daily flow in the range of 0.027 to 6.11 
m3/s with a probability to exceed 90% of the time, which varies from 1.92 to 32.98% 
of the MAF. On the other hand, the base flow variability index changes between 2 
(low) and 20 (extremely high). High resolution gridded surfaces were generated by 
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spatial interpolation of the obtained data. Based on the calculated indices and applying 
expert judgment of the flow regime, the rivers were regionalized into 5 EMCs 
according to their potential to maintain the whole riverine ecosystem.  

Finally, a disadvantage of this study is that it relies solely on hydrological data. We 
therefore recommend building а more holistic methodology, involving biological 
surveys and socio-economic information, which can better define the environmental 
flow requirements in the transboundary region.   
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Summary 

The issue of climate change has received high interest within the last few decades 
as well as its impacts.  An aspect of climate change issue is the interaction of climate 
change with forest fires. More specifically, the increasing frequency in forest fires as 
well the increasing burned area is a major determinant in carbon losses (Turesky 
et.al, 2011). 

Additionally the impact of wildfires on carbon emissions is also affected by the 
severity of burning. The way climate change affects the severity of biomass burning 
caused by fires presents difficulties in assessment (Charnley ey.al, 2017). 

Previous modeling results in the existing literature suggest that increasing fire 
frequency in regions has a serious impact on forest composition, while it increases 
greenhouse-gas emissions, and serves as a main determinant of carbon balances. 
However, the net effect of burning on carbon stocks is determined by both fire 
frequency and severity, and the consequences of climate changes in rates of lost 
biomass consumption are uncertain. 

Based on the above and having in mind the particularities of different countries in 
EU the present manuscript tries to estimate behavior of carbon losses by forest per 
hectare of burned area for four  countries with different soil and weather conditions. 
The data of burning loss and burned area were derived by FAOSTAT. In particular 
having calculated the burning loss in terms of carbon emissions storage per hectare 
of burned area we employed different panel unit root tests including those of Im 
Pesaran and Shin (2003), or Breitung (2000; Breitung and Das 2005),  Levin–Lin–
Chu (2002), Im–Pesaran–Shin (2003), and Fisher-type (Choi 2001) tests have as the 
null hypothesis that all the panels contain a unit root. 

The countries in our sample involve Greece, Italy and Spain, three Mediterranean 
countries, and Austria a country with significant forest cover area and totally 
different climatic conditions. The time period studied involves almost three decades 
(1990-2017). 
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The major objective of our study was to estimate the behavior of carbon losses by 
forest per hectare of burned area for four countries with different soil and weather 
conditions. With the assistance of different panel unit root tests having rejected the 
unit root hypothesis we may well argue that we have evidence that a statistically 
significant proportion of the units are stationary. Therefore the behavior of biomass 
loss is a variable that need to be further studied in order the determinants of its 
behavior to be identified and to enable policy makers to reverse the existing situation. 
The results are indicative of potential problems in forest management that actually 
are different for each country while policy implications are derived. The policies and 
programs Development aiming to support the use of prescribed fire on lands and in 
particular surface soil treatments may provide an efficient and economic tool to 
reduce fire hazard for all the economic agents. 

Resilience, a significant reaction of fire forest ecosystems to high – severity 
wildfire, has important socioeconomic implications such as, protection of homes and 
structures, protection of timber assets and production, protection of scenic quality 
and recreation opportunities, and protection of certain ecological values (Charnley 
et.al, 2017). 

Last but certainly not least is the notion that wildfire is a landscape-scale 
disturbance process and, therefore coordinated activities are essential aiming to 
combine to alter landscape-scale conditions. More specifically, strengthening the 
collaborations and encouraging interaction between forest and fire management 
networks may be vital for local actors to build and improve their capacity to manage 
forestlands for wildfire resilience. 

Keywords: biomass; forest fires; carbon losses; climate change; panel unit 
root test. 
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Abstract. The use of different methodologies of integrated impact assessment 
in agricultural production is a powerful tool in the hands of scientists to evaluate 
various factors. Integrated impact assessment with model development has been 
proposed by various studies as a mean of enhancing the management of complex 
systems. The aim of this paper is to present the preliminary review on the 
integrated impact assessment of the CAP changes and climate change on 
agricultural production, in order to determine the adaptation of farmers to 
possible policy changes.  

Keywords: impact assessment; adaptation; CAP; climate change. 

1   Introduction 

Assessing the impacts of climate change on agricultural production has always been 
a difficult field of study. In addition, farmers’ adaptation to the rules of cross-
compliance affects the management of the agricultural holdings. The structure of cross-
compliance will become even stricter for the period 2021-2027. At the same time, the 
obligations arising from Regulation 1306/2013 on the environment concern all crops, 
but in particular the crops of the region of Central Macedonia and therefore a wide 
range of ecosystem services.  

Climate change is exacerbating the ecosystem as a whole (Munang, Thiaw, 
Alverson, Liu, & Han, 2013) and therefore the results of the applied policies have been 
evident in Europe (Nelson et al., 2013). The results of the EU policies has been a 
reduction in greenhouse gas emissions between 1990 and 2004 for all sectors of the 
economy and especially for agriculture (Bessou, Ferchaud, Gabrielle, & Mary, 2011). 
The European Council agreed in 2007 on a comprehensive energy and climate strategy 
to reduce greenhouse gas emissions by 30% compared to 1990. However, Greece has 
managed to reduce greenhouse gas emissions only by 2.8% compared to 1990 
(European Commission, 2016). Therefore, the path of Greek agricultural adaptation is 
still in its infancy and the time frame is minimal. 
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The aim of the research is an integrated impact assessment of the CAP changes and 
climate change on agricultural production, in order to determine the adaptation of 
farmers to possible policy changes. The research will be implemented in the region of 
Central Macedonia in Greece. The research aims to present different cultivation 
models and adaptation level to climate change and CAP changes. Initially, a number 
of climate change scenarios will be proposed based on the data of the 
Intergovernmental Panel on Climate Change (IPCC) and a number of General 
Circulation Models (GCM model), while ecosystem service indicators (e.g. biomass 
derivatives, stocks, stocks) will be identified and quantified. In this paper the 
preliminary review on the integrated impact assessment methods and models and also 
the phases and work packages of the applied research are presented. 

2   Integrated Impact Assessment 

European common agricultural policy, which focuses on increased productivity, 
must evolve and lead in a different direction, with the development of a multi-
functional body (Holman, Brown, Janes, & Sandars, 2017). The use of different 
methodologies of integrated impact assessment in agricultural production is a powerful 
tool in the hands of scientists to evaluate various factors. Integrated impact assessment 
with model development has been proposed by various studies as a means of enhancing 
complex management systems (Harris, 2002; Parker et al., 2002; Parson, 1995). For 
impact assessment, the use of methods such as bio-economic models, environmental 
risk mapping, life cycle analysis, multiple factor systems, and environmental impact 
assessment are well-documented methods.  

However, the use of a bio-economic farm model is the strongest and most 
widespread methodology for integrated data evaluation in the agricultural sector 
(Kirchner et al., 2015). In the literature, bio-economic models may exist under different 
names such as ecological-economic or by combining the terms environment and 
economy (Janssen & van Ittersum, 2007). A great advantage of the methodology is the 
recognition of possible trade-offs between environmental and economic objects 
(Ruben, Moll, & Kuyvenhoven, 1998), which facilitates and accelerates the process of 
impact assessment. They also include useful aspects that are not taken into account in 
the policy-making process (Pacini, Wossink, Giesen, & Huirne, 2004) and allow the 
assessment of policies based on pressure policies (eg quotas, subsidies) or producers' 
trade policies (e.g. x. direct taxes, cross-compliance) (K. Falconer & Hodge, 2000). 
The variety of the results is another advantage of the methodology, as it can be 
modified depending on the interest group (policy makers, farmers, or other 
stakeholders). The ways to present the results are in the form of indicators (Pacini et 
al., 2004; Zander & Kächele, 1999), in the form of resilience (K. Falconer & Hodge, 
2000; Pannell, 1997), in the form of boundary analysis and in the form of cost-
effectiveness ratio (Katherine Falconer & Hodge, 2001). Therefore, the 
implementation of a bio-economic farm model is a modular process and can be used 
to simulate the response of farms and ecosystem services to changes in policy and 
climate change. 
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The development of climate change scenarios will be based primarily on the 
Intergovernmental Panel on Climate Change (IPCC) database and the creation of 
General Circulation Models (GCM model) (Holman et al., 2017; Reidsma et al., 2015). 
Similar methods have been used in Europe to assess the impact of climate change on 
agriculture (Audsley et al., 2014), water management (Wimmer et al., 2014), floods 
(Mokrech, Kebede, Nicholls, Wimmer, & Feyen, 2014) and climate assessment policy 
(Jäger et al., 2014). Simulation of climate change scenarios is part of a process of 
integrated impact assessment so that we can reduce the range of climate data (El Chami 
& Daccache, 2015).  

3   Methodology 

The use of an integrated impact assessment model for agricultural and 
environmental policies is based on different models that work repeatedly to make 
better use of information. Τhe implementation of a bio-economic farm model allows 
the preliminary evaluation of technological innovations and policies on a number of 
different geographical and climatic conditions. The process is started by a market 
equilibrium model for regulating the supply and demand of agricultural products 
(Britz, Perez Dominguez, Zimmermann, & Heckelei, 2007; Ewert et al., 2011). Then, 
with the introduction of data in the Optimization Program (FSSIM), the economic 
efficiency and the adaptation of the ecosystem services to the changes of the 
agricultural policy in the past will be measured. 

The methodology to be followed in the research is a process that is divided into four 
phases, since it is a systematic and gradual approach: 

1. Defining the aim of the research. In this phase, the process to be followed is 
described and analyzed. The framework and boundaries of the research as well as the 
concepts to be studied are identified. 

2. Identification and quantification of all models used in the literature and selection 
of a model for the integrated impact assessment of agricultural crops. 

3. Monitoring and evaluating the impacts (environmental and economic) at the 
regional level of climate change and changing agricultural policy. 

4. Interpretation of the results where the results of impact assessment are analyzed. 
At the same time, the methodological plan of the research includes 3 main work 

packages which are distributed during the research, following the above logical phases. 
The work packages of the project management as well as the dissemination of the 
results will be applied in parallel with the 3 main work packages throughout the 
research. 

Detailed work packages include: 
• WP1 Project Management  
• WP2 Literature Review  
• WP3 Model selection for the integrated impact assessment of the 

adaptation of agricultural crops - Data Collection  
• WP4 Application of the model - Analysis of the results  
• WP5 Dissemination of results  
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Fig. 1. Phases and Work Packages of the project.  
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Abstract. Sustainable future depends upon the perceptions that people have of 
what consumption patterns may benefit the environment, and their forthcoming 
behavior. Under this context, this paper presents the results of research focusing 
on the perceptions that the Generation Z cohort (N=252) holds regarding the 
environmental benefits from specific consumption patterns. Factor and cluster 
analysis provided with segments based on these perceptions of environmental 
impact assessment of sustainable food practices. The groups formed reveal the 
segments that marketing communication should target for long run results of 
sustainable food consumption. 

Keywords: Sustainable food consumption; Environmental benefits; 
Environmental Impact Assessment; Perceptions; Marketing Communication; 
Digital Marketing. 

1   Introduction  

One cause of environmental degradation is human’s food consumption patterns; 
therefore, a sustainable future depends upon the individual's environmentally friendly 
practices. Amongst the environmentally friendly practices is adopting food 
consumption patterns that will benefit or at least will not hurt the environment. 
Sustainable food consumption (SFC) behavior is a crucial issue of sustainable 
consumption and consists of great interest due to its multiple impacts (Reisch et al., 
2013), and is considered as a result of sustainable food choices and sustainable food 
diets (UK Parliament, 2011). Since perceptions lead to behavior (Anant, 2010), 
government leaders must understand the perceptions that people hold regarding the 
environmental impact of different food consumption patterns. It is even more 
significant to understand the perceptions that the youngest adult generational cohort 
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holds since they are the future parents and leaders of future societies (Kamenidou et 
al., 2019). The Generation Z cohort consists of individuals born between 1995-2009 
(Williams and Page, 2011). Therefore, this paper examines the Greek Generation Z 
cohorts’ perceptions regarding the environmental benefits from SFC patterns.  

2   Literature review 

Studies referring to consumer’s sustainable food behaviour include reduction of 
meat consumption (Vainio et al., 2016), and consumption of local or organic food 
products (Scalvedi & Saba, 2018). Similarly, some point out the households’ waste 
behavior (Bettina, 2018), attitudes, intentions, involvement, perceptions, and motives 
for engaging in an SFC behavior (e.g., Wang et al., 2014), or barriers to adopting this 
behavior (Luthra et al., 2016).   

Also, consumer characteristics and their effect on SFC (Vanhonacker et al. 2013) 
and segmentation analysis based on SFC (Vanhonacker et al., 2013) have been studied. 
Regarding perceptions of environmental benefits originating from SFC, a large number 
of papers focus on environmental benefits from organic food consumption 
(Mondelaers et al., 2009; Magnusson et al., 2003). Others focus on the environmental 
friendliness of food products (Tobler et al., 2011), and meat or dairy consumption 
reduction as well as avoiding consuming food products that are imported or the 
production area is of large distance proximity from the consumption perspective 
(Jungbluth, et al., 2000). These abovementioned researches are only some of the issues 
that are investigated by academics regarding SFC and its environmental impact.  

Lastly, as regards research on the Generation Z cohort and SFC, a handful of studies 
have been found. Kamenidou et al. (2019) studied the SFC behavior of the Generation 
Z cohort university students in Greece and found that they do not engage in SFC 
behavior. Zalega (2019) studies the attitudes and motives of SFC, and especially Fair-
Trade certified products in Poland, regarding Generation Z and Y consumers. It is 
pointed out that Generation Y consumers are individuals born between 1987-1994 
(Sheahan, 2005). The author found that the subjective perception of participants’ 
sustainable consumption is highly differentiated and strongly correlated to 
sociodemographic and economic factors (gender, education, place of residence, and 
perceived financial situation). The findings also revealed that women are more prone 
to SFC behavior than men. The same results seem to appear for university graduates, 
those earning more than 707 euros per month and living in large urban agglomerations. 
Mitchell and Topic (2019) investigated the environmental packaging behaviour of the 
Generation Z cohort and found that environmental consumerism is turning out to be a 
social norm of younger generations. 

3   Methodology 

The quantitative research questionnaire was adopted from an extensive literature 
review and a qualitative follow-up research in order to verify the items for the research 
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in Greece. Specifically, six consumption pattern items for environmental benefit were 
adopted from Tobler et al. (2011), six from Vanhonacker et al. (2013), and three from 
qualitative research.  The scale used to measure perceptions of participants was also 
adopted (with modification) from Tobler et al. (2011). Lastly, socioeconomic and 
demographic questions were also included. The final scale was assessed as a 7-point 
Likert type scale, ranging from 1= no / very little environmental benefit up to 7= huge 
/ very large environmental benefit. 

The questionnaire was forwarded via the internet employing a non-probability 
sampling method, following Kamenidou et al. (2019) procedure, concluding to a 
sample of 252 Generation Z university students. The SPSS ver.24 was used, and 
analysis included descriptive statistics, factor, and cluster analysis. 

4   Results-Discussion  

4.1   Sample profile 

The majority of the sample were females (54.8%), with three age groups being most 
prominently represented (19, 20, and 22 years old reflecting 23.8%, 21.4%, and 22.6% 
respectively). As concerns income, family net monthly income in euros was requested 
since parents usually support financially their children as university students. The 
largest body of participants fell into the 1000.01–2000.00€ range. 

4.2   Factor analysis - Segmentation based on perceived environmental benefits 
from SFC practices.  

Exploratory Factor Analysis with varimax rotation was performed on the items, 
revealing the perceived environmental benefits from SFC pattern. The Kaiser-Meyer-
Olkin (KMO) Measure of Sampling Adequacy (Cerny & Kaiser, 1977; Kaiser, 1974) 
and Barlett’s Test of Sphericity- BTS (Bartlett, 1954) were calculated to measure 
sample adequacy. Regarding KMO, Tabachnick and Fidell (1996) indicate that the 
higher the BTS, the better the factor analysis. They also consider a minimum value of 
0.6. Likewise, Pallant (2001, p. 153) stresses that in order for factor analysis to be 
judged as appropriate, BTS has to be significant, i.e., p<0.05.  The analysis extracted 
three factors (KMO=0.897; BTS=1800,968; df=105; p=0.000), accounting for 60.8% 
of Total Variance (TV). The first factor is named “Sustainable food consumption” and 
explains 21.9% of TV and consists of seven items that are directly associated with 
consuming sustainable food products. The second factor is named “Refraining 
consumption patterns”, which explains 21.6% of TV and comprises of five items. 
These five items are consumption patterns to be avoided for sustainable food 
consumption behavior. Lastly, the third factor is named "Protein substitutes," it 
explains 17.3% of TV and consists of three items, referring to different ways for 
substituting meat protein intake. The Mean Factor Score (MFS) of the abovementioned 
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constructs were used as new variables in segmentation analysis, via K-Means Cluster 
analysis (Table 1).  

Table 1. Generation Z segmentation of perceived environmental benefits of SFC practices 

VARIABLES  CL1 
N=58 

CL2 
N=74 

CL3 
N=120 

F Sig. 

Sustainable food 
consumption 

3.42 6.20 5.36 157.978 .000 

Refraining 
consumption patterns 

3.02 5.75 4.99 120.904 .000 

Protein substitutes 2.70 6.93 4.10 312.215 .000 

Source: The authors Ν=252 

Segment No.1: “Disbelievers -SFC avoiders”. These Gen Zers do not believe that 
any SFC pattern presented have environmental benefits, since all final cluster centers 
(FCC) are <3.5, and for so, there is a low probability that in the future they will adopt 
an SFC pattern behavior.  

Segment No. 2: “Believers- potential SFC consumers." These Gen Zers do believe 
that the environment will benefit when practicing an SFC behavior, especially if there 
will be a meat protein substitute. In all cases, this segment has FCC>5.5, implying that 
there is an environmental gain from SFC. This segment is the most probable to engage 
in SFC pattern.     

Segment No. 3: “Sceptics- maybe SFC consumers." These Gen Zers seem to be 
skeptical about the environmental impact assessment of sustainable food practices, 
since, in all cases, 4.00<FCC<5.5. If this group is convinced about the benefits and 
positive environmental impacts due to an SFC behavior, it is very likely in the future 
to engage in an SFC behavior.  

5   Conclusions  

This research had as its aim to investigate Generation Z consumers’ perceptions of 
the environmental impact assessment of sustainable food practices, which was realized 
with a sample from Greek Generation Z university students. Segmentation analysis 
provided with three groups of Gen Zers’ perceptions, the “Disbelievers -SFC 
avoiders," the “Believers- potential SFC consumers," and the “Sceptics- maybe SFC 
consumers." From these three groups, the second and the third have the potential to be 
in the future people engaging in an SFC behavior. As Mäkiniemi & Vainio, (2014) 
assert, the consumer should believe that SFC behavior is beneficial for the 
environment.  It is here that communication marketing must be practiced producing an 
awareness of the beneficial outcomes for the environment when practicing an SFC 
behavior. In this course, digital marketing should be applied, since this generation is 
technology experts, have been born in technology and for so are also called “Digital 
Natives” (Mohr and Mohr, 2017; Williams, 2015). Specifically, social media such as 
Facebook, which is widely used in Greece by the Gen Z cohort, is considered very 
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suitable to employ in a marketing communication campaign arising awareness of SFC 
benefits. 

6   Limitations and Directions for future research 

This research has some unavoidable limitations. First of all, it focuses on only one 
generational cohort, so larger research based on all cohorts would be of interest and 
would provide a more in-depth understanding of SFC behavior of a country. Second, 
comes the fact that a relatively small sample was collected. A larger sample would 
validate the results of this paper. Lastly, there are probably more items that could have 
been incorporated in the questionnaire; though, these were the ones that were validated 
with qualitative research too. Additional items would be of interest and would provide 
a holistic understanding of the perceived environmental benefits of practicing 
sustainable food consumption behavior. 
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Summary 

Climate change is dictating natural environment and availability of natural 
resources. Agricultural activities contribute to greenhouse gas emission and pollution 
from nitrogen fertilizers used in modern agriculture. The cost of such activities is 
quite high and can reach up to 320 billion euros. The notion is that modern 
agriculture should adopt smart farming systems and smart processing methodologies 
to reduce its impact on climate change. Therefore, we developed BIOCIRCULAR, a 
multidisciplinary project linking circular economy, precision agriculture and 
livestock management with the overall aim to increase efficiency of resources 
utilization and reduce carbon footprint. The project was co-financed by the European 
Union and Greek national funds through the Operational Program Competitiveness, 
Entrepreneurship and Innovation, under the call RESEARCH – CREATE – 
INNOVATE. The partners that are involved are Aristotle University of Thessaloniki, 
Institute of Bio-economy and Agri-technology of the Center for Research and 
Technology Hellas, American Farm School, Engineers for Business, and 
Ergoplanning. It involved integrated soil fertility management of maize which 
combines the use of appropriate amounts of organic and inorganic fertilizers together 
with green manure and good agronomic practices. In addition, integrated water 
management was used with different irrigation levels and deficit irrigation as well as 
fixed partial root zone drying to increase efficiency of water management. The 
results showed that cattle manure can provide the available nutrients for plant growth 
water-holding properties, leading to increased productivity of maize. Also, green 
manure with common vetch can provide adequate amounts of nitrogen which is very 
important for maize. Therefore, efficient management of natural resources together 
with integrative crop management approaches can reduce inputs in crop plants and 
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minimize the impact of agriculture on climate change. Adopted livestock 
management practices for cattle such as using locally produced feeds, close 
monitoring of animal health and timely veterinary interventions improved animal 
performance and productivity. In addition, it will be determined the greenhouse gas 
emission from all the treatments in order to reduce them.  BIOCIRCULAR work 
continues towards an integrating system of smart farming and smart processing for 
optimal management of farms to minimize carbon footprint. 

Keywords: bioeconomy; precision farming; smart farming; sustainability. 
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Abstract. Food industry is seeking to establish traceability systems and 
production techniques that may help to promote confidence in the origin of their 
products. The traceability system is an important tool for controlling and 
optimizing production, for getting better decisions, and for profiling desirable 
product characteristics. This study reviews and suggests principles, guidelines 
and technologies for the traceability of the meat industry. In practice it purposes 
a framework, that can be followed by companies involved in the meat supply 
chains in order to make their traceability system more efficient and effective. 
Concerning principles for a meat traceability system, the unique identification 
of traceable units, the documentation of transformations and the standardization 
of information exchange are the most well-established principles. Animals and 
products identification, database, network, GIS technology and RFID systems 
are the main traceability technologies for farm animals and their products.  

Keywords: Traceability; Meat industry; Animals identification; RFID systems. 

1   Introduction 

Traceability in the food sector is primarily defined as “the ability to follow the 
movement of a food through specified stage(s) of production, processing and 
distribution” (Codex Alimentarius Commission, 2006). The ability to trace the history 
of a food product, collecting in a rigorously formalized way all the information related 
to its displacement along the supply chain, is essential for modern companies (Dabbene 
et al., 2014). Food traceability is a cornerstone of the increasingly complex, 
industrialized, and global food system. It is useful for clients, producers and 
manufacturers to track items for supply-chain management purpose (Zhang and Bhatt, 
2014). As pointed out by Zhang et al. (2010), an efficient traceability system could 
support not only information tracking at operational level, but also diagnostic analysis 
and strategic decision making at managerial level. 

In meat supply chains, transparency is necessary to guarantee the safety, quality and 
trust of consumers in meat products (Kassahun et al., 2014). However, due to the 
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increasingly separated production and consumption of meat and the complexity of the 
supply system, the traditional traceability methods have problems such as lagging 
management, inefficiency, and lack of means to link the whole process information of 
the entire meat supply chain (Yiying et al., 2019). The literature review showed that 
no common understanding of the principles of traceability exists, nor is there a sound 
common theoretical framework with respect to implementation of food traceability 
(Karlsen et al., 2013). Moreover, there is a need to present different traceability 
technologies in animal products identification and to update the methods for 
information collection and inquiry, to expound traceability policies, guidelines and 
regulations between countries (Bai et al. 2017). 

Thus, the main purpose of this study is to present the common principles and 
guidelines for traceability in the meat industry, additionally, to present traceability 
technologies for farm animals and their products. This study is the first that brings 
together a set of traceability principles, guidelines and technologies, in practice a 
framework, that can be followed by companies involved in the meat supply chains in 
order to make their traceability system more effective, overcoming potential 
disadvantages. The present study contributes to the planning and implementation of 
traceability systems as a starting point for each meat business to manage its traceability 
system more effectively. 

2   Generic principles for a meat traceability system 

Meat traceability usually starts with the birth of the animal, followed by maturing, 
slaughtering, butchering, processing, distributing, and consumption. Many published 
studies describing principles of traceability in the food industry, while there are also 
some well-established principles that underline efficient implementation of traceability 
in the meat industry (Storøy et al., 2013). These are: 
(a) Unique identification of traceable units: Moe (1998) points out that traceability is 
based on unique identification of the products. Unique identification and traceability 
in any system hinges on the definition of a Traceable Resource Unit (TRU) which is a 
unique unit. Identifying TRUs and activities is necessary in order to trace a product. 
TRUs can be described according to weight, volume, etc., and activities can be 
described according to type and time/duration, such as processing, transportation and 
storage. Product information can be linked to the identification number of traceable 
units.  Prerequisites for achieving traceability are unique identification of traceable 
units and records of transformations.  
(b) Documentation of transformations: Transformations are points within a supply 
chain where the resources are mixed, merged, transferred, added or split (Storøy et al., 
2013). Transformations are an important factor that affects the potential precision of a 
traceability system (Bollen et al., 2007; Bollen et al., 2006; Riden and Bollen, 2007). 
Identifying traceable units and transformation relationships is the key to tracing a 
product internally and/or in supply chains (Storøy et al., 2013). To be able to trace 
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backwards to find origin and track forward to find all related units it is crucial to record 
all transformations.  
(c) Standardization of information exchange: Another challenge with implementation 
of supply chain traceability is the exchange of information in a standardized format 
between various links in the chain. Globalization has led to an increase in the 
significance of efficient systems for information exchange between food businesses 
(Storøy et al., 2013). 

3   Guidelines for implementation of traceability 

Different countries have developed and implemented legal requirements on 
traceability (Dabbene et al., 2014). Commercial standards for instance, for GS1 
standards, GlobalGAP (GlobalGAP, 2013) and British Retail Consortium (BRC) Best 
Practice Guidelines for Traceability (British Retail Consortium, 2013), present 
guidelines for traceability implementation. Satisfaction of these commercial standards, 
which usually corresponds to obtaining a specific certification, represents a necessary 
condition for a company to access a given market. Traceability guidelines usually 
focus on 1) product traceability, 2) process traceability, 3) genetic traceability, 4) input 
traceability, 5) disease and pest traceability and 6) measurement traceability (Opara, 
2003).  

Moreover, the generic guidelines of traceability include parameter list for the data 
to be recorded in for all food products (such as: producer ID, trade unit ID, etc.) In 
addition to the generic guidelines, sector-specific guidelines must be developed which 
are product specific and includes: (1) Creating a standardized parameter list for the 
given product throughout the value chain. (2) Identifying data to be recorded at each 
link in the value chain. (3) Creating a data management and information exchange 
model for both internal and chain traceability in the value chain (Storøy et al., 2013). 

4   Traceability technologies for farm animals and their products 

From a technological viewpoint, it can be stated that the devices for identifying and 
tracing the products have nowadays reached a good level of industrialization, 
providing new and efficient opportunities for management (Dabbene et al., 2014). A 
traceability system is a type of information system that is based on the enterprise’s 
creditability (Zhang et al., 2010). In general, a traceability system is composed of the 
identification of TRUs (Donnelly et al., 2009), a database that provides needful data 
with TRUs, and information for associating the TRUs with their respective code by 
collection and inquiry. By TRU and combined the information attributes, the breadth, 
depth, and precision of traceability system was proposed (Qian et al., 2017).  

Animals identification: The traditional methods of animal identification on a small 
farm are body marks, ear tags, Radio-Frequency Identification (RFID) tags, retina 
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image recognition, or DNA fingerprinting. Body marks identification methods on horn 
or skin are cheap, but they are prone to generate errors in data transmission. Ear shear 
identification is still widely used because it is easy to read after a short training for 
technicians, and it is also low-cost for maintaining during an animal’s lifetime. 
Moreover, plastic ear tags are the most widely used identifications of animals in many 
countries, due to its low-cost. RFID utilizes wireless electromagnetic fields for 
transferring data. RFID technology has the characteristics of mobile item identification 
and non-contact identification. The use of RFID technology to monitor the entire 
process of food production and distribution, to achieve the safety of agricultural 
products from farm to table, can guarantee the quality of agricultural products, and 
maintain public health (Yiying et al., 2019). DNA fingerprint identification utilizes 
DNA, an innate barcode within animals, to identify a particular animal farm 
throughout to table (Bai et al. 2017). 

Products identification: The methods of products identification include (a) one-
dimensional barcodes such as the EAN/UPC barcode family as the longest established 
and widely used of GS1 barcodes in retail and especially the GS1-128 and ITF-14 
barcodes. (b) two-dimensional barcodes, is a square, including many tiny individual 
dots. The Quick Response (QR) Code, is commonly used in traceable labels that 
contain traceability information about the product. QR code is a new means of 
recording traceability information and is advantageous because it can be quickly read, 
has a large data capacity, and occupies a small space (Tarjan et al., 2014; Wu et al., 
2013). (c) Multi-dimensional barcodes which stores information on the x-axis, y-axis 
and the colors. Obviously, this provides considerably more information than a two-
dimensional code (Bai et al. 2017). 

Database: The central database is an elementary component of the traceability 
system in construction and maintenance. The traceability database sometimes contains 
collections of data, such as animal identification number, birth data, feeding data, 
transactions, transfer data, slaughter data and so on. Structured Query Language (SQL) 
is the standard language used to interactively query and update the database (Admin, 
2015). 

Network technology: Network technology, which acts just like a bridge, can connect 
separated traceable information, such as sales, slaughterhouses and farms. Without 
these network technologies, it is hard to manage centralized data over long distances, 
to utilize traceable code instantly, to pierce through the limitations among companies, 
and to give consumers a good experience at a low-cost. 

GPS and GIS technology: Global Positioning System (GPS) can help people 
determine their location by receiving information from at least four satellites in orbits 
around the Earth. Information System (GIS) is software that can help people use the 
GPS information to make good transportation plans on electronic maps (Bai et al. 
2017). 

RFID traceability systems: Meat traceability legislation imposes the 
implementation and use of Various RFID-based traceability systems for the 
implementation of real-time traceability management of animals and their products 
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(Liang et al., 2015; Feng et al., 2013). Kong et al. (2009) developed RFID architecture 
for meat supply chain security control by using RFID tag to identify animals in farms 
and organizing the information into farm database. Luo et al. (2010) designed RFID 
hook for carcasses based on online read and write systems for meat production. 

Big data and predictive analytics: Big data are frequently used in many facets of 
agronomy to enhance knowledge needed to improve operational decisions. Big data in 
livestock production systems may be generated by operational data acquisition or 
through use of remote livestock monitoring technology. The predictive analytic 
framework can be applied in a systematic manner to create information from these data 
to enhance decision making for livestock production, health and welfare. Using data 
that is currently collected on livestock operations will facilitate precision animal 
management through enhanced livestock operational decisions (White et al., 2018).  

5   Conclusions  

Traceability refers to a simple trace back system which may provide consumers 
with quality assurances throughout the supply chains, with the aim of reducing the 
risks of foodborne diseases. Nevertheless, it is important to better understand why 
implementations of food traceability succeed or fail (Karlsen et al. 2013). When no 
common theoretical framework of principles and guidelines exists, this can affect the 
implementation process of traceability in the meat supply chains (Bai et al., 2017). 
Several different definitions, principles, guidelines and technologies of traceability are 
currently being applied, which can make the term and the concept of traceability 
confusing. The present study contributes to literature review of this field identifying 
the principles, guidelines and technologies with respect to implementation of 
traceability systems in meat supply chain making its system more effective. The tools 
for implementation of traceability exist, and most of the technical challenges have been 
solved. Thus, a compulsory international animal product traceability system has to 
established in every country. Moreover, it is necessary to develop new technologies 
and realistic approaches in order to provide automatic animal identification. Further 
work needs to be done on quantifying the costs and benefits of a traceability system. 
Currently the companies don’t have a detailed picture of their internal processes, so 
cannot quantify benefits in detail. This leads in turn to skepticism about the advantages 
of implementation. 

 
Acknowledgment.  This research work is funded by the Operational Programme 
“Epirus” 2014-2020, under the project “Advanced traceability of Epirus meat to 
improve productivity, quality and hygiene by using Business Intelligence Systems – 
EUKREAS”, Co-financed by the European Regional Development Fund (ERDF). 

 



 307 

References  

1. Admin (2015), Database, Retrieved from 
http://myitworld.info/DataBase/Database. aspx?DB259. 

2. Bai, H., Zhou, G., Hu, Y., Sun, A., Xu, X., Liu, X. and Lu, C. (2017), “Traceability 
technologies for farm animals and their products in China”, Food Control, Vol. 79 
No 1, pp. 35-43. 

3. Bollen, A.F., Riden, C.P., Cox, N.R. (2007), “Agricultural supply system 
traceability, part I: role of packing procedures and effects of fruit mixing”, 
Biosystems Engineering, Vo. 98 No 3, pp. 391– 400. 

4. Bollen, A.F., Riden, C.P., Opara, L.U. (2006), “Traceability in postharvest quality 
management”, International Journal of Postharvest Technology Innovation, Vol 1 
No 1, pp. 93–105. 

5. BRC Global Standards (2013), BRC best practice guideline: traceability dissue 2. 
Available from http://www. 
brcglobalstandards.com/globalstandards/Guidelines/ 
BestPractice/Traceability.aspx, Accessed 26.06.18. 

6. Codex Alimentarius Commission (2006), Principles of traceability/ product tracing 
as a tool within food inspection and certification system. CAC/GL 60-2006. 

7. Dabbene, F., Paolo, G. and Tortia, C. (2014), “Traceability issues in food supply 
chain, management: A review”, Biosystems Engineering, Vol. 120 No1, pp. 65 -
80. 

8. Donnelly, K. A.-M., Karlsen, K. M. and Olsen, P. (2009), “The importance of 
transformations for traceability e a case study of lamb and lamb products”, Meat 
Science, Vol. 83 No1, pp. 68-73. 

9. Feng, J., Fu, Z., Wang, Z., Xu, M. and Zhang, X. (2013), “Development and 
evaluation on a RFID-based traceability system for cattle/beef quality safety in 
China”, Food Control, Vol. 74 No 1, pp. 98-106. 

10. Karlsen, K. M., Dreyer, B., Olsen, P. and Elvevoll, E.O. (2013), “Literature review: 
does a common theoretical framework to implement food traceability exist?”, Food 
Control, Vol. 32, pp. 409-417. 

11. Kong, Q., Zhao, L., Sun, S., Wang, X. and Zhang, M. (2009), “Safety control meat 
supply chain: A case study of SUTAI pigs”, Fourth international conference on 
Innovative computing, information and control (ICICIC).  

12. Liang, W., Cao, J., Fan, Y., Zhu, K. and Dai, Q. (2015), “Modeling and 
implementation of cattle/beef supply chain traceability using a distributed RFID-
based framework.  

13. Luo, Q., Xiong, B., Geng, Z., Yang, L. and Pan, J. (2010), “A study on pig slaughter 
traceability solution based on RFID”, International conference on computer and 
computing technologies in agriculture.  

14. Moe, T. (1998), “Perspectives on traceability in food manufacture”, Trends in Food 
Science and Technology, Vol. 9 No 2, pp. 211–214. 



 308 

15. Opara, L. U. (2003), “Traceability in agriculture and food supply chain: A review 
of basic concepts, technological implications, and future prospects”, Journal of 
Food Agriculture and Environment, Vol 1, pp. 101-106. 

16. Qian, J., Fan, B., Wu, X., Han, S., Liu, S. and Yang, X. (2017), “Comprehensive 
and quantifiable granularity: A novel model to measure agro-food traceability”, 
Food Control, Vol. 31 No 2, pp. 314-325. 

17. Riden, C.P. and Bollen, A.F. (2007), “Agricultural supply system traceability, part 
II: implications of packhouse processing transformations”. Biosystems 
Engineering, Vol. 98 No 3, 401– 410. 

18. Storøy, J., Thakur, M. and Olsen, P. (2013), “The TraceFood framework e 
principles and guidelines for implementing traceability in food value chains”, 
Journal of Food Engineering, Vol. 115 No 1, pp. 41-48. 

19. Tarjan, L., Senk, I., Tegeltija, S., Stankovski, S. and Ostojic, G. (2014), “A 
readability analysis for QR code application in a traceability system”, Computers 
& Electronics in Agriculture, Vol. 109 No 1, pp. 1–11. 

20. White, B.J., Amrine, D.E. and Larson, R. L. (2018), “Big data analytics and 
precision animal agriculture symposium: Data to decisions”,  Data to decisions 
from remote cattle monitoring ASAS-CSAS, Annual Meeting, July 12, Baltimore, 
USA.  

21. Wu, W. C., Lin, Z. W. and Wong, W. T. (2013), “Application of QR-code 
steganography using data embedding technique”, Lecture Notes in Electrical 
Engineering, Vo. 253, pp. 597–605. 

22. Yiying, Z., Yuanlong, R., Fei, L., Jing, S. and Song, L. (2019), “Research on Meat 
Food Traceability System Based on RFID Technology”, 2019 IEEE 3rd 
Information Technology, Networking, Electronic and Automation Control 
Conference, pp. 2172-2175. 

23. Zhang, J. and Bhatt, T. (2014), “A guidance document on the best practices in food 
traceability: Best practices in food traceability”, Comprehensive Reviews in Food 
Science and Food Safety, Vol. 13 No 5, pp. 1074-1103. 

24. Zhang, X., Zhang, J., Liu, F., Fu, Z. and Mu, W. (2010), “Strengths and limitations 
on the operating mechanisms of traceability system in agro-food, China”, Food 
Control, Vol. 21 No 6, pp. 825-829. 

 
 
 



 309 

Advancing the Value of Local Livestock Breeds: The 
Case of Greek Cheese Ladotyri Mytilinis 

Maria Spilioti1, Spiros Stahtiaris2, Antonios Kominakis3, Pavlos Karanikolas4, 
Konstantinos Tsiboukas5 

1Doctoral Candidate – Department of Agricultural Economics & Rural Development 
Agricultural University of Athens, Greece; e-mail: spimaria1@gmail.com 

2Doctor – Agriculture Economics Research Institute (AGRERI), Greece; e-mail: 
spiros.stachtiaris@gmail.com  

3Associate Professor – Department of Animal Science and Aquaculture, Greece; e-mail: 
acom@aua.gr  

4Associate Professor – Department of Agricultural Economics & Rural Development 
Agricultural University of Athens, Greece; e-mail: pkaranik@aua.gr  

5Professor – Department of Agricultural Economics & Rural Development Agricultural 
University of Athens, Greece; e-mail: tsiboukask@gmail.com 

Abstract. The present study aims to develop an effective niche marketing 
strategy for Ladotyri Mytilinis. There will be a particular emphasis on the 
preservation, protection, and promotion of the local Lesvos sheep breed. 
Interviews took place at livestock cooperatives in Lesvos, to collect primary 
data. ‘Ladotyri Mytilinis’ is a traditional Protected Designation of Origin 
(PDO) cheese made from the milk of the autochthonous Lesvos sheep that is 
part of the local agricultural heritage and major shaper of the island’s 
ecosystem. Enhancing the ties between the indigenous sheep breed and 
Ladotyri Mytilinis is a significant step towards sustainable rural development, 
as well as the differentiation of Ladotyri Mytilinis through effective product 
placement. The recognition of the multiple benefits of maintaining the local 
breed can be an essential part of an improvement plan for the promotion of this 
cheese, which can generate a substantial upgrading of its value chain.  

Keywords: Local; Breed; PDO; Marketing Plan. 

1   Introduction 

Over the last years, the global population is growing rapidly rendering food 
security of paramount importance. Furthermore, in the context of climate change & 
environmental degradation, sustainable food production has also to be ensured 
(Smith & Gregory, 2013). The genetic diversity of local breeds can improve the 
productivity, adaptability, and resilience of agri-food value chains (Osman et al. 
2017, EUR-Lex 2013). However, several indigenous sheep breeds of Greece are 
threatened, due to the abandonment of traditional production systems based on local 
breeds and the import of foreign high producing breeds (Biscarini et al. 2015, 
Mansoner et al. 2018)). Linking local breeds to the traditional high-quality products 
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can advance the value of indigenous sheep genetic resources, contributing to the 
sustainable and economic development of less favored areas (Mathias et al., 2010). 
Ladotyri Mytilinis (LM), a Greek traditional cheese, is a striking example of this. 
The cheese has Protected Designation of Origin Status (PDO) and is made from milk 
of the Lesvos sheep breed (Qualigeo.eu, 2020). This breed is an important 
component of the cultural heritage of Lesvos (Sossidou et al, 2013). More 
specifically, the Lesvos dairy sheep can provide public goods and remarkable 
ecosystem services to society as a whole, such as the preservation of agricultural 
landscapes, the conservation of biodiversity, the development of superior food 
products and the promotion of alternative tourism. Nowadays, consumers tend to buy 
ecologically friendly products emanating from animal-welfare production systems 
(Grunert et al, 2014). In this context, repositioning the LM cheese on the market by 
highlighting the positive external economies via utilization of the Lesvos sheep, is 
expected to upgrade the examined value chain. 

2   Theoretical background 

Nowadays, niche markets for several livestock products are constantly growing 
(Hamlin et al, 2015). Niche marketing approach is a specific advertising strategy that 
concerns a small segment of a common market. Specifically, this strategy focuses on 
the satisfaction of specific customer requirements. Differentiation is a key for 
successful niche marketing. Differentiated products with added value include unique 
and distinct attributes in comparison with commodities products (Rawls et al., 2002). 
With regard to the livestock sector, small farmers can achieve sustainable 
development goals, through implementation of niche marketing principles (Nozaka et 
al. 2010). Limited access to economic resources is a very common problem for 
smallholders. Through the adoption of a niche marketing strategy, farmers will have 
the opportunity to work in a smaller market segment, less competitive, achieving 
higher prices with use of limited resources. Since in the latest years consumers’ 
preference gradually shift to local products, a great opportunity for small – scale 
livestock farmers to compete with large companies is emerging (Lev & Gwin 2010, 
Oberholtzer et al., 2014). 

3   Methodology 

As far as the examined cheese is concerned, an integrated marketing plan was 
drafted. PESTLE ANALYSIS and SWOT ANALYSIS were used as strategic 
planning tools. First, LM’s internal environment was analyzed. Then, PESTLE 
analysis was employed to highlight the external macro environment of the cheese 
market, through the description of Political, Economic, Social, Technological, Legal, 
and Environmental factors. SWOT analysis was used to summarize the internal and 
external environment that affect the specific product. The internal environment 
shows the strengths and weaknesses, while the external environment includes the 
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threats and opportunities of the product (Bernroider, 2002). Primary data were 
collected through in-depth interviews with the heads of two sheep cooperatives, five 
sheep breeders and institutions, during March 2020. A comprehensive literature 
review, followed. 

4   Results 

4.1   Internal environment 

LM received the PDO certification by the European Union (EU), in 1996. 
According to the EU food legislation on PDO, this specific cheese must be produced 
in a traditional manner within the limits of the island. The vegetation, the 
homonymous sheep breed and the specific know-how have influenced the evolution 
of the product (Qualigeo.eu, 2020). According to ELGO (2019), a total amount of 
342 tons of LM were produced in 2018, while the respective production was 460, 
365 and 432 tons in 2017, 2016 and 2015, respectively. In total, eleven dairies are 
active in the production of LM on the Lesvos island. The estimated exports of LM 
amounted 17,2, 17,7, 22 tons and 9,7 tons in 2018, 2017, 2016 and 2015, 
respectively (ICAP2019, ELGO 2019 - provisional data). Most recently, eight 
producer groups have been set up on the island, consisting of a total of 350 farmers 
producing about 7,000 tones of milk. In the Greek market, there are conventional and 
organic LM with prices ranging from 13.50 euros to 16 euros per kilo (Field 
research, 2020). 

LM is regarded as an emblematic product for the local society with strong ethnic 
and cultural ties. The cheese has been produced since the times of Homer, making it 
one of the oldest and rarest Greek cheeses. Traditionally, maturation and preservation 
of LM take place in extra virgin olive oil. In contrast, a modern way of preserving 
LM cheese is through cover with paraffin wax (Qualigeo.eu, 2020). Women’s 
agrotouristic-manufacturing cooperative of Parakila also produces LM (Association 
of Agricultural Cooperatives of Lesvos, 2012). 

About 260,000 purebred animals are being kept on the island (Ministry of Rural 
Development and Food, MRDF, 2015) dispersed  over 2000 farms of medium sized 
flocks (100–200 animals) under a semi-intensive production system. Of these, 
n=40,000 ewes are officially milk recorded (A4 method) by six livestock 
cooperatives. These animals serve as a nucleus for application of genetic 
improvement programs suited to the breed. In 2014, the average milk yield ranged 
from 140.20 to 285.58 kg per ewe and year (Lesvos sheep breeders association, 
2020). Most of the ewes are hand milked while only a limited number of farms have 
milking machines. Sheep graze all year round in olive groves or pastures of low 
productivity and grazing capacity. Animals’ nutritional requirements by pastures are 
estimated to be covered by only 10% to 20%. Self-produced feed is not sufficient in 
quantity, while the purchased feed is expensive due to the high costs of transportation 
(Field research, 2020). 
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4.2   External environment 

Results of PESTLE analysis showed: 
i) Political Factors: the recent efforts to set up the Feta Cheese Interprofessional 

Organization seem to pave the way for the rest of the local cheeses. An Inter-
professional body can enhance the protection and the promotion of local cheeses’ 
signature brands (FAO, 2017). Economic factors: the production of PDO cheeses 
accounted for 63.2% of total production by industrial enterprises in 2017 (ICAP, 
2019). In the Greek market, imitations of the LM are also sold. More specifically, on 
other Greek islands similar cheese recipes called Ladotyri are also produced. The 
latest market trends show an increase in sheep milk prices as the available quantity of 
ovine milk is low and the demand is high. Often, tourists buy local foods, supporting 
the economic development of the local community. 

Social factors: local sheep breeds have shaped the cultural landscapes of the 
country (Ispikoudis et al., 2004). Women have a multifunctional role in animal 
husbandry and especially in the production of dairy products (Europa, 2016) and 
particularly in cheese making. Moreover, women are keepers of local livestock 
breeds using animals that are more resilient and of lower workload (FAO, 2016). 

Technological factors: Greece has a long tradition of cheese-making, which was 
acquired over time. Innovative methods for the development of cheese products are 
passed down from generation to generation. 

Legal factors: ELGO DIMITRA (former Organization for Certification and 
Supervising Agricultural Products - O.C.SAP., with the distinctive title Agrocert), 
has undertaken the control and certification of the LM cheese. Environmental factors: 
demand of organic dairies increase steadily since consumers are concerned about 
milk additives. Consumers are willing to pay more for products sourced from 
distanced mountainous and island areas where the level of animal welfare is 
considered higher (Zuliani et al., 2018). 

Results of SWOT analysis derived from internal and external environment results 
are in Table 1 while actors in LM value chain are summarized in Table 2. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Table 1. SWOT analysis for Ladotyri Mytilinis. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 2. Actors in Ladotyri Mytilinis value chain. 

 

 Source: Field research, Association of Agricultural Cooperatives of Lesvos, 2012 
 

Level in value 
chain 

Number of economic 
units 

Comments 

Farms 3.273 The producer price was set at 80 cents per liter 
in 2017, while in 2015 it was at 1 euro. 
This year ranged from 0.78 to 0.84. 

Cooperatives 6 The  Mantamadou  agricultural  cooperative has 
its own cheese making facility 

Dairies 11 Some dairies play the role of wholesaler 

Strengths 
 

• Protected Designation of Origin (PDO) 
cheese 

• Using traditional methods 
• Animal recording and genetic 

improvement of the local sheep breed 
• Creation of collective structures 
• Increasing trend in production 
• Increase in exports 
• Creating job opportunities for 

youngsters and women 
• High adaptability and resilience of local 

breed, lower veterinary costs 
• Milk quality of local breed 

Weaknesses 
 
• High feed cost (dependence on imported 

animal feeds) 
• Lack of suitable livestock farming 

facilities 
• Unfair distribution of profits along the 

value chain 
• Grazing pressure, poor pasture quality 

and abandonment 
of pastures (no efforts to restore and 
improve pasture quality) 

• No method of breed verification, 
product authenticity, traceability and 
protection 

Opportunities 
 

• Consumers are interested in animal 
welfare 

• Increased demand for eco-friendly 
products, with significant symbolic 
value 

• Establish of cheese inter-
professional Organization can help 
farmers to acquire more fair prices, 
better access to inputs and services 
• Back to the origins. LM in olive oil in 

a modern package 

Threats 
 
• Other cheeses produced outside Lesvos 

with the name Ladotyri 
• Unlimited import of dairy 

products, without protection for 
local products of Greece 

• Massive introduction of foreign high 
yielding breeds of sheep 

• Reduction in milk price 
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5   Discussion 

PDO certification works as a tool to protect local breeds. Nevertheless, policy 
makers should consider further protecting for the examined cheese from other 
imitation cheeses on the market and use of ovine milk originating from foreign sheep 
breeds. Increasing the productivity of local breeds through application of modern 
selection schemes is considered a crucial step for their survival. Today, consumers 
are interested in the practices applied on farms (Olynk, 2012). However, many times, 
communication between farmers and consumers is difficult. Information on the 
production system, the sheep breed used and welfare efforts must be clearly visible 
on the packaging (Roe & Buller, 2010). Tourism can play an important role in the 
upgrading of local breeds. In several developed countries, the value of local breeds is 
recognized in the development of fine gastronomic delicacies. It is necessary to 
include LM in the menu of local restaurants throughout Greece and foreign countries 
(Greek breakfast in hotels of Lesvos, Saganaki in restos). At the same time, the 
creation of visitable farms can further help in recognizing the value of local breeds, 
creating a new perspective of alternative – thematic tourism. Maintaining the local 
breed can empowerment female entrepreneurship. Better pasture management, 
through rotation grazing and systematic improvement can reduce the feeding costs 
while upgrading the value of the agricultural landscape. The Lesvos sheep breed can 
have satisfactory milk yields in the semi-extensive production system, covering their 
nutritional needs from the pasture and from the low-cost feeds. The sheep numbers 
can be reduced if the most efficient animals are selected. In this way, the grazing 
pressure and production costs will be reduced. 

6   Conclusions 

The culture of Lesvos is closely linked to the local Lesvos sheep. Niche marketing 
can encourage breeders to maintain their entire ecosystem of LM, gaining higher 
prices and preventing it from being converted to another use. More studies are 
warranted to investigate the contribution of local breed in highlighting the value 
chain of LM. The policymakers can assess the cheese’s current situation and can 
make vital decisions to shape the product’s future. Through the proposed marketing 
tactics and strategies, the added value of local breeds and their products can be 
increased. 
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Abstract. Digital transformation is a process determined by new technologies 
that not only enhances traditional processes of innovation and development but 
creates new forms of innovation in every segment of society. It in the agro-food 
sector plays a crucial role in counteracting the critical factors of globalization 
and the growing environmental impact. In Italy, the growth potential of the 
"Agriculture 4.0" and "Farming 4.0" solutions market is very high, but the 
adoption of related technological innovations is still reduced.  Italian companies 
are increasingly aware of the opportunities offered by the 4.0 paradigm, but there 
are still cultural and technological limitations for a full development of the 
phenomenon. The research aims to provide a first contribution to the perception 
that Italian agricultural operators have about the opportunities and limits of the 
adoption of smart agrifood. The first results, obtained from a multicriteria 
analysis approach, will be presented to define possible future scenarios deriving 
from the implementation of Digital transformation. 

Keywords: smart agrifood; Internet of Things; Agriculture 4.0; Farming 4.0; 
multicriteria analysis.  

1   Introduction 

Digital transformation is a process that influences every aspect of human society. It 
is a transformation determined by new technologies that not only enhances traditional 
processes of innovation and development, but creates new forms of innovation 
characterized by clear and rapid changes, and affects every segment of society, such 
as the economy, communication tools, government, information, art, medicine and 
science (Weiss et al., 2005; Zheng et al., 2016). From the economic point of view, 
digital transformation can be defined as the process that redesigns and makes the 
company's overall offer more competitive, through the transformation of production 
processes, analysis and listening to market needs using digital technologies (McAfee, 
2014).                

The definition highlights the importance of the innovative aspect of Digital 
Transformation linked to the originality of the transformation. In order to understand 
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the Digital Transformation process, it is necessary to analyze some enabling 
technologies, distinct in product-service and process innovations, which assume a 
strategic economic significance (Janvier, 2012). In particular, it is useful to give some 
hints on the key concepts: Internet of Things and Big Data.   

"Internet of Things" (IoT) is a neologism referring to the extension of the Internet 
to the world of objects and concrete places, equipped with a more or less permanent 
connection to the Internet as well as sensors and other devices capable of monitoring 
and recording people's actions and habits. The connection of these objects (IoT 
devices) to the Internet allows the exchange, storage, sharing, processing of huge flows 
of information and data.  

The term "Big Data" refers to the set of data with dimensions that go beyond the 
capacity of commonly used software tools. Digital technologies have multiplied the 
available data at an exponential rate, generated by sensors, social media, transactions, 
smartphones and other sources.  Big Data" can represent a real asset for companies, 
whose potential can only be expressed through their intelligent use.  

The digital transformation is proceeding at an increasing pace but in a diversified 
manner in the individual countries (Spielman, 2006). As far as the European Union is 
concerned, a picture of the situation of this phenomenon can be taken from the Digital 
Economy and Society Index (DESI). The DESI is a composite index that summarizes 
relevant indicators on Europe's digital performance and tracks the progress of EU 
Member States in digital competitiveness. The five dimensions of the DESI are: 
connectivity; human capital; use of internet; integration of digital technology; digital 
public services. As reported in Fig. 1, Italy still has a large gap to catch up, in fact, it 
is in 24th place in the ranking of the 28 EU Member States. Instead, in the first places 
are Finland, Sweden, Holland, Denmark. 

 

 
    Source: DESI, 2019 
 

Fig. 1.  Digital Economy and Society Index in European Union States (2019 ranking) 
 
In general, in Italy companies are slow to understand the potential of the network: 

40% of entrepreneurs declare that it is not useful to their activity. Many entrepreneurs 
are still not aware of the potential offered by the network for the promotion of products, 
for business turnover thanks to e-commerce and interaction with customers with social 
media (Cagnina et al., 2018). 
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The data for the last few years shows a slow improvement for Italy, but the distance 
from the European average is still evident, an alarming situation especially if we 
consider the growing importance of the digital economy, especially in the near future 
(OECD, 2019). 

2   Digital transformation in the Italian agrifood system  

Digital transformation in the agrifood sector plays a crucial role in our society and 
to counteract the critical factors of globalization and the growing environmental impact 
(Weis, 2005; Ge et al, 2016). In Italy, the market growth potential of "Agricoltura 4.0" 
and "Farming 4.0" solutions is very high, but the adoption of technologies such as 
robots and precision farming sensors is still reduced.  

In this context, "Agricultura 4.0" solutions are integrated with "Farming 4.0" 
solutions, according to an approach based on the integration of various ICT/geo-space 
technologies (Lee et al., 2017). That is, reliable remote monitoring is possible through 
space-time and spectral measurements, able to monitor the phenomena at the level of 
individual sites from various altimetric positions.  

Similarly, the Blockchain technology applied to the agrifood supply chain makes it 
possible to guarantee a transparent, safe and shared environment for the traceability of 
the components and processing processes of agrifood products offered to the consumer 
(Kempe et al., 2017; Krishnan et al., 2012; Scuderi et al., 2018; Tapscott, 2016). For 
example, the Italian Food chain makes it possible to securely (and decentrally) collect, 
record, analyze, validate and certify data, information and documentation at every 
stage of the supply chain, through the open functionalities of blockchain, through the 
use of the "smart contract" concept (Scuderi et al., 2019; Timpanaro et al., 2018). 

In summary, systems and technologies such as GIS / geo-spatial infrastructures, 
fixed and mobile ultra-broadband networks, Internet of Things, Artificial Intelligence, 
Blockchain, Augmented and Virtual Reality, etc. are available. These make possible 
the provision of digital services through intelligent platforms for "green & sustainable 
development" applications (Precision Farming / Farming 4.0, food chain tracking, e-
health, etc.) (Abeyratne et al., 2016), using case by case the most appropriate 
combinations of these technologies. With the availability of advanced skills and 
technologies available "as a service" in the Cloud, and the support of researchers and 
experts in the various "verticals", it is possible to implement initiatives (market-driven) 
for the provision of "digitized" value-added services in the field of "green" 
development (Chen et al., 2016). It will be necessary to guarantee users the 
transparency of the process, i.e. the mix of advanced technologies used to generate the 
value of the chain (fig. 2). 
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                  Source: FAO, 2019. 
 

Fig. 2. The components of digital transformation 
 
There is enormous potential for growth and market development in the agrifood 

sector. In fact, only 2% of the Italian agricultural area uses robots and precision 
farming sensors, which are not uniformly distributed in the various regions of the 
country (De Molli et al., 2017; De Paulis, 2015). Digital" agriculture (ICT-assisted) 
varies between minus 1 and 4-5%, compared to 40-70% in China, Israel and the USA. 
The most frequent solutions are systems that can be used transversally in several 
agricultural sectors, followed by those aimed at the cereal, fruit and vegetable and wine 
sectors. The focus on the Internet of farming is growing, albeit very slowly 
(Osservatori.net, 2019). 

The research aims to provide a first contribution to the perception that Italian 
agricultural operators have about the opportunities and limits of the adoption of smart 
agrifood. The first results, obtained from a multicriteria analysis approach, will be 
presented to define possible future scenarios deriving from the implementation of 
Digital transformation. 

3   Methodology  

The present study analyzes the digital transformation to identify new approaches 
and opportunities in the agrifood sector that can be used to develop guidelines, to 
enhance production, consumer protection, and to analyze the value chain. 

The proposed approach is based on integrating participatory planning and the novel 
approach to imprecise assessment and decision environments as a possible 
methodological structure to acquire and evaluate the “complex” information collected 
on possible alternative scenarios in relation to digital transformation (Munaretto et al., 
2014; Scuderi et al,.2016).  

The aim is to develop a methodological structure using suitable tools to acquire first, 
and process second, qualitative and quantitative information concerning the possible 
alternative scenarios of the problem under study. The opinions were collected through 
specific focus groups with local stakeholders, operators, consumers, and producers 
interested in the issue in question. 

The proposed model is based on:  
- the individualization of stakeholders involved (30 questionnaires);  
- the definition of the alternative scenarios (definition of the three hypotheses 

of scenario: Farm, Chain and Consumers. 
The model used focus groups as a social research methodology, aiming to acquire 
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information on the opinions of stakeholders regarding a variety of scenarios for future 
development (Scuderi et al.,2016). The matrices of impact and equity constitute the 
basis for the use of the discrete multicriteria evaluation NAIADE model (Munda, 
2006), which is able to manage qualitative and quantitative data in order to evaluate 
the measures of intervention. This instrument supports the classification of the 
alternative scenarios proposed on the basis of determined decisional criteria and 
considerations of possible “alliances” and “conflicts” between the groups of 
stakeholders for the proposed scenarios, thus measuring their acceptability (Sturiale et 
al., 2018).  

The objective of this study is to analyze the principal priorities, using as its 
methodology the model of digital transformation in the agrifood sector. The evaluation 
through the focus groups was divided into three phases, referring in this specific case 
to the potential repercussions. 

The questionnaire used for the interviews was designed to explore the perception of 
traceability issues in the citrus-supply-chain context and to evaluate the real needs of 
actors in the supply chain. It comprised 10 questions aiming to collect information and 
opinions useful for the research related to three hypotheses proposed (Farm, Chain and 
Consumers): 

Scenario Farm: application of digital transformation for the valorization of the 
agricultural productions on the basis of the quality of the product. 

Scenario Chain: application of digital transformation in order to gain control 
information and prices along the chain. 

Scenario Consumer: application of the digital transformation is aimed at protecting 
the health of the consumer. 

The input of the NAIADE method is constituted by the impact matrix 
(criteria/alternative matrix), including scores that can take the following forms: crisp 
numbers; stochastic elements; fuzzy elements; and linguistic elements (such as “very 
poor”, “poor”, “good”, “very good”, and ”excellent”). To compare alternative 
scenarios, the concept of distance is introduced. In the presence of crisp numbers, the 
distance between two alternative scenarios with respect to a given evaluation criterion 
is calculated by subtracting the respective crisp numbers. 

The classification of alternative scenarios is based on data from the impact matrix, 
used for: 

- comparison of each single pair of alternatives for all the evaluation criteria 
considered; 

- calculation of a credibility index for each of the aforementioned comparisons that 
measures the credibility of one preference relation, e.g. alternative scenario (a) is better 
/ worse, etc. than alternative scenario (b) (preference relationships were used); 

- aggregation of the credibility indices produced during the previous stage leading 
to a preference intensity index [μ * (a, b)] of an alternative (a) with respect to another 
(b) for all the evaluation criteria, associated the concept of entropy [H * (a, b)] as an 
indication of the variation in the credibility indices; and classification of alternative 
scenarios on the basis of previous information. 

The final classification of the alternatives is the result (intersection) of two different 
classifications: the classification Φ + (a) (based on the “best” and “decidedly better” 
preference relationships); and the classification Φ – (b) (based on the “worst” and 
“decidedly worse” preference relationships). 
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In relation to the objective of the present study, the analysis will be applied to the 
main priorities, for the assessment of the scenario that benefits most from digital 
transformation implementation in the agrifood sector. 

4   Results and discussion   

The results of the present study provide a further multidisciplinary contribution to 
research on the management of digital transformation. Specifically, the analysis was 
conducted to address the research question:  

What are the opportunities that Digital transformation for the agrifood sector? 
The evaluation criteria were used is technology, communication, data, Internet of 

things, automation and networking. These criteria were defined on the basis of the 
purpose and objectives of the evaluation of the analyzed case, which can be considered 
representative of agri-food sector. 

The scenario Chain was revealed to be the best option for sharing, closely followed 
by scenario Farm and scenario Consumer, but all three hypotheses had positive 
evaluations (tab. 1).  

Table 1. Objectives and evaluation criteria of digital transformation for agrifood sector. 

 
 

This provided the views of interested parties on the three suggested hypotheses. The 
selection of interested parties was based on their potential to assess the major 
advantages for agrifood sector. A total of eight six groups of stakeholders were 
involved: producers; trade associations; dealers; consumer associations; institutions 
and scientific associations. It is important to underline that the opinions of the 
interested parties in the NAIADE model can only be of a qualitative type, i.e. linguistic 
expressions: bad; poor; medium; good; very good; and excellent. The results show that 
a large number of stakeholders and groups of selected operators agreed with the 
assessment of the three hypotheses. The results of the multi-criteria analysis revealed 
that the scenario Chain was the predominant hypothesis, closely followed by scenario 
Chain, while scenario Consumer acquired only a lower rating (Tab. 2). 
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Table 2. Classification of the scenarios at the highest consensus level. 

 
 
The results obtained through the analysis of the single answers were used to 

examine possible alliances or conflicts between the opinions of the interested parties 
regarding the decision on which hypothesis to adopt. The results in Tab. 3 show that a 
large number of interested parties, in addition to agreeing on the classification of the 
different hypotheses to be applied, agreed with scenario Chain, while noting that there 
were also significant consequences for the Farm and Consumer scenarios. 

Table 3.  Consensus and related prioritization of scenarios. 

 
 
The results include different perspectives of digital transformation, the different 

groups involved the perception and acceptability of the proposed alternatives, which 
can lead to improving strategic decisions and creating innovative ideas and new 
solutions to enhance and protect, based on the possibilities offered by these 
participatory processes (Fig. 3). 

 

 
Fig. 3. Classification of alternative hypotheses and multicriteria assessment 

 
The results obtained from this model, developed through the integration of a 

participatory tool and a multicriteria analysis, become strategic for investment choices 
in the agrifood system, particularly in relation to the current situation in which the 
supply chain, the farm and the consumer try to define their role through digital 
transformation. 
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5   Conclusion 

The Italian agrifood sector has begun to understand that digital innovation is a 
strategic lever, able to guarantee greater competitiveness to the entire supply chain, 
from production in the field to food distribution, passing through processing (Sturiale 
et al., 2016). 

Digital transformation is fundamental to improve the competitiveness of the agri-
food sector not only for economic needs but also for social and environmental ones 
(Scuderi et al., 2019). The remuneration of all phases of the agro-food chain includes 
correct economic and contractual relations between all actors: agricultural producers, 
processing and distribution industry; greater cooperation and transparency, adoption 
of product and process innovations. This condition is essential to allow the 
improvement of quality, social and environmental standards, also in the logic of 
improving the efficiency of production, innovation and marketing processes. The 
success of agricultural enterprises increasingly depends on the ability to collect and 
enhance the large amount of data that will be generated, especially to achieve cost 
control and increase the quality of production. It should be noted, however, that there 
is still little clarity among those involved in the sector on how to exploit these 
opportunities. It is necessary to invest in the creation of skills, in a sector characterized 
by a level of 'corporate' culture and operational processes based more on the transfer 
of generational skills and knowledge than on innovation and optimization of 
production processes. 

The food economy should therefore constitute a resource capable of responding to 
the most urgent and immediate needs of the planet, regulating the production of this 
primary resource, encouraging innovative and environmentally friendly production 
techniques, but above all ensuring a fair distribution of the resources produced through 
the aid of digital transformation.  
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Abstract. The main aim of this paper is to investigate the factors which affect 
the acceptance of a traceability system in organic food supply chains. A survey 
research was carried out in Greek young consumers. According to the sample, 
two different profiles are revealed in terms of Willingness to Pay (WTP) for a 
traceability system: the WTP and non-WTP organic consumers. The data were 
collected and analysed using descriptive statistics and multivariate statistical 
analyses. The results show that several concerns influence the young organic 
consumers’ decision to accept and pay or not for a traceability system in organic 
food supply chains. These findings may benefit organic food supply chain 
stakeholders in developing further marketing strategies to engage existing and 
gain new consumers.    

Keywords: Trust; Quality; Nutritional Value; Willingness to Pay; Exploratory 
Factor Analysis; Categorical Regression. 

1   Introduction 

In the last two decades, the recurring nature of the different food crisis or related 
scandals has made food safety an issue of intense public concern. Food outbreaks 
imply consequences at different levels of the food chain with particular relevance on 
consumer behaviour. Consumers are faced with different food safety problems which 
influence their attitudes and preferences towards specific food products and become 
more aware of food safety issues, diversifying their options. From a consumer 
perspective, the choice of one product over another depends on the added benefits 
perceived in it. 

Among best practices to improve food safety levels and the related risks is the 
adoption of a traceability system. The term “traceability” signifies “the ability to trace 
and follow a food, feed, food-producing animal or substance intended to be, or 
expected to be incorporated into a food or feed, through all stages of production, 
processing and distribution” (Regulation No 178, 2002). Traceability systems 
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represent the most suitable tool for circulating information on product quality to end 
consumers and for making the manufacturing system and the whole supply chain more 
transparent. 

The opportunity to connect traceability with the whole documentation and control 
system represents an effective means for boosting the consumer’s perception of a 
food’s safety and quality (Moe, 1998). Van Rijswijk et al. (2008) found that 
consumers’ benefits associated with traceability are related to health, quality, and 
safety, of which the latter is associated with trust and confidence. A research in Italy 
showed that the trust affected the intention to purchase traceable food (Menozzi et al, 
2015). On the other hand, consumers do not seem to connect traceability with the price 
of food (Giraud and Amblard, 2003), but in a cross-cultural study in Germany and 
Greece, price was a significant factor regarding their choices and as price decreases, 
the consumers’ preferences increase (Christophorou-Kehagia et al, 2017). 

Nevertheless, it is notable that the existence of a traceability system constitutes a 
powerful competitive tool that adds value to the product and allows the added costs to 
be passed on to the purchaser who is willing to pay for the plus-value offered together 
with the product (Mancini et al., 2002). Hence, consumers will take on a significant 
part of added production costs as the direct beneficiaries of food quality improvements 
(Yin et al, 2020). 

The investigation of willingness to pay (WTP) either for organic or foods with 
traceability system has triggered extensive academic interest. Metref and Calvo-
Dopico (2016) found that after providing consumers with information about the 
benefits of traceability and quality control in the food chain, they had a higher WTP. 
Angulo et al. (2003) found that although the Spanish consumers were concerned with 
the issue of food safety, 72.5% of them were not willing to pay a premium for a labelled 
food with a traceability certificate. Other study showed that consumers are reluctant to 
pay more for traceable products as the prices are unreasonably high. Likewise, they 
are more willing to buy traceable products at a moderate price, and their willingness 
to buy will drop with the increase in the product price (Chen et al, 2019).  

However, in literature less attention has been given to investigate young consumers’ 
acceptance and WTP for a traceability system in organic food supply chains. It is a 
common belief that the importance of generations in marketing research is well 
acknowledged due to cohorts’ similar characteristics (Williams et al, 2010). The 
significance of focusing on young generation relies on the fact that this way we can 
track and forecast changes in the marketplace emerging from the entrance of new 
cohorts with a new value system, wants, and needs (Schewe and Noble, 2000). For this 
purpose, the objective of this paper is to investigate the factors which affect the young 
consumers’ acceptance of a traceability system in organic food supply chains.  

2   Methods 

A survey research was performed in Greek young consumers (i.e. age between 18 
and 24) in order to meet the objectives of this paper. Dataset was collected via online 
questionnaire (Ilieva et al., 2002). The link of the online data gathering remained active 
from May to October 2019 and this procedure led to a sample of 1185 valid 
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questionnaires. Data were evaluated using descriptive statistics and multivariate 
statistical analyses. The methodological procedure involved several steps. First, the 
validity and reliability of the variables included in the questionnaire were assessed 
through the implementation of Exploratory Factor Analysis using the principal 
components extraction method (varimax rotation) and Cronbach’s alpha, respectively. 
Moreover, some tests were applied and particularly, normality test of Kolmogorov-
Smirnov and non-parametric tests such as Mann-Whitney and Kruskal-Wallis. 

Categorical Regression (CatReg) was employed to identify those factors that 
positively or negatively affect young consumer’s decisions related to the acceptance 
of a traceability system in organic food supply chains. CatReg models are applied and 
especially, in young organic consumers who are willing to pay for a traceability system 
and those who are not willing. Categorical regression is a method that is based on 
optimal scaling and quantifies data of categorical variables by assigning numerical 
values in categories with a view to optimum linear regression of transformed variables 
(van der Krooij and Meulman, 1997). CatReg is also used when some of the variables 
are not numeric or the relationship between variables is not linear (Siardos, 2005).  

3   Results and Discussion 

The sample comprised of young consumers aged between 18 and 24 who are buying 
organic foods (every day to rare). From the 1185 respondents participating in this 
research, 75.4% were females and 24.6% males. The vast majority of the young 
consumers were university students (87.6%) and unmarried (98.6%). Furthermore, the 
majority of the respondents had annual household income less than 7999€ (38.9%) 
and between 8000€ and 14999€ (25.3%). Only the 5.1% of the young consumers did 
not agree to accept a traceability system in organic food supply chains. By respondents 
who accept it (94.9%), the 79.2% were willing to pay for a traceability system and the 
20.8% were not. 

Exploratory Factor analysis was used to identify the components of young 
consumers concerns on organic foods and summarize most of the original information 
to a minimum number of factors for predictive purposes. The results of Exploratory 
Factor analysis and Reliability analysis are illustrated in Table 1. Factor analysis 
showed five factors accounting for 57.7% of the total variance. All variables had 
loadings higher than 0.50 in each attribute of these factors which indicates a good fit. 
Reliability analysis (Cronbach’s alpha) confirmed that the scale is reliable (Total 
a=0.768), exceeding the minimum standard of 0.60 suggested by Malhotra (2007). 

 

Table 1.  Results of Exploratory Factors analysis and Reliability analysis  

Factors Attributes Reliability of the factor 
(1st) 22.98% of total variance Quality-Nutritional Value 0.855 
(2nd) 11.84% of total variance Food Safety 0.778 
(3rd) 9.57% of total variance Trust-Production method 0.687 
(4th) 7.55% of total variance Price 0.698 
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(5th) 5.77% of total variance Health 0.753 
Kaiser-Meyer-Olkin Measure of Sampling Adequacy=0.836; Bartlett Test of Sphericity: 
Approx. Chi-Square=9639.030; df=253; Significance=0.000; Total variance explained:57.7%; 
Total Cronbach’s Alpha: 0.768 

 
CatReg models were employed to discover the acceptance level of a traceability 

system in each category of young consumers (the WTP and the non-WTP organic 
consumers) relating to additional features. Firstly, the factors which lead to accept a 
traceability system in organic food supply chains were investigated by the level of 
acceptance as a dependent variable. The F-statistic values as regards each CatReg 
model are statistically significant which indicates that models are well-performed 
(Table 2 and Table 3). Also, the coefficients of tolerance concerning all variables in 
each CatReg model are high and the negative Pratt’s values are small which means 
that there is no multicollinearity problem. According to Table 2, the most significant 
factor in relation to Pratt’s measure of relative importance which encourage young 
consumers to accept and their WTP for a traceability system is Quality-Nutritional 
value (78.4%). Finding which is in line with past studies (Metref and Calvo-Dopico, 
2016; van Rijswijk et al, 2008). 

Table 2.  Results of CatReg model in young organic consumers’ WTP  

Dependent variable Independent Variables Beta Pratt’s measure of 
relative importance 

Acceptance of traceability 
system 

Quality-Nutritional value 0.670 0.784 

F-statistics: 8.558; Significance:0.000; Multiple R: 0.777; R2: 0.604; Interpretation= 78.4% 
 
On the other hand, the factors which affect the young consumers who are not willing 

to pay but accept a traceability system are presented in Table 3. Variables such as Trust 
of production method (44.3%), Quality-Nutritional value (26.7%), Price (12.5%) and 
Food Safety (10.2%) are the most significant and lead to non-WTP young organic 
consumers to accept a traceability system in organic food supply chains, findings 
which are consistent to previous studies (Chen et al, 2019; Christophorou-Kehagia et 
al, 2017; Menozzi et al, 2015; van Rijswijk et al, 2008). 

 
 
 

Table 3.  Results of CatReg model in young organic consumers’ non-WTP  

Dependent variable Independent Variables Beta Pratt’s measure of 
relative importance 

Acceptance of traceability 
system 

Trust of production method 0.688 0.443 
Quality-Nutritional value 0.538 0.267 

 Price 0.507 0.125 
 Food Safety 0.387 0.102 

F-statistics: 4.630; Significance:0.000; Multiple R: 0.877; R2: 0.769; Interpretation=93.7% 
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Further discussion on the above results indicates that both groups appreciate food 
quality and nutritional value. However, the relative importance of this appreciation 
from the first group (the WTP organic consumers) is considerably higher compared to 
the second group (the non-WTP organic consumers) justifying their WTP for a 
traceability system. This is a strong indication that the consumers from the first group 
are more cognizant of the organic products and their decision to purchase them is more 
conscious; thus, the first group could be labelled the organic conscious WTP 
consumers. In addition, the second group is characterized by price concerns which are 
consistent to their non-WTP behaviour. Finally, an interesting finding regarding this 
group is the significance of production method trust and food safety factors. One 
possible way to explain this is that these consumers have already decided not to pay 
for a traceability system (even though they are aware of its benefits) and that decision 
increases their trust and safety issues. Therefore, the second group could be labelled 
the organic sceptical non-WTP consumers. 

4   Conclusions 

This paper examines the attitudes of young consumers towards traceability system 
in organic food supply chains, investigating those factors that positively or negatively 
affect their decisions related to acceptance and WTP. The results suggest two groups 
of consumers, the organic conscious WTP consumers and the organic sceptical non-
WTP consumers. Key differences between those groups are the importance the latter 
group place on price, production method trust and food safety. The above findings 
have both managerial and policy implications. Organic food supply chain stakeholders 
(e.g. producers, traders and retailers) could collaborate under a traceability scheme, 
enhancing their profile, engaging their existing clients and attracting new. 
Policymakers should examine the prospect of regulating traceability, considering the 
high level of young consumers’ acceptance. 
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Abstract. European farm sector is currently at a crossroad: embracing the future 
or staying stuck in old practices. The future is represented by Precision 
Agriculture (PA), which is a new mind-set approach and a new network of 
different technologies. For this reason, the farmer of the future, the so-called 
“agripreneur 4.0”, needs a mix of competencies such as agricultural, 
entrepreneurial, digital and environmental skills. One of the main goals of the 
SPARKLE project is creating a new e-Learning course for agricultural students, 
in order to enhance their business-oriented skills and entrepreneurial activity in 
a smart environment. In this paper the SPARKLE e-Learning Platform for 
Sustainable Precision Agriculture is presented. 

Keywords: e-Learning; precision agriculture; entrepreneurship. 
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1   Introduction 

The European farm sector is currently at a crossroad: embracing the future or 
staying stuck in old practices. The future is represented by the so-called Precision 
Agriculture (PA), that is defined as “an integrated information and production-based 
farming system that is designed to increase long term, site-specific and whole-farm 
production efficiency, productivity and profitability while minimizing unintended 
impacts on wildlife and the environment” (European Parliament, 2016). PA is not a 
technology, but an approach to manage a crop that requires and a network of different 
technologies (digitalization, metadata, Internet of Things, IT, etc.) to sense, decide and 
act precisely that can be adopted in agriculture (European Parliament, 2016).  

The future of agriculture is the so-called “agripreneurs 4.0”: an entrepreneur who 
works in agriculture and adopts in its business PA technologies (SPARKLE, 2019). 
Therefore, this means that the agripreneur needs a mix of competencies a full set of 
entrepreneurial skills and, at the same time, a complete set of PA related knowledge, 
along with agricultural skills. Taking a look at the agricultural university education, it 
is clear that the third set of competencies are available in all the institutions, while the 
other are, in many cases, missing. The SPARKLE project underlines the need to 
improve university education in the agricultural sector to train students on the relevant 
skills for becoming agripreneurs 4.0 which is currently barely absent. 

In this paper we present the SPARKLE e-Learning Platform for Sustainable 
Precision Agriculture (SPA). SPARKLE e-Learning Platform is the primary outcome 
of the SPARKLE project and it aims to implement an educational package for students 
and agripreneurs to help them in growing specific skills on entrepreneurship and 
sustainable precision agriculture. 

2   SPARKLE Project 

For being able to offer the students a new training program, it is fundamental for 
the Universities to establish more direct contacts with farmers, researchers and 
students, for better understanding the level of knowledge on PA and identifying the 
entrepreneurial needs for starting new Sustainable Precision Agriculture (SPA) 
businesses. 

SPARKLE, an acronym standing for Sustainable Precision Agriculture: Research 
and Knowledge for Learning how to be an agri-Entrepreneur, is a Knowledge Alliance 
project, co-financed under the ERASMUS+ project. One of the aims of SPARKLE is 
to bring together research, SPA farmers, and students to develop and fill the gap in the 
educational offer to prepare farmers and agriculture’s business managers of the future. 

The consortium is composed of 3 different categories of partners (SPARKLE, 
2018): 

- Universities, through their Agriculture Faculties (University of Florence (IT), 
Universidad Politecnica de Madrid (ES), Aristotle University of Thessaloniki (GR), 
Universidade de Evora (PT))  

- Companies providing advanced services to companies/farms (CSIC – research 
center on automation and robotics (SP); AgroSAP (Precision Agriculture consultancy 
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(SP); ErreQuadro – technology foresight (IT); Valuedo – entrepreneurial education 
(IT)) 

- Farms adopting PA technologies (Quinta da Cholda (PT) – arable crops sector; 
Rezos Brands (GR) – fruit growing; Mazzei 1435 (IT) – viticulture). 

3   SPARKLE e-Learning Platform 

One of the main aims of the SPARKLE project is to develop and assemble the e-
learning supporting materials for the SPARKLE e-Learning Platform (general 
guidelines for attendees, materials and quizzes/tests/etc.). For this reason, a set of 
technical criteria were suggested for the development of the e-learning course. The 
SPARKLE project e-learning course is an asynchronous online course (courses where 
students are not required to participate in sessions at the same time as the instructor) 
using a learning management system. The e-learning courses are designed for large 
numbers of participants, offered for free and without any entry qualifications. The 
course is being provided through MOODLE Platform and for a specific number of 
participants, mainly students and precision agriculture users, lead to an ECTS 
recognized certificate. Moodle is an open-source Learning Management System 
(MOODLE, 2020). The advantages of Moodle are: 1) provides detailed guides on how 
to set up an e-Learning Platform, 2) provides tips on how to create online training 
courses and teaching programs and 3) it has a large community of users who interact 
on various topics. Finally, it has no charge fees and supports the use of mobile phones. 

 

 
Fig. 1. The Home Page of SPARKLE E-Learning Platform.  

The final prototype of the course is an e-Learning course with the initial architecture 
(four areas and 14 topics) hosted on https://sparkle-project.eu/moodle web address. 
The course provides to students: video material, slides, textual material and some case 
study for a minimum of 13 hours of e-learning. This part is assessed through online 
tests. After this self-directed online learning, there are 8 hours of face to face lessons 
dedicate to strengthen business and management skills. To conclude the educational 
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package, the final 4 hours of the course are devoted to case study and practical 
activities on the field. The course is divided into 4 areas and 12 lessons (Table 1). The 
target group of the course are university students, agri-entrepreneurs and academics. 

The course intends to present a general overview of the state of the art of Sustainable 
Precision Agriculture and related technology and teaching how to build an 
entrepreneurial mindset. The students will explore a range of precision agriculture 
technologies with specific insights on geomatics, sensors, data mining, machine 
learning, robotics etc. for farming and innovations while taking into account the 
environmental, social and business issues. At the end of the course, the students will 
be invited to put into practice the knowledge and skills developed.  

Table 1.  Areas and Lesson of SPARKLE e-Learning Course.  

Areas Lesson 
SPA Overview 1. Introduction To SPA 

2. Variables and Systems 
Technology 3. Positioning Systems 

4. Proximal Sensing 
5. Remote Sensing 
6. Variable Rate Technology 
7. Robotics 
8. Data Analysis 
9. Communications 

Social & Economic Aspects 10. Policy & Management 
Entrepreneurship in Farming 11. Entrepreneurship In SPA 

12. Toolkit for Agripreuners 4.0 
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Fig. 2. The Page of the SPARKLE Course Lessons.  

Inside the Lessons, there were developed 56 contents that are available at a table of 
lessons and tasks. 

 
Fig. 3. A typical structure of a task inside a Lesson of SPARKLE course.  

4   Conclusions 

In this project, partners share the main feature of knowledge alliance as innovation 
in higher education and innovation in enterprises. In fact, the e-learning platform will 
continue to spread the knowledge about the SPA also after the end of the project.  
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The creation of such a training course, answers to a specific need that is actually 
unsolved. All project companies are interested in strengthening their relationship with 
the agricultural sector and gathering new information, advanced studies and creating 
more reliable networks with both Universities and companies. Some of them already 
work with farmers; others do not: for the latter the objective is entering in a very 
interesting field, bringing their advanced services to fill the entrepreneurial and PA 
knowledge training gaps. The three PA companies already adopting PA technologies 
would like to enlarge their network and contributing to the using of innovative 
technologies by other farms, so to create a new group of innovative agripreneurs.  

SPARKLE will contribute to provide a new approach to teaching and learning 
entrepreneurship, at the formal and non-formal level. The project activities stimulate 
entrepreneurship and entrepreneurial skills of higher education staff involved in the 
project, making them educators of sustainable precision agriculture and agribusiness. 
Moreover, SPARKLE outcomes will be easy to multiply in other Universities and 
companies after the project ends. 

First, at little or no cost starting from 2020 onwards, partner institutions during their 
regular professional activities will easily encourage new individuals from the 
identified target groups to successfully attend and complete the SPARKLE e-learning 
courses, since the educational packages will be already tested and in an accessible e-
learning format. This multiplication scheme allows the partners to foresee attainable 
gains.  
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Summary 

The aim of this experimental study was to investigate the effects of drinking water 
supplementation with oregano essential oil and a mixture of a liquid product containing 
glycerol, monopropylene glycol, formic acid, propionic acid, lactic acid, sodium 
formate and cinnamaldehyde on broiler chickens. Sixteen thousand one-day-old 
broiler chicks (Ross-308) were allocated into two treatments. Control treatment was 
fed commercial diets (starter, grower, prefinisher, finisher) based on corn and soybean 
meal and drinking water ad libitum. OREG-ACIDS treatment was fed the same diets, 
however for the first 3 weeks of rearing the drinking water of the birds was 
supplemented (Dosatron automated system) with a liquid product containing 5% 
oregano essential oil (RIGOSOL™) at the level of 1 ml/lt, as well as for the final three 
weeks of rearing a mixture of glycerol, monopropylene glycol, formic acid, propionic 
acid, lactic acid, sodium formate, and cinnamaldehyde, at the level of 1ml/lt. All birds 
were reared for 42 days in a commercial farm (Rodotopi, Ioannina, Greece) during 
November and December of 2019. At the end of the trial, all birds were slaughtered 
under commercial conditions, their carcasses were processed, and 24 samples were 
taken from each group and kept at -4 ºC for further analysis. Chicken breast and thigh 
meat were analyzed both by infrared technology (FoodScanTM Lab, FOSS Denmark) 
and wet chemistry methods, for moisture (gravimetric), fat (ether extraction), protein 
(Kjeldahl) and ash content (gravimetric). Moreover, lipid oxidation determined as 
malondialdehyde (MDA) was measured in breast and thigh meat stored at 4⁰C for 1 
and 5 days. Microbiological quality of breast and thigh meat was determined by 
conventional microbiological techniques for total viable counts, lactic acid bacteria 
and Enterobacteriaceae. Statistical analysis was performed by one-way analysis of 
variance using the IBM SPSS Statistics (v20) statistical package. Tukey’s range test 
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was used, with differences considered to be significant at P<0.05. OREG-ACIDS 
treatment had improved (P<0.05) average daily growth (63.3 g vs 60.7 g), final body 
weight (2.660 g vs 2.549 g), feed conversion ratio (1.54 vs 1.74), and mortality rate 
(3,10% vs 5,52%). Both oregano essential and the acid mixture showed excellent 
palatability and did not affect negatively feed intake. The meat chemical analysis 
revealed no differences (P>0.05) on moisture, fat and protein content (percentage %) 
of breast or thigh meat from the two experimental groups. Meat MDA determination 
showed that the OREG-ACIDS treatment had significantly (P<0.05) lower values in 
both breast and thigh meat on day 1 and after 4 days of refrigeration compared to the 
control treatment. OREG-ACIDS group had significantly (P<0.05) lower total viable 
counts and Enterobacteriaceae counts compared to control breast and thigh meat. 
Based on the trial results, the combined supplementation of oregano essential oils and 
organic acids mixture assisted the broiler chickens’ performance and wellbeing. 
Further studies on intestinal microflora and morphometry could elucidate the potential 
effects of the examined substances, as well as the possible underlying synergistic 
mechanisms. 

Keywords: Aromatic plants; broiler chicken; essential oils; organic acids; 
performance; meat composition. 

JEL Codes: N50; Q10; Q13. 
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Summary 

This study investigated the in vitro effect of oregano and garlic essential oils on 
sporozoites of Eimeria tenella (Wisconsin strain) invasion into Madin-Darby bovine 
kidney (MDBK) cells, as well as the in vivo effects of the combined dietary use of 
these essential oils on growth performance of broiler chickens, intestinal microflora 
composition and Eimeria oocyst output. An inhibition assay was performed in vitro 
using sporozoites of E. tenella pre-treated for 1 hour at 41°C and 5% CO2 with essential 
oils of garlic or oregano at different concentrations (100, 50, 20, 5 μg/ml), then added 
to MDBK cells for invasion. Dymethyl sulfoxide (10μl/ml) and robenidine (5 μg/ml) 
were used as controls; no morphological changes were observed in MDBK cells when 
incubated for 24 hours with any of the oils at their higher concentration (100 μg/ml). 
Intracellular invasion of pre-treated sporozoites was assessed by detection of E. tenella 
DNA by qPCR from MDBK monolayers harvested at 2 hours and 24 hours after 
invasion. The relative level of inhibition of E. tenella showed that parasite invasion 
was inhibited by the oregano essential oil at the concentration of 100 μg/ml by 83% or 
93% after 2 hours or 24 hours, respectively. Garlic essential oil reached a maximum 
inhibition of 70% after 24 hours with the 50 μg/ml concentration. For the in vivo trial, 
180 male broiler chicks (Ross-308) were allocated into two treatments (6 pens of 15 
chicks per treatment). The CONTROL treatment was fed commercial diets (starter, 
grower, prefinisher, finisher) based on corn and soybean meal without antibiotics or 
anticoccidials. The second treatment (OREGAR) received the same diets, further 
supplemented with a premix (1 g/kg) containing oregano essential oil (50 g/kg premix) 
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and garlic essential oil (5 g/kg premix). Feed and water were offered to birds ad libitum. 
At the end of the trial (day 37), all birds were slaughtered under commercial conditions, 
and intestinal samples were collected. Cecal microbiota were determined by 
conventional microbiological techniques. Oocyst output in faeces was also determined. 
OREGAR treatment compared to the CONTROL treatment showed: improved final 
body weight (1834 vs 1686 g; P<0.01) and feed conversion ratio (1.489 vs 1.569; 
P<0.01); lower oocysts in faeces (3.48 vs 4.01 log10 CFU/g; P<0.001); lower counts 
of anaerobes (8.22 vs 8.82 log10 CFU/g; P<0.001) in the ceca; lower counts of 
Clostridium perfringens (2.56 vs 2.88 log10 CFU/g; P<0.01) and higher counts of E. 
coli (5.03 vs 3.53 log10 CFU/g; P<0.01) and Enterobacteriaceae (5.34 vs 3.83 log10 
CFU/g; P<0.01) in the jejunum. Based on these trial results, the oregano and garlic 
essential oils exhibits a potent anticoccidial effect in vitro and their combined 
supplementation in broiler chicken diets can results in an effective growth promoting 
effect, even in the absence of anticoccidial drugs. 

Keywords: Oregano essential oil; garlic essential oil; broiler chicken; 
performance; Eimeria tenella. 
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Abstract. Simulation tools can be helpful for supporting implementation of 
livestock production systems and exploring ways of improvements. The aim of 
this paper is to present a support tool for implementation and evaluation of 
silvopastoral systems in the Peruvian Amazon Region. This approach is based 
on the design of a decision support model called Agrosilvopastoril v 19.1. It 
calculates livestock production using integrated information on climate, soil, 
crops, forestry, pastures and cattle herds collected from secondary sources and 
on-field work conducted at the Peruvian Northern Amazon Region. The model 
was tested to estimate carbon sequestration and enteric methane emissions in 10 
has of silvopastures with different proportions of forest and pasture, showing an 
increase in carbon sequestration with a small reduction in the number of animals 
and similar methane emissions. 

Keywords: livestock; simulation model; Amazon region; CO2 emission; carbon 
sequestration. 

1   Introduction 

Modelling farming livestock systems may vary according to: (i) system definition, 
(ii) the intended use of the model and (iii) the way in which farmers' decision-making 
processes were represented and how agricultural experts and farmers were involved in 
the modelling processes (Gouttenoire et al., 2011). In the last decades, several 
simulation models have been built for describing specific components of a livestock 
systems, such as forage, nutrition or reproduction, and other ones for simulating the 
whole farm (Crosson et al., 2011; Schils et al., 2007; Duru et al., 2012). The latter are 
more complex, since they are focused on a better understanding of the possible existing 
interactions between the farming system and its environment. 

Silvopastoral systems (SPS) are production systems that deliberately integrate trees, 
livestock, and forage production on the same unit of managed land (Peri et al. 2016). 
Silvopastures have potential to provide multiple benefits in terms of economic and 
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environmental responses (Nuberg et al. 2009). Their potential economic benefits 
include income diversification to landowners through the sale of forest products, such 
as fuelwood, and agricultural products such as milk and cheese from livestock 
production, crops such as tropical fruits (Cotta 2017), coffee (Coffea spp.), and cacao 
(Theobroma cacao L.) (Sommariba et al. 2012). Research conducted in Latin America 
pointed out the potential for mitigation of greenhouse gas emissions and Carbon 
sequestration in SPS when livestock grazes forages with high digestibility and tannin 
concentrations (Montagnini et al. 2013; Villanueva et al. 2018). Despite the potential 
of SPS as a sustainable system for livestock production, there is a lack of a whole-farm 
simulation models designed to explain differences between SPS and prevalent land use 
systems to raise cattle in degraded land under the Amazon Region conditions. This 
situation limits the Peruvian government capacity to take sustainable decisions on land 
use or to establish strategies to incentivize SPS implementation. The main objectives 
of the present study are to (i) present a decision support model (Agrosilvopastoril v 
19.1) designed to calculate the productivity, economic, and environmental impacts of 
the use of silvopastoral systems; and (ii) illustrate the model application with the 
results of the environmental contribution of silvopastoral systems based on a 
simulation in a 10-ha farm in the Peruvian Amazon.  

2   Model description 

Agrosilvopastoril v 19.1 represents cattle farm systems from the Peruvian tropical 
region, including its components, processes and interactions. It was developed using 
Microsoft Excel 2010 and then designed as a computer program with a user-friendly 
Java interface. Agrosilvopastoril v 19.1 is based on integrated information on climate, 
soil, crops, forestry, pastures and cattle herds collected from secondary sources and 
on-field work conducted during 2017 and 2018 in 30 different farms of Amazonas and 
San Martin at the Peruvian Northern Amazon Region.  

2.1   Model structure and inputs of the model 

Agrosilvopastoril v 19.1 is composed of 08 components describing the functions of 
the silvopastoral systems. Each component has the following parameters: 
 
1. - Farm: Location, total area, land use (pasture, crops, forestry in hectares). 
2. - Crops: Type, area, crop yield per ha.  
3. - Forestry: Type, distribution, area, density, age and diameter at breast height. 
4. - Livestock: Categories, average age, breed. 
5. - Feeding: Forage biomass, level of supplementation and nutritional composition for 
dry and rainy season.   
6. - Soil: Type, soil composition, erosion rate. 
7. - Weather: Temperature, humidity, rainfall, wind velocity. 
8. - Bio-economy: Production costs and average prices for meat, dairy, trees and crops 
sold.   
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Interactions between components were analyzed, considering inputs, state, and 

output variables. Population growth was simulated to determine the number of 
weaning, fattening, adults and sales of animals. Forage availability was obtained 
calculating the effect of rainfall, temperature, soil nutrients and erosion on growth rate 
(kg DM). Prediction of cattle nutritional requirements, consumption and milk or meat 
production were calculated using the model of the National Research Council for beef 
(NRC, 1996) and dairy (NRC, 2001). Dry matter intake regulation was adjusted 
according to weather conditions, using the temperature-humidity index suggested by 
Habeeb et al., 2018:  
 

THI= 1.8*T+32-(1-H)*(T-14.3) (1)   

 
 Where:  THI = Temperature-humidity index 
  T = Temperature 
  H = Humidity 

 
and the following equation: 
 

F decreased = -28.19+0.391*THI (2)   

 
Where a decreased dry matter feed intake is expected in the animal if a positive value 
is obtained. 
 

Incomes were obtained from milk, meat, crop and wood sales. They were estimated 
based on the yield of each product multiplied by the average sell price minus their 
production costs. Determination of methane production and carbon sequestration were 
calculated following the 2006 IPCC guidelines for National Greenhouse Gas 
inventories for Agriculture, Forestry, and Other Land Use sector.  

2.2   Results of the model 

Results are presented based on the input information filled by the user. However, 
default values are considered for each component. Results are showed in two separated 
modules called: Farm information and Scenarios. The farm information module 
calculates average farmer revenues and methane production and carbon sequestration. 
The Scenario module allows an analysis of two or more scenarios. Changes compared 
with the baseline scenario are presented in figures and tables to compare easily the 
effect of a variable on the system. 
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3   Model application 

Agrosilvopastoril v 19.1 was tested to estimate carbon sequestration and enteric 
methane emissions. Table 1 presents the outputs of the modelling exercise for a 10 ha 
farm in the Peruvian Amazon as a function of the proportion of the area dedicated to 
tree and pasture components of a SPS with trees arranged in alleys. The tree component 
was Cedrelinga catenaeformis, and the forage component was Brachiaria decumbens. 
Increasing the area covered by trees without reducing area dedicated to forage resulted 
in greater carbon sequestration and marginal differences in methane emissions. 
 

Table 1. Simulation of the effect of the increase in the area of silviculture on carbon 
sequestration and methane emissions on SPS in the northern Peruvian Amazon  

Scenario Stocking rate 
(LU/ha) 

Number 
of LU 

Total area (10 Ha) 
Forest* (ha)  Pasture (ha) 

Carbon 
sequestration 
(Mg/ha/yr) 

Methane 
emissions 
(Mg/ha/yr) 

A 1 9.9 0.5 9.5 0.20 1.79 
B 1 9.0 1 9 0.40 1.64 
C 1 8.2 2 8 0.85 1.35 

 
*Tree arrangement in alleys 
LU: Livestock unit (450 kgs cow) 

 
 

In carrying out the simulation, an increase in the area destined for silviculture from 
0.5 to 2 ha was considered, maintaining silvopastoral design (alleys), the tree species, 
the stocking rate in pasture area (LU/ha) and other information necessary for the 
simulation. It is important to mention that for the construction of the scenarios we only 
considered the area related to pasture as area available for cattle. We obtained, as 
expected, an increase in carbon sequestration with a small reduction in the number of 
animals and a similar methane emission. These estimates show that carbon neutral 
animal production systems could be designed since carbon emissions may be 
compensated by the carbon sequestration potential of SPS. Brazil has advanced this 
concept, as described by de Almeida et al. (2016), and Doran-Browthe et al. (2017) in 
Australia.  

This exercise provided us first insights related to the environment contribution of 
silvopastoral systems in the Peruvian tropics. However, we recognize the need to 
increase the precision of results from the simulation tool, since there are effects that 
need to be better understood first before modelling i.e. evaluating how shade of trees 
could potentially impact understory forage productivity and ultimately carbon 
sequestration on a systems level or estimating how the type of tree could influence 
methane emissions if the tree component was a legume consumed by livestock versus 
a timber tree.  
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4   Conclusions 

In this paper we present an overview of Agrosilvopastoril v 19.1, a decision support 
system for implementation and evaluation of silvopastoral systems in the Peruvian 
Amazon Region. We demonstrated that Agrosilvopastoril v 19.1 can be used to 
estimate the capacity of carbon sequestration of SPS and the level of enteric methane 
emission of livestock production systems on different scenarios. 

The next step is to validate Agrosilvopastoril v 19.1 and use it in real case studies, 
where in collaboration with the policy makers and the stakeholders, different scenarios 
may be drawn to design carbon neutral animal production systems (a balance between 
cattle methane emissions and carbon sequestration of SPS). 
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Summary 

Dairy food products based on cow milk, especially cheeses, are highly rated in the 
preference of a large part of the consumers although. However, recently there are 
increased concerns over the fact that milk has been labelled as food rich in saturated 
fat which can reach even 70% of total fatty acid content. In the current study, the effects 
of the dietary supplementation of cow diets with flaxseed and lupins on the milk and 
white cheese chemical and organoleptic characteristics were evaluated. The 
experiment involved 60 Friesian cows, allocated into two groups and fed either a basal 
control diet (CT) or a diet supplemented with flaxseed and lupins (FL) (replacing 
soybean meal) for a period of 60 days. Bulk milk from these animals was collected 
and analyzed for chemical composition and fatty acid profile. White cheeses were 
manufactured from the bulk milk of each group at pilot and industrial scales, and were 
analyzed for chemical composition, fatty acid profile, and organoleptic properties. 
Results suggested that FL milk had reduced levels of saturated fatty acids (46.32% vs 
49.87%) and increased levels of monounsaturated (48.89% vs 47.09%) and 
polyunsaturated fatty acids (3.86% vs 2.60%) such as alpha-linolenic acid (1.02% vs 
0.29%), compared to the control CT. Moreover, white cheese from FL cows had higher 
levels of polyunsaturated fatty acids (7.55% vs 3.63%), omega-3 fatty acids (1.20% vs 
0.16%) and omega-6 fatty acids (6.36% vs 3.47%), and improved omega-6/omega-3 
ratio (5.32 vs 21.69), compared to the CT. The white cheese of cows fed diets with 
flaxseed and lupins showed compositional and organoleptic properties quite similar to 
control cheese; aroma, texture and color were acceptable and well desirable in both 
cheeses. The substitution of soybean meal by flaxseed and lupins in diets of Holstein 
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cows needs further investigation, especially regarding the potential health properties 
of cheese and the consumer’s preferences for foods of animal origin with “novel” 
characteristics. 

Keywords: dairy cows; soybean meal; flaxseed; lupins; white cheese; fatty 
acids. 

JEL Codes: N50; Q10; Q13. 

 
Acknowledgments. This research has been co-financed by Greece and the European 
Union (European Regional Development Fund) in context “Research – Create – 
Innovate” within the Operational Program (Competitiveness, Entrepreneurship and 
Innovation (ΕΠΑΝΕΚ) of the NSRF 2014-2020. Project Code: Τ1ΕΔΚ-04727. 
Acronym “GreenFeeds”. 
 
 



 
 

352 

Farm Animal Welfare and Meat Quality: Interrelation 
with Redox Status of Different Breeds - Abstract 

Zoi Skaperda1, Paraskevi-Maria Nechalioti1, Aristidis S. Veskoukis1, Sotiria 
Makri1, Efterpi Bouroutzika1, Demetrios Kouretas2 

1University of Thessaly, Greece 
2University of Thessaly, Greece; e-mail: dkouret@uth.gr 

Summary 

One of the major challenges of modern society is to develop the livestock sector 
by improving the conditions of farm animal growth and adopt a new model of 
distribution of high-quality products. The intensification of livestock production 
systems in order to satisfy the increasing demands for animal products, has enhanced 
the emergence of health and welfare problems in farm animals. Safekeeping of 
animal welfare based on all available scientific evidence, will lead to enhanced 
animal productivity and, subsequently, to the improved quality and commerciality of 
animal products. In addition, maintaining high welfare status during the productive 
life of animals is a key strategy in addressing consumers' concerns about exploitation 
of the biological capacity of farm animals for financial profit. To this end, farm 
animal husbandry practices are intrinsically connected with animal welfare and 
productivity. Considering those issues, we have hypothesized that it is important to 
assess the oxidative stress levels in blood and tissues of farm animals. Hence, the 
objective of the present study was to evaluate the redox status of four different breeds 
of cattle (i.e., Charolaise, Belgian-blue, Limousin and Baltata Romaneasca) raised in 
Greece using state-of-the-art methodologies. For that purpose, we evaluated the 
levels of the most abundant non-protein thiol source in cells, namely reduced 
glutathione (GSH), the activity of the antioxidant enzyme catalase, the total 
antioxidant capacity as a commonly used crude biomarker, the thiobarbituric acid 
reactive substances and the protein carbonyl levels as indices of lipid and protein 
oxidation respectively. These biomarkers were evaluated in blood and liver, the non-
substantial stress psoas major muscle, the quadriceps muscle subjected to 
intermediate stress and diaphragm, the most stressed muscle of the aforementioned 
animals using spectrophotometric methods. The results showed significant 
differences in the tested independent variables regarding the different breeds. 
Specifically, improved redox status in Belgian Blue and Limousin breeds through 
enhanced levels of antioxidant biomarkers and decreased detrimental oxidative 
damage levels in lipids and proteins of the aforementioned farm animals were 
detected. Indicatively, the most prominent result in the GSH biomarker were the 
increased levels in the Belgian Blue breed (0,261 compared with 0,063 μmol/mg 
protein in Charolaise breed, p<0,001). Controversially in Catalase activity, we 
observed a tremendous increase in Charolaise breed compared with Baltata 



 
 

353 

Romaneasca breed (7005,4 U/mg total protein compared with 5031,7 U/mg total 
protein, p=0,01). Moreover, the levels of total antioxidant capacity were significantly 
increased in the Belgian Blue breed compared with the Charolaise breed (0,440 
mmol/mg protein versus 0,352, p=0,007). Moreover, regarding with TBARS, we 
observed decreased levels in the Limousin breed compared with Charolaise breed 
(1,531 nmol/mg protein vs 2,030, p=0,017). As for the protein oxidation, decreased 
levels were observed in the Limousin compared with the Charolaise breed (0,969 vs 
3,974 nmol/mg protein, p=0,040). Furthermore, we observed tissue-specific results in 
every animal breed implying that distinct regulatory systems control tissue specificity. 
This ongoing study is expected to offer crucial insight regarding the welfare status of 
farm animals that are raised for meat production in Greece and to propose methods to 
improve it. Incorporating innovative technologies and scientific knowledge in 
practice will help increase the added value of meat, ensure the sustainability of farms 
and promote the future development of the livestock sector. 

Keywords: redox status; farm animals; meat; breed. 
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Abstract. Meat quality and hygiene are perquisites for the marketing of meat 
and meat products. The characteristics that form the quality characterisation of 
meat are not always perceived but can affect several factors ensuring consumer 
satisfaction. Contemporary situations, such as food scandals and trends, can 
influence the perception of some of the quality attributes of meat. Such examples 
are the 2013 horse meat scandal and the increased perception of intensive meat 
production as cruel to animals. Sheep and goat farming is an animal production 
sector that is highly adapted to the Greek countryside, respecting animal welfare 
and an economic activity supporting a large number of families. Still, 
information about the characterization of Greek small ruminant’s meat 
production is poor. In this review an effort is made to summarize the 
characteristics of sheep and goat meat that form the quality and hygiene of meat 
produced and marketed in Greece. 

Keywords: meat quality; meat hygiene, lamb meat, mutton, goat, Greece. 

1   Introduction 

The quality of meat is characterized by measurable and non-measurable 
characteristics that shape the consumer preferences on raw or preserved meat (Elmasry 
et al., 2012). It is determined by the organoleptic characteristics, the nutritional value, 
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the hygiene and the technological properties of meat. The organoleptic characteristics 
are appearance, colour, taste, aroma, juiciness, tenderness and texture. Nutritional 
value refers to the concentration of various macronutrients (moisture, saturated and 
unsaturated fat, proteins, and carbohydrates) and micronutrients (vitamins, minerals). 
The quality properties of meat (water retention capacity, pH, water activity, redox 
potential) are not perceived by the consumer, but describe meat quality in a measurable 
way and are required for its objective characterization (Elmasry et al., 2012). 
Consumer behaviour is determined by specific factors, mainly organoleptic 
characteristics, such as tenderness, juiciness and colour, with the most important being 
visual suitability (colour, freshness, marbling, cut), nutritional value (less fat, 
nutritional information, method of production, weight, vitamin and protein 
concentration), food safety (country of origin, absence of pathogenic microbes and 
dioxins), and lack of residues (hormones and antibiotics) (Krystallis et al., 2007). Meat 
hygiene is a perquisite for meat quality. Therefore, meat should be characterised by 
the absence of toxic residues and pathogenic microbes and their toxins, as evidenced 
by the influence of meat-related scandals to consumer behaviour. In the European 
Union, annual meat consumption per person decreased from 21.5 kg in 1990 to 18.6 
kg in 1996 when the British government reported the possible correlation of the Bovine 
Spongiform Encephalopathy with the Creutzfeldt-Jakob syndrome (Krystallis & 
Arvanitoyannis, 2006; Verbekee et al., 2010). Hygiene risks mostly recognized by 
consumers as major threats are antibiotic residues, the meat fat and cholesterol 
concentration, and meat associated microbial risks like Salmonella, Escherichia coli, 
microbial toxins, and prions (Fearne et al., 2001; Vackier & Verbeke, 2003; 
Arvanitoyannis et al., 2004). 

2   Goat and sheep meat production in Greece 

Small ruminants are usually reared together. It is therefore quite common to refer 
to sheep and goat meat production. Comparing small ruminant’s meat production 
among European countries, Greece was the fourth sheep meat producing country and 
first in goat meat production (European Union, 2020). Sheep farming in Greece is 
oriented towards dairy production (Skapetas et al., 2006). Meat production is an 
activity that can enhance the profitability of small ruminant farms. Sheep are mostly 
slaughtered as lambs (65-70%) according to the consumer preferences (Bernabeu et 
al., 2005), and possibly by breeders who prefer this practice, avoiding extra dietary 
costs and fat accumulation (Arsenos and Zygoyiannis, 2005). During the period 2011 
to 2017 the animals slaughtered annually were 3,671,900 lambs with a total carcass 
weight of 35,836 tons, 496,657 hoggets and sheep weighing 9,891 tons, 1,856,613 kids 
weighing 17,325 tons and 258,295 goats weighing 5,067 tons. The weight of the 
carcass did not vary significantly, with the average weight of lambs ranging from 9.61 
to 9.87 kg and kids from 9.13 to 9.49 kg, whereas the weight of sheep and goats ranged 
from 18.84 to 20.78 kg and from 18.84 to 20.17 kg respectively (Fig. 1). 
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Table 1. Number of small ruminants slaughtered during 2011 and 2015. 

 LAMBS HOGGETS AND SHEEP 
 

Number  Weight (t) 
Average 
weight 

(kg) 
Number Weight 

(t) 

Average 
weight 

(kg) 
2011 2,035,016 19,716 9.68 352,851 6,727 19.06 
2012 1,997,941 19,474 9.75 341,403 6,433 18.84 
2013 1,873,930 18,179 9.70 322,019 6,172 19.16 
2014 5,307,247 52,344 9.87 735,446 15,001 20.40 
2015 5,379,702 51,700 9.61 656,108 12,933 19.71 
2016 4,710,183 46,217 9.81 554,014 11,275 20.35 
2017 4,399,278 43,224 9.83 514,761 10,694 20.78 

 
 KIDS GOATS 
 

Number Weight (t) 
Average 
weight 

(kg) 
Number Weight 

(t) 

Average 
weight 

(kg) 
2011 1,396,890 13,257 9.49 220,569 4,156 18.84 
2012 1,346,843 12,433 9.23 222,069 4,263 19.19 
2013 1,267,947 11,723 9.24 223,369 4,332 19.39 
2014 2,573,065 23,491 9.13 325,138 6,394 19.67 
2015 2,473,952 23,251 9.40 316,239 6,301 19.92 
2016 2,122,906 20,044 9.44 255,938 5,163 20.17 
2017 1,814,689 17,075 9.41 244,744 4,859 19.85 

(Source: ELSTAT, 2020) 

 
Fig. 1. Weight variation of carcasses of small ruminants in the period 2011-2017. 
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3   Quality characteristics of sheep meat 

Katsaounis et al. (1996) report, among other, the average carcass performance of 
lambs of Karagouniko, Serres and Boutsko breeds slaughtered at different stages of 
development. They report significant variability due in part to the wide range of growth 
stages. In all breeds the carcass performance was high, being 49.65% (41.8-57.5%) in 
average. The muscle content was 50.55% (43.1-58%), whereas the fat content was 
25.2% (9.4-41%), and bones consisted the 18.25% (12-24.5%) of the carcass. 
Concerning meat composition, the total proteins were 14.8% (12.1-17.5%), total fat 
was 30.3% (16.2-44.4%), and dry matter was 49.15% (38.5-59.8%). Meat water 
percentage was 50.85% (40.2-61.5%), ash 3.19% (2.38-4%) and energy was 3.74 
kcal/g (2.57-4.91 kcal/g) in average. When the weight exceeded the 45% of the adult 
body weight, an increase in fat percentage and a decrease in muscle and bone 
percentage was observed. At this stage of development, the Boutsko lambs (small 
breed) still gave carcasses in the category of light carcasses (<13 kg). Skapetas et al. 
(2006) report similar characteristics in a study of 40 lamb carcasses of Greek mountain 
breeds at various stages of development, stating that it is possible to produce heavier 
carcasses with at least equal if not better characteristics, especially if the meat is sold 
in cuts and not as whole carcasses. Arsenos et al. (2006) studied the composition of 
mutton in polyunsaturated fatty acids at various stages of development, highlighting 
the possibility of increasing the polyunsaturated fatty acids content after a diet with 
Lucerne. In a similar study, Samouris et al. (2011) described the fatty acids profile of 
lamb meat, stating that no statistically significant oxidation was observed after 
refrigeration for up to 10 days. Tsolakidi (2007) has examined the meat-producing 
characteristics of the Chios breed and reports correlation between animal sex and 
colour, and chemical composition and tenderness of the meat, with female sheep 
producing carcasses of inferior quality due to slower growth rate and significantly 
higher fat values. The increase of carcass weight resulted to significant increase in fat, 
cooking loss and tenderness of the meat.  

4   Quality characteristics of goat meat 

Goat meat is regarded lean with nutritional properties that suit the modern 
nutritional requirements for lean and nutritious meat. It is generally acceptable by 
consumers, especially when it originates from animals about a year old. However, it 
tends to be harder and less juicy than other types of meat, while its special smell and 
taste differentiates it from mutton. In terms of colour, it has a slightly lower a* price 
than sheep, an attribute that is rarely perceived. The carcasses are usually smaller and 
leaner than those of sheep, which has an impact on the cuts that can be performed. In 
a study by Arsenos et al. (2009) the carcasses of domestic breeds weighed 9.56 kg 
when slaughtered at 85 days at a live weight of 16 kg. Their nutritional status ranged 
between 1.75 and 2, and the fat percentage was in average 2.13%. Fat accumulation 
occurs quite slowly in goats and is important when animals approach adult body 
weight. Most fat is deposited in the abdominal cavity, making the carcass appear lean 
with a small amount of subcutaneous fat (Kirton, 1988; Webb et al., 2005). In terms 
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of tenderness and juiciness, goat meat and its products are inferior to similar sheep 
meat and its products (Tshabalala et al., 2003; Sheradin et al., 2003). 

The taste and aroma of goat meat are complex characteristics that are affected by 
breeds, age, fat percentage, tissue, sex, diet, and cooking. The characteristic odour and 
taste of sheep and goat meat is mainly formed by the branched chain fatty acids (Ha 
and Lindsay, 1990). Goat meat odour is attributed to 4-ethylchloanoic acid (Madruga 
et al., 2000), while other fatty acids such as 4-methylctanoic, 4-methylananoic and 4-
ethylpetanoic acid are also involved (Webb et al., 2005). Regarding its chemical 
composition, water ranges from 59.5% to 69.8%, total proteins from 17.0 to 29.2%, 
fat content from 4.4 to 21.2% and ash from 0.95 to 3.4% (Webb et al., 2005). Arsenos 
et al. (2009) report that goat meat from domestic breeds had a water percentage of 
74.2%, total protein 19.9%, fat percentage 4.9% and ash 1.1%. Goat meat is 
characterized as red meat and therefore has significant nutritional value, as it is an 
excellent source of iron, with bound iron having about 5-10% higher bioavailability 
than free iron (Webb et al., 2005). The goat meat iron concentration is reported to be 
2.1 mg / g, which is comparable to that of lean beef (2.72 mg/g), mutton (1.74 mg/g) 
and calf beef meat (1.11 mg/g). Also, vitamin concentrations, such as those of 
thiamine, riboflavin and niacin, are comparable to those of beef and mutton. 

5   Hygiene of goat and sheep meat 

Goat and sheep meat are ranked as the type of meat least expected to be implicated 
in foodborne outbreaks in Europe (EFSA & ECDC, 2015; EFSA & ECDC, 2016; 
EFSA & ECDC, 2017). During 2015 it was responsible for only one foodborne 
outbreak (EFSA & ECDC, 2017). In a similar study on meat hygiene in the United 
States, there is no reference to goat / sheep meat (Painter et al., 2013). However, goat 
/ sheep meat can be a carrier of several pathogens. EU epidemiological data for 2015 
state that the samples most frequently tested positive for Listeria monocytogenes were 
small ruminant’s meat samples (EFSA & ECDC, 2017). Also, in 2015, of the 354 
sheep meat samples tested for STEC Escherichia coli, 15.5% were positive. In just 28 
samples of goat meat officially examined, four (14.3%) were positive for STEC 
Escherichia coli. The main serotypes were O146, O6 and O113. Solomakos et al. 
(2009) report that 0.8% of goat meat samples and 1.3% of sheep meat samples were 
positive for Escherichia coli O157: H7, a serotype that is not the most common STEC. 

The Hellenic Food Authority (EFET) has been publishing the results of food 
analyses since 2012. Among others, the concentration of dioxins is measured in small 
ruminant’s meat. The annual reports indicate the detection of small concentrations of 
dioxins, well below the legislation limits (EFET, 2014; EFET, 2015; EFET 2016; 
EFET, 2017, EFET, 2018; EFET, 2019). Regarding monitored zoonoses, EFET reports 
that the Brucella spp. prevalence ranged between 0.049 and 0.0248 % in the 
eradication areas. Small ruminant meat can harbour pathogenic bacteria. Lazou et al. 
(2014) report that Campylobacter spp. was detected in 274 of the 343 carcasses of 
small ruminants examined (116 heifers, 110 lambs, 63 goats and 54 sheep) with 
infection rates of 78.4% for heifers, 94.5% for lambs, 63.5% for goats and 72.2% for 
sheep. Probably the adequate thermal processing of small ruminant meat before 
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consumption is reducing the possibility of Campylobacter infection, as evidenced by 
the limited number of foodborne cases attributed. Gousia et al. (2011) report that the 
60% of small ruminant meat samples were positive for Escherichia coli and 66.7% for 
Staphylococcus aureus, with varying degrees of resistance to antibiotics. In addition, 
small ruminants can be infected by Mycobacterium avium subsp. paratuberculosis, a 
bacterium that has recently been implicated for Crohn's disease in humans (McNees et 
al.., 2015). Regarding parasites, the prevalence of echinococcosis in small ruminant’s 
meat is quite high. Varcasia (2007) reported that among 210 sheep and 190 goats 
slaughtered in 2005, the infection rate was 30.4% and 14.7% respectively. Chaligiannis 
et al. (2015) report that 30.28% of the examined carcasses were found positive for 
echinococcal cysts, while the corresponding percentage for goats was 6.62%. The 
parasitic load of goats directly affects both yield and product quality, as reported by 
Arsenos et al. (2009) who have reported an increase in meat mono-unsaturated and 
poly-unsaturated fatty acids in goats free from gastrointestinal parasitic parasites. 

6   Conclusions 

Greek small ruminant’s farms are mainly oriented towards dairy production. Still, 
small ruminant’s meat production is of importance, since it can enhance the 
profitability of the rather widespread breeding of small ruminants. The quality of meat 
can play a significant role in the marketing of it. Sheep meat quality is rather variable, 
with several factors affecting its characteristics and the consumer acceptance. Goat 
meat is considered more compatible with modern nutritional requirements with its 
acceptance by consumers hindered only by the intensity of its distinct aroma. The 
hygiene of the small ruminant meat can be regarded as superior to other meat types. 
Consequently, the breeding of sheep and goats in Greece must take into account the 
standardization of meat production in order to produce meat of higher quality and 
ensure better marketing of its products. 
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Abstract. A key measure for the formulation of a new policymaking and 
governance for sustainable tourism development at the local level is the 
exploration of current tourism conditions and views in terms of their 
environmental, social and economic characteristics. According to the new 
strategy set by the Hellenic Ministry of Environment, Energy and Climate 
Change, particular attention is placed on the relationship between the natural 
environment and tourism development following the Special Framework for 
Spatial Planning and Sustainable Development for Tourism and the poles for 
the intensive development of specific forms of tourism. By creating integrated 
tourism management development plans, the design of mountainous areas will 
highlight both the environmental protection and the improvement of special 
tourist resorts within the framework of sustainable spatial development. It is 
for these reasons that the present research has been initiated, exploring the 
attitudes and views of the visitors of the Ski Center of Kaimaktsalan with the 
aim of providing a Multicriteria Satisfaction Analysis-MUSA of the 
recreational value of the area, which is a pole of alternative tourism options for 
Northern Greece. The results indicate how Mount Voras can be sustainably 
managed through different scenarios of tourism intervention, following the 
European model and the strategies set by the European Commission on 
Climate Change.  

Keywords: Mountainous Tourism; Ski Centers; MUSA system; Multivariate 
Statistics; Count Data Models. 

1   Introduction 

Tourism can prove a key component with a social, economic and environmental 
impact, also can, offer employment opportunities for the young people as well as 
upgrade existing infrastructure and attract investment (Apostolidis and Latinopoulos, 
2015). In addition, the recreational activities and recreational value of a region can 
determine the quality of human life both at the level of visitors and the local 
population (Arabatzis and Grigoroudis, 2010). In effect, the Greek Government 
needs to set a collective and national goal of stability and development of tourism in 
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Greece along with political and institutional change at all levels (Greek Ministry of 
Environment Energy and Climate Change, 2013). This shift is reflected in the 
expanded tourist demand in Greece, especially during the summer months, leading to 
viable alternative forms of tourism and the reconstruction of the winter tourist 
product of the country.  

The purpose of this paper is to investigate the attitudes and opinions of visitors in 
mountainous areas with the aim of presenting new spatial tourism interventions, 
especially in recreational areas that bear a strong connection with the environment, 
the culture, and the sustainable development agenda. The ultimate aim of the 
research is the development of an integrated basis and a system of impact assessment 
in the Greek portfolio of tourism, with dimensions of indicators and systems of 
knowledge of tourist landscapes for decision making and selection of optimal 
scenarios for the best sustainable management of such areas.  

2   Statistical and Econometric Methodology 

Questionnaires completed by the visitors to the Ski Center of Kaimaktsalan-Voras 
Mountain (Greece) were used during the winter period of 2015-2016 to conduct the 
present research. The sample size (n=323 guests) is considered as representative, and 
the use of results met the necessary statistical conditions. The research tool, a 
questionnaire, was developed to be filled on site with the investigator conducting 
personal interviews of the respondents-guests. The Haphazard Sampling method was 
used and the statistical package IBM SPSS v.20. for the processing of the results and 
the analysis of the data (Apostolidis 2017b, 2017a). 

The Method of Factor Analysis in Principal Component Analysis was used to 
reduce the large number of criteria set on the respondents and to form new 
parameters. Also, the Rotation Method: Varimax with Kaiser Normalization was 
used (Arabatzis and Myronidis, 2011; Tsiantikoudis et al. 2013; Galatsidas et al. 
2015a, 2015b; Nilashi et al. 2015; Radeljak, 2016). Additionally, Hierarchical 
Cluster Analysis was employed (Andriotis et al. 2008) to create a typology (Sharma, 
1996; Rencher, 2002; Johnson and Wichern 2007; Grigoroudis et al. 2012; 
Galatsidas et al. 2015a, 2015b). The reliability of optimum scores, in the sense of 
internal consistency, was tested and evaluated for the factors that emerged using the 
Cronbach coefficient α (Tsiantikoudis et al. 2013). Reliability indicators are 
generally considered to be satisfactory when higher or equal to 0.70. In some cases, 
confidence indicators are also considered satisfactory or sufficient when they exceed 
or equate to 0.60, especially when a questionnaire-tool criterion is implemented with 
a population sample (Meulman and Heiser, 2005; Tsiantikoudis et al. 2013). 

The Poisson models are the most widespread models for economic and 
environmental valuation techniques Therefore, the Poisson and Negative Binomial 
Models were used to evaluate the study area (Apostolidis, 2017a). 
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3   Field of Research 

The research area selected was the Voras Mountain Range due to its 
environmental significance. Τhe wider region is becoming a tourist resort, which 
according to the Special Framework for Spatial Planning and Sustainability for 
Tourism (Greek Ministry of Environment, 2013) belongs to the category of Intensive 
Development of Special Forms of Tourism. Specifically, the area identified for 
analysis (valuation survey) is the Kaimaktsalan Ski Center (highest altitude ski center 
in Greece-2500m). 

4   Multivariate Statistical Analysis  

4.1   Development of Tourism Visits Typology in the Area 

The Factor Analysis provided significant results, indicating that the analysis is 
crucial for research. The KMO index is very high 0.907 (sig. = 0), which means that 
the exploratory work is almost excellent. Of the 31 eigenvalues exported, only six are 
larger than the unit, and they account for 61.875% of the variance. The results are 
presented in the scree plot in which there is an absolute alignment of the curve with 
the horizontal x-axis (figure 1). With the final separation and creation of the new 
factors after the rectangular rotation, the fitting of the variables within the 
recreational activities with the extraction of natural resource elements was as 
follows: 1) Fly Fox-Lake Passage, Kayak, Rafting, Boating-Eco-touring, Horseback 
Riding, Mountain Biking, Paragliding, Cycling and Archery, are the first factor 
(activities related to water resources in the countryside, the flora and fauna). 2) 
Aviation-Air sports, Climbing, Controlled Fishing, Professional Winter Sports, 
Camping, Guided tour of the Prophet Elijah's Church, Mountaineering and Jogging 
are the second factor (activities related to the atmosphere and climatic conditions). 3) 
Nature walks, Forest exploration, Mountain Trekking, Trekking, Hiking, and Picnic 
are the third factor (recreational activities related to forest resources). 4) Family 
walks, adventure games in nature, landscape observation and cultural events 
contribute to the fourth factor (activities related to cultural resources). 5) Motocross, 
Racing Motorcycle, and 4x4 Routes are the fifth factor (activities related to 
grassland, land use and ground cover). 6) Spa therapy and Massage Spa are the sixth 
factor (recreational activities related to the Therapeutic Natural Resource). The most 
significant load was presented between the second and fourth factors with an 0.595 
index. 
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Fig. 1. Diagram of Components. 
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Table 1. Rotation Matrix. 

Criteria Component 
 1 2 3 4 5 6 

Fly Fox – lake passageways 0.664 0.232 0.140 0.166 0.271 0.070 
Kayak 0.837 0.265 0.157 -0.068 0.009 0.114 
MotoCross 0.129 0.281 0.036 -0.056 0.802 0.031 
Rafting 0.804 0.164 0.206 -0.073 0.101 0.059 
Motorcycle racing 0.315 0.182 0.091 0.019 0.774 0.025 
Aviation – air sports 0.296 0.710 0.031 0.090 0.156 0.068 
Climbing 0.316 0.651 0.277 -0.016 0.200 0.026 
Boating – ecotourism 0.642 0.159 0.138 0.240 0.198 0.095 
Walk with the family 0.043 -0.080 0.400 0.502 0.135 0.028 
Walk in nature -0.055 -0.060 0.698 0.461 -0.039 0.045 
4x4 routes 0.503 0.098 0.113 0.163 0.531 -0.005 
Controlled fishing 0.325 0.516 -0.026 0.164 0.307 0.123 
Forestry exploration routes 0.355 -0.001 0.534 0.035 0.086 0.142 
Professional winter sports 0.141 0.635 -0.105 0.155 0.175 0.017 
Horse riding 0.655 0.101 0.059 0.255 0.052 0.065 
Camping 0.275 0.651 0.358 0.107 0.077 0.019 
Balneotherapy 0.120 0.058 0.118 0.156 0.050 0.890 
Massage and spa 0.146 0.144 0.127 0.227 0.013 0.867 
Tour of the chapel of Prophet 
Elias 0.052 0.483 0.092 0.464 -0.075 0.218 

Mountain climbing 0.301 0.632 0.451 -0.133 0.024 0.036 
Trekking 0.136 0.439 0.644 -0.003 0.065 0.087 
Mountain Bike 0.597 0.419 0.186 0.112 0.285 -0.011 
Adventure games in nature 0.304 0.198 0.103 0.684 0.105 0.132 
Paragliding 0.510 0.442 0.051 -0.018 0.120 0.042 
Observing the landscape 0.001 0.090 0.291 0.658 -0.110 0.173 
Hiking 0.165 0.250 0.698 0.203 -0.033 0.063 
Picnic in nature 0.181 0.143 0.503 0.317 0.218 0.053 
Cycling 0.567 0.378 0.167 0.216 0.079 0.047 
Cultural events (fairs, 
festivals) 0.377 0.155 0.040 0.637 0.043 0.115 

Jogging 0.143 0.555 0.401 0.280 0.121 0.129 
Archery 0.717 0.215 0.004 0.184 0.183 0.068 
Extraction Method: Principal Component Analysis.  
 Rotation Method: Varimax with Kaiser Normalization. 
 
 

For the reliability of the results, Cronbach's alpha indices were estimated 
(Ca1=0.906; Ca2=0.852; Ca3=0.754; Ca4=0.704; Ca5=0.742; Ca6=0.847). The 
results show that the highest index is presented in the first dimension with 0.906, 
which implies that the results are reliable and researchable with an optimistic 
application. The lowest index was presented in the fourth component with 0.704, 
which is statistically acceptable as it is higher than the base threshold of 0.6. The first 
factor, which presents a positive combination of recreational tourism activities in the 
region, can have economic and social implications for the development of the wider 
region with social, economic and environmental impact. 
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Fig. 2. Visualization Factors Vs Clusters of Multicriteria Satisfaction Tourism Visits in the 
wider Area. 

 
The above diagram shows the combination of factors within the clusters that were 

created in which the final spatial planning includes: a) Cluster1 (3rd factor 
outperforms) = Green Tourists with a motivation for the mountain and the forest 
(23.5%), b) Cluster2 (the 6th factor is the most important) = Tourists looking for spa 
tourism and health reasons (46.1%), c) Cluster3 (5th factor is superior)=Alternative 
adventure tourists (30.3%). 

Table 2. Typology of Tourists. 

Cluster1 Cluster2 Cluster3 
3rd Factor outperforms: 
Green Tourists with a 

motivation for the 
mountain and the forest 

(23.5%) 

6th Factor is the most 
important: Tourists 

looking for Spa Tourism 
and health reasons  

(46.1%) 

5th Factor is superior: 
Alternative adventure 

tourists (30.3%) 
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4.2   Factor Analysis-(PCA) and Development of a Typology for Recreation 
options at the Ski Center 

The results from the questionnaires which were collected during the sampling 
period are presented below through the application of the factorial analysis in the 
principal components with the primary purpose of designing the alternative forms of 
tourism developed in the Ski Center. The KMO and Bartlett's Test show the 
adequacy of sampling, and reveal that in this research the analysis is appropriate, and 
there is statistical significance and correlation between the variables with KMO = 
0.788 (df = 66, sig = 0 and Approx. = 764,621) being statistically significant at a 
baseline level of statistical significance sig = 0.05. From the correlations that have 
arisen between the recreational activities, the correlation between the Variables 
Skiing and Cross-county Skiing is highlighted, which underlines the correlation 
between two extreme and risky recreational activities. The eigenvalues of the first 
three factors that meet the statistical criteria and are higher than the unit explain the 
52.372% of the fluctuation. Therefore, the three components were chosen for the 
course and continuity of the new dimensions. The Communalities indices of the 
components were exported for each variable highlight that some variables are more 
related to a factor such as Skiing with 0.687 while others are less related such as 
Snowboarding with 0.349. 

The final formation of new dimensions of recreational activities is presented in the 
Rotated Component Matrix after rotation. The first factor (Snow Cat, Snowboard, 
Ski Jumping, Freestyle Ski, Mountaineering Ski and Cross-Country Ski) is strongly 
linked to the values: 0.529-0.576-0.794-0.596-0.721-0.764. The second factor 
(Skiing courses, playing games in the snow -Snowballing, Bobsleigh and Rides on 
the lift) is strongly linked to the values: 0.626-0.754-0.502-0.639. Finally, the third 
factor (Meeting other skiers and ski) is strongly linked to the values: 0.739 and 
0.825. In turn, according to the present configuration and formation of factors, the 
new dimensions are identified as follows: a) Extreme leisure activities (high-risk 
sports which are related to the visitor's considerable experience with snow and 
excitement, adrenaline, adventure, and action) (b) Low-risk recreational activities 
(related to and associated with the visitor’s acquaintance and familiarity with snow); 
(c) Leisure activities of developing relationships and expanding-shaping personality 
through the sport (related with the visitor’s friendly attitude and activity in specific 
areas). Finally, the highest correlation between the newly created dimensions occurs 
between the first and the second factor with an index of 0.317, which is characterized 
by a low correlation, so there is no great connection between the two dimensions.  

For the reliability of the results, Cronbach's Alpha indices were exported. The 
results show that the highest index is presented in the first dimension with 0.727, 
which implies that the results are reliable and interpretable with the optimism of 
application. The lowest index was presented in the third component with 0.561 
which is not statistically acceptable as it is less than the base threshold of 0.6. The 
first factor, which presents a positive combination of recreational tourism activities in 
the region, can have economic and social implications for the development of the 
wider region with social, economic and environmental impact. Applying the 
Hierarchical Cluster Analysis shows that the sample of the present survey can be 
grouped into two groups or clusters of visitors based on the chances of engaging in 
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recreational activities during their visit to the Pozar Thermal Baths combined with 
their socio-economic characteristics (gender, age, marital status, income). These 
groups are Cluster1 (31%) and Cluster2 (63.8%). The next table shows the analysis 
of the results using the method of Ward. The scatter plot shows the distribution of 
visitors based on the factors created within the clustered space. The results of the 
analysis show that the first cluster the first dimension (High Adrenaline Recreation 
Activities) outweighs, while in the second cluster the third dimension (Relationship 
Development Activities). 
 

 
 

Fig. 3. Visualization of Factors Vs Clusters of Multicriteria Satisfaction for Recreation options 
at the Ski Center. 

5   Econometric Analysis 

This section presents the basic econometric models used to calculate the 
Consumer Surplus and the Recreational Value. We note that all criteria values in the 
Good Adaptation Test are statistically significant in degrees of freedom 283, and the 
Likelihood Ratio Chi-Square is statistically significant, too. Furthermore, data from 
the Poisson model shows significant sampling adequacy and suitability for the model 
under consideration. From the economic results of the Poisson Log Function model it 
can be drawn that the fixed term is not statistically significant at significance level 
α=0.05. The remaining variables, which are of less than 0.05 significance, are 
significant with the most important one the climatic conditions (sig=0). That is, the 
variation in temperature affects the skiing conditions at the ski resort but also the 
potential future travel prospects. Other important aspects are familiarization with the 
area, the possibilities for recreational activities as well as the short travel distance 
from the place of residence to the recreation area. 
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Table 3. Poisson Model-Log Function. 

Parameter B Std. Error Hypothesis Test 
Wald Chi-Square df Sig. 

(Intercept) 0.370 0.2160 2.932 1 0.087 
SnowBoard 0.330 0.1193 7.666 1 0.006 
Sightseeing Tour 0.187 0.1155 2.615 1 0.106 
Becoming familiar with the area -0.622 0.1396 19.855 1 0 
Ski 0.184 0.1017 3.264 1 0.071 
Relaxation-vacation-recreation -0.153 0.0882 3.028 1 0,082 
Potential for recreation activities 0.455 0.1183 14.791 1 0 
Ski Facilities -0.323 0.1130 8.175 1 0.004 
Climatic Conditions 0.428 0.0881 23.653 1 0 
Great Slopes -0.083 0.1183 0.496 1 0.481 
Highest altitude in Greece 0.009 0.0890 0.009 1 0.923 
Short distance from your place of 
residence 

0.427 0.0801 28.432 1 0 

The beauty of the countryside – the 
landscape environment 

0.031 0.0891 0.120 1 0.729 

Organized and adequate 
accommodation facilities 
(accommodation, food, entertainment) 

-0.290 0.1077 7.250 1 0.007 

Combination with other travel 
destinations in the region (e.g. Pozar, 
Agios Athanasios, etc) 

-0.182 0.0815 4.983 1 0.026 

FACTOR Dimension1 0.032 0.0367 0.743 1 0.389 
FACTOR Dimension2 0.105 0.0362 8.408 1 0.004 
FACTOR Dimension3 0.158 0.0459 11.795 1 0.001 
ΤOTAL COST -0.001 0.0003 5.615 1 0.018 
Level of Education 0.020 0.0278 0.511 1 0.475 
Annual net personal income 0.059 0.0234 6.317 1 0.012 
Age 0.027 0.0448 0.361 1 0.548 
Gender 0.079 0.0772 1.058 1 0.304 
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Table 4. Negative Binomial Model-Log Function. 

Parameter B Std. Error Hypothesis Test 
Wald Chi-Square df Sig. 

(Intercept) 0.333 0.4378 0.579 1 0.447 
SnowBoard 0.246 0.2427 1.028 1 0.311 
Sightseeing Tour 0.169 0.2133 0.628 1 0.428 
Becoming familiar with the area -0.553 0.2290 5.837 1 0.016 
Ski 0.105 0.2079 0.255 1 0.614 
Relaxation-vacation-recreation -0.210 0.1730 1.472 1 0.225 
Potential for recreation activities 0.203 0.2547 0.633 1 0.426 
Ski Facilities -0.202 0.2108 0.916 1 0.339 
Climatic Conditions 0.376 0.1764 4.538 1 0.033 
Great Slopes 0.022 0.2347 0.009 1 0.925 
Highest altitude in Greece 0.054 0.1823 0.088 1 0.766 
Short distance from your place 
of residence 

0.386 0.1569 6.046 1 0.014 

The beauty of the countryside – 
the landscape environment 

0.013 0.1740 0.006 1 0.940 

Organized and adequate 
accommodation facilities 
(accommodation, food, 
entertainment) 

-0.224 0.1983 1.280 1 0.258 

Combination with other travel 
destinations in the region (e.g. 
Pozar, Agios Athanasios, etc) 

-0.161 0.1630 0.971 1 0.324 

FACTOR Dimension1 0.071 0.0850 0.707 1 0.400 
FACTOR Dimension2 0.076 0.0739 1.048 1 0.306 
FACTOR Dimension3 0.128 0.0901 2.025 1 0.155 
ΤOTAL COST -0.001 0.0004 1.765 1 0.184 
Level of Education 0.036 0.0561 0.406 1 0.524 
Annual net personal income 0.057 0.0462 1.529 1 0.216 
Age 0.107 0.0869 1.513 1 0.219 
Gender 0.011 0.1553 0.005 1 0.945 

 
The Negative Binomial model which is being developed, presents less statistical 

significance than the previous one, but it is worth noting that the criterion of climatic 
conditions continues to play an important role. It is worth mentioning that with the 
development of this econometric model, fewer statistically significant variables are 
presented compared to the original Poisson model. Additionally, from the 
implementation of the models, the consumer surplus was estimated at 1,000€ while 
the tourist value of the area to 15,067,000€  and the total value of the special forms 
of the tourism pole was calculated at 143,543,000€, for the first time in Greece, 
according to the strategy of the (Greek Ministry of Environment Energy and Climate 
Change, 2013). These values are of major significance for planning the tourism 
development of a region since they assess the existing demand for recreation and the 
aesthetic value of the landscape environment in the study area. Within this 
framework, it is important to take into account all the values which are associated 
with the areas under consideration as well as the possible change in these values 
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under different circumstances (e.g., demand conditions, environmental conditions, 
infrastructure, climate, among others). 

6   Conclusions 

The present research, presents a new spatial tourist package for the wider region 
of the Ski Center of Kaimaktsalan, focusing on the basic and most widespread leisure 
activities that are being developed in centers of alternative forms of tourism by 
exploring the attitudes and opinions of the visitors in the area. Using MUSA 
methodology for recreation activities in this research, the critical variables and 
respectively the forms of development of alternative tourism were selected. In turn, 
there is a great need for socio-economic assessment in similar areas and recreation 
centers at the National Level, to introduce green investment and sustainable 
development of the protected areas, as well as the design of the sustainable regional 
development. Alternative tourism development activities have a high impact on the 
attitudes of visitors to the area, create new tourism behaviors and relationships of 
interdependence and interaction between man and the natural environment, with 
social, environmental and economic impact. 
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Abstract. The Industry 4.0 concept is a prominent trend expected to 
significantly affect the modernization of all industrial sectors. Since agriculture 
is a major sector of the primary industry, it is essential to integrate the Industry 
4.0 technological advancements into the operational farm management in order 
ensure food security with regard to the climate change effects and the sustainable 
usage of environmental resources. Provided that the Industry 4.0 is strongly tied 
to the Internet of Things (IoT) technology, this paper presents an approach of 
employing a responsive and adaptive context sensitive IoT based system, 
capable of delivering a wide variety of operational services in order to facilitate 
end-to-end farm management. In particular, the proposed approach adopts a 
layered hierarchical structure enhancing the scalability and flexibility of 
agricultural operations. As proof of concept, the functionality of the proposed 
system was evaluated and some results regarding its performance are quoted.  

Keywords: Industry 4.0; Internet of Things; Farm Management; Sustainability. 

1   Introduction 

The Industry 4.0 concept, which was originally introduced by the German National 
Academy of Science and Engineering (Kagermann et al., 2013), represents, as reported 
in the 2016 meeting of the World Economic Forum (WEF, 2016), a prominent trend 
expected to significantly affect the modernization of all industrial sectors (Xu et al., 
2018; Pfeiffer, 2017) by promoting a framework for the integration of the entire 
production process into a “smart” digitalized environment. In this sense, since 
agriculture is a major sector of the primary industry, it is essential to integrate the 
Industry 4.0 technological advancements into the operational farm management, in 
order to address the excessive challenge of ensuring food security for the constantly 
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increasing world population with regard to the climate change effects and the 
imperative necessity for long-term sustainable usage of environmental resources 
(Symeonaki et al., 2017; Sørensen and Bochtis, 2010). 

Farm Management Systems (FMSs) are of fundamental importance for the 
accomplishment of successful farm management as they involve functions for 
planning, organizing, monitoring and controlling agricultural operations. To improve 
the performance of these activities in terms of sustainability, FMSs should be 
competent [8-10] to (Ozdogan et al., 2017; Deichmann et al., 2016): 

i) Enact more efficient and sophisticated automated agricultural operations 
(such as cultivation, monitoring, irrigation, etc.) in complex 
environments and farm structures at lower costs, 

ii) Provide effective and secure operating conditions both for the 
environment and agricultural stakeholders (such as farmers, agronomist 
engineers, policy makers, development cooperation professionals, etc.), 

iii) Enhance the synergies among all agricultural stakeholders providing 
them with the ability to make decisions even on matters that are outside 
their areas of expertise. 

Current FMSs are generally in accordance to a specific business model (Sørensen 
and Bochtis, 2010) and their operations do not exceed the limit of agricultural data 
monitoring as well as the delivery of selected control services through standalone 
applications, which are tightly integrated with each system since they involve closed 
specifications for commercial infrastructures and address to targeted end-users. This 
imposes some significant constraints concerning the interoperability of the FMSs as 
well as the semantic annotation of the numerous heterogeneous agricultural data that 
need to be handled by them. For this, a generalized approach of end-to-end farm 
management, based on the potent cross-industry cooperation of infrastructures, 
technologies, applications and stakeholders, is significant to be applied in accordance 
with the objectives and guidelines for the operative implementation of Industry 4.0 
(Symeonaki et al., 2020), as depicted in Fig.1. 

 

Fig. 1. Generalized concept of end-to-end farm management. 

Provided that the Industry 4.0 concept is considered to be a “collective” term 
through the establishment of a digitalized environment wherein physical and virtual 
objects can interconnect and interact autonomously along the entire value chain 
(Pfeiffer, 2017; Rojko, 2017), it is strongly tied to the technology of the Internet of 
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Things (IoT). In all industrial sectors, among which is agriculture, the IoT integrates 
the concepts of “Internet” and “thing” offering some key features such as 
heterogeneity, interoperability, high scalability, interconnectivity,  object-related  
services as well as  dynamic  changes (Lakhwani et al., 2019; Madushanki et al., 2019; 
Talavera et al., 2017;). In particular, according to the IoT concept, an intelligent 
network, such as the Internet, is employed as a communication and storage 
infrastructure comprising virtual representation of the physical objects features and 
attributes. In this context the virtual objects act as central object information hubs, 
continuously acquiring and processing data from the physical environment in order to 
control operational processes remotely via the Internet (Bonneau et al., 2017). 

This paper is keen to present an approach of employing a responsive and adaptive 
context sensitive IoT based system, capable of delivering a wide variety of operational 
services in order to facilitate end-to-end farm management. To this end, the proposed 
approach adopts a layered hierarchical structure consisting of an agricultural facility at 
the lower level and three cloud components distributed into the two higher levels. It is 
considered that such an approach will consequently enhance the scalability and 
flexibility of agricultural operations, by handling simultaneously large amounts of 
heterogeneous sensory raw data acquired remotely in multiple agricultural 
environments, and support the control of infrastructures as well as the making of 
critical decisions related to the optimization of agricultural production with regard to 
the sustainable development. 

Subsequently to the introduction in Section 1, the rest of this paper is structured in 
five sections as follows. Section 2 overviews the architectural framework of the entire 
FMS while in Section 3 the operational functionality of the system is described in brief. 
In Section 4 the performance of the system is examined and some evaluation results 
regarding its performance are quoted in general.  Finally, the paper is completed in 
Section 5, wherein the principal conclusions drawn from this work are discussed along 
with future directions for further research. 

2   FMS Architectural Framework Overview 

In the proposed architectural framework, the IoT acts as the enabling technology 
for efficient end-to-end farm management in order to ensure maximum agricultural 
production of optimum quality and increase the profitability of various agricultural 
production schemes. According to this framework the FMS consists of three main 
layers as depicted in Fig. 2 and overviewed forth below. 

2.1   Physical Layer 

The lower level points the Physical Layer, which involves a Wireless Sensor and 
Actuator Network (WSΑN) integrated in an agricultural facility, consisting of a group 
of self-powered sensor nodes deployed in a mesh network topology with adequate 
communication range to cover a wide area. These nodes incorporate sensors that 
remotely acquire real-time data about various features concerning the cultivation, as 
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well as actuators that interact with them, enabling the proper physical actions within 
the facility. The raw data acquired by the WSAN sensors are transmitted via 
wireless/mobile gateways, providing the required translation technologies and 
mechanisms among various protocols, to the next higher layer for being processed, 
managed, and stored. Subsequently, the gateways serve the transmission of feedback 
to the actuator nodes of the WSAN in order to control the equipment of the agricultural 
facility (i.e. irrigation valves, fertilizing sprinklers, illuminance and heating or cooling 
systems, autonomous machinery, foggers and humidifiers, etc.) and perform the 
required agricultural operations. 

 

Fig. 2. End-to- End Farm Management System layered architecture diagram. 

2.2   Middleware Layer 

The Middleware Layer of the proposed architectural framework involves a context-
aware middleware cloud acting as a Decision Support System (DSS) in order to 
provide context-aware services and actions. This component adopts the Infrastructure 
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as a Service (IaaS) properties of cloud computing and is composed from several 
modules for acquiring, managing, and storing contextual data. Great importance is also 
given to the aspects of self-adaptation as well as security and privacy. 

In particular the context acquisition module is responsible for the aggregation of the 
raw data which were obtained by the sensors of the facility’s WSAN and their 
distribution among various providers (i.e. a weather station providing context related 
to environmental conditions such as temperature, pressure, humidity, etc.) so as to be 
converted into context. The context manager is responsible for managing requests from 
the context acquisition module, where contextual information is being obtained, as 
well as for correlating the contexts with the services which are specified by the service 
providers in order to identify the most suitable services and control actions for the 
relating context. The context storage module is highly required since context history 
can be essential for process planning, constituting a good source of knowledge for 
prediction of future actions to be undertaken and inference processes. Finally, the 
security and privacy module ensure the privacy of contextual information, through the 
execution of security functions which detect and monitor possible irregularities or 
unauthorized accesses to data. On top of that the self-adaptation module is responsible 
for diagnosing, locating and recovering any possible failures in the workflows. 

2.3   Application Layer 

The Application Layer of the proposed FMS consists of two cloud components 
which involve Software as a Service (SaaS) features. In particular in this layer all the 
required software applications for the interaction of end user with the FMS are 
provided, such as real time monitoring and facility equipment control. The applications 
are centrally hosted, accessed by users remotely and licensed on a subscription basis. 

3   FMS Operational Description 

In the proposed FMS approach sensor data, acquired by a Wireless Sensor and 
Actuator Network (WSΑN) in an agricultural facility, are transmitted via a gateway as 
raw data to the context-aware middleware cloud where they are converted to context. 
These contextual data as well as the incoming rules provided by the services cloud 
(containing applications for the end user) are managed inside the middleware 
component to produce monitoring information, services and control actions (such as 
cultivation control). The context-aware middleware cloud responds back to the 
agricultural facility enabling the appropriate equipment to perform context-aware 
operations as well as back to the end users (farmers, agronomist engineers and 
agricultural products merchants) providing them with new context-aware services and 
monitoring information in order to take further assistive actions. In this sense the end 
user can operate the agricultural facility remotely via the cloud services (Fig. 3). It 
should be noted that this system’s architectural framework may apply to more than one 
agricultural facility. 
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Fig. 3. End-to- End Farm Management System operational overview. 

4   FMS Performance Evaluation 

With the objective to validate the performance of the FMS a number of trials were 
conducted both in real and simulated environment for one agricultural facility 
environment. Testing the system allowed its proper analysis and evaluation in terms 
of health, operation, and performance. 

 
Fig. 4. End-to- End Farm Management System performance metrics. 
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In general, according to the outcomes provided by the metrics obtained during the 
tests as depicted in Fig. 4, the proposed FMS performs fairly satisfactory for 
controlling one agricultural facility environment since sensory data could be 
adequately acquired, processed, stored in the knowledge base, retrieved and 
disseminated to the applications of interest, resulting consequently into the proper 
actions. Nevertheless, the performance of the system is intended to be more thoroughly 
tested by evaluating additional parameters and integrating multiple agricultural 
environments for various cultivations and in distinct locations as part of future 
research. 

5   Conclusions and Future Work 

In conclusion, it is strongly believed that the proposed FMS architectural framework 
may support the integration of farm management toward the Industry 4.0 concept. It is 
in that regard that the introduced approach, based on the integration of WSANs into 
the IoT, has the benefit of being effortlessly adaptable, modifiable, and extendable for 
any application in any agricultural system environment no matter how complex it is. 

Future work on the subject is intended to include an in-depth performance 
evaluation of the model through the integration of multiple agricultural facility 
environments with various cultivations and in distinct locations, in order to improve 
the interoperability and standardization of the proposed framework. For what is more, 
since the involvement of smart mobile devices and social networking was not taken 
into much consideration, these features are going to be included as part of the ongoing 
work. 
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Abstract. Indicators are a modern tool for measuring and identifying the quality 
of goods such as tourism and recreation in a region. Index systems have been 
established throughout Europe and almost all over the world to present thematic 
directions through an evaluation of the current situation and analysis of the 
features that relate to prospects for sustainable development. The purpose of this 
paper is to present a system of tourism sustainability indicators for Greece which 
is the only one available that is highly detailed and shows the diversity and the 
new dimensions for tourism projects and studies. The results of this study 
highlight the importance of such a system for a country, especially concerning 
an area with tourist attraction to make it possible for the area to endure in the 
future, based on institutionalized strategies and goals. 
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1   Introduction 

Leisure activities and tourism concepts, which comprise part of the developmental 
process of the Greek state, according to Soutsas et al. (2006) can be used for the 
regional development and the evaluation of the factors contributing to the development 
and design of an area. The tourist characteristics of the Greek Prefectures present a 
dynamic attraction for visitors and lead to the formation of tourist flows, thus, creating 
a spatial background of cross-regional policy with economic, social, ecological, 
environmental, and cultural cohesion (Polyzos and Arabatzis 2008a,2008b). It is now 
perceived that spatial analysis and sustainability surveys for tourism (Curry and Luiz, 
1992) have been applied in countries around the world since tourism is identified as a 
key to the multi-thematic development (cultural, residential, environmental, urban 
planning etc.) of a region (Xiao, 2013).  

Taking into account the United Nations Agenda (2030), which is a plan of actions 
and salvation for humanity, the planet and prosperity, Environmental Resources 
comprise one of the 17 statutory goals (GOALS) of sustainable development on which 
the Member States must focus at both the local and global level and in turn, exploit 
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sustainably and rationally by preserving and restoring sound ecosystems (services, 
functions, values), to contribute to the mitigation of the chain of values of life and the 
phenomenon of climate change (United Nations General Assembly, 2015;United 
Nations Environment Assembly of the United Nations Environment Program, 
2016;The 2030 Agenda for Sustainable Development). 

It should be noted that sustainable tourism and sustainable tourism development are 
the most important cross-cutting objectives and comprise an integral part of the United 
Nations Agenda 2030. More specifically, a tool that the Institution anticipates and 
encourages to be developed and used is that of the indicators which reflect a milestone 
in the success of a global shift towards sustainable development (Economic and Social 
Council United Nations, 2017;The Sustainable Tourism Program of the 10-Year 
Framework of Programs on Sustainable Consumption and Production Patterns; The 
Sustainable Tourism Program committed to driving the change, 2015). 

According to the guidelines and Special Indicator Charts issued by the European 
Commission (2020), research models can be identified as social, environmental, 
tourism, and financial ones reflecting tailored country-specific impact strategy analysis 
criteria.  

What is more, Greece must proceed to a tourist portfolio by creating landscape 
levels and systems, spatial analysis, modelling of tourism demand, and economic 
environmental valuation in order to be able to defend itself by preserving its identity 
in line with what commands the future of Europe, the next scientific development and 
generation, as well as the economy. In addition, not only direction models have to be 
followed but also the relevant directives and regulations of the European Parliament 
and the Council of Europe, should be updated by the Greek state. From Greek Ministry 
of Environment Energy and Climate Change (2013), it can be inferred that areas with 
special forms of tourism and sophisticated features need to be rebuilt and supported in 
order to achieve sustainable development and avoid the mythology and degradation of 
the product. Therefore, modification and revision of Greek Ministry of Environment 
Energy and Climate Change (2013) should bring the desired effect and curb 
weaknesses in the country.  

It is the aim of this research to create a system of tourism sustainability indicators 
for Greece in order to forecast and define the strategies to be followed in particular 
areas. After all, the ultimate goal of this research is the introduction and establishment 
of a new tourism assessment tool for the future management of the tourist product 
considered, as well as for purposes of decision making of suitable scenarios for 
interventions in recreational areas and in the natural landscape. 

2   Methodology - Sample 

The sample size for the population of the Prefecture of Pella was estimated based 
on the types of Simple Random Sampling (Zerva et al. 2018; Tsiantikoudis et al. 2013).  
In effect, the sample size is 382 people and is representative of the general socio-
economic conditions of the local population. 
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2.1   Sustainability Indicators  

In this section we present the evaluation of impact (AHP) in pairs along with the 
analysis of effect (Delphi) that were constructed by encompassing the variables used 
and which are the following with a consistency of significance of incidence more or 
less (Srdjevic and Srdjevic 2011;Chen et al. 2013;Latinopoulos and Vagiona 
2013;Srdjevic et al. 2017;Vasileiou et al. 2017)  
A) Larger significant impact has values of: 1-3-5-7-9 (higher significance): 1=equal 
incidence, 3=weak effect & 9=absolute prevalence of incidence when the evaluation 
takes place bottom up.  
B) Less significant impact is given by:1-1/3-1/5-1/7-1/9 (lower significance) when the 
evaluation takes place top down.  
For the evaluation of the above we constructed the following:  
C) Vulnerability indicators showing whether there will be endurance and resistance in 
the scenario, take values: (-1,0,+1).  
D) Insight indicators reflecting the respondent's sense of how the scenario should be 
applied in the near future, take values: (0 and+1).  
E) Objective Crisis Indicators referring to the confidence interval of the survey, receive 
values: (-1,0,+1).  
G) Sustainability indicators referring to the sustainable application of the scenario over 
time, take values: (-1,0,+1).  
Finally, CI & CR and λmax were estimated according to the following formulas (Gao 
and Hailu, 2012;Etongo et al. 2018):  
                                                 CI = (λmax-n)/(n-1)                                                  (2) 
                                                   CR = Cl/RI                                                              (3) 

It is worth mentioning that other methods of multicriteria analysis have been 
rejected (such as the PROMETHEE Group, the ELECTRE Group, the DEA Method 
& Linear Programming) as they are mostly applied according to the available literature 
with the financial data and the quantitative data that they deal with. It needs hardly be 
argued that TOPSIS was rejected on the grounds that it is the MCDM method that is 
used for the formation and mechanism of food production, supply and logistics of the 
food market, and not for tourism and sustainable tourism development, and economics 
of the  environment, and values & preferences (Arabatzis and Grigoroudis 
2010;Arabatzis et al. 2010;Velasquez and Hester 2013;Lima et al. 2014); Vlontzos et 
al. 2014). Finally, for the influence matrices, the positive and negative effects scale 
(Jose, 1996) was used with ascending and descending order respectively of panel 
values of (high negative effect) -4,-3,-2,-1,0 (no effect) and (high positive effect) 
+4,+3,+2,+1 (Siomkos, 2004). The decision-making system implemented could not 
have been completed without the significant presence and extraction of the indicators 
for tourism, which ultimately paved the way and the light to be given to the region so 
as to bring significant benefits to users and to smooth out environmental, social, and 
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economic problems. After all, land use transformations in a spatial framework of 
analysis encompass the contribution and presence of human activity as a whole. 
The following figure shows the analytical scopes for the sustainability indicators for 
tourism at all levels, that were applied and followed in order to produce the best 
intervention scenarios eventually. 
 

 
Fig. 1. Decision Making System of Sustainability Indicators. 

 
Coding of DSS, 
Level1 = Sustainability 
Level2 = inENV, inSOC, inTOUR, inPOL  
Level 3 = Environmental Indicators, Socio-Economic Indicators, Tourism Indicators, 
Policy Indicators 
Level4 = (1,2…n) Choice Strategy 
Strategy1: Creating Jobs and Employment. 
Strategy2: Absorption and Increase of Investments. 
Strategy3: Reconstruction of Cultural and Natural Heritage Identity. 
Strategy4: Land Usage & Sustainable Management of Environmental Resources. 
Strategy5: Planning and Landscaping. 
Strategy6: Development of projects and programs. 
Strategy7: Programming of Recreational Values. 

3   Research Area 

The research area selected was the Thermal Springs of Pozar and the Voras Ski 
Center (Pella Regional Unit-Greece). What follows is the analysis of the area 
concerning its spatial design combined with the natural environment, tourism, 
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economy, society and the characteristics forming a comprehensive background of an 
analysis of strengths, weaknesses, opportunities and threats. 

 
Table 1. Spatial Planning of alternative forms of tourism in the research area. 

 
  

4   Results 

Τhe corresponding indicator weights and the Consistency Index & Consistency 
Ratio estimators according to mathematical modelling and the Random Consistency 
Index parameters for each indicator are presented. In the results of Level2 of the AHP 
analysis, social indicators are identified as having the most weighing and priority with 
the ones of the environment following next. However, moving to a next stage, it is 
found that new criteria have to be taken into account in shaping the area. The indicators 
of the scenario showed a promising outcome for the region. 

Strengths (S)
* Alternative forms of tourism and leisure activities 

activities*Areas with high natural value and importance
* Natural Resources (Forestry, Healing, Grassland, Aquatic, 

Herbs, Therams)
*Geothermy

*Hydropower
*Traditional and preserved settlements with a high cultural ID

*Nodal geographic location and location
*Modern transport networks

*Local Tourist Networking of Tourist Destinations
*Scheduling visitation 

* Wind power
* Solar power

Opportunities (Ο)
* Altitude

*Image formatting by the media
* Annual management

* Funding from European Programs
*Saving energy 

*Improving the quality of human life
* Synthesis of uses of land and natural landscapes

Weaknesses (W)
* Loss of demand abroad
*Bulky European markets

*A decline in traditional characteristics over the years 
*Same day visits from nearby destinations

* Low Quality of tourism infrastructure
* Non-promoted local products

* Missing cartographic data
* Inaccurate display of visitation

*Fuzzy logic and sense of direction of site layout

Threats (T)
* High quality tourist product by competitors

*Expensive destination due to the economic crisis in relation to the 
services provided

*Insufficient promotion
*Thefts

* Bureaucracy
* Electricity problems
* Climatic conditions

* Lack of skilled human resources
* Insufficient legislative design and environment

* High competition from Balkan countries
*Pollution

* Natural disasters-extreme phenomena (fires, floods, landslides, 
erosion, avalanches snow, storms,ice)

*Extensive-illegal logging
*Deficient management

Spatial Planning
SWOT
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Fig. 2. Weights of four-dimensional Indicators. 

 
The results from level 3, highlighted not only the critical parameters that were taken 

into account in the planning of the tourist package and plan but also the interventions 
that need to be implemented. Particular attention needs to be paid to the outcome of 
the results on environmental indicators, and especially on RES which showed a 
consistency of responses and high weight of sustainable choice for the region. Also, 
concerning the tourist indicators, the second strand of each market and labor indicator 
offered an important finding while the policy indicators highlighted the importance of 
the state on this issue. Finally, the scales of insights, viability, objective judgment, and 
vulnerability have graphically depicted the implementation of the scenarios and the 
kilometer distance on index impact. What is also noteworthy, is the last core which 
was formed with reference to all the indicators in an application with the corresponding 
λmax & CI & CR.  

The last part of the AHP analysis was completed with the analysis strategies for 
each indicator. At this stage, the highest level of details is presented, with the results 
being valuable to the design of the product. Most of the indicators have shown 
consistent and sustainable results with a sustainable CR estimate of <10%, which also 
highlights the involvement of the respondents in the project coordination. In particular, 
the following environmental indicators did not receive high weighing: inFOR1, 
inFOR3, inFOR7, inFOR9, inFOR12, inFOR14, inFOR17, inRAN1, inRAN2, 
inRAN3, inGAME1, inGAME3, inWET1, inWET3, inWET5, inWET7, inWET8, 
inWET9, inRES2, inRES4, inSPA1, inSPA2, inSPA3, inSPA5. From the Social and 
Economic Indicators, the inSOC7, inSOC8, inSOC10, inSOC11 did not indicate 
consistency and impact weighing. However, only one parameter, the one of 
competition, inTOUR1, seems to be of no particular concern to the respondents, which 
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highlights a high-quality tourist product without the risk of competition. Finally, 
concerning the policy indicators, inPOL13 & inPOL15, the responses provided suggest 
that no strategy is needed. The remaining criteria have demonstrated strong 
interpretable components of the direction that should be given to the region. It is worth 
mentioning that this research is the only one that examines the tourist status of a region 
and provides the maximum level of detail on the goals to be set for sustainable 
development in Greece.  
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Fig. 3. Indicators of inSTORM Strategy Action. 

 
The results showing the effects of the Delphi method at the specific analysis level 

in the area of tourist interest under consideration are presented graphically in the light 
of the dimensions of each indicator which was applied. Of the six regions in total, the 
3, the Ski Center, the Airport and the Wetland, appear to be influenced by the system 
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of indicators applied. In particular, the R2 values showed high correlations between the 
kilometer distances and the effects exercised according to the sample responses (0.865 
and 0.8824, respectively).  
 

 
Fig. 4. Effect of Indicators on kilometer distance to the ski center. 

 

 
 
Fig. 5. Effect of indicators on kilometer distance from the airport. 
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Fig. 6. Effect of Indicators on Kilometer Distance to the Agra Wetland. 

5   Conclusions 

The results show how sustainable management of the Voras Mountain can be 
achieved through different scenarios of tourism intervention, which are in line with the 
European model and strategies set by the European Commission concerning climate 
change. 

The results of this research present new knowledge about the region and the Greek 
area, but also updated, and improved the existing ones informing the international 
literature on the subject as well. It has, therefore, become clear that a unified plan 
should be created for these areas with particular tourist patterns. Over the years, local 
regulation and society are regarded as the key to change and reform. The findings have 
a key role and significant value for research, management, environment, economy, 
spatial planning and policy since demand for recreation has a significant impact on the 
market and sustainability indicators for tourism have been unknown in these areas so 
far (future research paths). 

The present research presents some key credible and valid supremacies such as the 
focus of research planning and the research contribution, the motivation of the study, 
the methodological support of the findings, its position in the existing subject field. 
Furthermore, there is strong consistency between the goals, the findings and the 
subsequent discussion (theoretical and empirical integration). In particular, the 
research presented the tourist value of a leisure pole, that had never been investigated 
previously, introducing a massive pillar of indicators (indicators for Sustainable 
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Tourism Management-inSTORM) with different dimensions and offering an excellent 
design of interventions in the area along with their organization, resulting in the 
contribution of the results to the initiation of a new dialogue and the development of a 
new framework for tourism.  

Currently, all public services have the knowledge and expertise as well as all the 
necessary information tools which enable them to make their own tourism 
management studies and intergovernmental tourism boards. Not only in Greece at the 
local and regional level but also internationally, all countries should adopt legislation 
(Horizon Europe 2021-2027), a standard management system for tourism and 
sustainability, the same way that it has taken place for the forest, water and climate. 
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Abstract. The primary sector has been receiving increasing attention both at 
national and global level aiming at the quality of nutrition. 93% of worldwide 
olive production comes from Spain, Italy and Greece that treat olive farming 
not only from a solely economic point of view but as a way of living, too. Pests 
and diseases of the olive tree can cause damage, if not addressed, reaching 
levels of up to 80% of the production. Existing methods (biotech, growth 
regulators, symbiotic bacteria destruction, pests’ technical sterilization, etc.) in 
order to be efficient & effective require information/prediction on the 
biological cycle of pests that is not currently available. Olivenia is a Smart 
Agri application in order to help olive farmers manage their crops and to 
effectively and efficiently tackle the diseases and pests of olive trees by 
providing detailed instructions on the least harmful possible required 
preventive and therapeutic actions in order to maintain quality and quantity of 
crop. ICT methods allow not only for easy pertinent data collection and fast 
prediction activities on the threats of the crop but also for knowledge mining 
and extraction from collected data.  

Keywords: Decision Support System; SaaS; Olive-fruit fly; Electronic smart-
traps. 

1   Introduction 

Nowadays, the need for support and development of primary sector receives 
increasing attention both at national and global level as modern studies attribute the 
quality of nutrition. The development of increased quantity and healthier foods by 
use of biological methods or the use of cultivation practices with less chemicals and 
fertilizers are a requirement in societies and markets. Still, this very requirement of 
active reduction of chemicals and fertilizers creates problems in farming. 

For Spain, Italy and Greece, one of the key crops of the primary sector is based on 
olive trees and their products but it also represents the continuation of a tradition and 
a way of living. Accordingly, olive related holdings should be not assessed only from 
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a purely economic point of view as in numerous cases are also associated with many 
other non-economic factors that make olive tree production sector a way of living. 

Olive oil is one of the basic ingredients of the famous Mediterranean diet and has 
enormous benefits for health. According to numerous studies the consumption of 
olive oil can control cholesterol (Mensink and Katan, 1989; Planell et al, 2014; 
Visioli et al, 1995) and protect from heart disease (De la Torre et al., 2017; Estruch et 
al., 2013; Keys et al., 1986). It is associated with reduced risk of diabetes (Martínez-
González et al., 2008; Lasa et al., 2014), reducing blood pressure (Galvão Cândido et 
al., 2017) and inhibiting the development of some forms of cancers  (Escrich et al., 
2011; Storniolo and Moreno, 2016; Smith-Warner et al., 2001; Trichopoulou et al., 
1995; Ayoub et al., 2017). Finally, olive oil can be a great ally for weight loss 
(Esposito et al., 2011; McManus et al., 2001). 

However, the management of olive-related diseases is still being currently 
addressed with terms and practices of the past century, despite the plethora of 
modern technologies for monitoring and early warning of possible outbreaks. In 
particular, the pest olive-fruit fly (Bactrocera oleae) is the most serious 
entomological enemy of olive and is nowadays prevalent in all the olive 
cultivation/producing countries. The damage it can cause in the absence of control 
measures, can reach up to 80% of production (Neuenschwander and Michelakis, 
2009; Neuenschwander et al., 2009). 

Depending on the region, olive-fruit fly displays two to five generations per year 
(Donia et al., 1971; Economopoulos et al., 1982; Kapatos and Fletcher, 1984). It can 
even be found during the winter in the olive groves as a fully developed pest in case 
the climatic conditions are not prohibitive for its survival. Accordingly, in areas with 
mild winters and when the olives-fruits are suitable for feeding the larvae of the pest, 
it may be possible to have it present in all its biological stages.  

1.1   Motivation and contribution 

It is therefore clear that tackling the olive-fruit fly is a very complex problem. The 
common method producers use, chemical applications, with total or partial coverage 
may be completely ineffective if the application (in most cases spraying) is not in the 
correct and optimal time and place. To tackle the pest, chemical control may be 
applied preventively and/or therapeutically. Unlike the therapeutic approach, the 
preventive, in order to be effective, is applied over large areas to address re-infection 
scenarios so it is organized by organizations such as ministries of agriculture and 
local farming directors. A prerequisite for the success of the bait method (ground or 
air) is timely and meticulous implementation of the first spray that is decisive for the 
further course of the pest control since it coincides with foundation generation of the 
pest. It is therefore obvious that the urgent need for reliable monitoring & prediction 
of the biological cycle of pests and diseases affecting the olive trees are of great 
impact on their control. Advanced Information Communication Technologies (ICTs) 
provide for management of crop-land, IoT sensory hardware, cooperating with 
manually collected data from the field, as well as organisation and prediction of 
pests’ and diseases’ activities. 
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In order to address these requirements, this work proposes the design of an e-
Business Agricultural Decision Support (DS) company based on the experiences of 
the “Olivenia” venture. Accordingly, the key contributions of this work can be 
summarised as follows: 
• Overview of current applications of ICT in agriculture and specifically on the 

olive-tree sector, 
• Proposal of a novel way to address the existing shortcomings, 
• Identification of market opportunity, and  
• Definition of revenue model. 

2   The case of “Olivenia” 

Olivenia, a name coined for a venture presented in the 2017 KATANA contest1, 
an EU Horizon2020 project that aimed at promoting ICT in the agrifood sector and at 
funding new ideas. The proposal2 of Olivenia got the fourth position at the initial 
sorting of ideas from a pool of approx. 600 ideas from all over Europe. 

Olivenia is a Smart Agri application in order to help olive farmers to effectively 
and efficiently tackle the diseases and pests of olive trees by providing detailed 
instructions on the least harmful possible required preventive and therapeutic actions 
in order to maintain quality and quantity of crop. The ICT methods proposed did not 
only allow for easy pertinent data collection by the farmers and fast prediction 
activities on the threats of the crop but also for knowledge mining and extraction 
from collected data that would otherwise be very hard to do manually and are 
necessary for better crop management. 

2.1   Cropland management 

Initially, users/farmers determine the geo-characteristics of their farmland to 
allow the system to use the geo-informational graphical features for pests’ and 
diseases’ predictions. This is necessary in order to define the main entity of land 
describing the geographic area of a farmer’s/user’s olive grove as well as the 
mounting points of pests’ traps (Fig. 1). 

 
1 http://katanaproject.eu/  
2  https://www.youtube.com/watch?v=wWY-RVm91q8  
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Fig. 1. Cropland management interface during design and development. 

2.2   Information collection from traps 

Olivenia includes a mobile application (app) for both android & iOS operating 
systems that is designed to allow users / farmers perform a semi-automated 
information collection from traps. The app uses the GPS position sensor of the 
smartphone to determine the trap being tested and subsequently raises predefined 
questions, to the user/farmer, regarding the status of the trap. The questions are 
related to the collected olive-fruit flies. Moreover, the app supports taking pictures of 
collected pests for further training of automatic inference of pests’ characteristics 
(Kalamatianos et al., 2018). The collected data are automatically submitted to 
Olivenia’s servers using internet access, when available. 

Olivenia uses fully automated smart-traps as a way of collecting, digitising and 
transmitting the necessary data at a processing center based on the Electronic Olive 
Fruit (E.O.F.) fly trap, i.e. an electronic version of the classical McPhail trap 
(Kalamatianos et al., 2018). This trap is self-sustainable as far as electric power is 
concerned by use of batteries and charging solar panels and features a multitude of 
meteorological sensors, a camera and networking capabilities. An array of such traps 
/ sensors, placed in an olive grove, forms an ad-hoc network that makes propagation 
of information easier, almost not requiring physical presence, given internet access at 
any point of the ad-hoc network and minimal required maintenance for the cleaning 
and liquids’ refresh of the McPhail part of the E.O.F. fly trap. 

2.3   Exacerbation & treatment recommendations predictions 

The user/farmer has the opportunity to receive outbreak predictions and treatment 
recommendations for the olive-fruit fly. The predictions are customized to the 
characteristics of the specific farmland. Outbreak predictions and treatment 
proposals, aside from being available at request, are also sent to the mobile device of 
the user/farmer for timely information dissemination. Moreover, if a prediction for 
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actions to farmers, whose results are likely to affect other farmers (e.g. due to 
physical proximity of croplands) is made, the service also notifies all interested 
parties. 

It is thus evident that Olivenia tackles the knowledge creation & information 
dissemination as a continuous process not relying or necessary requiring the 
interested parties’ action to provide timely results. All in all, Olivenia provides olive 
farmers with: (a) virtual cropland management using graphical interface, (b) 
smartphone applications allowing hassle-free collection of information from traps set 
on olive trees, (c) smart-traps minimizing the required manual activity performed at 
the traps using arrays of sensors and wireless connectivity, (d) information on the 
actions required in order to tackle the pests, and (e) pest outbreak predictions and 
necessary treatment recommendations. 

2.4   Monetization scheme 

The business model followed by Olivenia is based on the subscription for the 
olive-grove cataloging and prediction services. Initial plans are to include only the 
temporal dimension of the subscription (yearly & perpetual) while future plans 
include the olive-grove’s size dimension as well. Given a subscription’s expiration, 
the user’s account will retain all information, but no changes will be possible nor any 
prediction services will be rendered. 

The minimum duration of a package (5 years) was selected based on the 
requirement of the algorithms for training to be able to provide customized results in 
outbreak prediction and on the cultivation cycle’s special characteristics. The 
“perpetual” package’s duration was based on the requirement for increased sales-
driven services especially when for these the key expenditure on ICT infrastructure 
resources is almost constant. Accordingly, Olivenia’s perpetual levels of “temporal” 
subscription is valid for as long as Olivenia exists as a company, and Olivenia is run 
by the same company, and Olivenia offers to its customers the same SaaS product the 
“forever”/“perpetual” subscription refers to. 

The “perpetual” package is also divided into two differentiated categories based 
on the inclusion of smart-traps. Accordingly, the “perpetual” package does not 
include leased smart-traps, while the “perpetual+” does indeed. The extraneous cost 
of including the appropriate volume of smart-traps in the “perpetual+” package is to 
be leveraged by increased cost of the package and minimization of the manual labour 
required by the user in providing for the prediction algorithms. The simple 
“perpetual” package is expected to lead to minimized use of the prediction services 
in some cases by the users given the lack of their input and thus minimization of the 
increase of the yield of the grove. 

2.5   Effects of using Olivenia 

Given the damage the olive-fruit fly can cause, in the complete absence of control 
measures, reaching of up to 80% of production (Neuenschwander and Michelakis, 
2009; Neuenschwander et al., 2009), it’s safe to assume that use of Olivenia is 
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expected to increase the effective production in the range 10% to 20% (Fig. 2), by 
solely performing the usual suppression of the olive-fruit fly but in a more effective 
and efficient way. Using the “perpetual” subscription, farmers with olive groves as 
small as 250 olive trees break-even the cost of the subscription in 5 years and 
subsequently have only net profit from using Olivenia  (Fig. 3). 
 

 
Fig. 2. Farmers’ olive production increase with the measures proposed by Olivenia for varying 
sizes of olive groves. 
 

 
Fig. 3. Farmers’ net gain with the “perpetual” package for varying size of olive groves and 
years of subscription. 

2.6   Market opportunity 

Over 750 million olive trees are cultivated worldwide, 95% of which are in the 
Mediterranean region. Most of global production comes from Southern Europe, 
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North Africa & the Near East. Of the European production, 93% comes from Spain, 
Italy & Greece. Spain has the highest number of olive trees and is nowadays the 
world’s leading olive-fruit & olive-oil producer and exporter with 2.1 million 
hectares of olive groves. 

Italy is the second EU producer with two-thirds of its production leading to extra-
virgin oil with 37 Protected Origin Appellations widespread on its territory. In Italy 
there are about 6180 olive oil mills & the overall amount of processed olives in 
2006/2007 was about 3.500.000 tons with a production of about 600.000 tons of oil. 

Greece devotes 60% of its cultivated land to olive growing. It is the world’s top 
producer of black olives and has more varieties of olives than any other country. 
Greece holds third place in world’s olive production with more than 132 million 
trees, which produce approximately 350,000 tons of olive oil annually, of which 82% 
is extra-virgin. 
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Abstract. The aim of the present research is to investigate the perceptions of 
Greek firms’ managers on the environment and environmental sustainability 
strategies. Data were collected using a structured questionnaire distributed to a 
wide range of firms operating in Greece. Managers’ perceptions on the 
environment were measured using the New Ecological Paradigm (NEP) Scale 
and were statistically analyzed. The research findings highlight the 
environmental attitudes of the managers and how they are connected with the 
firms’ environmental sustainability strategies. More specifically, the results of 
this study provide evidence on how environmental attitudes of top management 
can affect a firm’s both environmental sustainability performance.  

Keywords: Environmental Sustainability; Environmental Strategy; 
Environmental Performance; New Ecological Paradigm; NEP Scale. 

1   Introduction 

Natural environment is one of the most important elements that interacts with a firm. 
Due to the emergence and the ever-increasing intensity of climate change and its 
consequences, states, firms and citizens need to be sensitive to the environment, protect 
it and use it productively (Ntanos et al., 2014; Ntanos et al., 2018a). At the same time, 
the increasing public awareness of environmental protection issues has made it 
imperative for firms to address the need for a green direction in their activities 
(Skordoulis et al., 2019). Thus, environmental protection actions are one of the most 
rational business behaviors, in terms of increasing efficiency and nature protection, 
ensuring a sustainable future (Fousteris et al., 2018).  
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Many firms have identified several major environmental problems that will not 
disappear since they deny their existence; this leads them to take on the responsibility 
of protecting the environment (Fousteris et al., 2018). However, it is important that 
firms show concern on the environment, not only by taking reactive measures, but also 
by placing their emphasis on the proactive measures they apply. In this context, there 
are firms that continuously calculate the impact they cause on the environment, 
throughout the life cycle of their products, from the export of raw materials to the sale 
of the final products and their devaluation.  

In any case, the environmental strategy of a firm, either it is reactive, or it is 
proactive, can be defined as its response to the relationship of its products, services, 
and any other activity connected with the natural environment (Lawrence et al., 1998). 
Environmental strategy is the effort of a firm to integrate environmental protection in 
the framework of its strategic plans and business processes and includes the way in 
which managers perceive the need for environmental protection and weight the costs 
and benefits of adopting environmentally friendly processes and technologies (Yang 
et al., 2019). Environmental strategy can be applied in a variety of areas, such as 
product development, supply chain management, and waste recycling (Hart, 1995).  

Several researchers have analyzed managers’ perceptions on the environment and 
how they can affect a firm’s environmental strategy. Jaggi and Zhao (1996) carried out 
a research concerning managers’ environmental perceptions in Hong Kong. Their 
results show that there is a gap between managers’ perceptions on the environment and 
firms’ actions to protect it. Moreover, according to the same researchers, accountants 
show a low interest in protecting the environment a result which is show in other 
studies as well (Ntanos et al., 2020). Banerjee (2001) found that managers evaluate 
environmental protection actions based on their financial impact on the firm, showing 
low ecocentrism. Based on these results, managers include environmental protection 
within the framework of productivity improvement, cost savings, and eliminating 
defects. Taylor et al. (2003) reported that most of the managers took part in their 
research, perceive environmental protection as a cost that cannot lead in benefits while 
a few ones believe that it can lead to a competitive advantage. However, the adoption 
of environmental protection strategies is found to be correlated with firms’ financial 
performance (Albertini, 2013) as well as the adoption of environmental standards 
(Soerger Zaro et al., 2015; Drosos et al., 2017; Drosos & Skordoulis, 2018). Tyler et 
al. (2020) found that when managers perceive strong pressure in terms of competition, 
they avoid environmental protection measures. Furthermore, it is shown that 
stakeholders such as regulators, communities or customers, motivate firms to adopt 
environmental protection more that their managers’ perceptions of the environment. 
The results of another research show that stakeholders like the above-mentioned ones 
may influence managers’ perceptions on the environment (Dolorez López-Gamero et 
al., 2011). According to the same research, managers’ commitment to environmental 
protection can be the source of a competitive advantage.  

As far as the case of Greece is concerned, the awareness of Greek firms on issues 
related to the environment, coincides with the adoption of European Union’s 
legislation which marked the beginning of more intensive efforts to harmonize with 
the policies of the other states that already had taken more intensive measures on 
environmental issues (Kassolis, 2007). This progress has supported the adoption by 
Greek firms of a greener mentality, since it became necessary to comply with the 
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provisions and regulations of the European legislation regarding the environment and 
its protection. In many different industries, Greek firms tend to follow the lessons 
learned from the cases of firms from other countries on how to implement and benefit 
from the environmental protection methods (Nikolaou & Evangelinos, 2010). Based 
on the relevant literature, constructs like the development of a competitive advantage 
and the social requirements seem to motivate the managers of Greek firms to adopt 
environmentally friendly strategies and implement environmental management 
standards (Psomas et al., 2011).   

The aim of this research is to measure and analyze the perceptions on the 
environment and environmental sustainability strategies of the managers of firms 
operating in Greece. 

2   Research methodology 

To measure the examined managers’ perceptions on the environment and 
environmental protection strategies an empirical study was employed. A 7-point Likert 
questionnaire was responded by the managers that are involved in the environmental 
strategy of randomly selected Greek firms. In some cases, firms’ CEOs were 
interviewed as they were the most involved persons in their firms’ environmental 
strategy. Based on the research of Chen (2008), firms belonging to industries that do 
not create pollution to the environment at all, were excluded from the sample.  

Respondents’ perceptions on the environment were measured using the New 
Ecological Paradigm (NEP) Scale based on a 7-point Likert scale. The scale items are 
coded from 1 = “strongly disagree” to 7 = “strongly agree”, while 4 is “neutral”. A 
high score of the scale means a high ecocentric orientation (Dunlap et al., 2000). 
Furthermore, the component concerning environmental corporate strategy of the 
corporate environmentalism framework as proposed by Banerjee et al. (2003) is used 
in the analysis of the examined firms’ environmental sustainability strategies. 

A total of 225 personal interviews were carried out between 1 December 2019 and 
1 May 2020. The data of the 225 questionnaires collected were statistically analyzed 
using descriptive and inductive statistics. All the statistical analyses were carried out 
at a 0.05 level of significance. 

3   Results and discussion 

3.1   Sample demographics 

Initially, the demographics of the sample are analyzed. The results are provided in 
the Table 1.   

Based on the following table we may see that the vast majority of the respondents 
are males, while the age of the most of them is between 35 and 55 years old (71.1%). 
Furthermore, more than half of them holds a Master’s degree.  
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Last, the mean of years of experience in their current position is equal to 9.2 years, 
while the standard deviation of it is equal to 8.4 years, which means that there is a wide 
range between the values of the examined variable.  

 

Table 1.  Sample demographics. 

  % Percent 
Gender Male 84.4 
 Female 15.6 
Age 18-35 11.1 
 35-45 28.9 
 45-55 42.2 
 55-65 17.8 
Level of education Associate’s degree 2.2 
 Bachelor’s degree 31.1 
 Master’s degree 57.8 
 Doctoral degree 8.9 

3.2   Environmental perceptions 

The respondents’ perceptions on the environment were measured using the NEP 
Scale. The revised NEP Scale as proposed by Dunlap (2008) is as a unidimensional 
measure of environmental attitudes which consists of 15 Likert scale questions. 

Based on the work of Dunlap (2008) and the results of other researchers (Ogunbode, 
2013; Ntanos et al., 2019), the NEP Scale questions were categorized into 5 
components. The means and standard deviations for each of the NEP Scale 
components are provided in the following table.  

Table 2.  NEP Scale components’ means and standard deviations. 

 Mean Standard deviation 
Reality to limits of growth 4.61 1.53 
Anti-anthropocentrism 4.92 1.64 
Fragility of nature’s balance 5.35 1.35 
Anti-exceptionalism 5.19 1.58 
Mean total NEP score 5.02 1.52 

 
We may conclude that the managers took part in the research seem to be ecocentric. 

However, since the mean value of NEP is 5.02, this perception is not very strong, 
taking into account the Likert scale used. Furthermore, standard deviations’ values are 
relatively low, meaning that most of the recorded views are somewhat similar. 

According to other studies (Uysal et al., 1994; Ogunbode, 2013), there are possible 
statistically significant differences between respondents’ demographic characteristics 
values and the NEP Scale. To test the statistical significance of the differences between 
the NEP Scale score and the respondents’ age and level of education a one-way 
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analysis of variance (ANOVA) is applied, since the NEP Scale mean score is found to 
be normally distributed based on the result of Kolmogorov-Smirnov test (sig.=0.605).  

The results of the one-way ANOVA revealed that there is no statistically significant 
difference between the means of respondents’ age and level of education and the NEP 
Scale mean score (Table 3).  

Table 3.  One-way ANOVA results. 

   Mean Square Sig. 
NEP Scale 
mean score 

Age Between groups 0.338 0.506 
 Within groups 0.428  
Level of 
education 

Between groups 0.172 0.761 

 Within groups 0.440  
 

Furthermore, the same result is obtained for NEP Scale mean score difference 
between males and females (impendent samples t-test sig.=0.801) while no correlation 
is recorded between NEP Scale mean score and respondents’ years of experience in 
their current position (Pearson’s correlation coefficient sig.=0.071). 

3.3   Environmental sustainability strategies 

The existence of a correlation between managers’ perceptions on the environment 
and the firms’ environmental sustainability strategies will be examined. To do so, the 
correlation between the examined firms’ managers NEP Scale mean score and the 
firms’ environmental corporate strategy constructs (Banerjee et al., 2003) will be 
examined using Spearman’s correlation coefficient. 

Based on the data provided in Table 4, we see that in most of the cases, managers’ 
environmental attitudes are not correlated with the firms’ environmental sustainability 
strategies. The only exception concerns the statistically significant positive correlation 
between managers’ environmental perceptions and the fact that environmental 
protection is the driving force behind the firm’s strategies. However, even this 
correlation is weak.  
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Table 4.  Environmental perceptions and environmental sustainability strategies correlations. 

 Environmental corporate strategy constructs Spearman’s 
rho 

Sig. 

NEP Scale 
mean score 

Environmental issues are integrated into 
strategic planning process 

0.059 0.698 

Quality includes environmental impact 
of products and processes reduction 

0.151 0.321 

Every effort is made to link 
environmental objectives with the firm’s 
other goals  

0.237 0.117 

The firm is engaged in developing 
products and processes that minimize 
environmental impact 

0.131 0.390 

Environmental protection is the driving 
force behind the firm’s strategies 

0.249 0.009 

Environmental issues are considered 
when developing new products 

0.228 0.132 

The products and processes developed 
minimize environmental impact 

0.181 0.233 

4   Conclusions 

The aim of this paper was to analyze managers’ perceptions on the environment and 
examine a possible correlation between them and the firms’ environmental 
sustainability strategies. 

The NEP Scale mean score has revealed that the examined managers’ perception on 
the environment is ecocentric but not in at a high degree. In contrast to the results of 
other studies (Uysal et al., 1994; Ogunbode, 2013; Ntanos et al., 2018b; Ntanos et al., 
2019; Skordoulis et al., 2020) this perception is not related with any of the managers’ 
demographic characteristics.  

Furthermore, the research results show that managers’ environmental perceptions 
are positively correlated only when environmental protection drives a firm’s strategies. 
This result does not mean that the examined firms do not integrate environmental 
protection into their strategies. However, it is shown that many constructs of firms’ 
environmental corporate strategy are independent of their managers’ environmental 
perceptions. The level of managers’ ecocentrism which is not very high, in relation to 
other factors such as customers’, regulators’ or other stakeholders’ requirements would 
explain this evidence as there are many other reasons for a firm to develop an 
environmental sustainability strategy as Tyler et al. (2020) found.  

Due to the existing evidence in the relevant literature that environmental 
sustainability strategies are positively correlated with firms’ performance and the 
establishment of a competitive advantage (Banerjee, 2001; Dolorez López-Gamero et 
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al., 2011; Albertini, 2013; Skordoulis et al., 2019) it is important to further analyze the 
main motivations for a firm to develop and implement them.  
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Abstract. Environmental resources (meadows, forests, aquatic, gaming, spa-
wellness) develop land policies and service networks with spatial distribution 
in one region, resulting in the multifaceted function and importance of natural 
resources for a society and the multidimensional benefits which can be 
obtained from them. Mountainous regions fall into the above contexts as they 
include areas under specific legal frameworks and special protection regimes 
which need to cope with natural and technological needs and hazards. In many 
cases, knowledge of the value of intangible goods offered to humans is 
unknown and cannot be conceptualized by the existing market only. Therefore, 
it is necessary to design a new hypothetical market by simulating services and 
resources in an economic valuation grid. It is for these reasons that the present 
research has been initiated, exploring the attitudes and views of the visitors of 
the Ski Center of Kaimaktsalan based on the frame of guest satisfaction.  

Keywords: Tourism Management; Ski Center; Sustainability; Policy making; 
WTT.  

1   Introduction 

Among the methods developed and used for the economic valuation of 
environmental goods and services in recent decades, are the Revealed Preference 
Methods (RPM) and the Stated Preference Methods (SPM), for which there is, or 
there is not a real market. The Total Economic Value (TEV) is the economic value 
that results from the Use Value (UV) and Non-Use Value (NUV) (Aanesen et al. 
2010). As the tourism infrastructure and facilities offer multiple benefits in terms of 
recreational satisfaction rate, the evaluation of the observed and current 
developmental criteria for recreational utility is needed to improve many different 
services and characteristics of a mountainous region (Christopoulou and Trizoni, 
2007; Malasevska and Haugom, 2018; Soutsas et al. 2006). The design of areas that 
comprise intensive growth poles of special forms of tourism, such as ski centers, 
needs to be based on integrated tourism development interventions which involve 
both the protection and enhancement of the natural environment through the 
improving and promoting special tourism infrastructure. Therefore, all the values
associated with these areas including the possible modification of them values under 
different circumstances (e.g., demand and environmental conditions, infrastructure 
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on offer, among others) should be considered (Apostolidis and Latinopoulos, 2015). 
It is for these reasons that the present research has been initiated, providing an 
economic valuation of the recreational value of the area. 

2   Statistical Methodology 

Questionnaires completed by the visitors to the Ski Center of Kaimaktsalan-Voras 
Mountain (Greece) were used during the winter period of 2015-2016 to conduct the 
present research. The sample size (n=323 guests) is considered as representative, and 
the use of results met the necessary statistical conditions. The research tool, a 
questionnaire, was developed to be filled on site with the investigator conducting 
personal interviews of the respondents-guests. The Haphazard Sampling method was 
used and the statistical package IBM SPSS v.20. for the processing of the results and 
the analysis of the data (Apostolidis 2017b, 2017a).    

3   Field of Research 

The research area selected was the Voras Mountain Range due to its 
environmental significance. Specifically, the area identified for analysis (valuation 
survey) is the Kaimaktsalan Ski Center (highest altitude ski center in Greece-2500m). 

4   The Results 

To estimate the frequency of their visits, the visitors were invited to respond 
whether it was their first time in the ski resort area or not. All sample visitors, i.e., 
100%, responded to the question; of the total sample (n=323), 44.3%, said they had 
visited the ski resort before in the past, while 55.7%, stated that it was their first visit. 
Over the past year, visitors in the sample who did not come the study area for the 
first time, visited the ski resort 152 times. There were no visits reported by 42.7% of 
the sample, while a total of 57.3% had visited other ski resorts in Greece and abroad 
such as the 3-5 Pigadia, Elatochori, Pisoderi, Vasilitsa, Parnassos, Bansko, etc. 

There is a neutral to positive satisfaction among the respondents, which marks an 
improvement in infrastructure and overall resource management. It is of interest that 
the whole sample n = 323 provided an answer for all the variables and the criteria set. 
What is more, the quality of accommodation was evaluated by visitors to indicate 
their satisfaction with staying in the area. 48.3% stated to be satisfied, 20.7% stated 
to be very satisfied, neither satisfied nor dissatisfied were 22.3% and 1.5% were 
dissatisfied, and 1.5% were very dissatisfied; 18 of the respondents in the sample did 
not respond (5.6% missing data). The results show a positive impact concerning the 
funding which was provided by the European Rural Development Programs 
LEADER in the region, which has resulted in the construction of accommodation, 
shopping centers and catering facilities in order to create a traditional cultural 
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identity. Respondents at 98.5% believe that the Ski Center contributes to the 
development of the wider area, while it is worth noting that only 1.5% of the visitors 
shared a different opposite attitude and opinion. According to the data concerning the 
availability of the recreational facilities at the Ski Center area, 15.8% of the total 
sample were very satisfied, 144 were satisfied (i.e., 44.6% (almost 1/2 of the total 
sample)), 31.3% were neutral while 24 guests, namely 7.4% were dissatisfied, and 
0.9% were very unhappy. Table 1 shows the financial investigation of travel costs 
and daily consumer spending in the region. The cost of fuel from home to the 
destination area amounted to a total of 17,728 € while the cost of food and drink 
during the stay for the sample amounted to 20,841 €. Additionally, the actual cost of 
stay was analyzed into five components: a) transportation; b) food and drink; c) 
skiing cost; d) recreational activities; e) other expenses (e.g., purchases, 
accommodation).  

Table 1.  Descriptive Statistics of the Travel Cost Parameters.  

Variables Minimum Maximu
m Sum Mean Std. 

Deviation 
Food / Drink cost and other 
expenses (travel cost) 0 550 20841 64.52 76.124 

Fuel cost needed to get from 
home area to the recreation area 5 500 17728 54.89 65.885 

Cost of other expenses - 
purchases (Costs in the region 
€ per Day) 

0 200 17330 53.65 51.806 

Cost of skiing 0 180 6790 21.02 25.011 
Cost of further recreation 
activities 0 200 4045 12.52 23.264 

Cost of means of transport 0 100 5654 17.50 14.522 
Cost of food / drink  0 200 12963 40.13 30.659 
 

In the question of creating a new vision or making a proposition on managing the 
wider area, 81.1% of the sample visitors have a new vision for the wider region, with 
only 18.9% of the respondents not having one. Next, those of the visitors who have a 
vision for new management plans were asked to respond to closed prefabricated type 
questions and choose from several proposals that can be implemented in the wider 
area with the Willingness to Travel (WTT) WTT technique. The first proposal 
concerned the construction of the Cable Car from the Pozar Thermal Springs to the 
Kaimaktsalan Ski Center, as both recreational areas are located in the same 
mountainous area. The results showed that this scenario would be chosen by 67.2 % 
of visitors and would not be chosen by 13.9%. Concerning the second proposal 
which involved building an ice skating and a hockey skating rink, there was a 
positive choice by 47.1% of respondents, while a negative one by 34.1% of 
respondents. Regarding the third proposal, i.e., the development of infrastructure for 
campsites in the spring season, it was selected by 119 visitors, i.e., 36.8%, with the 
larger percentage of them 44.3%. The sample visitors were also given the 
opportunity to express their opinion through a free and open-ended question. Finally, 
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the Alternative Management Proposals for the Greater Area are: Aesthetic interior 
design, Upgrading the Lift, Highlighting all the activities that can take place on the 
mountains, Renovation of Lifts (speed and infrastructure), Developing the productive 
activities of the area with emphasis on the production base of the region, 
Construction of a Wind Generator, Exploitation of Vegoritida Lake, Fast aerial 
chairlift (with cover/closed), Introducing a Summer Cinema, a Festival with local 
dishes and music, a Glassboat, Creating bars, Creating nightclubs, Creation of a 
guesthouse next to the Ski Center, Creating more chalets, Modernizing the cafe-bar-
restaurant, Aerial cable car, Developing Renewable Sources of Energy, Construction 
of wooden houses, Construction of an Ecological Village, Construction of more cafes 
and chalets in the Ski Center, Construction of a sliding plate up to the top, 
Construction of a cable car from Agios Athanasios to Panagitsa, Construction of a 
cable car from the Ski Center to Agios Athanasios, Enlarge the Chalet, Εlarge the 
Chalet with an ultramodern restaurant, Integrated alternative tourism package, 
Organized Mountaineering trips, Organized activities of all types, More tracks-
extending the Ski Center, Lower tracks in the Ski Center, Lower tracks in the Ski 
Center, Signs for travel destinations in the area, Collaboration of the authorities of all 
recreational areas, Artificial snowfall across the track, Submission of proposals for 
Government funding, Funding by the Government and the European Union.  

Estimating an additional frequency of visits to the Ski Center if the choices of the 
relevant visions for the wider region were realized reveals significant results with 
reference to the positive economic and social impacts that may arise. 77.1% of the 
sample, would visit the Kaimaktsalan Ski Resort more often while only 4% would 
not visit it. Response visit count figures for most frequent visits to the Thermal 
Springs per year are 1522 visits, while the Willingness to Travel (WTT) of Ski 
Center Kaimaktsalan per visitor are six travels. Regarding the management of the Ski 
Center, the respondents were asked to indicate whether they had a proposal/vision. A 
majority of 69.3% suggested an alternative, with only 30.7% not making a 
suggestion. Of the 223 respondents who had a positive choice, using closed-ended 
scenarios again, alternative options were available. Statistical results for the first 
proposal, which was related to the creation of a modern new lift, showed that 180 
respondents would like to have this vision realized 55.7%, while 44, i.e., 13.6% of 
the 69.3% of the sample who had a positive choice in the scenarios would not choose 
it. The analysis of the results for the second scenario, the construction of a new ski 
track, showed a positive choice for 48.6%, while it was identified as a non-desirable 
choice by 20.7% of the sample. The construction of protective technical works (e.g., 
from avalanches, etc.) was related to the third proposal for the management of the ski 
resort; 129 visitors 39.9% opted for the implementation of the proposal as opposed to 
95, 29.4%, who did not choose it. The sample visitors were also given the 
opportunity to express their opinion with a free and open-ended question with a focus 
on what they want to have implemented in the area of the Ski Center, with the results 
presented below (Alternative Management Scenarios for the Ski Center): Creating a 
children's sled track, Waiting space for parents near children, E-Ticketing service, 
Assignment to a Private Contractor, Renewable Energy Sources (Exploitation of 
wind and solar energy - creation of parks etc.), Improvement of Ski Center facilities, 
Improving artificial snow and facilities,  Improving artificial snow,  Creation of 
recreational facilities for those who do not wish to ski, Creating a Special Area for 
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Children and Schools, Setting up Camping and Recreational Sports in the Summer, 
Create a larger Chalet, Creating of a chalet with accommodation, Developing Spas 
and Gym, Developing infrastructure for taverns and food, Different spatial planning 
of the ski resort, Alternative land use management, Expanding the Ski Center to 
lower altitude, offering rapid lifts and artificial snow, Better recreation facilities and 
more traditional ones with a local market, Closed cabin, Closed cabin in Sarantovrysi 
and Artificial Snow, Closed Chair, Closed Lift, Higher speed and safety of lifts, 
Larger Chalet, Leasing of the Ski Center for more than one calendar year by private 
entities, The Chalet should not be a dressing room, Night Skiing, More lift and 
tracks, More Shopping Stores, More cannons for artificial snow, Protection from air 
in the aerial two-seater lifts (cabin), Chalet in Kremassi, Connection and Cooperation 
with the 3-5 Pigadia Ski Resort, Cooperation with other Ski Centers in Greece. 

The technique of Willingness to Travel was also used in the management 
scenarios for the Ski Center in case realization of the visions and proposals selected 
would influence the frequency of visit to the broader region. 67.2% of the sample 
respondents, would visit the wider area more often, while only 2.2% would not visit 
it. Response visit figures for more visits to the broader region per year are 
1493travels, while 6.88 trips per visitor. The comparative results from the WTT 
technique have shown that if the scenarios for the management of the wider area are 
applied, the demand for visiting per year will be 1522 visits compared to the ones of 
the Ski Center, which are 1493. Additionally, visitors were consulted on 
environmental issues to explore their views and attitudes towards environmental 
sensitization, the Natura 2000 Network etc. The environmental awareness of the 
visitors concerning natural resources (meadows, forests, water, game) was 
investigated by the degree of their interest. Their responses indicated a high 
environmental sensitization for 72.4% of the sample, a low environmental 
sensitization for 25.7% of them, and no environmental sensitization for 1.5% 
(missing data 0.3%, i.e., n = 1). Regarding knowledge of what the Protected Areas 
(e.g., areas belonging to the Nature Network 2000) are, the frequencies and 
percentages of the data from the sample show that most respondents know what the 
Natura 2000 sites are 68.7% while 31.3% of the respondents are not aware of them. 
The percentage distribution of the information sources of the Natura 2000 protected 
areas for the citizens who have knowledge of such areas showed that the percentage 
of the respondents who obtain information about the protected areas from the media 
is 33.7%, friends and relatives 16.4%, governmental organizations - local authorities 
13.6%, formal studies 22%, 10.8%  from seminars, and 0.3% from another source of 
information. The knowledge of the respondents regarding the characterization and 
integration of the Voras area into the Natura 2000 Network as a game shelter cannot 
be considered as satisfactory since more than half of them 52.9% are not aware of the 
protected area, with 152 visitors (47.1%) of the total sample possessing such 
knowledge. 

To construct a new tourism plan including the special and alternative forms of 
tourism developed in the wider area, the areas of tourist attraction developed in the 
area where presented to the sample of visitors who were invited to choose which of 
the following destinations they will follow or have already followed during their 
visit. The plan shows that the visitors will go on a trip or have already planned one 
firstly, to Agios Athanasios (89.8%), which suggests that cultural tourism is highly 
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valued in the preferences of the visitors of the Ski Center, who next choose the Pozar 
Thermal Spa as a travel destination (70.6%), followed by eco-tourism on Voras 
mountain (48.6%), and then, the Agra-Vrython-Nisi wetland with the development of 
agritourism (30.34%), immediately afterwards, visitors choose Lake Vegoritida, 
namely Naval Sports tourism (30.34%), while the tourist plan of preference is 
completed by the selection of the mountain complex of Panagitsa airport (15.48%), 
i.e., the activities of the sports air travel club. 

As part of building a new tourism plan for a new policy of development and 
governance in the broader region, the visitors were asked to answer whether they 
would be interested in a Combo Ticket to carry out further recreation activities in the 
area. The results showed that 91.6% of the sample of 323 respondents, would choose 
this Combo-Ticket, as opposed to 8.4% who would not choose it. The descriptive 
results for the visitors who had a positive choice of a combo economic ticket for 
recreational activities are presented with a Missing System 8.4%. and the Combo-
Ticket Total Discount Rate Descriptive Statistics shows that the visitors prefer and 
like 10% discount of this ticket. It is deduced that the majority of the sample prefer 
the Spa treatment, then Skiing, Riding, Boating, Kayaking and Flying follow in order 
of preference. Organized visits to the tourist destinations in the wider region were 
opted by 84.8% of the visitors, with only a minority of the sample, i.e., 15.2%, not 
opting for them. 79.9% of respondents would be willing to pay for such a service, 
while only 5% of the respondents would not. The maximum amount (MaxWTP) of 
money that they would be willing to pay for such a service is 38.51€, while the total 
budget for organized visits is 9936€ according the questioners. 

The table 2 shows the correlations and their strength among the activities and 
recreation areas which were selected in the wider region. The greatest strength was 
presented for boating and kayaking (0.579) which is statistically significant at a basic 
level p <0.05. 
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Table 2.  Based on x2 Criterion.  

Variables x2 Criterion Phi & Cramer's V Criterion 
Ski - Hydrotherapy x2 (1)=1.039 p=0.308 Phi = -0.059, Cramer's V=0.059 p=0.308 

Ski - Riding x2 (1)=1.715 p=0.190 Phi =-0.76 Cramer's V=0.076 p=0.190 
Ski - Boating x2(1)=3.191 p=0.074 Phi=-0.104 Cramer's V=0.104 p=0.074 
Ski - Kayak x2 (1)=2.733 p=0.098 Phi & Cramer's V=0.096 p=0.098 

Ski - Flight x2 (1)=6.247 p=0.012 Phi & Cramer's V=0.145 p=0.012 

Hydrotherapy - Riding x2 (1)=0 p=0.984 Phi & Cramer's V=0.001 p=0.984 

Hydrotherapy - Boating x2 (1)=0.518 p=0.472 Phi & Cramer's V=0.042 p=0.472 

Hydrotherapy - Kayak x2 (1)=3.959 p=0.047 Phi=-0.116 Cramer's V=0.116 p=0.047 

Hydrotherapy - Flight x2 (1)=1.332 p=0.248 Phi=-0.067 Cramer's V=0.067 p=0.248 

Riding - Boating x2 (1)=34.900 p=0 Phi & Cramer's V=0.343 p=0 
Riding - Kayak x2 (1)=44.215 p=0 Phi & Cramer's V=0.386 p=0 
Riding - Flight x2 (1)=42.473 p=0 Phi & Cramer's V=0.379 p=0 

Boating - Kayak x2 (1)=99.172 p=0 Phi & Cramer's V= 0.579 p=0 
Boating - Flight x2 (1)=57.864 p=0 Phi & Cramer's V=0.442 p=0 

Kayak - Flight x2 (1)=85.239 p=0 Phi & Cramer's V=0.537p=0 

5   Conclusions 

There is a great need for economic evaluation of natural resources in same areas 
and recreation centers at the National and European Level. The present research 
presents the most important parameters in the tourism product in Regional Unit of 
Pella by exploring the attitudes and opinions of the visitors in the area of 
Kaimaktsalan. 

The previously reported problem and the weakness in the area concerning the 
specific subject, with some solutions and suggestions to be provided through the 
exploration of the attitudes and opinions of the respondents in mountainous areas and 
settlements of Greece. A theoretical basis for giving new dimensions to the factors, 
the level of satisfaction of visitors and their intention to visit ski resorts and spa town 
around the world was born with successive variables to emerge the new winter 
tourism in Greece and their contribution to the research goal with strategic practices 
that have to be implemented to increase the satisfaction of visitors as well as the 
competitive advantage of the areas. 
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Appendix 
 
The guiding questions (key tool of research) of Willingness to Travel-WTT  
technique (open and ended) are presented below (part of questioner-sampling). 
 
Question. Have you got a vision or would you like to make proposals concerning the 
management of the wider area ? 
 
 1. � YES   2. � NO    
 
If YES, select which options you prefer from the following ones: 
 
(1). The construction of a cable car from Pozar to Kaimaktsalan  � 
(2). The development of an ice skating rink in the region for skating and hockey � 
(3). Providing infrastructures for camping during the spring season  � 
(4). Other: ..............................................................    � 
   
Should the abovementioned options be realized, do you think that you would visit the 
ski resort more often? 
 1. � YES   2. � NO 
 
If YES, how many times per year? 
.............................................................................. 
 
Have you got a vision or would you like to make proposals concerning the 
management of the ski resort ? 
 

1. � YES   2. � NO    
 
If YES, select which options you prefer from the following ones: 
 
(1). Developing modern new lift       � 
(2). Developing a new ski slope      � 
(3). Developing protective constructions (eg., avalanches, etc.)   � 
(4). Other: .............................................................    � 
 
Should the aforementioned vision be realized, do you think that the number of visits 
to the wider region would rise ?  

1. � YES   2. � NO  
   
If YES, how many times per year ? 
.............................................................................. 
 



 
 
 
 
 
 
 
 
 
 
 
 
Posters 
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Abstract. During the last decades there is a growing concern about climate 
change and its devastating effects on water availability. The aim of this study 
was to assess surface runoff changes in the mountainous catchment of the 
Klinovitikos torrent (Central Greece) under climate change. To this end, 
precipitation and temperature data were derived from a high-resolution (25×25 
km) RegCM3 regional climate model for the baseline period 1974-2000 and 
future period 2074-2100. Subsequently, Thornthwaite and Mather water 
balance model was applied to quantify the effects of precipitation and 
temperature changes on surface runoff. The results showed a decrease in 
surface runoff until the end of the 21st century, approximately -35.5%, -14.4%, 
-49.8% and -43.7% for winter, autumn, spring, and summer, respectively. It is 
also noted that the reduction will be greater in the dry season. To this end, 
adaption of mountainous catchment management to climate change is crucial 
to avoid water scarcity. 

Keywords: runoff; climate change; RegCM3; mountainous catchment. 

1   Introduction 

The existence of life depends on the availability of freshwater on earth's surface. 
During the last decades, the world's rapid population growth, urbanization and 
industrialization have increased the demand for water worldwide (Beran et al., 2016). 
Additionally, the increased greenhouse gas emissions lead to negative impacts on the 
availability of global water resources (Gosling and Arnell, 2016).  

The climate regime in Mediterranean regions favors the development of drought 
phenomena due to the pre-long dry period and the uneven distribution of rainfall 
(Nastos et al., 2013, Cook et al., 2016, Myronidis et al., 2018). The 
Intergovernmental Panel on Climate Change (IPCC) Fifth Assessment Report (IPCC, 
2013) emphasizes that the Mediterranean basin is expected to become warmer and 
dryer until the end of the 21th century, while future warming will possibly be larger 
than the global mean (Giorgi and Lionello, 2008). 
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The aforementioned changes will highly influence catchments hydrologic 
response. Therefore, water resources management has become a crucial challenge 
needs to be addressed. To this end, stakeholders should also quantify surface runoff 
under future climate conditions for infrastructure projects scheduling. 

General Climate Models (GCMs) are very helpful in understanding the future 
evolution of the global climate, but have a spatial resolution (100–300 km) too coarse 
for assessing regional or local changes (D’Oria et al., 2018) Thus, it is not possible to 
precisely simulate phenomena related to the effect of topography on a local and 
regional scale due to local conditions and particularities, such as complex 
topography, coastlines, lakes and small islands (Mearns et al., 2001, Zanis et al., 
2015). In order to overcome these limitations, Regional Climate Models (RCMs) are 
obtained by dynamically downscaling GCM data (Rummukainen, 2010, Xue et al., 
2014). 

During the last years, several studies assessed the effect of climate change on 
streamflow using high resolution RCMs (Kling et al., 2012, Fiseha et al., 2014, 
Paparrizos and Matzarakis, 2016, Venetsanou et al., 2017, Rončák et al., 2019). 
Although, similar researches are limited in mountainous catchments of the 
Mediterranean region (Senent-Aparicio et al., 2017), while no such research has been 
carried out in Greece. It is worth mentioned that mountainous areas are of great 
interest, since runoff generates and supplies lowlands with water. 

The main object of the current research is to quantify the effect of climate change 
on surface runoff in a mountainous catchment of Central Greece using the 
Thornthwaite-Mather water balance model and climate simulation of RegCM3 
regional climate model.  

2   Material and Methods 

2.1   Study Area 

The study was conducted in the mountainous catchment of Klinovitikos torrent 
(Fig.1). It is located in Thessaly Regional Unit (Central Greece) over the mountain 
range of Pindus and is a tributary of Pinios River. It covers an area of 171.1 km2 and 
the relief is rather intense. The mean elevation is 1112 m.a.sl (maximum 2204 m.a.s.l 
and minimum 320 m.a.s.l) whereas mean catchment slope is 48.4% and main stream 
slope 6.5%. Moreover, the region has great environmental importance as belongs to 
the European nature conservation network Natura 2000 according to the criteria of 
Directive 92/43/EEC and specifically includes the Site of Community Importance 
(SCI) with code GR1440002.  
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Fig. 1. The study area  
 

In the frame of the EU funding project ENSEMBLE (http://ensembles-
eu.metoffice.com/) a set of multi-model RCM simulations to characterize climate 
change in Europe with high spatial resolution (25Î25 Km) were produced. Data 
from the RCMs used as input in hydrological models, so their ability to represent 
climate conditions should be examined prior to their use in impact assessment studies 
(Koutsoyiannis et al., 2007).  

To this end, a recent study by Stefanidis (2018) evaluates the ability of seven 
RCMs of ENSEMBLE project, under A1B SRES emission scenario, to represent 
temperature and precipitation conditions over the mountainous Central Pindus (study 
area) for the baseline period 1974-2000. The results concluded that best simulations 
were made by the International Centre for Theoretical Physics Regional Climate 
Model (RegCM3) (Jacob et al., 2007). Therefore, in this study, regional climate 
analysis was performed using daily temperature and precipitation simulated data 
derived from RegCM3 model for the baseline period (1974-2000) and future period 
(2074-2100).   

2.3   Water balance model 

In order to estimate surface runoff, the Thornthwaite and Mather (1957) water 
balance model was chosen. This model uses as parameter the maximum soil-moisture 
holding capacity (K) and having as input precipitation and temperature data, given as 
result the surface runoff and the actual evapotranspiration. The mathematical 
description of the model given by Equation 1:  
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 (1) 

 
where ΔS is change in soil moisture, P is the annual rainfall, Ε is annual actual 

evapotranspiration, and Q is water surplus (percolation και surface runoff). The 
corresponding equations of the monthly water balance described below: 

 
§ If Pn>ETp 

 (2) 

  
 

(3) 

§ If Pn< ETp 

  
(4) 

 (5) 

 (6) 

 (7) 

 (8) 

For the month n, Pn is mean monthly rainfall, ΕΤp is mean monthly potential 
evapotranspiration, ΕΤa is mean monthly actual evapotranspiration, Sn: maximum 
soil retention, Qn: water surplus, QAn: surface runoff, Dn is infiltration and α: runoff 
coefficient. 

In order to calculate the amount of precipitation that evaporates or transpires back 
to the atmosphere the generally accepted method proposed by Thornthwaite (1948) 
were used. The monthly potential evapotranspiration (PET) is estimated from 
average monthly temperature (T).  
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where, ETP is the potential evapotranspiration, tn is mean monthly temperature and 
Ld is coefficient depending on the latitude (in decimal degrees) of the location of the 
study area. 

Additionally, to take into account the snow accumulation a revised version of the 
model was used as proposed by Dingman (2002). In this method, mean monthly 
precipitation (Pm) divided into rainfall (RAIN) and snowfall (SNOW) according the 
snow melt factor Fm based on mean monthly temperatures (Τ). The equations 
calculate these factors were given below: 

 

 

 

(12) 

(13) 

(14) 

 
Therefore: 

 

      
 

(15) 

(16) 

The monthly melting amount of snow (MELT) was given by equation: 

 (17) 

where PACKm, the snow accumulation for each month m, was estimated from the 
above equation: 

 (18) 

Monthly precipitation considering both rainfalls and snowfall was estimated as 
described below: 

 (19) 

Subsequently, the known equations were applied if Pn> ETP and if Pn< ETP. 
Moreover, the potential maximum soil moisture storage after runoff begins (K), 

related to curve number and was computed by Equestion 20:  

 
(20) 

Curve number (CN) is an index that represents the combination of a hydrologic 
soil group and land use and management class and has a range of 30 to 100. SCS 
developed a soil classification system that consists of four groups, which are 
identified by the letters A, B, C, and D according to their infiltration, retention and 
evaporation capacity. There are tables from USDA Soil Conservation Service that   
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indicate   CN   for   characteristic   land   cover descriptions and a hydrologic soil 
group (USDA 1972). 

Finally, infiltration process was assessed using empirical coefficients according 
the literature (Voudouris et al. 2007), as showed in table 1. 

 

Table 1. Infiltration coefficients for each petrographic formation in the study area. 

 
a/a Petrographic  

Formation 
Infiltration 

   Coefficient (%) 
1 Alluvial deposits           20 
2 Flysch            7 
3 Limestone           52 
4 Neogene           18 

 
 
 Based on the values of the above mention table (Table 1) and the equation 21, a 

mean infiltration coefficient was estimated for the study catchment. 

 
(21) 

where w1…wn is the infiltration coefficient for each petrographic formation, 
F1…Fn is the area of each petrographic formation and Fsum is the total catchment area. 

3   Results 

Regarding the data of RegCM3 model for the baseline period (1974-2000) and 
future period (2074-2100) it was highlighted a decrease (-20%) of annual 
precipitation (mm) and increase (+3.7 oC) of mean annual temperature until the end 
of the 21th century. The decrease of precipitation will be higher in spring, while the 
increase of the temperature will be higher in summer (Fig 2). 
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Fig. 2. Comparison of a) precipitation (mm) and b) temperature (oC) regime in the study area 
as revealed from RegCM3 model. 

In order to determine the effect of climate change on surface runoff it was 
necessary to estimate the input parameters of the water balance model. To this end, 
geological subsoil, land cover and soil data layers were generated using Geographical 
Information Systems (GIS) (Fig. 3). Taking into account the above mention 
parameters mean CN values for Klinovitikos catchment was estimated to 54.2, the 
potential maximum soil moisture storage (K) equal to 214.29 and mean infiltration 
rate (w) equal to 0.33. 
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Fig. 3. Spatial distribution of a) land-use, b) petrographic formation, c) hydrologic soil group 
and d) CN values within Klinovitikos catchment. 

Based on the above mention parameters, the water balance model was applied and 
surface runoff was estimated for both baseline (1974-2000) and the future (2074-
2100) period. The results showed that the decrease in rainfalls and increase in 
temperatures lead to decrease of surface runoff. 
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Fig. 4. Seasonal changes of surface runoff in Klinovitikos catchment. 

Additionally, the results between the two aforementioned periods were compared 
so as to quantify the effects on climate change of surface runoff. It was noticed a 
decrease in surface runoff until the end of the 21st century, approximately -35.5%, -
14.4%, -49.8% and -43.7% for winter, autumn, spring, and summer, respectively 
(Fig. 4). 

4   Conclusion 

During the last decades there is a growing concern about the effects of climate 
change on water resources, especially in Mediterranean region where climate 
expected to be warmer and dryer. In this study, the effect of climate change on 
surface runoff in a mountainous catchment of Central Greece was assessed using the 
Thornthwaite and Mather water balance model and climate simulation of RegCM3 
regional climate model. 

Regarding future climate conditions in the study area, a decrease of precipitation 
(mm) and increase of temperature is expected until the end of the 21th century. 
Additionally, the higher decrease of monthly rainfall was recorded in spring, while 
the higher increase is occurred in summer. Taking into account the reported changes 
of climatic condition significant decrease of surface runoff changes was estimated 
especially in spring and summer months. 

The need for rational water resources management nowadays is a necessity. 
Despite the construction of classical water saving dams (reservoir), appropriate 
adaption measures must be applied in the mountainous forested regions where 
surface runoff generates. These measures include appropriate silvicultural treatments 
in order to achieve all-aged forest stands structure which can increase water 
production and stream regulation using check dams as after their siltation, water 
infiltrated through the deposits that act as ideal artificial aquifers.  
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Abstract. During the last decades, a progressive increase of temperature in 
Mediterranean region was recorded. This change effect both natural 
ecosystems and human activities. In this study, the variability and trends of 
mean air temperature in the University Forest of Pertouli (Central Pindus, 
Greece) was evaluated. To this end, long-term (1961-2019) time series for air 
temperature from a mountainous meteorological station were collected and 
analyzed. The seasonal data were subjected to Mann-Kendall test to assess the 
possible upward or downward statistical significant trends and in case of a 
significant trend to detect approximately its time of occurrence. Additionally, 
least square method was used to estimate the trend magnitude. The results 
showed warming trends in all seasons which they found statistical significant. 
Finally, the magnitude trend since 1961 (58 years period) is approximately + 
1.4oC, +1.1 oC, +1.3 oC and 1.2 for the winter, autumn, spring and summer 
mean air temperature.   

Keywords: climate change; temperature; Mann-Kendall; least square method; 
trend. 

1   Introduction 

Air temperature is an important climatic component and it is governed by many 
factors, including incoming solar radiation, humidity and altitude. In addition, it 
present seasonal and diurnal variations and highly influence hydrological cycle 
(Mavromatis and Stathis, 2011, Myronidis et al., 2012, Myronidis et al., 2018), 
tourism decision making (Endler and Matzarakis, 2011, Matzarakis and Nastos, 
2011,) and vegetation distribution (Wason et al., 2017, Kamoutsis et al., 2018, Macek 
et al., 2019). 

Climatological studies showed that global average surface temperature increased 
by about 0.85 °C between 1880 and 2012, while the current rate of warming over the 
past 60 years (1951-2012) is 0.12 °C per decade (IPCC, 2013). The 
Intergovernmental Panel on Climate Change (IPCC) Fifth Assessment Report (IPCC, 
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2013) emphasizes that the Mediterranean basin is expected to become warmer and 
dryer until the end of the 21th century, while future warming will possibly be larger 
than the global mean (Giorgi and Lionello, 2008). Climate changes compounded with 
trends of rural abandonment will highly influence natural ecosystems within the 
Mediterranean basin. It is also reported that are likely to diminish forested areas that 
will be replaced by shrub lands (Resco de Dios et al., 2007). 

The trend analysis of air temperature time series indicated a positive trend in the 
western Mediterranean and a negative trend in the eastern Mediterranean for the 
period 1950-1990 (Sahsamanoglou and Makrogiannis, 1992, Parker et al., 1994). 
Many papers have been published dealing with the temperatures trend analysis in 
Greece. An overall cooling trend was detected in winter air temperature for the 
period 1951-1993 (Proedrou, 1997). The same cooling trend was also noted for the 
mean annual and summer values, although a reverse warming trend was detected 
around the mid-1970s at several stations. Also, according to Feidas et al. (2004) 
cooling trend was mentioned for winter, whereas warming signal detected in summer 
for the period (1955-2001). In addition, a more recent research by Feidas (2017) 
updated with the 12-year period 2002–2013 found that the warming signal detected 
previously only in summer has now intensified and spread in other seasons. A 
cooling trend was also found by Nastos et al. (2011) for mean annual air temperature 
(1951-2007) in the wider region of Greece. A pronounced cooling trend from the 
beginning of the 1950s up to the mid-1970s was exhibited. It then remained at low 
levels until the beginning of the 1990s, and then increased up to 2000, when a 
turning-point is clear although the temperature remained at high levels. Another 
study conducted by Mamara et al. (2016), examining the mean air temperature 
(1960-2004), highlighted a statistically significant negative trend during 1960–1976 
and a positive one during 1977–2004.  

However, there are limited studies analyzing seasonal trends considering data 
from mountainous meteorological stations (Proutsos et al., 2010). This is due to 
difficulties of installation and maintenance of meteorological instruments, especially 
at the high altitude of the mountainous regions. 

The object of this study is to analyze variability and detect trends in long term 
(1961-2019) seasonal air temperature time-series based on data from a mountainous 
meteorological station located in Central Greece. 

2   Material and Methods 

Observations of daily mean air temperature (oC) for the period 1961-2019 were 
collected, from a mountainous meteorological station (1180 m.a.s.l) located in the 
University Forest of Pertouli, over the mountainous range of Pindus (Central Greece) 
(Fig.1). The rights for the management of Pertouli forest was assigned to the 
Aristotle University of Thessaloniki in 1934 for educational and research purposes. It 
covers an area of 3.290 ha and consists mainly of pure fir stands (Abies borisii-regis). 
Moreover, the region has great environmental importance as belongs to the European 
nature conservation network Natura 2000 according to the criteria of Directive 
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92/43/EEC and specifically includes the Site of Community Importance (SCI) with 
code GR1440002, namely "Kerketio Oros (Koziakas)". 

The data series are complete, i.e. have no missing values. Double mass method 
and two parametric statistical tests (Student’s t and Chi-Square test) were applied so 
as to adjust any heterogeneity of the temperature data, while the details of these 
methods can be obtained from WMO (1986). The latter tests demonstrated that the 
temperatures data were indeed homogeneous. 
 

 
Fig. 1. Location map of the study area. 

 
Trend analysis was performed on seasonal time scale. Therefore, time series of air 

temperature were subjected to a non-parametric Mann-Kendall test, as it has been 
proposed by Sneyers (1990) so as to detect any trend over the examined period. A 
lengthy description of the methodology and its computation can be found in the 
literature (e.g. Feidas et al., 2004 Myronidis et al., 2012). The sequential form of the 
Mann–Kendall test, consisting of the application of the test to all the series starting 
with the first term and ending with the ith term (and the reverse), was also used for a 
progressive analysis of the series. In the absence of any trend, the obtained graphical 
representation of the direct (ut) and the backward (ut') series with this method 
produced curves that overlap several times. However, in the case of a significant 
trend (5 % level |ut|>1.96), the intersection of the curves enabled one to detect 
approximately its time of occurrence. Furthermore, trend magnitudes were computed 
based on least square method. 
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3   Results 

The air temperature in the University Forest of Pertouli varied greatly between 
seasons as shown in the following figure (Fig.2). It is noteworthy that mean 
temperature range is 17.1 oC, for the examined period (1961-2019). As depicted, 
mean air temperature is equal to 0.8 oC (-1.7 oC to 3.4 oC) in winter, 9.9 oC (6.7 oC to 
11.8 oC) in autumn, 7.7 oC (4.7 oC to 9.8 oC) in spring and 17.9 (15.3 to 20.2) in 
summer.  

 

 
Fig. 2. Seasonal variability of mean air temperature. 

 
Regarding the results of the Mann- Kendall test, statistically significant (at the 

95% level of significance) warming trends were detected on seasonal air 
temperatures. The beginning of the change starts in the early of 1980s for winter, at 
the end of 1990s for autumn and spring and in the early of 1990s for summer (Fig 3). 
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Fig. 3. Graphical representation of the series u(t) and the retrograde series u'(t) of the 
sequential version of Mann-Kendall test in a) winter, b) autumn, c) spring and d) summer. 

 
Moreover, the least square method was used to compute trend magnitude. It was 

found that the magnitude of the trend is approximately + 1.4oC, +1.1 oC, +1.3 oC and 
1.2 in winter, autumn, spring and summer mean air temperature respectively, since 
1961. 
 

 

 
Fig. 4. Trend analysis of air temperature time series in a) winter, b) autumn, c) spring and d) 
summer. 
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4   Conclusions 

In this study, variability and trends of seasonal air temperatures in the University 
Forest of Pertouli (Central Greece) for the period 1961-2019 were analyzed. Trend 
analysis was based on a combination of two statistical tests. 

The mean air temperature presents great variability and ranges from 0.8 oC 
(winter) to 17.9 oC (summer). The results of the Mann-Kendal test highlighted 
statistically significant warming trends in all seasons. Also, it was found that mean 
temperature non-stationarity starts to occur in the early of 1980s for winter, at the end 
of 1990s for autumn and spring and in the early of 1990s for summer. The trends 
magnitude of mean air temperature during the last 58 year, using least square 
method, computed to + 1.4oC for winter +1.1 oC for autumn, +1.3 oC for spring and 
1.2 for summer. The warming in the study area is higher than the average in Greece 
(Feidas, 2017). Also, the future climate condition is expected to be warmer until the 
end of the 21th century 

To this end, water availability, forest growth and snow cover period will be highly 
influenced. The effects are not only environmental but also economic, as the 
reduction of snow cover period will result in limitation of the operational days of ski 
center resort in the area. 

 
Acknowledgments. This research is co-financed by Greece and the European Union 
(European Social Fund-ESF) through the Operational Programme «Human 
Resources Development, Education and Lifelong Learning 2014-2020» in the 
context of the project “Assessment of soil loss in mountainous catchment using 
modern technology under climate change” (MIS 5047924). Additionally, the authors 
would like to express their thanks to the University Forest Administration and 
Management Fund of the Aristotle University of Thessaloniki for providing the 
temperature time series data. 

 

 

References 

1. De Dios, V. R., Fischer, C. and Colinas, C. (2007) Climate change effects on 
Mediterranean forests and preventive measures. New forests, 33(1), p.29-40. 

2. Endler, C. and Matzarakis, A. (2011) Climate and tourism in the Black Forest 
during the warm season. International journal of biometeorology, 55(2), p.173-
186. 



 442 

3. Feidas, H., Makrogiannis, T. and Bora-Senta, E. (2004) Trend analysis of air 
temperature time series in Greece and their relationship with circulation using 
surface and satellite data: 1955–2001. Theoretical and Applied Climatology, 
79(3-4), p.185-208. 

4. Feidas, H. (2017). Trend analysis of air temperature time series in Greece and 
their relationship with circulation using surface and satellite data: recent trends 
and an update to 2013. Theoretical and Applied Climatology, 129(3-4), p.1383-
1406. 

5. Giorgi, F. and Lionello, P. (2008) Climate change projections for the 
Mediterranean region. Global and Planetary Change, 63(2-3), p. 90-104. 

6. IPCC. Climate Change (2013) The Physical Science Basis. Contribution of 
working group I to the Fifth Assessment Report of the Intergovernmental Panel 
on Climate Change. Cambridge University Press, UK. 

7. Kamoutsis, A., Chronopoulos, K., and Matsoukis, A. (2017) Altitude and Canopy 
Cover Effects on Air Temperature in a Mountainous Region of Ionian Islands, 
Greece. Current World Environment, 13(3), p.292. 

8. Macek, M., Kopecký, M. and Wild, J. (2019) Maximum air temperature 
controlled by landscape topography affects plant species composition in 
temperate forests. Landscape Ecology, 34(11), p.2541-2556. 

9. Mamara, A., Argiriou, A. Α., & Anadranistakis, M. (2016). Recent trend analysis 
of mean air temperature in Greece based on homogenized data. Theoretical and 
Applied Climatology, 126(3-4), 543-573. 

10. Mavromatis, T. and Stathis, D. (2011) Response of the water balance in Greece to 
temperature and precipitation trends. Theoretical and Applied Climatology, 
104(1-2), p.13-24. 

11. Matzarakis, A. and Nastos, P. (2011) Analysis of tourism potential for Crete 
Island, Greece. Global Nest Journal, 13(2), p.141-149. 

12. Myronidis, D., Stathis, D., Ioannou, K. and Fotakis, D. (2012) An integration of 
statistics temporal methods to track the effect of drought in a shallow 
Mediterranean Lake. Water Resources Management, 26(15), p.4587-4605. 

13. Myronidis, D., Ioannou, K., Fotakis, D. and Dörflinger, G. (2018) Streamflow 
and hydrological drought trend analysis and forecasting in Cyprus. Water 
resources management, 32(5), p.1759-1776. 

14. Nastos, P. T., Philandras, C. M., Founda, D. and Zerefos, C. S. (2011) Air 
temperature trends related to changes in atmospheric circulation in the wider area 
of Greece. International journal of remote sensing, 32(3), p.737-750. 

15. Parker, D. E., Jones, P. D., Folland, C. K., and Bevan, A. (1994) Interdecadal 
changes of surface temperature since the late nineteenth century. Journal of 
Geophysical Research: Atmospheres, 99(D7), p.14373-14399. 

16. Proedrou, M., Theoharatos, G., and Cartalis, C. (1997) Variations and trends in 
annual and seasonal air temperatures in Greece determined from ground and 
satellite measurements. Theoretical and Applied Climatology, 57(1-2), p.65-78. 



 443 

17. Sahsamanoglou, H. S. and Makrogiannis, T. J. (1992) Temperature trends over 
the Mediterranean region, 1950–88. Theoretical and Applied Climatology, 45(3), 
p.183-192. 

18. Sneyers, R. (1990) On the statistical analysis of series of observation.WMO 
Techn. Note, No 143, Geneva, p.192. 

19. Wason, J. W., Dovciak, M., Beier, C. M. and Battles, J. J. (2017) Tree growth is 
more sensitive than species distributions to recent changes in climate and acidic 
deposition in the northeastern United States. Journal of applied ecology, 54(6), 
p.1648-1657. 

20. WMO. (1986) Guidelines on the Quality Control of Surface Climatological Data. 
Geneva. WCP-85. 



 444 

 
Development Strategies for Exploiting Local Resources 

through the Views of the Local Residents 

Eleftheria Fytopoulou1, Evangelia Karasmanaki2, Spyridon Galatsidas3, Veronika 
Andrea4, Georgios Tsantopoulos5 

1Rectorate, Aristotle University of Thessaloniki, University Campus, 54424 Thessaloniki, 
Greece; e-mail: efytopou@rect.auth.gr  

2Department of Forestry and Management of Environment and Natural Resources 
Democritus University of Thrace, 193 Pantazidou Street, 68 200 Orestiada, Greece; e-mail: 

evagkara2@fmenr.duth.gr 
3Department of Forestry and Management of Environment and Natural Resources 

Democritus University of Thrace, 193 Pantazidou Street, 68 200 Orestiada, Greece; e-mail: 
sgalatsi@fmenr.duth.gr  

4Department of Forestry and Management of Environment and Natural Resources 
Democritus University of Thrace, 193 Pantazidou Street, 68 200 Orestiada, Greece; e-mail: 

vandrea@fmenr.duth.gr  
5Department of Forestry and Management of Environment and Natural Resources 

Democritus University of Thrace, 193 Pantazidou Street, 68 200 Orestiada, Greece; e-mail: 
tsantopo@fmenr.duth.gr  

Abstract. In order to halt the migration from rural areas to the cities and to 
encourage people to return or move to rural regions, it is critical to examine the 
local residents’ views on different development paths. Employing the techniques 
of social psychology, this study investigates residents’ views on the present 
situation and development potential in the Regional Unit of Drama in Greece. 
The analysis indicated that most residents were dissatisfied with the degree that 
the beautiful locations as well as the events, products and services are promoted 
by various bodies. At the same time, they were willing to support the 
establishment of a single body which would undertake the management and 
exploitation of local natural resources while they considered that such body 
could create new jobs and coordinate actions more effectively. 

Keywords: environmental communication; local development; residents’ 
attitudes; sustainable development. 

1   Introduction 

Urbanization together with rural population’s inward migration led to uneven 
development and to the expansion of differences among various Regions in Greece 
(Chatzitheodoridis et al., 2016). To alleviate economic issues and to trigger prosperity 
in such Regions, the exploitation of local resources is a prerequisite for achieving and 
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maintaining local development. In specific, the available resources play a critical role 
in local development and can involve both the natural environment and wealth sources 
such as metal ores which can become products of added value once they are processed 
(Soutsas, 2006). 

The major economic changes with the most important being the transformation of 
the economy, make the development in less-favored areas a particularly challenging 
issue (Polyzos, 2011). An indicative example of such areas would be the Regional Unit 
of Drama, which is located in the northernmost part of Greece and away from large 
urban centers. The Regional Unit of Drama has suffered severely not only from the 
large-scale migration towards Greek urban centers or other countries, but also from the 
loss of jobs which began in the mid-1980s and lasts until today. Despite these negative 
conditions, the Region is a distinct case study because the exquisite local natural wealth 
can support multiple activities included in alternative tourism and attract tourists both 
from the wider area and other countries. However, this potential remains, to a great 
extent, unexploited. 

Against this background, the present paper aims to investigate residents’ views on 
the current situation as well as the development potential in the Regional Unit of 
Drama. The investigation of their views is important for designing effective 
communication strategies and targeted actions in the future. 

2   Methodology 

The area of study was the Regional Unit of Drama which is part of the Region of 
East Macedonia and Thrace, in Greece. The Regional Unit of Drama is located in the 
northernmost part of Macedonia and in the westernmost part in the administrative 
Region of East Macedonia and Thrace. The research instrument was the questionnaire 
and in total 500 residents completed the questionnaire. The questionnaire consisted of 
23 items and most of these items were closed-ended questions with four- and five-
point Likert scales as well as few dichotomous questions. The collection of the 
questionnaires started in November 2016 and ended in September 2017. To scrutinize 
the obtained data, the SPSS 23 was used and, in specific, descriptive statistics and 
Principal Component Analysis (PCA) were conducted. 

3   Results 

3.1   Socioeconomic characteristics  

In terms of gender, female respondents (68.4%) outnumbered their male 
counterparts (31.6%). Regarding age and education level, 39.4% were aged between 
41 and 50 years and many respondents were university (34.2%) and high school 
graduates (28.6%). Regarding occupation, a considerable share of respondents was 
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employed in the public sector (18.4%) while the majority, by 70.4%, was married and 
a significant share had two children (39.4%). 

3.2 Communication policy on the promotion and exploitation of local resources  

Communication policy as a means to harness local resources can be characterized 
by multiple and different objectives. In this study, the residents’ responses were 
analyzed according to the measures of central tendency and dispersion (mean, median 
and standard deviation) (Table 1). First, the residents were required to evaluate three 
major objectives that communication policy sets in order to exploit local resources. As 
it can be seen in Table 1, the ‘Promotion of local products’ was the highest ranked 
objective (mean=4.10) followed by the “Promotion of alternative tourism types” 
(mean=3.95) and “Public awareness about environmental protection” (mean=3.83). 

Table 1. Measures of central tendency and dispersion concerning communication policy 
objectives to promote and exploit local resources  

Communication policy objectives  Mean Median Standard deviation 
Promotion of local products 4.10 4.0 1.03 
Promotion of alternative tourism types 3.95 4.0 1.11 
Public awareness about environmental 
protection 3.83 4.0 1.06 

Total 1.83 2.0 0.60 
 
Next, respondents were asked which media should be used to promote local 

resources. As shown in Table 2, the “Internet” and “Television-Radio” were regarded 
as the most suitable media to promote local resources. These were followed by 
“Newspapers-magazines”, “Posters-banners” and “Printed advertising material”. 

Table 2. Measures of central tendency and dispersion concerning the media’s promotion of 
local resources  

Media Mean Median Standard deviation 
Internet 2.05 2.0 0.78 
Television – radio 1.93 2.0 0.73 
Newspapers – magazines 1.79 2.0 0.64 
Posters – banners 1.66 1.0 0.88 
Printed advertising material 1.60 2.0 0.71 
 
The attraction of specific tourist groups consists an important strategy to promote 

tourism. According to the residents, efforts aiming at promoting tourism in the Region 
should focus primarily on “Greek tourists” while the following preferred tourist types 
were “Tourists travelling in groups”, “Foreign tourists” and “High-profile tourists” 
(Table 3).  
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Table 3. Measures of central tendency and dispersion regarding residents’ preference for tourist 
types   

Tourist types Mean Median Standard deviation 
Greek tourists 4.34 5.0 1.07 
Tourists travelling in groups 4.02 4.0 1.12 
Foreign tourists 3.96 4.0 1.22 
High-profile tourists 3.66 4.0 1.26 

 
Then, residents’ satisfaction with various bodies, in terms of their efforts to promote 

local natural resources, was examined. Overall, the residents expressed a low level of 
satisfaction with all bodies, however, “Municipality”, “Regional administration” and 
the “Ministry of Economy, Development and Tourism” received the highest rankings 
(Table 4).  

Table 4. Measures of central tendency and dispersion relating to residents’ level of satisfaction 
with various bodies in terms of their efforts to promote local natural resources  

Bodies Mean Median Standard deviation 
Municipality 1.93 2.0 0.75 
Regional administration 1.85 2.0 0.77 
Ministry of Economy, Development 
and Tourism 

1.70 2.0 0.58 

Media 1.60 2.0 0.63 
Tourist offices 1.59 2.0 0.64 

3.3   Level of promotion of the local events, products and services  

The Regional Unit of Drama involves characteristic products, monuments and 
events which could attract visitors. The residents, however, perceived that they are 
promoted at different degrees and, in specific, the events of “Oneiroupoli (Dream 
city)” (mean= 4.21) followed by the “International short-film Festival of Drama” 
(mean= 3.55) were the most promoted events (Table 5).  

Table 5. Measures of central tendency and dispersion regarding the promotion of characteristic 
products, monuments and events of the Region  

Characteristic products, monuments and events Mean Median Standard deviation 
“Oneiroupoli” (Dream city) 4.21 4.0 0.91 
International short film festival of Drama 3.55 4.0 1.24 
“Draminognosia” (Wine tasting in Drama) 3.04 3.0 1.23 
Local customs and traditions 2.73 3.0 1.12 
Local traditional products 2.57 3.0 1.02 
Sites and landscapes of particular natural 
beauty 

2.29 2.0 0.95 

Alternative activities 2.19 2.0 1.16 
Archaeological sites and museums 2.16 2.0 0.94 
Food and recreation services 2.15 2.0 0.97 
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To scrutinize residents’ responses regarding the promotion of events, products and 
services, Principal Component Analysis was performed (Siardos, 2002, Hair et al., 
2010). According to the results shown in Table 6, the first factor includes the 
characteristics, services and products which receive limited promotion. In specific, this 
factor was formed by the variables “Food and recreation services” (Α13.8, mean= 
2.15), “Alternative activities” (Α13.7, mean= 2.19), “Local customs and traditions” 
(Α13.9, mean= 2.73), “Local traditional products” (Α13.6, mean= 2.57), 
“Archaeological sites and museums” (Α13.4, mean= 2.16) and “Sites and landscapes 
of particular natural beauty” (Α13.5, mean= 2.29). Conversely, the second factor 
involves the local events which are highly promoted. That is, the “International short 
film festival of Drama” (Α13.2, mean= 3.55), “Oneiroupoli (Dream city)” (Α13.1, 
mean= 4.21) and “Draminognosia” (Wine tasting in Drama) (Α13.3, mean= 3.04) 
formed this factor.   

Table 6. Results of Principal Component Analysis and analysis of category reliability  

Variables F1 F2 CFV 
Α13.8 Food and recreation services 0.916  0.839 
Α13.7 Alternative activities 0.874  0.768 
Α13.9 Local customs and traditions 0.829  0.733 
Α13.6 Local traditional products 0.799  0.729 
Α13.4 Archaeological sites and museums 0.795  0.706 
Α13.5 Sites and landscapes of particular natural beauty 0.686  0.827 
Α13.2 International short film festival of Drama  0.863 0.804 
Α13.1 “Oneiroupoli” (Dream city)  0.832 0.694 
Α13.3 “Draminognosia” (Wine tasting in Drama)  0.814 0.812 
Explained variance 47.1% 29.7%  
Total explained variance 76.8%   
Cronbach’s alpha 0.925 0.835  
Total scale reliability 0.930   
Mean factorial degree 2.35 3.60  
Standard deviation 0.88 0.99  
Kaiser-Meyer-Olkin (KMO) Test 0.846   

Bartlett’s test of sphericity: chi-square=3558.556, DF= 6, p<0.0001 

3.4   Measures to improve the current situation  

The residents were positive to the establishment of a single body which would be 
responsible for the management and exploitation of local natural resources as they 
considered that it would result in the “Creation of new jobs” and “Creation of better 
conditions for increasing income” (Table 7).   
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Table 7. Measures of central tendency and dispersion regarding the effects of establishing a 
single body for the management and exploitation of local natural resources 

Effects Mean Median Standard deviation 
Creation of new jobs 3.33 3.0 0.55 
Creation of better conditions for 
increasing income 3.30 3.0 0.56 

Better coordination of actions 3.29 3.0 0.57 
Positive contribution to tourism 
development in the Region 3.27 3.0 0.54 

Participation of more parties in 
decision-making processes 3.15 3.0 0.51 

Higher effectiveness of the relevant 
actions 3.15 3.0 0.53 

Total 3.24 3.0 0.63 
 
The residents were finally asked whether they would be willing to participate in a 

single body for the management and exploitation of local natural resources. As 
presented in Table 8, the respondents were divided with 55% being willing and 45% 
being unwilling to participate.   

Table 8. Frequency and percentages concerning residents’ willingness to participate in a single 
body for the management and exploitation of local natural resources 

 Frequency Percent 
Yes 275 55.0 
No 225 45.0 
Total 500 100.0 

4   Conclusions 

Any communication policy is doomed to failure unless it consists part of a wider 
strategy targeted towards the future local development of the Region. For this reason, 
coordination between various local bodies, who undertake production activities or own 
businesses, and residents is necessary. In the context of a wider coordination, a 
communication strategy ought to be targeted while setting clear and realistic 
objectives.  

According to the residents of Drama, the main objectives of communication policy 
ought to be the promotion of local products through the Internet and the attraction of 
tourists. It was also interesting that, in terms of the promotion of local natural 
resources, the residents were dissatisfied with the actions of the Municipality and the 
Regional Administration but were satisfied with tourism offices, the media and the 
Ministry of Economy, Development and Tourism. In addition, they perceived that 
there is a ‘two-speed’ promotion of local resources with the first being the well-known 
events “Oneiroupoli” (Dream city), the “International short film festival of Drama” 
and “Draminognosia” (Wine tasting in Drama) and the low speed being the beautiful 
natural sites and landscapes as well as the local traditional products of the Region. 
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Finally, more than half residents (by 55%) were positive to the establishment of a 
single body for the management and exploitation of local natural resources and 
perceived that it could create new jobs and better conditions for increasing income.  
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Abstract. Tourism can benefit rural regions which, in many cases, suffer the 
consequences of the extensive population migration that occurred in the previous 
decades. To attract more visitors to such regions, it is necessary to investigate 
visitors’ satisfaction levels and views so that relevant stakeholders know which 
steps should be taken to transform the region into an attractive destination. Using 
quantitative data, the present study explores the views and preferences among 
the visitors of the wineries located in the Regional Unit of Drama. Based on 
these insights, it proposes an integrated recreational experience which would not 
be limited to a visit to the local wineries but also offer activities which could be 
held in the region and fully correspond to the expectations and profile of each 
visitor type. The present findings could be particularly useful to local 
stakeholders as they point to specific paths for tourism development. 

Keywords: typology for winery visitors; tourism development; local 
development; visitors of wineries; Regional Unit of Drama. 
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1   Introduction 

The contribution of tourism to the prosperity or rural communities is well 
established and desirable. Tourism is accompanied by the inflow of foreign exchange 
while it consists the key driver of local economy through the creation of jobs and 
improvements in infrastructure or services (Andereck and Nyaupane, 2011; Martínez 
et al., 2019). The economic benefits flowing from tourism at a local and national level 
can be summarized as direct and indirect with the direct benefits including the profits 
of tourism businesses, the revenues of those employed in the tourism sector and the 
revenues from accommodation (Karamanidis, 2006). Possibly, the biggest difficulty 
for tourism businesses is to find and maintain valuable customers. According to Hayes 
(2011), instilling dedication in customers is far more important than the short-term 
growth in revenues since loyal customers do not seek other products or services 
(Kristensen et al., 2000, Westlund et al., 2001). Reichheld (1996) observed that the 
customers remain dedicated to a business due to the value they receive from it. In other 
words, customer satisfaction is reliant on the quality of the provided product or service 
(Levesque and McDougall, 1996) and when the perceived service quality is high, 
customer satisfaction increases (Parasuraman et al., 1985). 

With the critical role of satisfied customers in the service sector in mind, this paper 
explores the views and preferences among the visitors of the wineries located in the 
Regional Unit of Drama. In specific, it proposes an integrated recreational experience 
which would not be limited to visiting the local wineries but would also offer activities 
which would fully correspond to the preferences of each visitor type. In this way, all 
visitors would be the most satisfied with their visit to the Regional Unit of Drama while 
tourism development could be triggered. 

2   Methodology 

The area of study was the Regional Unit of Drama which is part of the Region of 
Eastern Macedonia and Thrace in Greece. The Regional Unit of Drama is in the 
northernmost part of Macedonia and the westernmost part in the administrative region 
of Eastern Macedonia and Thrace. The research instrument was the questionnaire and 
in total 500 visitors completed the questionnaire. To examine visitors’ views, a 
structured questionnaire was designed which was completed through personal 
interviews. The collection of the questionnaires started in November 2016 and ended 
in September 2017. To analyze the obtained data, descriptive statistics, Categorical 
Principal Components Analysis and Categorical regression were conducted (Siardos, 
2002), using SPSS (version 23). 
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3   Results 

3.1   Socioeconomic characteristics  

In the sample, male participants (59.4%) outnumbered their female counterparts 
(40.6%) and most respondents were aged between 31 to 40 (30.4%) and 41 to 50 years 
(23.4%). In addition, many residents were university graduates (34.6%) and married 
(54.3%). Concerning the number of children, the responses “no children”, “one child” 
and “two children” presented similar shares, that is, 27.8%, 27.2% and 24.6%, 
respectively. Most of the visitors were public employees (18.4%), freelancers (14.2%), 
private employees (13.8%) and workers (12%). Conversely, only 3.8% of the 
respondents were pensioners.  

3.2   Visitor types 

In order to indicate the types of visitors with similar characteristics, visitors’ views 
were analyzed using Categorical Principal Components Analysis (CATPCA). The 
variables used in this analysis are presented in Table 1.  

The solution of two dimensions gave values of characteristic root λ1= 1.73 and λ2= 
1.626 while Cronbach’s reliability coefficient alpha scored 0.764 while the variables 
“The importance of maintaining the cultural character (D29)” and “Overall evaluation 
of tourist services (D31)” had the highest positive loadings in terms of the first 
dimension, whereas the highest negative loading appeared for the variable “Drama’s 
proposal to third parties (D30)”. As for the second dimension, the highest positive 
loadings were for the variables “Intention to purchase agricultural and livestock 
products” (D33), “Overall meeting the expectations of  visitors” (D25) and 
“Destination of special cultural interest” (D28) while the highest negative loading was 
for the variables “Drama: value for money destination” (D27) and “Drama’s proposal 
to third parties” (D30). The scattering of the variables in the two dimensions plane is 
presented in Figure 1. 

Table 1. The loadings of the principal components 

Variables Dimension 1 Dimension 2 
D27: Drama: value for money destination 0.058 -0.472 
D28: Destination of special cultural interest 0.247 0.494 
D25: Overall meeting the expectations of visitors -0.238 0.523 
D31: Overall evaluation of tourist services 0.678 -0.190 
D30: Drama’s proposal to third parties -0.537 -0.484 
D29: The importance of maintaining the cultural 
character 

0.805 -0.080 

D33: Intention to purchase agricultural and 
livestock products 

-0.109 0.594 
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Fig. 1. Scattering of the variable categories 

 
The high loadings in the two dimensions enable the identification and interpretation 

of the dimensions. That is, the first dimension may be characterized “The region’s 
character and infrastructure” while the second dimension may be characterized as 
“Satisfaction with the visit”. Therefore, the scores of the CATPCA could be used as 
general indicators of visitor characteristics and provide for visitor type recognition. 

3.3   Correlation between visitors of wineries and their demographic 
characteristics  

Categorical regression was used to test the simultaneous combined correlation 
between visitor type (CATPCA scores) and their demographic characteristics (Table 
2). A correlation occurred between the first dimension and visitors’ a) gender, b) age, 
c) educational level, d) number of children and e) main occupation. Conversely, there 
was no significant statistical difference between visitor type and family status. 
According to Pratt’s index of relative importance, it was indicated that main 
occupation, educational level, age, gender and number of children were the variables 
with the greater weight in the sub-sample. 
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Table 2. Results of Categorical regression regarding the correlation between visitor types and 
their demographic characteristics (Dimension 1) 

Variables Beta SE p Pratt Index 
Gender 0.207 0.054 0.000 0.061 
Age 0.385 0.056 0.000 0.078 
Educational level 0.222 0.092 0.003 0.115 
Family status 0.111 0.066 0.092 0.045 
Number of children 0.218 0.068 0.002 0.053 
Main occupation 0.644 0.039 0.000 0.649 

R2=0.580, Beta: Regression coefficient, SE: Standard error 
 
As for the second dimension, it was correlated with a) gender, b) family status and 

c) main occupation (Table 3). Based on Pratt’s index of relative importance, it was 
indicated that a) main occupation, b) gender and c) family status were the variables 
with the greater weight in the sub-sample (in a declining order).   

Table 3. Results of Categorical regression relating to the correlation between visitor types and 
their demographic characteristics (Dimension 2) 

Variables Beta SE p Pratt Index 
Gender 0.245 0.101 0.016 0.110 
Age 0.061 0.169 0.718 0.022 
Educational level 0.137 0.313 0.826 -0.064 
Family status 0.239 0.099 0.016 0.046 
Number of children -0.156 0.179 0.384 0.041 
Main occupation 0.663 0.083 0.000 0.845 

R2=0.506, Beta: Regression analysis, SE: Standard error 
 
Next, Cluster analysis was carried out to derive the visitor types (Table 4). Again, 

the factor scores, which resulted from CATPCA, were used as dependent variables and 
three types of visitors occurred (Winery visitor type 1, Winery visitor type 2 and 
Winery visitor type 3 – Figure 2). 
Table 4. Cluster centers for each type of winery visitors  

  Types of visitors of wineries 
 1 2 3 
Dimension 1 -1.59 0.06 0.59 
Dimension 2 -0.39 1.20 -0.51 
Number of subjects 101 142 257 
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Fig. 2. Identification of the types of winery visitors in the two-dimensional space  

 
There is significant differentiation among the three visitor types. Winery visitor type 

3 expressed a moderate satisfaction with the character and the infrastructure in the 
region. A similar satisfaction was expressed by Winery visitor type 2, while Winery 
visitor type 1 evaluated them negatively. The highest visit satisfaction level was 
recorded for Winery visitor type 2 as opposed to the other two types, which expressed 
a slightly negative satisfaction.    

3.4 Desire for complementary activities 

Principal Component Analysis was used to investigate winery visitors’ desire for 
participating in activities unrelated to wine during their visit. The variables used in this 
analysis are shown in Table 5.  

Three factors were loaded by the application of Principal Component Analysis 
which account for 63.8% of the total variance of the data with this percentage being 
considered satisfactory (Table 5) (Hair et al., 2010). The first factor (mean= 1.26) can 
be named “Educational activities and guided tours” as it refers to activities which are 
of interest both to young and old people (Guided tours with a mean of 1.80). The 
second factor is formed only by the variable “Mountaineering” (mean=1.92) while the 
third factor can be named “High-profile activities” since it is formed by the variables 
“Horse-riding” (mean=1.33) and “Gastronomy seminars” (mean= 1.16). 

 
 
 
 
 
 



 457 

Table 5. Results of Principal Component Analysis and analysis of category reliability 

Variables F1 F2 F3 CFV 
D26.6 Educational activities 0.844   0.808 
D26.4 Guided tours 0.732   0.568 
D26.9 Other sport activities 0.662   0.537 
D26.3 Mountaineering  0.893  0.851 
D26.1 Horse-riding   0.720 0.816 
D26.5 Gastronomy seminars   0.626 0.640 
Explained variance 32.4% 20.6% 17.4%  
Total explained variance 70.4%    
Cronbach’s alpha 0.757  0.722  
Total scale reliability 0.725    
Mean factorial degree 1.41 1.92 1.25  
Standard deviation 0.52 0.82 0.35  
Kaiser-Meyer-Olkin (KMO) Test 0.505    
Bartlett’s test of sphericity Chi-square=428.877, df= 15, p<0.0001 

4   Conclusions 

Respondents’ visit to local wineries has two dimensions with the first being the 
region’s character and infrastructure and the second being their satisfaction with the 
visit. The first dimension is affected by participants’ demographic characteristics and, 
in particular, by their gender, age, educational level, number of children and 
occupation, while the second dimension is influenced by gender, family status and 
occupation.  

Winery visitors were found to be interested in participating in activities which could 
be combined with their visit to the wineries. In specific, educational activities and 
guided tours, mountaineering and high-profile activities (horse-riding and gastronomy 
seminars) were the three types of activities which appealed to the visitors. Since the 
region offers optimal conditions for developing these activities, the local stakeholders 
and those responsible for promoting tourism in the Regional Unit of Drama should 
consider offering these types of activities to enhance visitors’ satisfaction and 
transform the visit to the wineries into a complete experience which fully corresponds 
to the visitors’ expectations and preferences.    
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Abstract. Rural areas are under pressure. Over the past twenty-five years, rural 
regions have experienced a rapidly shrinking population as people, especially 
young adults, have migrated to cities. PoliRural is a research and innovation 
project designed to advance rural policy development in the age of disruptive 
data and technologies in order to deliver a trusted, scalable and transferable 
solution for policy co-creation. PoliRural project includes two main parts, rural 
part and technological part. In the second part are text mining solution or 
dynamic model tool. The technological part is covered by PoliRural Digital 
Innovation Hub (DiH). The DiH is the main ICT vehicle for interactive 
knowledge sharing and will host all results generated by the project. It will 
include 12 regional hubs (in accordance with 12 regional pilots) represented as 
living case studies. The DiH is a multi-actor ecosystem that supports 
communities in their digital transformation by providing a broad variety of 
services from a one-stop shop. 

Keywords: Rural development; ICT; text mining; Digital Hub. 

1   Introduction 

Rural areas are under pressure. Despite being home to more than a quarter of 
Europe’s population and providing more than one fifth of all EU jobs, the old-
fashioned image of the rural idyll is seemingly no longer valid. Over the past twenty-
five years, rural regions have experienced a rapidly shrinking population as people, 
especially young adults, have migrated to cities with the lure of better paid jobs, 
modern affordable homes and more exciting lifestyles (Westhoek, van den Berg and 
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Bakkes, 2006; Wiebe et al., 2018). European Commission reports that only 5.6% of all 
European farms are run by people younger than 35 while more than 31% of all farmers 
are older than 65 (DG Agri, 2017). 

Decision makers have the ability to steer change and in so doing reduce the negative 
impact thereof, however this requires advanced knowledge of how a particular action, 
or inaction, will affect people and places, at present and in the future. The use of text 
mining is only starting to gain traction in other domains while in rural policy making 
it is virtually non-existent (Kayser and Blind, 2017). The quantitative-qualitative nexus 
in futures exploration, despite some signs of strengthening in recent years, continues 
to be marked by a strong polarisation when it comes to methodological choices. In 
futures research, a long-standing divide remains in place between strictly quantitative 
and more qualitative approaches (Fontela, 2000). 

PoliRural is a research and innovation project designed to advance rural policy 
development in the age of disruptive data and technologies in order to deliver a trusted, 
scalable and transferable solution for policy co-creation. It brings together decision 
makers, experts and rural inhabitants using advanced policy simulation tools to better 
understand and tackle regional challenges, ultimately making rural areas and 
professions more attractive and liveable for established populations and recent or 
potential newcomers (Ulman et al., 2020).  

One part of the PoliRural project is Digital Innovation Hub (DiH). Digital hubs can 
be in different forms. Rural village hall to provide a resource for supporting digital 
inclusion, and to be a 'place' for the integration of digital skills and resources into the 
community (Willis, 2019). Building on and complementing existing experiences, the 
T20 platform is a digital hub for producing knowledge, informing policies and 
connecting potential partners to accelerate the jobs of the future, within the context of 
an increasing integrated global economy (Belize, Basco and de Azevedo, 2019). So, 
digital hub can be ICT platform for sharing of knowledge or tools (Kasim and Drus, 
2018). In the emerging technological scenario world is becoming a text mining and 
digital hub where data is easily accessible on the internet (Kumar and Tripathi, 2015). 

PoliRural Digital Innovation Hub is the main ICT vehicle for interactive knowledge 
sharing and will host all results generated by the project. It will include 12 regional 
hubs (in accordance with 12 regional pilots) represented as living case studies with 
discussion forums, interactive policy simulations, best practices, wikis, training 
courses, as well as links to national sites where information on specific policy measures 
can be found. 

2   Materials and methods 

The basic scientific method of analysis and synthesis was used to tackle the research 
problem. PoliRural will use different technologies to achieve the goals and objectives. 
These technologies mainly relate to either to the text mining solution or the Digital 
Innovation Hub where project results will be published. The main modelling work will 
initially be carried out using Stella, proprietary software to avoid lag times for the 
research, however a parallel track will take place throughout the project, focusing on 
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the innovative use of Open Source system dynamics software as a base for post-project 
sustainability.  

The Innovation Hub objectives: 
• Act as a gateway to PoliRural pilot activities, allowing users not only to check 

past achievements, ongoing developments and future events, but also get 
involved in building a better future for their region, for example by joining 
stakeholder panels, participating in online (forum) discussions  

• Provide data that may not be readily available from other sources. This may 
include Earth Observation based maps showing land use (change) in each of 
the 12 participating regions. Such maps can be used for policy evaluation e.g. 
correlating changes in non-arable land with direct payments (CAP subsidies) 
for a given area 

• Host the outputs of the PoliRural Semantic Explorer (text mining) and Policy 
Modeler (system dynamic modelling) for easy access by stakeholders in pilot 
locations and beyond  

• Integrate an online learning course so that anyone with an interest in rural 
foresight could apply the PoliRural framework to deliver desired change in 
their region 

 
Final componets of the PoliRural Digital Innovation Hub are in the 9th level of 

Technology readiness levels (TRLs). A components’ list and TRLs are in the table 1. 

Table 1.  Technology readiness levels (European Commission, 2014) for PoliRural Digital 
Innovation Hub components.  

Component Final TRL Product 
RDF Storage 9 Virtuoso 
Geo Storage Library 9 PosGIS, Geoserver, Mapserver 
Metadata catalogue 9 Micka, Ckan 
Geovisualization library 9 HSlayers NG, WebGlayer, Leafleat 
Framework 9 Liferay 
MOOC 9 LMS Moodle 

 
There are integrated internal and external data in the DiH as: 

• Internal data: 
o The Smart Points of Interest dataset 
o Open Land Use 
o Open Transport Map 

• External data: 
o Eurostat 

The Digital Innovation Hub have four main components or spaces: 
1) Interaction space is home to a Digital Science Shop as a communications 

platform, where users can look for researchers solving their problems and 
young researchers (bachelor, master and doctor studies) can look for topics 
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for their thesis. It will also comprise components for interaction Wikis, 
dialogue etc. 

2) Learning space providing an environment and courses that permit training of 
partners, external stakeholders and early adopters. 

3) Experimentation space, where users will have the chance to test new analysis 
techniques and model simulations and visualization with real data from their 
own pilot regions. 

4) Developer space, with cloud hosting, shared components, tools, services, data 
and development environments for pilots wishing to run their own services. 

 
 
 
 
 
 
 

 
 
 
 
 
 
 

Fig. 1. The relationship between the Innovation Hub and other PoliRural systems. 

3   Result and discussion 

The technical platform of the innovation hub is described as a reference architecture 
that can be realized in three different ways: 

1) As a central service provider, shared data and components node 
2) As a centralized pilot node hosted in the PoliRural private cloud 
3) As a decentralized pilot node hosted in a legacy environment 

This approach permits the innovation hub architecture to be applicable to both new 
and legacy IT environments. We believe this approach is superior to a make-or-break 
monolithic system that must be identical in every way, shape and form.  

• The box denoted is a placeholder for the cloud hosting sub-system that is 
described in greater detail in the following chapter. 

• The components shown as boxes in the diagram above will be available for 
inclusion in centrally hosted and decentralized pilot instances of the 
Innovation Hub platform as Docker images. 

• Boxes shown in grey colour are external to the innovation hub application 
system and will be dealt with as third-party integrations as required. 

PoliRural Homepage 

Semantic Explorer System Dynamics 
Tool Innovation Hub 

Pilot application 2 Pilot application … Pilot application 1 
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The frontend layout of the DiH portal is based on the wireframe for better UX usage 
and is implemented into the Liferay portal framework. Responsive design based on the 
Bootstrap framework is used for optimal viewing and navigation across a wide range 
of devices, including traditional PC, tablet and surface, smartphones, and all other 
mobile devices. Also, semantic code for better SEO and application of the SEO 
principles. Liferay Portal provides a robust platform to build a website on quickly and 
serve it to all clients - desktop, mobile, or anything in between. It provides all the 
standard applications which are needed. It also provides an easy to use development 
framework for new applications or customization. 

 
Fig. 2. Overall design. 
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The Map is one of the central functions of Hub. The Map client is based on 
HSLayers NG.  Link to GitHub https://github.com/hslayers/hslayers-ng. HSLayers 
NG (https://ng.hslayers.org/) is a web mapping library written in JavaScript. It extends 
OpenLayers 4 functionality and takes basic ideas from the previous HSLayers library 
but uses modern JS frameworks instead of ExtSJS 3 at the frontend and provides better 
adaptability. That’s why the NG (“Next Generation”) is added to its name. It is still 
under development and provided as open source. HSLayers is built in a modular way 
which enables the modules to be freely attached and removed as far as the 
dependencies for each of them are satisfied. The dependency checking is done 
automatically. 

A platform to facilitate experimentation and data science-oriented tasks as well as 
publishing prototype applications is DiH Lab. It showcases system dynamics models 
and in future will also provide running it with different parameters. The main building 
blocks of the DiH are: 

● Dashboard 
● External apps (mainly maps) 
● List of datasets with descriptions 
● Workspaces 
● Models (System dynamics) 
● Maps for calculating and displaying of rural attractiveness and clusterization 

of regions. 
 

 
Fig. 3. Dynamic model integration. 

The DiH Lab is a platform where users can have their own isolated docker based 
environment to perform data science related tasks involving data mining, processing 
and visualization. A visual modelling tool has been developed to make the process of 
chaining the building blocks of data-processing-pipeline easier. Linking datasets to 
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processing nodes, generates code in the Jupyter Notebook which is behind each 
processing node. 

 
Fig. 4. Working with models using Jupyter Notebook. 

The PoliRural DiH is a central real and virtual space, where all stakeholders 
(policymakers, public servant, regional development agencies, NGO, citizens, 
scientists, developers, data experts, planners) meet and share their needs and 
achievements to improve policy and decision making on local, regional and eventually 
national level. The core of the Innovation Hub is the DiH platform. This DiH also 
supports the sharing of information with other projects and initiatives. Similar tools 
are developed for other fields or can be integrated (Kasim and Drus, 2018; Blaud et 
al., 2002). Digital Hubs are also important as a base of place for knowledge and 
innovation (Pancholi, Yigitcanlar and Guaralda, 2015). 

4   Conclusion 

The DiH is a multi-actor ecosystem that supports communities in their digital 
transformation by providing a broad variety of services from a one-stop shop. The 
purpose of a DiH is to:  

• provide a social space for community of practices;  
• provide access to digital technologies and competencies; 
• provide access to infrastructure and tests digital innovations (“test before 

invest”); 
• provide development playground for map-based projects; 
• offer training and skills development; 
• offer support in finding finance for digital transformation; 
• help in networking and connecting users and suppliers of digital innovations; 
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The main goal of this activity during the PoliRural project is to design and develop 
a prototype of a Digital Innovation Hub. This DiH should integrate technology, 
datasets and libraries in one infrastructure with a complex user-oriented portal in the 
Web environment. The user portal should provide general principles of the content 
management framework as well as principles of social space by providing a blog, 
forum, science shop, wiki pages etc. The DiH should be able to connect end users with 
developers or researchers to improve the impact of the demo applications or case 
studies by short-chain feedback from end-users. End users can join larger communities 
around the DiH to get advice, cooperation potential and access to modern technologies 
utilization.  

The prototype of the DiH is based on a cloud solution where Liferay is providing 
user portal framework and background for front-end applications while OpenStack 
provides a back-end environment where many libraries for data analyses, data storage 
and data publishing are installed (PoliRural, 2020).   
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Abstract. The APSIM software has proven to be extremely valuable decision 
support tool when it comes to optimizing agricultural management practices in 
order to maximize yield. Conducting high amount of simulations naturally 
requires processing of large volumes of data, therefore the available time and 
hardware resources create a limit for the scale of production simulation 
modelling. If APSIM is to be effectively used at a local level utilizing pre-
existing hardware infrastructure, an assessment of available resources must be 
conducted in order to optimize the scale of the simulation. Another issue is the 
availability of personnel with enough information technology skills and 
experience to conduct the processing. The focus of this paper are software 
automation and other assistance tools that are therefore required for production 
modelling to be successfully utilized by small to medium enterprises. 

Keywords: APSIM; scalability; hardware requirements; data processing; 
automation software. 

1   Introduction 

Maximizing yields of agricultural production is one the critical issues for society 
today. Growing worldwide population exacerbates the need for sufficient food 
production while increasing climate anomalies such as droughts can pose a great risk 
for crops. One of the approaches to maintain and improve agricultural yields is to 
utilize information technology to optimize managerial strategies and genotype 
selection by conducting multi-factor analysis in form of simulations or modelling 
(Holzworth et al., 2014). 

The development of information technology hardware provides increasingly more 
technological resources to conduct simulation processing on larger scales, however as 
shown by (Li and Li, 2014) the increase of available data, such as higher resolution of 
geographical data, creates hardware limitations when scaling up the processing. This 
is especially important when trying to utilize agricultural simulations on a local level, 
for instance in small to medium agricultural companies. Due to the lack of financial 
resources for purchasing dedicated hardware there is a need to utilize pre-existing 
infrastructure. Most of the computing capacity in these companies is provided by out 
of date machines, meaning that any large-scale data processing involving high level of 
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parallelization such as described by (Zhao et al., 2013) is out of the question. The main 
approach to utilize such hardware requires individual machine optimization alongside 
parallelization as shown by (Bartonek, 2017). Another option would be to utilize cloud 
computing, but as pointed out by (Szufel, Czupryna and Kaminski, 2017) it necessary 
to highly optimize cloud processing in order to maintain low costs. 

Second issue is the lack of qualified employees. Especially in agriculture there is a 
distinct lack of IT proficient workers as pointed out by (Reinmuth and Dabbert, 2017). 
This results in a need for easy to use support tools that would automate the simulation 
setup and processing. Some of these tasks are already incorporated within the APSIM 
software and as stated by (Holzworth et al., 2018) the ease of use and focus on 
automation will be one of the integral parts of next versions of APSIM. 

2   Simulation Workflow 

As shown in Figure 1, the main workflow of agricultural simulation processing can 
be divided into four main steps. Firstly, it is necessary to establish the correct scale of 
the processing. When adjusting the number of options for each factor, the total number 
of simulations that needs to be processed changes accordingly. Since the number of 
simulations is essentially a product of the number of varying options, restraining 
variability only to the most relevant settings is the main way to reduce the processing 
time. 
 

 
 
Fig 1. Basic simulation workflow 

 
The factors and options that are determined in this first stage can be for instance 

different soil types, plant genotypes, different weather condition scenarios, and settings 
involving various managerial practices such as time of sowing, time of harvest, 
irrigation, fertilization, number of plants per meter square etc. (see Figure 2). 
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Fig 2. Basic concept of GxExM framework (genotype, environment, management) 
 

Second step is the data preparation and preprocessing. Each simulation is stored as 
a single xml file. When APSIM is being deployed on dedicated hardware, is it possible 
to generate these files “on the fly” during the processing. However as pointed out by 
(Jarolimek et al., 2019) the hardware components, mainly processor and RAM, 
constitute a limit on to how many simulations at once can APSIM handle. Therefore, 
in order to maximize effectiveness, it is necessary to optimize simulation batch sizes 
on a per machine basis, that is why the data preparation and preprocessing step is 
unavoidable when trying to utilize sub-par preexisting hardware in smaller or medium 
enterprises. 

The actual simulation processing itself should be conducted during downtimes such 
as nights, when the infrastructure is not required for other critical operations. This part 
is generally the most time consuming and therefore also the most likely to significantly 
improve the overall efficiency if automation and scheduling is utilized. The hardware 
dependence of the processing can result in bottlenecks if the previous two steps were 
not conducted properly. 

The analysis of results is essentially a statistical data analysis and can therefore be 
conducted using tools like MS Excel or more specialized software such as SAS, 
STATISTICA etc. The most basic analysis would consist of simply taking the 
simulations that produced highest yields and finding commonalities in the simulation 
settings. 
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3   Automation and support tools 

3.1   Simulation Settings 

The number of total simulations that needs to the processed determines the scale of 
the processing. The calculation of the number of simulations is a simple multiplication 
of options for each simulation settings. The scale can be therefore decreased or 
increased by simply adjusting the number of options. When scaling up, it is possible 
to include more options or “what-if” scenarios and generally explore more 
combinations. When there is a need to scale down, the most likely best approach is to 
use hands on experience of local producers or company agronomists to narrow down 
the simulation option settings only to a few variations that were historically most 
effective or make most sense in terms of the common local managerial practices. 

Therefore, the important question in step one is how many simulations we should 
aim for. In order to properly select the scale of simulation an estimate must be made, 
based on allotted time and the hardware available for the computation. And it is in this 
point where the absence of experienced IT employees creates first problems. Unlike 
bigger companies or corporations that might have dedicated IT departments, SMEs 
generally lack specialists that would be able to adequately estimate the capabilities of 
older hardware when it comes to processing large number of simulations. 

The support tools for this step could be a simple web application where the user 
inputs basic hardware information of their machines including processing power and 
RAM and the application will estimate number of simulations that can be run per day 
or per hour. 

3.2   Data Preparation 

The main goal of this step is to gather all input information for the APSIM software. 
There is a possibility for integration between APSIM and existing agricultural software 
to partially automate this process, similar to that outlined by (Skoogh, Michaloski and 
Bengtsson, 2010). Another option is to utilize integration to existing knowledge 
databases such as soil or weather databases as explored by (Kim et al., 2018). But due 
to the lower scale and therefore limited number of option settings, this is not necessary, 
since manual entry of the input data is not very time consuming. 

The other part of preprocessing consists of generating the APSIM simulation files 
beforehand and grouping them into various size batches optimized on a per machine 
basis. The degree of detail this task needs to be performed to depends on the 
sophistication of the software automation tools used in the following step. As shown 
by (Pavlik et al., 2019) it is possible to develop an application that can combine some 
of the work required in steps two and three and handle both the batch APSIM file 
generation and the processing scheduling and automation. 
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3.3   Simulation Processing 

There are four basic approaches to automate the simulation processing: 
1. Use built-in APSIM capabilities 
2. Process simulations ex-situ – on the cloud 
3. Use existing software tools for automation 
4. Develop new software specifically designed to automate APSIM simulations 

 
As explained earlier, using existing APSIM options for automation might not be 

possible due to the hardware limitations. Processing on the cloud is in essence similar 
to purchasing dedicated hardware. It might be cheaper, but in this paper, we are 
focusing mainly on exploiting already existing hardware and infrastructure. This 
leaves us with options three and four. 

There are many existing software tools to automate tasks. Whether it be task 
schedulers that already come with the operating system, or dedicated automation 
software, such as HTCondor. The advantage of using such tools is that they include 
many useful functions such as workload monitoring, virtualization, checkpointing and 
can also combine serialized batch processing with parallelization. Therefore, this 
option is preferable when used on hardware that also performs other day to day tasks. 
The main disadvantage is that the previous and following steps (data preprocessing 
and result analysis) will require more work since they cannot be incorporated into these 
existing tools, not even partially. 

The last approach is to design and develop brand new tools specifically to automate 
APSIM simulation processing. A custom-built tool could potentially encompass more 
that just the processing automation. It can theoretically handle all four steps of the 
workflow, bridging the gaps between the parts. This could be very valuable 
considering the lack of experienced IT employees in smaller agricultural companies. 
However, it will come at a cost of lower sophistication of automation and it will be 
harder to combine the processing with other necessary tasks the hardware needs to 
perform on a daily basis. This approach is therefore better suited for situations when 
the company can set aside one or several computers, perhaps older or currently unused 
machines, and fully use them towards the simulation processing. 

3.4   Analysis of Results 

If the analysis of the results is to be conducted in a separate statistical software, it is 
necessary to convert the output simulation from the basic text format into .csv or .xsl. 
This can be achieved with an extraction program or a script that will parse the output 
files and siphon only the necessary data. 

However, when simulating agricultural production on a local level, the only 
important outputs are the simulation settings associated with the highest yields. A 
complex statistical analysis may therefore not be necessary. In case of developing new 
custom software for the previous processing steps, the extraction of yield data, 
selection of top simulations and any eventual visualization of simulation settings can 
be added to it, resulting in an overarching support tools that can automate vast majority 
of the workflow processes. 
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4   Conclusions 

The paper discussed two main approaches to conducting agricultural production 
simulations in smaller or medium companies. The first approach is to split the process 
into logical parts and optimize and automate them separately, utilizing either already 
existing software tools, or developing a smaller programs for individual tasks, such as 
format conversion tools, simulation generation tools, data parsers etc. The main 
advantages of this approach are higher optimization and better interoperability when 
utilizing existing hardware that cannot be fully dedicated to the task. However, such a 
solution would require employee skilled in IT, prompting additional need for financial 
resources in order to hire or train someone. 

The second approach consists of developing an overarching support tool that would 
incorporate all the various processing tasks. If developed as a general purpose 
streamlined software with focus on ease of use, it could overcome the problem with 
lack of experienced IT workers in small to medium companies. The disadvantages of 
this solution are harder incorporation with existing agricultural software running 
parallel on the same machines and loss of modularity options such as in-depth data 
analysis or conducting simulations for goals other than maximizing yields. 
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Abstract. Meat traceability provides useful and essential information that 
consumers have to know, such as race, country of origin, breeding area and 
methods, way of processing etc. This paper presents the designing and 
developing of a traceability system, for a pilot meat market, which is based on 
the cutting-edge information and communication technologies to track the 
whole meat chain from farm to market. The front-end application is designed 
using a cross-platform approach and is based on web technologies. It is 
connected to a cloud server developed for the needs of the system. The 
application is accessible via desktop PCs and mobile devices that are connected 
to the cloud server. GS1 Databar labeling is used to track the life cycle from 
breeding to supermarket shelf. Based on this, an innovative traceability system 
for meat production is designed and presented.  

Keywords: cloud computing; meat traceability; GS1 Databar. 

1   Introduction 

Traceability is a well-organized process to monitor and to keep a track of an entity 
along all stages of production and distribution (ISO standard 8402:1994, EC regulation 
178/2002 -European Parliament, 2002). The need for traceability is present in all food 
domains because of food impact on human life, health and wellbeing. The safety and 
the quality of food particularly in agriculture and meat products are of critical 
importance. According to Regattieri (Regattieri et al., 2007) a traceability system 
consists of four distinguished components: product identification, data, product 
routing in the supply chain and traceability tools. Product identification is based on 
several techniques, such as bar codes, alphanumerical codes or/and RFID. The 
acquired data are transmitted over the network and stored.  However, this procedure 
generates an enormous amount of data and new technologies and new traceability 



 476 

architectures with limitless storage capacity and the ability for parallel processing are 
needed (Bo and Wang, 2011). 

 
 

 
Fig. 1. Summarizing the cloud-based traceability architecture. 

 
 
This paper aims to present a cattle/beef traceability system for a pilot Greek meat 

market, that tracks the whole chain of production and distribution of meat from farm 
to the final product sold on the shelf of the supermarket. The system encompasses 
mobile devices, desktops computers and cloud-based technology. 

The data are stored in the cloud-based server and are transmitted to the users with 
the use of cloud computing technologies, giving them the option to access the data 
remotely. Cloud computing is a distributed system that shares resources with users. 
Thus, it can satisfy the requirements for massive storage resources (Shen et al., 2018), 
powerful data processing, low response time and accessible cost (Hu et al., 2017). 
Cloud computing supports real-time interactions, location of services within the 
internet, and strong computational and storage capabilities (Xu et al., 2015).  

We implement an application appropriate for handling traceability data for desktop 
computers and mobile devices that are used by the users at each step of the traceability 
chain to capture vital information. It consists of a user-friendly interface application 
and it is used to capture and send the traceability data to the cloud server. 

This paper is organized as follows: Section 2 describes the proposed system 
architecture and its main components.  Section 3 presents the proposed methodology 
and applied techniques mainly based on web technologies. Conclusions and future 
work are presented in Section 4. 
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2   Proposed Traceability Architecture 

2.1   System structure 

In this work, we present the design and the development of an integrated traceability 
system for cattle/beef products to monitor and trace the whole process from “farm-to-
fork” following users’ requirements and EU’s Food Law. Our approach is a generally 
applicable and adaptable traceability solution. A general system architecture is shown 
in Fig. 1. Based on the Regattieri model (Regattieri et al., 2007) traceability system 
consists of elements to capture, store and process data while keeping records for the 
path followed for a product in its life cycle.  

 At the bottom layer or the data capture layer, are mainly smartphones, mobile 
devices and alternatively desktop PCs to perform traceability tasks (e.g., store the data 
and capture the information). Selected information is gathered by the tag of GS1 
Barcode. All collected data are directly sent to the above layer, the data store and the 
share layer, where the cloud is residing. Here, data are stored, processed and shared. 
Cloud-based traceability allows the identification of entities and tracking of their 
routes through the supply chain (El Madhoun and Guenane, 2014). Applying cloud 
computing to traceability data makes the traditional food traceability system "wise" 
and inherits to it their characteristics, for example, on-demand resource sharing, 
convenience, ubiquitous, low costs and interoperability (Qi and Tao, 2019). This 
facilitates the use of the traceability system by various users, expert and non-expert 
using a common device, the mobile device.  

The mobile device is a key component in architecture as it provides users with 
internet access, barcode scanning capabilities, and positioning technologies (Daurer et 
al., 2013). Using a mobile device, the system operators make the identification process 
more quickly, the information acquisition simplest and data transmission faster. 

 

 
Fig. 2. Summarizing the software architecture of traceability system. 
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2.2   Functional description 

Figure 2 illustrates the software’s architecture and interface involved to provide 
transparency and secure end-to-end communication throughout the product’s life 
cycle. It is ensured that the data flow between a back-end system and a front-end 
system. The back-end includes the server, the database, and the web facilities while 
the front-end focuses on the interaction with end-users. End-users or participants of 
the traceability system have distinct and different roles: farmer, factory employee, 
administrator and customers. The user interface is between users and the system to 
keep track or to respond for information and/or queries. Table 1 briefly describes the 
functional requirements of the traceability system. 

Table 1.  The workflow and the basic requirements of the traceability system.  

Basic steps Description Methodology/ 
Technology 

Identification 
 

Unique ID numbers assigned to each animal   GS1 Databar 

Information 
acquisition and 
transmission 

Capture and transmit all the relative data 
accurately at the right time 

Mobile device/ 
Desktop PC 

Information tracking 
and tracing 

Track the information about animal breed, 
health, feed and trace the whole process of 
supply chain in which the animal involved.  

Recording  

Data processing and 
manage 

Data are stored, retrieved and processed in a 
cloud based database. 

Cloud based 
technologies 

  
 

The aforementioned solution operates in real-time, provides a low complexity, and 
high flexibility to the meat company. Using emerging information and communication 
technology, combined with traceability techniques, the solution provides the company 
with software implementation, that relies on the cloud, to support its computing needs. 

The company’s staff will use mobile devices and desktop computers at each location 
of the food chain in order to update the data of the product.  All are synchronized in 
the cloud system. Every user is allowed only to insert and detect the desirable data 
according to his authority. 

3   Software System Implementation 

The software system development is based on a cloud platform and web technologies. 
According to components functionality, the system is structured on two main modules: 

● Front-end. The front end consists of different parts: Desktop Application and 
Mobile Application able to be used by various users and both are developed 
with the cross-platform approach. Cross-platform applications are “written 
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once and run anywhere”. They are based on only one code base supporting 
multiple platforms while the native applications are developed specifically 
for a platform.  

● Back-end: The back-end consists of the main Server and Database. The 
Server is using the REpresentational State Transfer (REST) architecture for 
communication with clients. 

3.1   Front – end development 

The most essential element of any traceability system is the provision and handling 
of captured data. In that implementation, data is getting gathered with Angular 
Reactive Forms. This type of form is being selected because it allows implementing 
more complex logic than the simple template-driven forms. The data is transferred 
through the REST API to the database. The forms are designed concerning the ease of 
use from the employee’s side. Common design patterns have been implemented, so 
the transition from the mobile device (tablet) to desktop doesn’t affect the usability. 
Furthermore, the interactive elements (e.g. buttons) for the tablet application, are big 
enough, assuming that the employees wear gloves throughout their shift.   

The implementation provides an authorization form, which allows the users of the 
system (e.g., farmer, administrator, employee) to interact with the system in a real-
time environment. Any employee with access to the system has some unique 
credentials that have been created by the administrator. Figure 3 shows the home page 
of the application. When a user enters the credentials -if are valid- the system checks 
its role and according to his role, gains access for specific tasks (e.g. access particular 
forms). The user-farmer, at the farm level, has access only at the farm level forms, the 
user-employee has access at the factory level and the administrator (super user) has 
access to both levels. Figures 4-6 shows users’ forms. 
 
 

      
Fig. 3. The home page of desktop application. 
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Fig. 4. Supply Stage Form for Desktop 

 
Fig. 5. Form Menu for Mobile Device  

 
Fig. 6. Breeding Stage Form for Mobile Device  



 481 

3.1.1   Identification 

The most important information for any meat traceability system is the unique 
identification of the animal throughout its entire product history, the data collection at 
any products’ processing and integrated information management (Yordanov & 
Angelova, 2006). Each animal or animal product carries its unique id. When the animal 
reaches the farm, the farmer retrieves all its birth data included in the passport, such as 
age, origin, and other information. That data is inserted into the traceability system and 
generates a new unique GS1 Databar, which is the id that will follow the specific 
animal and its products during the whole traceability process.       

3.1.2   The tracking and transmission 

The traceability of the animal is getting implemented, by scanning the GS1 Databar 
that animal has in all the stages of its life-cycle, so the super-user of the system can 
track and identify where the animal or its byproducts locate. He has access to various 
forms only to insert new information about the animal. 

There are six different forms divided into two main categories as follows (see Fig. 
7): 

 
Farm Level: This is the first entry for the animal where the farmer generates a new 
GS1 Databar and creates a new record in the database with the animal’s unique ID. 
Then, the farmer can add further details or proceed to the next record, by scanning a 
new animal. The data collection at the farm level is being split into two stages; the 
supply stage and the breeding stage. 

Supply stage: In this stage, the animals enter the farm and the farmer inserts into 
the system the initial information about the animal, such as country of origin, 
supplier’s name, birthdate, delivery date, breed, weight and health certificates. 

Breeding stage: After the animal has been registered in the system, the breeding 
period starts. This is the period where the farm raises the animals until taking them 
into the abattoir. Information such as the breeding duration, the food quantity 
consumed by the animal, the date and types of vaccinations and diseases occurred 
should be filled -after the advice of the veterinarian- with information about disease 
name, date, treatment duration, medicine dose and, finally, a health report should 
be submitted.  

Processing Factory Level: After the breeding period, the animals are getting 
transferred into the factory for the carcass disassembly, cuts, processing, freezing, and 
standardization process. There are corresponding forms for all these stages. 

Abattoir stage: In this stage, the employees scan the GS1 Databar of the carcass 
to identify it. Further data should be added, such as the weight, the age of the animal 
at the time of the slaughter, the slaughter date and the location of slaughter. 

Process stage: After the abattoir stage, the product enters the process stage, 
where the information such as process date, meat temperature, type of processed 
meat, the weight of main meat parts and expiry date should be updated. 
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Freezing stage: The products are getting transferred in the freezer where the 
freeze date, the conditions of the freezer and the expiry date is getting added to 
carcass’ information. 

Standardization stage: The final stage -before the product reaches the store- is 
the standardization stage, where the details of the standardization process, 
standardization date and expiry date are added to the animal’s record. 

 
 

Fig. 7. Front-end: Structure of forms  

 
 
Any product, as long as they enter the store, carries the barcode which holds the 

information that is gathered from the company throughout the whole process -from the 
farm to store. The customers can scan the barcode and have any information about the 
products that are about to consume. 

3.1.3   The data storage 

All collected information from forms are transmitted and stored to database of system 
as mentioned at the next section. 

3.2   Back- end development 

Server: The REST API server is running in a NodeJS environment using the ExpressJS 
framework to create several services to handle the incoming requests from the front-
end. The services are responsible for the transmission of the data between the database 
and the front-end. The REST API is an architecture that is used for application 
integration and for provisioning web services that provide better performance, 
scalability and low coupling (Feng et al., 2009). 
 
Database: The backend is using a NoSQL database to store traceability data. The 
NoSQL databases are better at handling big data compared to the traditional relational 
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database management systems (RDBMS). Moreover, it has flexible data models, 
providing the ability to make minor changes to the data that are gathered faster and 
easier (Jose, B., & Abraham, S., 2017).  

4   Conclusion 

In this work, we present the architecture and the implementation procedure for 
designing and implementing a cloud-based traceability system for meat products. The 
developed architecture employs a cloud computing model, mobile devices, and 
modern technologies in order to provide a user-friendly and flexible traceability 
system. We focus on end-users and present how to integrate and interact with various 
traceability tools. The end-user of the system, in accordance with its role is able to 
monitor, manage, update information or just access the provided information. The 
established system provides more safety and quality in meat production and it 
enhances it with more information and knowledge. 
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improve productivity, quality and hygiene by using Business Intelligence Systems – 
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Summary 

The aim was to evaluate udder health, milk, nutrition and welfare indices of cows 
in a Greek dairy farm, in order to identify interventions that should ameliorate cows’ 
welfare and optimize production. The study was conducted in a farm with 120 milking 
Holstein cows. Cows had a mean 305-days milk yield of 10,588 kg and were fed a 
total mixed ration (TMR). The study consisted of two parts. In part one, subclinical 
mastitis (SCM) epidemiology was evaluated, utilizing monthly somatic cell count 
(SCC) reports from 2015 until 2018. SCC cut-off used to determine SCM was 250,000 
cells/mL. Cows were grouped by parity (1st, 2nd, ≥3rd), stage of lactation (0-60, 61-120, 
121-180, ≥181 days-in-milk) and herd as a whole. SCM prevalence was calculated as 
the percentage of cows over the cut-off in a monthly report, while chronic SCM 
prevalence was calculated as the percentage of cows over the cut-off in ≥2 sequent 
monthly reports. Both SCM and chronic SCM were assessed by herd, parity and stage 
of lactation. In part two, the body condition score (BCS), the locomotion score (LS) 
and the proportion of cows at rest ruminating 2 h after feeding (PRC) were assessed 
monthly during 2019. Moreover, a fresh TMR sample was collected and its chemical 
composition was measured using a portable NIR analyzer (AgriNIRTM, Dinamica 
Generale, Italy). The particle size of the TMR was evaluated using the Penn State 
Particle Separator (PSPS). Percentages of particles retained on each sieve and the 
average particle size (APS) were calculated. Monthly individual milk yield (MY), fat 
(F) and protein (P) records were available for all cows. Cows with milk F:P ratio <1.0 
were considered as at-risk for subacute ruminal acidosis (SARA), while those with F:P 
ratio >1.4 in the first 30 days-in-milk as at-risk for subclinical ketosis (SCK). Non-
parametric pairwise correlation coefficients (spearman’s ρ) were calculated. An 
overall SCM prevalence of 46% was detected. SCM prevalence in ≥3rd lactation cows 
was 60%, with 87% of them being chronic cases. SCM prevalence was noticeably high 
from 1st lactation, affecting 18% of the cows. Half of the cows at ≥181 days-in-milk 
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had SCM; almost all of them were chronic. The incidence rate of new infections at 0-
60 days-in-milk was 4 times higher than at later stages. Furthermore, the percentage 
of particles retained on the upper sieve of the PSPS ranged from 3.8% to 24.2%. The 
PRC was constantly low (range: 32-54%). Individual MY was negatively associated 
(ρ=-0.806, P=0.005) with the percentage of cows at-risk for SARA (range: 6.5–25.5%) 
and with the percentage of lame cows (ρ=-0.721, P=0.019). The latter was also 
positively associated (ρ=0.727, P=0.011) with the percentage of thin cows (BCS<2.5). 
The percentage of severely lame cows was positively associated (ρ=0.673, P=0.023) 
with the dietary starch content. The percentage of cows ruminating was negatively 
associated (ρ=-0.688, P=0.019) with the APS of the TMR. The investigation and 
control of chronic subclinical mastitis, a re-formulation of the TMR and a routine hoof-
trimming procedure were considered the major corrective interventions to be 
implemented in respect to the aim of this study. 
 

Keywords: Udder health; nutritional management; health and milk indices; 
dairy cows. 
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Summary 

The use of ISO 11783 (commonly designated as ISOBUS) is rapidly increasing 
among modern agricultural machinery making it nowadays an important standard in 
agricultural engineering and a powerful tool in the digitization of agriculture. An 
important component of ISOBUS related to Precision Agriculture and variable rate 
applications is the Task Controller (TC) that is responsible for the proper application 
of the different rates based on the position data that is receiving from the Global 
Navigation Satellite System (GNSS). The TC is responsible for implementing the 
strategy that is described in the prescription map (uploaded to the Virtual Terminal 
(VT)), and at the same time for recording the as-applied data, as this information is 
transmitted from the Electronic Control Unit (ECU) of the implement (spreader, 
sprayer, etc.). The information is recorded in an Extensible Markup Language (XML) 
format based on the ISOBUS standard and is available at the VT as soon as the 
agricultural operation (Task) is finalized. 

Although ISOXML converters to shapefile format (.shp) already exist, their output 
is still difficult to be utilized for research purposes. In the present work, a set of 
MATLAB functions were developed that could identify the information that exists in 
an ISOXML file and import these data into MATLAB in a structured manner and 
according to the user needs. The MATLAB functions were tested under site-specific 
fertilization in winter wheat by importing the data from the produced ISOXML files 
into MATLAB for further analysis. The developed toolbox allowed the comparison of 
the prescribed map for site-specific fertilization to the as-applied map that the 
centrifugal fertilizer spreader actually performed. This is extremely beneficial for 
agricultural machinery manufactures in their efforts to optimize the machine design 
but also to agronomists that develop the prescription maps as the map resolution is still 
a question that is not easy to answer and substantially depends on the machine 
performance. 

One other important advantage of the developed MATLAB functions is that they 
can also be used to detect in real-time the values that are related to the application of 
the fertilizer in terms of dose rates and dynamic machine settings that are commonly 
being recorded by the Task Controller and are available to the user only after the end 
of the agricultural operation. This requires proper data extraction by detecting the 
corresponding Data Dictionary Identification (DDI) values. A task that is not 
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straightforward and requires a laborious examination of the produced binary files that 
are defined in the ISOBUS standard. The added value in obtaining these figures in 
real-time lies within the fact that the as-applied dose rates, in conjunction with the 
machine dynamic behaviour, could be analyzed to optimize the variable rate 
application in terms of machine settings. 

Keywords: digital farming; ISOBUS; site-specific application; variable rate 
fertilization. 
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Summary 

Objective. The present study investigated the ability of a supervised machine learning 
model to predict whether a dairy cow is in lactation or in dry period (non-lactating), 
utilizing image analysis parameters from B-mode ultrasonography of the mammary 
gland. 
Materials and methods. Eight clinically healthy Holstein dairy cows were selected 
from the same herd. Seventeen examinations were performed to each one of them 
during successive stages of their production; 7 days prior to dry-off, at dry-off, at 3rd, 
7th, 21st, 35th day of dry period, 7 and 3 days prior to calving, at calving and at 3, 7, 
14, 30, 45, 60, 75, 90 days in milk. All four quarters of the mammary gland were 
examined via B-mode ultrasonography, using a curved-linear transducer (3-7 MHz), 
frequency of insonation set at 4.3 MHz and scanning depth of 15 cm. At each 
examination, 2 separate images from each quarter were taken. The total number of 
images was 1016; 368 images from quarters in dry period and 648 images from 
quarters in lactation. Each image was classified according to productive stage either as 
“0” referring to dry period or “1” referring to lactation. Image analysis was performed 
using the Echovet v.2.0. software and 15 of its’ parameters were utilized; mean value, 
standard deviation, skewness, excess, gradient mean value, gradient variance, 
percentage non-zero gradients, contrast, correlation, entropy, homogeneity, run 
percentage, long-run emphasis, gray value distribution and run-length distribution. A 
simple binary classification model based on the Decision Trees algorithm was used for 
the development of the supervised machine learning model. The selection of input 
variables was performed via Pearson correlation analysis between productive stage 
and the aforementioned 15 parameters. The total dataset was split into two sub-sets: 
80% for the training set and 20% for the testing set. Hyper parameter tuning by 5-fold 
cross-validation was applied on the training set to determine the best hyper-parameters 
but, also, to increase the generalization ability of the model. Due to high accuracy of 
the model in every result of the cross-validation procedure, the default parameters were 
selected for testing the final model on the unseen data of the testing set. 
Results. Five variables with the highest correlation were selected; mean value 
(ρ=0.006), standard deviation (ρ=-0.053), gradient variance (ρ=-0.013), percentage 
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non-zero gradients (ρ=0.147) and homogeneity (ρ=0.091). Therefore, the model’s 
input was represented by a vector of 6 values; productive stage was the prediction 
variable while mean value, standard deviation, gradient variance, percentage non-zero 
gradients and homogeneity were the independent variables. The final model applied 
on the testing set achieved 100% accuracy; 81/81 images of class 0 and 123/123 
images of class 1 were correctly identified. The results for the metrics precision, recall, 
accuracy and f1-score were all 1.00. 
Conclusion. The supervised machine learning model utilizing B-mode image analysis 
from the mammary gland presented exceptional accuracy in predicting whether a dairy 
cow is in lactation or in dry period. 

Key words: machine learning; veterinary ultrasonography; mammary gland; 
dairy cows. 
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Abstract. This paper deals with the use of Business Objects Relation Modelling 
(BORM) methods in crisis management. Restoring the damage caused by 
natural disasters is not only expensive but in the case of cultural values, losses 
are incalculable. An example of this was the damage caused by the flooding of 
the National Library in Prague in 2002. 
For this reason, it is crucial to have an accurate roadmap that is feasible and 
understandable to those who have not been involved in its development. The 
paper demonstrates the use of BORM methods as a successful solution to an 
individual crisis. 
The flood plan of the Czech Republic is based on a sketch diagram created with 
individual consultations. This diagram demonstrates the Business processes, i.e., 
scenarios of BORM methods. The plan highlights steps to be taken in the 
implementation of BORM methods in future crisis management.  

Keywords: BORM; crisis management; business process modeling; floods. 

1   Introduction 

The most destructive natural disasters in the Czech Republic were the floods of July 
1997 in Moravia and Silesia, which took 52 lives and caused damage over CZK 63 
billion (Czech Crowns). Similarly, the flood in Bohemia in August 2002, took 19 lives 
and damage exceeded CZK 70 billion (Ministry of the Environment 2004). The 
flooding in eastern Bohemia in July 1998 (6 victims, the loss was about CZK 2 billion) 
was lesser in scope. The occurrence of destructive floods following a long period of 
relative calm raises the question as to what extent these floods are the results of natural 
climatic variability or the consequence of anthropogenic conditioned global warming 
that could result in future increase in frequency and intensity of floods (Houghton et 
al. 2001, Beniston 2002, Milly et al. 2002, Christensen and Christensen 2003). To 
implement protective measures that would tend to minimize human and material 
losses, it is necessary to have a good plan, which can be logical not only by experts but 
for everyone (Brásdil, Dobrovolny, Kakos and Kotyza 2006).   



 492 

The legal code 254/2001 Coll., On Waters, as amended by Act No. 20/2004 Coll., 
(Hereinafter referred to as the Act on Waters), comprehensively regulates the area of 
water management, including protection before floods in the period before the 
declaration of a crisis state and after its cancellation. The Act also provides a general 
hierarchy of water authorities (the Ministry of Finance) agriculture - regions - 
municipalities with extended powers), which play an essential role in the process of 
identifying flood areas, also the line over which it is managed flood protection in times 
of threat, under the self-government obligation (i.e., flood authorities). The staffing of 
both related areas is intertwined mainly at the level of smaller towns and 
municipalities, where the so-called mixed model of state administration and self-
government in the area of water management (Čamrová and Jílková 2006). 

The effective management of water wealth as a public good is carried out by 
designated watercourse managers (Povodí, Lesy ČR, Agricultural Water 
Management). 

Modeling Business processes for crisis management support was already realized 
by the BPMN model and the Statechart diagram (Kushnareva, Rychkova, and Le 
Grand, 2015). 

2   Motivation 

Floods cause irreparable damage to cultural heritage. The cost to Czech cultural 
heritage by floods was estimated at CZK 3.6 billion for the 2002 floods and CZK 0.5 
billion for the 2013 floods. Worse than the financial damage itself. In some cases, the 
loss has been irreversible - for example, the destruction to the National Library for 
about CZK 20 million in the 2002 floods. Other losses occurred in some parts of the 
premises even subsequently - e.g., sinking of floors in non-basement parts, damage to 
distribution systems, etc. (Výstava Národní knihovny připomíná ničivé povodně 
roku 2002, 2002) 

During the flood, over 800,000 copies of books were damaged (140,000 were 
eventually dried and rescued). To prevent such irreparable damage, the project 
“Methodology of Protection and Rescue of Cultural Heritage against Flood” was 
launched (Nedvědová 2014 and 2015). The project objectives were as follows: 
 

• Vulnerability analysis of cultural heritage. 
• Creation of methodology of protection of cultural heritage and areas with 

cultural-historical values against floods. 
• Creation of risk preparedness plans for crisis. 
• Guidelines for flood protection system planning in historical sites 
• Assessment of the role of historical waterworks in the flood protection 

system. 
 

The output of the project was recommendations in text form, and so in connection 
with the project we formalized these processes using the BORM method.  
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3   BORM 

BORM stands for Business Objects Relation Modelling. It is a complex method for 
building process-intensive business conceptual models. It is focused on overcoming 
the gap between business engineering and software engineering (Knott 2000). The 
technique has been developed since 1993. It originated as a VAPPIENS project funded 
by the British Council. The development was supported by Deloitte consulting 
company since 1996, where it started to be used for big consulting projects. Although 
it is an old method, there is no standard, and there are many advantages like elementary 
notation that is easily understandable by non-technical users, object-oriented approach, 
effective concepts for business engineering — reports, concepts and diagram 
transformations, supports MDA, and strong formal background (communicating 
finite-state machines). 

In the field of theoretical informatics, the finite-state machines (FSM) theory is a 
study of abstract automatons and the problems they can save. An automaton is a 
mathematical model for an entity that responds to its external environments, receives 
data, and produces other data. Automata can be constructed in a way that the output 
from one of them becomes an input for another. Finite-state machine activity is 
determined not only by receiving data but also by the internal status of a given 
machine. The output is created as a combination of input and internal status. 

BORM uses an original diagram for business process modeling and subsequent 
simulation. It conveys together information from three separate UML diagrams: state, 
communication, and sequence. The BORM group has found that business stakeholders 
clearly understood it. Main principles of the BORM process diagram are (Knott 2000): 

1. Each subject participating in a process is displayed in its states and transitions.  
2. This diagram expresses all the possible process interactions between process 

members. The business process itself consists of a sequence of communications and 
data flows among participating subjects. 

Officially, BORM process diagrams are graphical representations of interconnected 
Mealy- type automata, where each automaton represents some participating entity of 
the entire business process. Visual simulation of a business process is based on the 
market-graph Petri net. Hence, we can model states, transitions, and operations of all 
entities involved in a given business process in a compelling but still relatively 
intelligible and straightforward graphics for domain experts who typically are not 
educated in detailed computed science (Pergl 2011). BORM process diagrams can be 
easily automatically transformed into BPMN diagrams (Tůma 2015) or HTML textual 
instructions (Pícka 2015). 

Today, the method is being further developed in different directions (Merunkova 
2017, Merunka 2018) - one of the possibilities of using BORM in a case of floods, that 
the Czech Republic had problems in the past time. 

4   Results 

We think that to proceed according to processes, and it must be in clear form. And 
if processes want to be used as a basis for software development, it is good to have 
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them in formalized structure. Both conditions are met by the BORM method, and we 
have perfect experience with it. 

During creating process diagrams, we proceeded based on the project 
documentation; key participants were identified. Based on documentation (e.g., Floods 
Management Plans of the Czech Republic (Ministry of the Environment 2019) or EU 
floods directive (European Commission 2007)) and consultations with interested 
project members have created sketch diagrams. For these participants, at least one chart 
has been created showing the activity from his perspective. This diagram is used both 
to capture the activities (on fig. 1 symbolized by oval elements) and to find candidates 
for the BORM members (rectangular elements), too. 

 

 
Fig. 1. Sketch diagram - Flood management from the Head of Heritage institution view. 

According to these diagrams were found (business) processes, i.e., scenarios in the 
BORM method. 

Afterward, process diagrams have been created for the most critical scenarios that 
describe in detail what is happening in each scenario. 

Figure 2 shows an example of a created process for the entire flood management. 
The diagram contains seven members. In each participant, there is a mealy automaton 
that controls its activity. These machines communicate with each other and thus 
coordinate their activities. 
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Fig. 2. BORM process diagram - Flood management. 

Finally, the process diagrams were verified in comparison with the help of 
discussions with interested people, simulation, and facts. 

Based on Mealy-type automata, BORM process diagrams can be easily transformed 
into a workflow system, and software can be created to assist in coordinating individual 
crisis management steps. 

5   Conclusion 

BORM methods show us the ideal solution for future crisis. BORM diagrams are 
not only understandable to experts and are therefore suitable for use in these situations 
where experts are not always available, and acute steps must be taken quickly. 
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Summary 

Open-source software and hardware can be implemented almost in every field that 
includes technology and automations. We will address the issues of Agreement, 
Reliability, Precision and Sustainability of open-source devices against industrial 
equipment during an agricultural experiment at the experimental greenhouses of the 
University of Thessaly, Velestino, Greece. Open-source alternatives are low cost, user-
friendly that can be applied to the equipment according to the needs of the scientist 
and a huge community that supports the users. On the other hand, industrial choices 
are, most of the time, rigid when it comes to modifications and the cost forbids 
conducting experiments that require specialized equipment. However, industrial 
equipment is fully tested and reliable. Agreement and Similarity analysis will be 
performed between an open-source Arduino compatible environmental data logger and 
an industrial weather station.  

Agreement and Similarity evaluation is the most efficient and trustworthy method 
comparison analysis when it comes to comparing two or more devices, methods or 
treatments. Many publications that compare devices, methods or treatments use the 
correlation coefficient, MSE or other metrics that have been proven to be misleading. 
Furthermore, the usual metrics do not reveal the source of disagreement, while 
combining plots like Bland-Altman, Trellis, Agreement, Total Bias, Percentage 
Agreement and MSE, enriches an agreement study and provides a complete review 
about both sources of agreement and disagreement. The most appropriate agreement 
and similarity measures to be used are TDI (total deviation index) and CCC 
(concordance correlation coefficient) but others will also be investigated. 

We create a guide that provides all measures, plots and methods of Agreement and 
Similarity with their corresponding advantages and disadvantages, that will help 
researchers analyze and further improve the quality and robustness of relevant research.  
Our work also addresses methods of implementing this research to STEM learning in 
order to make environmental monitoring processes easy and understandable to a wide 
range of audiences and allow them to get involved in the process of 
construction/evaluation of open-source devices and make cross curricular integration 
possible. After a pilot experiment for the comparison of the two devices measuring air 
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temperature, the evidence revealed heteroscedastic data. Solutions include longitudinal, 
mixed-effects and measurement error models. This is a work in progress. 

Keywords: Statistical Agreement and Similarity; Open-Source loggers; STEM 
learning; Environmental Monitoring. 

JEL Codes: C51; 031. 
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Abstract. The present contribution seeks to infer new business continuity 
management knowledge based on multidimensional data analysis in the field of 
agriculture. The research relies on real business continuity data regarding the 
Dairy Farms and the Cattle Feed Yards industries. The utilized data sets enable 
the formulation of domain business continuity management data hierarchy 
schemas including dimensions and facts for efficient aggregate data analysis 
based on online analytical processing operations. The multidimensional models 
are proposed for the efficient business continuity management policies in the 
selected industries. Specific business continuity reports are also presented as 
examples of the possible multidimensional data analysis outputs in the 
investigated agricultural industries. 

Keywords: agriculture; business continuity management; key business 
functions; data set; dairy farms; cattle feed yard; online analytical processing. 

1   Introduction 

In the modern industry, business decisions and key business functions are fully 
supported by information and communication technologies (ICT’s). The process 
automation, the digital services provision, the information sharing through multiple 
systems, channels and platforms are just some selected examples through which the 
importance of ICT has been proven. 

One of the advantages of digitization, is the possibility to extract data from multiple 
sources and process it in such a way that efficient decisions can be made in terms of 
the company’s competitive advantage. Especially in agriculture, the assistance of 
computerized systems and the various data collection and processing tools can 
significantly boost agricultural productivity (Lytos et al, 2020).  

However, the computerized processes are highly exposed to various threats which 
can cause their unplanned interruptions. Business Continuity Management (Watters, 
2014) aims to the rapid restoration of all the critical systems and key business functions 
in the enterprises, the public organizations and the industry. Business Impact Analysis 
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(Tamminedi, 2010), which is a crucial part of the BCM, deals with the efficient 
settlement of recovery priorities based on the criticality of each key business function.  

“Data collection is an important activity throughout the BCM development process” 
(Engemann, 2012). A limitation regarding the research around the agricultural 
business continuity strategies is the lack of available data sets. Despite this limitation, 
research outputs regarding the business continuity discipline in the agricultural 
domain, can be based on small data sets following the statement of (Coble et al, 2018) 
that for understanding the concept of big data in agriculture one should first explore 
small data. 

In the current work, an effort to explore a small data set regarding business 
continuity management in dairy farms and cattle feed yard industries is attempted. The 
data has been gathered from the Panhandle Regional Planning Commission in Texas 
(PRPC (a), n.y; PRPC (b), n.y). The contribution includes conducted reports regarding 
two key business functions, namely information technologies (IT) and business 
administration (BA).  

The collected data has been imported to and processed in MS Excel 2013. Online 
Analytical Processing (OLAP) operations have been utilized in order conduct 
interesting primary results with respect to the business continuity policies in these two 
agricultural industries. 

 2   Research Motivation 

The primary concern which has triggered the current investigation stems from a 
research conducted with respect to the application of business continuity management 
in the Czech agricultural enterprises, where it has been concluded that “agrarian 
organizations are not interested in applying BCM according to standards” (Hajek and 
Urbancova, 2013).  

Additionally, the recent developments regarding the COVID-19 outbreak has 
triggered the necessity for rethinking the importance of business continuity 
management in the agricultural industry. According to a recent statement of the Food 
and Agriculture Organization of the United Nations (FAO, 2020), “the pandemic is 
impacting global food systems, disrupting regional agricultural value chains, and 
posing risks to household food security”.  

Due to the fact that a special BCM concern is dealing with epidemics, agricultural 
BCM data can be a valuable tool for improving related policies regarding the 
restoration of unexpectedly interrupted key business functions, even those which are 
related to information and communication technologies. However, the “amount of 
information risk at the dairy farms is small, but not zero” (Dynes, 2009). Such research 
outputs cannot be ignored bearing in mind that multiple hazards can influence ICT’s 
in the dairy as well as the cattle feed yard industry.  

Based on the above, it has been considered necessary to collect real business 
continuity data regarding ICT - related key business functions from the agricultural 
domain in order to examine the recovery policies, including the consideration of 
various hazards which mainly threaten the uninterrupted operation of the agricultural 
companies. Data from two industries, namely the dairy farms and the cattle feed yard, 
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has been currently spotted and analyzed with the help of online analytical processing 
(OLAP) operations. 

2   Tools and Methods 

2.1 Data Collection 

As above stated, the current research has been based on two BCM guides regarding, 
a) the Dairy Farms Industry and b) the Cattle Feed Yard Industry in Texas, Panhandle 
region. Both guides have been downloaded from on the web site of the Panhandle 
Regional Planning Commission (PRPC (a), n.y, PRPC (b), n.y). Both BCM templates 
include two different tables namely, the Key Business Functions (Fig.1) and b) the 
Hazards, Impacts and Risk Mitigation Measures (Fig.2).  
 

 
 
Fig. 1. The Key Business Functions Data Set for the Dairy Farm and the Cattle Feed Yard 
Industries. (Source: Authors’ work in MS Excel based on BCM Data from the Panhandle 
Regional Planning Commission). 
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Fig. 2. The Hazards, Causes, Risk Exposure and KFs Impacted Data Set (Source: Authors’ work 
in MS Excel based on BCM Data from the Panhandle Regional Planning Commission) 

The present work seeks to discover information regarding IT and business 
administration business functions which are both based on the continuous operation of 
information systems, networks and databases. In order to achieve this goal, the 
dimensions and hierarchies of the involved data had to be considered. They are utilized 
as input to the formulation of online analytical processing reports. The software tool 
used for OLAP analysis is MS excel 2013.  

2.2 Data Hierarchies 

One of the most important tasks related to the effective data analysis is the 
observation of possible hierarchies. The specific task is crucial when databases entities 
and business intelligence data warehouses are designed. The main source for defining 
data hierarchies is either the users’ aspect and requirements or the existence of a data 
set from which hierarchies can be discovered. After spotting the hierarchies, the 
corresponding schemas can be generated.  
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Strict Hierarchies: According to Vaisman and Zimanyi (2014), hierarchy types can 
be strict and non-strict. In the former type and the relationship type between parent and 
child levels is one to many.  

Non-Strict Hierarchies: in the occasion when a many-to-many relationship exists 
between a higher and a lower level then the hierarchy type is non-strict.  

2.2   Online Analytical Processing (OLAP) 

In business intelligence systems, multidimensional schemas are used in order to 
analyze data based on multiple dimensions, different granularity levels (hierarchy 
levels or levels of detail for each dimension), measurements and facts (else called 
numeric measurements) (Grossman and Rinderle-Ma, 2015). The authors describe the 
data cube as a “common metaphor” which successfully delineates such schemas, while 
(Kimball and Ross, 2010) support that multidimensional schemas enable “diving the 
world in measurements and context”. The most representative OLAP operations which 
are accompanied by aggregate measurements (mean, count, max, avg) are: 

• Drill-down and Rollup: navigate through different granularity levels  
• Slicing and Dicing: maintaining granularity levels but modifying the cube 

size, and 
• Pivoting: rotating between rows and columns and measure facts from 

different perspective. 
For the current research, MS Excel Pivot Tables have been incorporated in order 

to generate useful OLAP reports. 

3   Results and Discussion 

3.1   Hierarchies and Multidimensional Schema based on the Key Business 
Functions Data Set 

The following multidimensional hierarchy schema (Fig.3) has been determined with 
respect to the Key Business Functions data set (Fig.1): 
Non-Strict Hierarchy (n:m relationship):  Industry                            Key Business 
Function               Sub-Function                   Department                      Criticality 
Ranking. 

In this case, the dimensions which are defined are: Industry which includes the 
granularity levels Key Business Function, Sub Function and Departments and, the 
dimension Criticality Ranking. Determined Facts are the Number of Functions, Sub-
Functions, Departments and Criticality Ranking. 

Respectively, the following multidimensional hierarchy schema (Fig.4) has been 
determined with regard to the Hazards, data set (Fig.2): 
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Non-Strict Hierarchy (n:m relationship):  Industry                     Hazards               Cause                     
Risk Exposure. 

The core dimensions which have been observed are the Industry, Hazards and Risk 
Exposure, while the core fact is the number of impacted KBFs.      
   
 

 

Fig. 3. The Key Business Functions Hierarchy Schemas 

 
Fig. 4. The Hazards, Risk Exposure and Impact Multidimensional Schema 

3.2   OLAP Operations 

The following OLAP operations have been selected: 
 
Data set 1: A selected report includes a pivot analysis of the number of Departments 
and their Criticality Ranking for both industries. The following illustrations depict 
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different perspectives of the analyzed data due to the rotation of rows and columns 
(Pivoting Operation) (Fig. 5, Fig. 6) 
 
 

Count of 
Department 

Column 
Labels   

Row Labels 
Least 
Critical 

Moderately 
Critical 

Grand 
Total 

Cattle 
Feedyard 5 4 9 
Dairy Farms 9  9 

Grand Total 14 4 18 
  
Fig. 5. Total Number of Critical Departments in Each Industry. 

 
 

 
 
 
 
 
 
 
 
 

Fig. 6. Total Number of Industry Departments which are Critical. 

Moreover, with the help of the Slicer Excel functionality, data can be further filtered 
according to the desired granularity level, namely Industry or KBF. The following 
example includes results for the percentage of critical departments for each industry 
when filtered according to the Industry level. In our example, 43% of the Least Critical 
Departments belong to the Business Administration KBF while 57% of the Least 
Critical Departments belong to the Information Technology KBF. By filtering the data 
according to the Industry level Dairy Farms, the ratio is modified, since 67% of the 
Least Critical Departments belong to the BA and 33% belong to the IT KBF. (Fig.7) 
 

 

Count of 
Department 

Column 
Labels   

Row Labels 
Cattle 
Feedyard 

Dairy 
Farms 

Grand 
Total 

Least 
Critical 5 9 14 
Moderately 
Critical 4  4 
Grand 
Total 9 9 18 
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Fig. 7. The Ratio of the Least Critical Departments which belong to IT and BA KBFs filtered 
by the Industry (Dairy Farms). 

Another selected OLAP operation concerns the Hazards, Impacts and Risk Exposure 
Data set. The data has been analyzed according to the Hazard that affects the two 
selected Key Business Functions, its Cause, and the Number of all the KBFs impacted1 
Moreover, the data is filtered according to KBF (IT, BA) and Industry (Fig. 8). The 
illustrated example includes the Pivot Analysis of the Hazard (Columns), Cause 
(Rows), Number of affected KBFs for the Cattle Feed Yard Industry and the Business 
Administration KBF. 
 

 
 
Fig. 8. Pivot Analysis of the Hazard (Columns), Cause (Rows), Number of affected KBFs for 
the Cattle Feed Yard Industry and the Business Administration KBF. 

 
The inferred results indicate that OLAP operations are tools that can be utilized as 

drivers towards crisis situations and can support effectively crucial decisions related 
to the formulation of effective agricultural business continuity policies. The selected 
data can be further utilized as input for data mining predictions too.  

 
1 All the involved business functions are of the selected industries/. 

Business 
Administration / 

Personnel 
67%

Information 
Technology

33%

Least Critical

Business Administration /
Personnel
Information Technology
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4   Conclusions 

The current research has been conducted in order to highlight the importance of 
efficient data utilization towards the formulation of efficient business continuity 
management (BCM) strategies in the agriculture field. The data which has been 
utilized concerns the business continuity policy in two selected agricultural industries 
in Texas, namely the Dairy Farms and the Cattle Feed Yards. From the collected data, 
multidimensional schemas, hierarchies and selected OLAP operations have been 
incorporated in order to generate useful BCM reports for two key business functions, 
namely Information Technologies and Business Administration. An interesting OLAP 
analysis of the criticality ranking as well as the hazards and the vulnerability of the 
selected ICT-related functions has been conducted in MS Excel. Future research steps 
aim to analyze the total of the KBFs and infer significant predictive BCM results in 
the selected industries with the help of data mining tools. 
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Summary 

The objective was to assess performance, health and welfare indicators of dairy 
cows in relation to their nutritional management. A dairy farm with 120 milking 
Holsteins was monitored for one year. Cows were housed in free stalls as one group 
and fed a total mixed ration (TMR) offered once daily (after morning milking). The 
farm was visited on a monthly basis by the same team of veterinarians. During each 
visit individual cows were assessed for their body condition score (BCS: 1 to 5 scale 
by increments of 0.25), locomotion score (LS: 1 to 4 scale) and manure consistency 
score (MCS: 1 to 5 scale). Moreover, the proportion of cows lying down and 
ruminating 2 h after feeding as well as the average number of chewing per cud were 
also assessed. Manure samples (one for every 10 cows), representative of all MCS 
recorded, were sieved to assess the presence of undigested fibers and grains. Moreover, 
a representative fresh TMR sample was collected immediately after feeding and its 
chemical composition was assessed on-farm using a portable NIR analyzer 
(AgriNIRTM, Dinamica Generale, Italy). The particle size of the TMR was evaluated 
with Penn State Particle Separator (PSPS) using a 1.18 mm screen. Percentages of 
particles retained on each sieve and the average particle size (APS) were calculated. 
The peNDF1.18 percentage was calculated as the product of the cumulative percentage 
of particles retained above the 1.18 mm screen multiplied by the NDF content of TMR. 
Monthly records of bulk tank and individual milk yield (MY), fat (F), protein (P) and 
lactose (L) content were available for all cows. Cows with F:P ratio <1.0 were 
considered at-risk for subacute ruminal acidosis (SARA) and those with F:P ratio >1.4 
in the first 30 days in milk at-risk for subclinical ketosis (SCK). Non-parametric 
pairwise correlation coefficients (spearman’s ρ) were calculated for all parameters. 
There was a remarkable inconsistency of TMR chemical composition and forage 
particle size. The percentage of particles retained on the upper sieve of PSPS ranged 
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from 3.8% to 24.2% during the study. Constantly, about 2/3 of screened manure 
samples had >5 undigested grains. The TMR crude protein content was relatively low 
(range: 13.2% - 15.3%) considering herd milk production levels. The percentage of 
ruminating cows was constantly low (range: 32% - 54%) and the average number of 
chewing per cud ranged from 56 to 71. ADF and NDF were within acceptable levels 
(ADF: 17.7% - 23.8%; NDF: 30.5% - 38.7%). Individual MY (range: 26.91 L – 32.26 
L) was negatively associated (ρ= -0.806, P=0.005) with the percentage of cows at-risk 
for SARA (range: 6.5% – 25.5%) and with the percentage of lame cows (ρ= -0.721, 
P=0.019). The latter was positively associated (ρ= 0.727, P=0.011) with the percentage 
of thin cows (BCS< 2.5). The percentage of severely lame cows (LS= 4) was positively 
associated (ρ= 0.673, P=0.023) with the TMR starch content (range: 21.8% – 28.4%). 
The percentage of cows ruminating was negatively associated (ρ= -0.688, P=0.019) 
with APS (range: 4.9 mm – 7.7 mm) of TMR. TMR inconsistency in dietary starch 
content and particle size, favoring feed sorting by cows, were the most important 
findings. Hence, it was concluded that ration re-formulation considering protein-
energy balance and lowering starch levels, together with appropriate TMR mixing and 
routine hoof-trimming procedure should prioritized in planning of corrective 
interventions in the studied farm. 

Keywords: Cattle; performance; health; nutritional management. 
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Summary 

The objectives were to retrospectively evaluate subclinical mastitis (SCM) in a farm 
with persistently elevated bulk tank milk (BTM) somatic cell count (SCC), and to 
investigate the role of non-aureus staphylococci (NAS) among cows with chronic 
SCM. The study was performed in a dairy farm with a history of chronically elevated 
BTM SCC, with 120 Holsteins milked twice daily. Initially, a retrospective evaluation 
of SCM was performed, based on monthly individual and BTM SCC reports, provided 
by dairy herd improvement (DHI) program, from 2015 until 2018. SCC cut-off used 
to determine SCM was preset at 250,000 cells/mL. Cows were grouped in DHI reports 
by lactation number (1st, 2nd, ≥3rd) and stage [0-60, 61-120, 121-180, ≥181 days in 
milk (DIM)], and herd as a whole. SCM prevalence was calculated as the monthly 
percentage of cows over the cut-off, per herd, lactation number and stage. Chronic 
SCM prevalence was calculated as the percentage of cows over the cut-off in ≥2 
sequent monthly reports, per herd, lactation number and stage. A “dynamic” group of 
chronically high SCC cows was created. In the second part of the study, the farm was 
visited monthly during 2019 by the same team to assess the “dynamic” group and 
collect samples for milk cultures. Monthly DHI reports were available for monitoring 
of this “dynamic” group throughout 2019. Cows with SCC below cut-off in a new 
monthly recording were removed from the “dynamic” group and new cows exceeding 
cut-off in ≥2 sequent recordings entered the “dynamic” group. The retrospective 
analysis (2015-2018) revealed an overall SCM prevalence of 46%. SCM prevalence 
in ≥3rd lactation cows was 60%, with 87% of them being chronic cases. SCM 
prevalence was noticeably high at 1st lactation cows (18%). Half of cows at late 
lactation (≥181 DIM) had SCM and almost all were chronic cases. Incidence rate of 
new infections at early lactation (0-60 DIM) was 4 times higher than later stages. On 
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average, 8 out of 120 milking cows were responsible for more than 50% of somatic 
cells in the BTM in each monthly recording in 2019. Approximately 60% of these 
cows remained high SCC contributors for ≥2 months and 87% were chronic SCM 
cases. Among these cows, 59% were at late lactation and 65% were in ≥3rd lactation. 
Overall, 52 cows were monitored in the chronically high SCC group, either for a single 
month or more. After a year of monthly milk cultures, this group was identified as 
major-pathogens free (Staph. aureus, Str. uberis, Str. agalactiae and Str. dysgalactiae). 
Non-aureus staphylococci (Staph. chromogenes, Staph. hyicus, Staph. warneri, Staph. 
epidermidis) were involved in 44% of chronically high SCC cows, either solely (26%) 
or in mixed infections (18%) with other pathogens (mainly, Corynebacterium bovis, 
E. coli and Bacillus licheniformis). Infections caused solely by the latter pathogens 
were 30%. In 26% of all samples no pathogen was isolated. High somatic cell 
contributors in BTM were mainly cows with chronic SCM being in ≥3rd lactation and 
at late lactation stage. NAS were involved in the majority of chronic SCM cases. In 
compliance with literature, presence of NAS in these cows seems to play an inhibiting 
role against major pathogens.  

Keywords: Dairy cows; subclinical mastitis; non-aureus staphylococci; milk 
somatic cell count. 
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Summary 

This study investigated the in vivo effects of two mixtures of herbal compounds on 
growth performance of broiler chickens. 240 male broiler chicks (Ross-308) were 
provided by PINDOS SA hatchery and were raised throughout the study period on 
used litter, allocated into three treatments (8 pens of 10 chicks per treatment). Litter 
was kept from a former study and all chickens were supplemented with a 5-fold cocci 
vaccine EVANT®, HIPRA, on first day of treatments to get a mild challenge. All 
chicks were vaccinated on hatchery against infectious bronchitis, Newcastle disease 
and Gumboro. The CONTROL treatment was fed using commercial diets (starter, 
grower, finisher) based on corn and soybean meal without antibiotics or anticoccidials. 
The second treatment (HERB1) and third treatment (HERB2) received the same diets. 
However, water in second and third groups was further supplemented with the herbal 
mixture 1 and 2, respectively. Herbal mixtures contained garlic essential oil and other 
phytochemical compounds and were administered at the level of 1 mg/lt of drinking 
water. Total phenolic content of HERB1 and HERB2 test compounds was found to be 
100 and 200 mg of gallic acid equivalents (GAE), respectively. Feed and water were 
offered to the birds ad libitum. Temperature, moisture and air speed were monitored 
throughout the trial. At the end of the trial (day 28), all birds were slaughtered, and 
meat was examined for chemical composition. The HERB2 treatment had improved 
(P<0.05) final body weight compared to both CONTROL and HERB1 groups (1280 g 
vs 1226 g and 1217 g, respectively). Water intake also differed between the group, 
since HERB2 treatment had higher (P<0.05) water intake compared to both 
CONTROL and HERB1 groups (3611.6 g vs 3472.5 g and 3447.8 g, respectively). 
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Feed conversion ratio was better in HERB1 group (1.117) compared to HERB2 and 
CONTROL groups (1.515 and 1.567). Chemical composition of breast and thigh meat 
did not differ between the experimental groups. According to the results, the use of the 
herbal products in the drinking water supported growth of chickens raised in an old 
litter without antibiotic or anticoccidial drugs. Further studies could elucidate the 
potential effects of the examined substances, as well as the underlying synergistic or 
antagonistic mechanisms with feed constituents that may affect digestion and 
absorption throughout the intestinal tract or the intestinal microbiota. 

Keywords: Herbal compounds; broiler chicken; water intake; performance. 

JEL Codes: N50; Q10; Q13. 
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Summary 

This study investigated the in vivo effects of two mixtures of herbal compounds on 
growth performance of broiler chickens. 180 as hatched broiler chicks (Ross-308) were 
provided by PINDOS SA hatchery and were raised throughout the study period on 
pens with fresh litter of wheat straw, allocated into three treatments (5 pens of 12 
chicks per treatment). All chicks were vaccinated on hatchery against infectious 
bronchitis, Newcastle and Gumboro disease. The CONTROL treatment was fed using 
commercial diets (starter, grower, prefinsher and finisher) based on corn and soybean 
meal without antibiotics or anticoccidials. The second treatment (HERB1) and third 
treatment (HERB2) received the same diets further supplemented with a mixture of 
oregano essential oil and phyto constituents at the level of 200 mg/kg. The third 
treatment (HERB2) received the same control diets further supplemented with a 
mixture of garlic and other phyto constituents at the level of 200 mg/kg.  Total phenolic 
content of HERB1 and HERB2 diets were found to be 50 and 55 mg of gallic acid 
equivalents (GAE), respectively. Feed and water were offered to birds ad libitum. 
Temperature, moisture and air speed were monitored throughout the trial. At the end 
of the trial (day 42), all birds were slaughtered, and meat was examined for chemical 
composition. The HERB1 and HERB2 treatments had improved (P<0.05) final body 
weight compared to CONTROL group (2705.2 and 2697.1 vs 2493.2 g, respectively) 
and improved feed conversion ratio values compared to control groups (1.764 and 
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1.737 vs 1.859). Mortality and meat composition of breast and thigh tissues did not 
differ between the experimental groups. According to the results, the use of dietary 
herbal products supported growth of chickens raised in pens without antibiotic or 
anticoccidial drugs. Further studies could elucidate the potential effects of the 
examined substances, as well as the underlying synergistic mechanisms with feed 
constituents that may affect digestion and absorption throughout the intestinal tract or 
the intestinal microbiota. 

Keywords: Herbal compounds; dietary supplementation; broiler chicken; 
performance. 

JEL Codes: N50; Q10; Q13. 
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Abstract. The control of large greenhouse installations, especially of those with 
hydroponics crops, is based on analysis and utilization of data recorded by 
sensor grids. In open air plots unmanned aerial vehicles (drones) equipped with 
spectral sensors scan and map large areas fast and efficiently. However, spectral 
imaging is not easily performed inside greenhouses since drones do not fly freely 
indoors. The proposed solution is a prototype solar-powered cablebot, a robotic 
device that is hung from an overhead cable system that roams freely inside 
greenhouses. This 3D printed device is equipped with an array of ag-sensors 
including a spectral sensor. A web-based user interface & control app has also 
been developed. This robotic system has been primarily tested and now is in 
installation stage and will operate in a pilot production greenhouse of the 
Department of Agriculture of the University of Patras.  

Keywords: Precision Farming; greenhouses; cablebot; interface app; smart 
irrigation; sensor box. 

1   Introduction 

A worldwide concern on food security and environmental conservation is evident 
nowadays. Recent technological advancements in IoT, GPS guided aerial and ground 
vehicles, molecular biology and AI neural networks have spurred a global investment 
trend towards ag-tech & food-tech, so as to remedy for threats that may lie ahead. 

Precision agriculture (Dwivedi, 2017) has literally taken off with the development 
of autonomous UAVs (Unmanned Aerial Vehicles) also known as drones, that help 
farmers map large areas in a fast and economical way (Vasudevan, et al., 2016; 
Gonzalez et al., 2019). The UAVs provide farmers with data sets, from RGB, spectral, 
thermal & Lidar sensors that they carry. Additionally, data captured by UAVs need to 
be complemented by other variables like local climate and soil conditions.  

A variety of fixed ground stations are cropping up in fields and greenhouses all 
around the world, collecting soil data and local climate information. All this 
information is then fed back to an AI engine in order to produce an actionable 
prescription map of fertilizer, irrigation or crop protection needs. However, a sensor 
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placed at a fixed point in a field or a greenhouse, does not necessarily record the critical 
conditions of temporal & spatial variability necessary to make informed decisions, thus 
expensive sensor grids are being utilized. Furthermore, greenhouse installations lack 
the benefits of stress maps and prescription maps that can be produced through UAV 
scouting, as is the case with open fields. 

The aim of this study is to introduce IoT technologies into greenhouse cultivations 
(Comba et al., 2010) turning them in effect into smart installations. It also challenges 
the authority of drones in precision agriculture scouting, since the cablebot- hereinafter 
referred as KYTION Aeir - is also suitable for open-air use, albeit geared towards 
micro-farm use.  

The idea was to develop a cost-effective and autonomous moving sensor box 
equipped with a necessary array of sensors for indoor and outdoor use. This aerial 
moving platform (cablebot) would capture data inside a greenhouse much like a drone 
would do outside and would also provide microclimate data and soil sensitive 
information. With greenhouses and small to medium sized plots in mind, a cablebot 
presents an ideal cost/benefit ratio compared to UAVs.  

Furthermore, an OEM flow control valve and a user interface app were also 
developed and are still evolving. The flow valve acts as the main controller of the 
system and also controls the irrigation of the installation. The web-based application 
acts as the portal from which growers could receive digested feedback from their smart 
agriculture system onto their PC, tablet or mobile device (Donovan, 2017).  

The development of KYTION Aeir aims to increase the quantity and quality of 
agricultural produce, reduce the carbon footprint of the growing process and provide 
producers with a broad set of usable data, giving them access to the complete picture 
of their crop at all times. The system acts as an early warning & smart irrigation (Smith 
et al., 2010; El-Naggar et al., 2019) solution for farmers and comprises of a set of 
technologies that could be applied either as standalone autonomous solutions or as an 
integrated system of all the above technologies, complete with a man-machine 
software interface for overall control and final decision making.  

The final product will integrate data collected from the KYTION Aeir, with data 
collected from weather data via satellites to produce an autonomous smart irrigation 
schedule for any plot in question. The benefits of using the system can be identified at 
various levels. The farmer receives though the device an overview of his crop and of 
the potential dangers that may exist or arise. KYTION Aeir is expected to also anticipate 
and to properly handle phenomena that could damage a crop. As KYTION Aeir also 
automates irrigation and contributes positively to irrigation water savings, the overall 
physical presence of the grower in the field is greatly reduced too. 

The high-level system architecture is illustrated below: 
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Fig. 1. Cyber-physical system and the interaction among the system parts. 

 
Its core competitiveness lies in systems’ ability to integrate data from a variety of 

data providers (see in fig.1) into a single straight forward application that will assist 
farmers with their day to day operations (Dhillon et al., 2017). A secondary objective 
is to introduce cost-effective sensing and spectral imaging inside greenhouses and to 
reduce the initial cost of PA deployment inside greenhouses. To this respect, extra care 
has been taken so that the system cost remains low so that it can be fitted to even small 
greenhouse installations.    

The following sections depict the detailed methodology of the cablebot 
development process and the whole robotic system implementation and demonstration. 

2   Development Methodology  

The Device development methodology has followed the next steps: 
i. Development of functional 3D design for the KYTION Aeir printing 

ii. Design of its functional circuits with all the necessary hardware 
iii. Software programming of all the individual components of the system. 

(Xbee for communication, Raspberry for control) 
iv. Overall check of the proper operation of the device and its components 
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In addition, a prototype electric flow valve (co-ordinator) was also developed, 
following the steps described below: 

i. Development of a functional 3D design for the solenoid printing 
ii. Design of its functional circuit with all the necessary hardware 

iii. Software programming the individual components of the system 
 (XBee for communication, Linux SBC for data checking received from the 
Cablebot and uploading them to our server) 

iv. Overall check of the proper operation of the device and its components 
Finally, a support/control App was also developed, following the next steps: 

i. Development of a prototype user interface app that feeds the end user with 
digested information and data from the coordinator valve.  

ii. Check and double check for user-friendliness (easy to follow & understand) 
iii. Improved graphical design 
iv. Add-on functions such as manual override etc. 

3   Operational Method  

The operation of the Cablebot (KYTION Aeir) is to be controlled by an Arduino Pro 
Mini which controls the time intervals between data collection and the overall device 
movement. The whole process will be controlled by an automatic relay in order to 
avoid unnecessary waste of energy. A 12V operation is to be achieved through a buck 
converter. 

The cablebot collects data and sends it to the coordinator/flow valve. The flow valve 
is attached to the zonal irrigation system of a given greenhouse installation or plot. 
Data will also be automatically uploaded to our server as back up. Various other 
capabilities are to be addressed at a second stage. 

The definitive overall configuration and technical characteristics of the system will 
be finalized after the completion of a series of test runs in real conditions, in the 
forthcoming greenhouse installation at the Amaliada Campus of the Agriculture 
Department of University of Patras. The tests will include the cultivation of high-yield 
floricultural and horticultural plants, which require strict control of the greenhouse 
environment, such as for cut flower, vertical strawberry cultivation, continuous tomato 
cultivation, hydroponics cultivations, etc. 

4   Implementation  

The moment the Arduino Nano receives measurements successfully (through a pin 
TX/RX), it sends a signal to the Arduino Pro Mini so that the latter puts the device into 
stand-by mode. Communication between KYTION Aeir and the electric valve begins 
through XBee technology, which sends encrypted data packets to the coordinator/flow 
valve. Once the data is successfully transmitted it is decoded by a NodeMcu chip it is 
uploaded to our database. 
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The ESP of the coordinator will be replaced with a NodeMcu so that the voltage 
can be converted easily through the Vin pin. The coordinator will also boast an LCD 
screen for debugging. 

Decisions for irrigation/fertilization will be made through our proprietary AI (based 
on neural network technology) models (Helong et al., 2010) after all collected data has 
been analyzed and combined with data from external sources such as satellite weather 
data etc. All data processing is to be handled locally so that the system will not depend 
on 3G/4G network availability on-site.  

The control app/user-interface tool is developed using Node-RED. The control app 
has a back-end and a front-end architecture. The back-end serves as a programming 
interface and the front-end serves as the user interface. Should a potential danger or a 
critical situation is identified; the end-user will receive an alert through the app. 
Tools that will be utilized to develop KYTION Aeir: 
- Solidworks to design the hardware.  
- Ultimaker Cura to convert SLT to G-CODE.  
- A Creality Ender-3 3D printer to print the prototype KYTION Aeir and the 

electric valve. Printing occurred with 20% infill and 0.2 layer height extra 
supports were needed. Print material was eSun PLA+  

- Arduino IDE to program the Arduino boards. 
- XCTU to program the XBee’s. 
- Raspberry Pi SBC to run the neural networks and PuTTY to gain remote access. 
- LabVIEW-NI to test the overall performance of the system. 
- OpenCV and TensorFlow for image recognition 
- Fritzing to design the PCB’s. 
- Firebase database for measurements. 
- Node-RED to develop the control app. 

The KYTION Aeir embedded sensors are: 
- Relative humidity sensor 
- Air composition sensor 
- Temperature sensor 
- RGB & Spectral sensor (Ujjwal Mahajan and Bharat Raj Bundel, 2016) 
- Sunshine sensor 
- Rain sensor (for outside use)  
The systems’ reproducibility is ensured by the use of the above list of easily sourced 

hardware and software tools.   

5   Demonstration 

The resulting device can be seen in action in the following video:  
 
https://www.youtube.com/watch?v=Fkrah_vgTnE  
 
Moreover, a series of photos are given. 
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Fig. 2. The prototype KYTION Aeir device 
being tested. 

Fig. 3.  The prototype KYTION Aeir 
device (side view). 

 

6   Conclusions 

An integrated IoT-based robotic greenhouse control system, a cablebot device, was 
developed together with a prototype electric valve (coordinator) and the necessary 
interface app. The operation of the whole system has been initially tested and is now 
being installed in a greenhouse installation, belonging to the Agriculture Department 
of the University of Patras  

The system is capable of collecting a series of crop sensitive data and performs 
autonomously a number of tasks such as automated smart irrigation. On site testing 
with real measurements, data collection and mapping will be the subject of further 
study. 
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Abstract. Crocus sativus belongs to the Iridaceae family, and it is known as 
saffron. The aim of this study was to investigate the effect of irrigation and N-
fertilization on the produced number and weight of flowers and stigmas. A field 
experiment was established for the purposes of the study in a clay loam soil of 
moderately fertile on 2018 while the results concern measurements made in 
2019. A split-plot experimental design was used with main factor the irrigation 
(I1: rainfed, I2: 75% ETo and I3: 100% ETo) and sub-factor the N-fertilization 
(N1: 0, N2: 40 and N3: 80 kg ha-1 of the 35-0-0) under 9 replications. It was 
found that 1 kg of dried stigmas is produced through an average of 159.000 
flowers. Irrigation was found to be the factor which affected positively the 
flower number and led to a doubling of stigmas yield, while N-fertilization did 
not have any statistically significant difference.  

Keywords: saffron; irrigation; n-fertilization; stigmas; yield. 

1   Introduction 

A perennial aromatic and pharmaceutical crop, member of the Iridaceae family 
(Arslan et al., 2013), which has been used as a spice and in traditional medicine is 
Crocus sativus L. Crocus is worldwide known as saffron and it is cultivated in many 
hectares in Iran resulting in the increase of farmers income (Mashayekhi et al., 2006; 
Mollafilabi, 2006). Saffron is also cultivated in Mediterranean basin and India 
(Fernandez, 2004) and it prefers mild winter and dry-hot summers. Saffron anthesis 
period lasts from 10 to 25 days extremely depending on climatic conditions (middle of 
October till the first ten days of November). Crocus propagation take place only by 
corms and each plant can reach 20–30 cm height (Mehraj et al., 2015). 

Saffron product is the stigmas of the flowers, and its yield and flower number are 
depended on irrigation and nutrient supply, on plant density as well as on the day and 
night site temperature (Gresta et al., 2009; Kumar et al., 2009; Mollafilabi et al., 2013; 
Koocheki et al., 2014; Koocheki and Seyyedi, 2015; Behdani et al., 2016). Saffron 
yield varies according to growing site and it is reported that dried stigmas yield ranges 
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from 2 to 29 kg ha-1 (Alonso et al., 2000) which results in 90-2,175 of fresh flowers 
(Vignolini et al., 2008; Schmidt et al., 2007; Serrano-Diaz et al., 2012).  

Crocus has many uses. Except for medicine industry, it is used in food industry, in 
distillery and in coloring (Javadi et al. 2013). Crocus stigmas is the most expensive 
worldwide agricultural product worldwide (Gohari et al., 2013; Lim, 2014), which has 
also increased cultivation costs due to the requirement of hand labor during its harvest 
period (Gresta et al., 2008). 
The aim of the current study was to investigate the effect of irrigation and nitrogen 
fertilization on Crocus sativus L yield during its second growing year. 

2   Materials and Methods 

A field experiment was established in Neos Skopos, Serres in a clay loam soil of 
moderately fertile, alkaline and high in phosphorus in August 2018. The results 
concern the measurements made in October 2019 where the cultivation was in the 
second growing year. 

A split plot experimental design was used with main factor the irrigation (I1: rainfed, 
I2: 75% ETo and I3: 100% ETo) and sub-factor the n-fertilization (N1: 0, N2: 40 and 
N3: 80 kg ha-1 of the 35-0-0) under 9 replications (blocks). A basic fertilization with 
400 kg ha-1 of the 11-15-15 took place in March for all plots. Water supply was carried 
out during September-October using a micro-sprinkler irrigation system (Pall Special 
Spray with characteristics 33L*h-1) and the water quantity was 48 mm and 36 mm for 
the full irrigated treatments (100% ETo) and the reduced irrigated treatments (75% 
ETo) respectively. 

All measures (number of flowers, fresh flower weight and stigmas fresh and dry 
weight) were taken during harvest period (20 days harvest period at the end of October 
till the middle of November for both years) on a daily basis, from the center lines of 
each plot cutting 1 m2 so as to avoid any border effect, while the rest of the flowers of 
the plot were moved. Samples were weighed at once (flower and stigmas weight) and 
then stigmas were air dried.  

All measures were analyzed using the statistical package GenStat (7th Edition) and 
the LSD.05 was used as the test criterion for assessing differences between means (Steel 
and Torrie, 1982) of the main and/or interaction effects. 

3   Results and Discussion 

3.1   Number and fresh weight of flowers 

As it has been mentioned the soil of the study area is moderately fertile, alkaline 
and high in phosphorus, which is ideal for crocus cultivation due to its high P-content 
(Daneshmandi and Seyyedi, 2019). 

In the case of the number of flowers collected during the harvest period, there was 
found a significant statistical difference was found between the rainfed and the 
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irrigated treatments (Table 1) with the maximum flower number (324 flowers per m2) 
for the full irrigation. In the case of the N-fertilization and the interaction of irrigation 
with N-fertilization, no significant statistical differences were found. The higher 
number per m2 was found in the case of full irrigated and unfertilized treatments (I3N1; 
Table 1).  

As it was expected due to the higher flower number for the irrigated treatments, the 
fresh weight of the flowers was also statistically significant higher in the same 
treatments (Table 1). It was also noticed that even if the higher flower number was 
found in the case of full irrigated and unfertilized treatments (I3N1), the higher fresh 
weight was found in the case of the full irrigated treatments of the higher N-
fertilization (I3N3; Table 1). 

Table 1. Saffron quantitative characteristics as affected by irrigation and N-fertilization.  

 

Flower 
Number 
/ m2 

F. Weight 
Flowers 
(kg/ha) 

F. Weight 
Stigmas 
(kg/ha) 

D. Weight 
Stigmas 
(kg/ha) 

I1 205 137 68.2 11.8 

I2 309 236 115.1 19.1 

I3 324 255 122.8 22.4 

LSD.05 58.5 54 23.11 5.78 

N1 294 204 105.8 19.6 

N2 263 189 96.7 16.4 

N3 281 235 103.7 17.3 

LSD.05 ns ns ns Ns 

I1N1 201 131 66.6 10.8 

I1N2 214 132 72 11.1 

I1N3 201 148 66.1 13.5 

I2N1 344 242 125.9 22.7 

I2N2 251 189 92.7 15.9 

I2N3 331 277 126.7 18.7 

I3N1 338 238 124.8 25.3 

I3N2 325 247 125.3 22.1 

I3N3 309 281 118.4 19.8 

LSD.05 ns ns ns Ns 

CV (%) 19.9 27.1 21.7 21.8 
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3.2   Fresh and dry weight of stigmas 

Fresh and dry weight of stigmas was statistically significant higher in the case of 
irrigated treatments, while N-fertilization did not have statistically significant effect. 
Maximum dry weight (25.3 kg ha-1) was produced for the full irrigated treatment 
without N-fertilization (I3N1; Table 1). Furthermore, it was noticed that N-fertilization 
had a negative effect producing lower dry stigmas yield comparing to the control. 
Finally, it was found that full irrigation yielded double dry stigmas production 
compared to rainfed treatments. 

Ghanbari et al. (2019), reported that flower number is the most important 
characteristic affecting stigma yield. Moreover, it is reported that an average of 
160.000 saffron flowers are needed to produce 1 kg of dried stigmas (Schmidt et al., 
2007; Vignolini et al., 2008), which is in agreement with the findings of the current 
study where an average of 159.000 flowers produced 1 kg of dried stigmas.  
Moreover, the influence of intensive agronomic practices such as irrigation which 
strongly affects stigmas yield is also reported (Gresta et al., 2009; Koocheki et al., 
2014; Behdani et al., 2016) and was also found in the current study.  

4   Conclusions 

     It was found that 1 kg of dried stigmas is produced through an average of 159.000 
flowers, which indicates that flower number is the most important feature of Crocus 
sativus L., and the reason for the high selling price of the saffron product considering 
the effort it takes to harvest this number of flowers. Irrigation was found to be the 
factor which affected the flower number positively and led to a doubling of stigmas 
yield, while N-fertilization did not any have any statistically significant difference. As 
a general conclusion could be that Crocus sativa L., is a promising perennial crop 
characterized by satisfactory yield with irrigation being the most crucial factor. 
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Abstract. Sorghum belongs to the Poaceae family and it is used for its high 
biomass production. A field experiment was conducted using a factorial split-
plot design with three replicates and twenty-four plots per replication. The 
main factor was the different varieties (V1: Buffalo grain, V2: Elite, V3: Big 
Kahuna, V4: 25K1009, V5: 4264 and V6: 5D61) and the sub-factor the different 
nitrogen fertilization levels (N1: 0, N2: 80, N3: 160 and N4: 240 kg ha-1, using 
urinary ammonia 40-0-0). In the case of fresh biomass weight, the variety 
"25K1009" produced the higher yield, followed by "Big Kahuna" and "Elite" 
with 66.9, 65.27 and 63.03 t ha-1 respectively, which are statistically 
significantly higher compared to the yield produced from the other three 
varieties.  The same was also found in the case of the dry biomass weight. The 
increase in the fresh biomass weight was higher between the higher n-
application (160 and 240 kg N ha-1) reaching the 9 t ha-1.  

Keywords: Sorghum; biomass; yield; nitrogen. 

1   Introduction 

The mechanization of agriculture led to the intensification of agriculture and the 
over-exploitation of land. This practice has resulted in a reduction in soil fertility and 
a consequent increase of the cultivation cost and the reckless overuse of fertilizers. 
Various suitable systems are used for soil remediation or maintenance of soil’s 
fertility as well as the increase of productivity, such as crop rotation with legumes, 
inoculated crops, co-crops, green or organic fertilizers, etc. (Ball et al., 2005). It has 
been reported that corn - soybean rotation can increase corn yield up to 5-30% 
(Marburger et al., 2015; Stanger & Lauer 2008). Crop rotation along with fallow and 
green manure are the oldest and most substantial agricultural practices. The change 
of crops with the system of crop rotation or the intermediate cultivation helps to 
reduce harmful enemies that appear in the monoculture system such as insects, 
diseases and weeds (Castellazi et al., 2008; Pantoja et al., 2015). These cultivation 
practices affect the nitrogen cycle in soil, and they consist the major source of 
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nitrogen enrichment by binding the atmospheric N and making it available for 
successive crops (Powlson et al., 1987; Biederbeck et al., 1996; Lucker et al., 2010). 
Through these practices it is succeeded a better pest management, an enrichment of 
the soil microbial community and a protection of the soil erosion (Chamberlain et al., 
2020). Cultivation of legumes can improve nitrogen levels in the soil and increases 
the yield of the following crops (Wang et al., 2017; Peralta et al., 2018).   

Sorghum belongs to the Poaceae family and it is one of the most significant 
cereals used for its high biomass production, as animal feed in the semi-arid, tropical 
regions due to its ability to grow at high temperatures and dry conditions in areas 
where no other crops can be grown (Morris 2006; McCary et al., 2020). Globally, 
sorghum is one of the top cereal crops, ranking fifth in cereals after maize, wheat, 
rice and barley, with 57.6 million tons of annual production worldwide in 2017 
(FAO). Sorghum is known for its excellent adaptability, which enables it to grow in a 
wide variety of climates. It is drought tolerant, heat resistant and can grow at high 
altitudes, in alkaline and barren soils, due to the fact that it has a well-developed root 
system with a high root-to-leaf ratio (Rooney & Waniska, 2000). Today, there are 
many varieties and hybrids as it is a multi-purpose plant. The yield of sorghum in 
Greece depends on the cultivated variety, the sowing season, the irrigation, the 
fertilization as well as the soil and climatic conditions of each area. The production 
potential of sorghum ranges from 20-40 tons per hectare per dry weight, which 
means 100-120 tons per hectare of fresh weight per year. 

It is reported that sorghum is a crop with high biomass yield due to its C4 
photosynthesis efficient (Zegada-Lizarazu et al., 2012; Wortmann et al., 2010; Xu et 
al., 2018), a crop with a high soil-climatic adaptability (Teetor et al., 2011) and a 
crop of high nitrogen and water use efficiency with a short life cycle (Stone et al., 
2001; Farré and Faci, 2006; Ananda et al., 2011). 

Legumes plants such as previous cultivation can improve sorghum yields by 
helping farmers, especially in the poorer parts of the world (Bagayoko et al., 2000; 
Bado et al., 2006). All types of legumes and especially peas significantly increased 
the yield of the following cereal crop compared with cereals that had grown in a 
monoculture system. In the case of sorghum that grow as monoculture the reached 
grain yield was about 1.08 (t ha−1) while when sorghum was grown after legume 
cultivation, it was reached a yield of 1.18 (t ha−1) (Franke et al., 2018). Experiments 
conducted by Bado et al., (2011) that lasted 4 years shown that compared to 
monoculture, rotation sorghum with pea can increase sorghum yield from 50% to 
300%. It has been observed that legumes as a previous crop enrich the soil with 
available nitrogen for the following sorghum cultivation, resulting in an increased 
yield of 20-30% (Giller et al., 1995). 

The aim of this study was to determine the most suitable variety of sorghum and 
the most effective nitrogen fertilization dose to improve the production of biomass in 
a field where the previous crop was the pea for silage production. 
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2   Materials and Methods 

A field experiment was conducted in a clayey soil with an alkaline reaction in 
both the surface and sub-surface soil horizon. It is particularly fertile with a 
percentage of organic matter of 2.91% at a depth of 0-30 cm and 1.86% at 30-60 cm.  

A factorial split-plot design was used with three replicates (blocks) and twenty-
four plots per replication. The main factor was the different varieties (V1: Buffalo 
grain, V2: Elite, V3: Big Kahuna, V4: 25K1009, V5: 4264 and V6: 5D61, six varieties 
in total) and the sub-factor the different nitrogen fertilization levels (N1: 0, N2: 80, 
N3: 160 and N4: 240 kg ha-1, using urinary ammonia 40-0-0) with three replicates. 
The occupied area of each plot was 42 m2 (6 m wide and 7 m long). 

Initially, in the fall, pea was sown (11/21/2018, Olympus variety) with a quantity 
of 140 kg ha-1 of seeds. Pea biomass harvest took place on 5/29/2019, and thereafter 
the field was cultivated for the sowing of the six varieties of sorghum. Sorghum 
sowing took place on 5/6/2019, Plant distance was 50 cm between the lines (for the 
first three varieties V: 1-3) and 75 cm between the lines (for the rest V:4-6) while the 
plant distance on the line was 8 cm, for all varieties, according to the established 
correct practice (and the characteristics of the varieties). The surface nitrogen-
fertilization was carried out on 20/7/2019. Control of broadleaf weeds took place 
using a chemical herbicide after sorghum germination, while no approved 
formulation was found for the herbaceous plant, as a result of the weed Sorghum 
halepense, which belongs to the same genus. Therefore, Sorghum halepense was 
controlled manually. 

The final harvest took place on October 25, where 1 m2 cut from the inner area of 
each plot in order to minimize the boarder effect. The plants were weighed at once 
and afterwards two representative plants were selected for further laboratory 
analysis. 

Complete weather data were recorded by an automated meteorological station, 
which was installed next to the experimental field. 

Finally, the analysis of variance (ANOVA) within sample timings for all 
measured and derived data was conducted using the statistical package GenStat (7th 
Edition). The LSD0.05 was used as the test criterion for assessing differences between 
means (Steel and Torrie, 1982) of the main and/or interaction effects. 

3   Results and Discussion 

3.1   Climatic data 

The experimental area is characterized by a typical Mediterranean climate. During 
summer months the average recorded air temperature was 25.8oC, which decreased 
by 4oC in September (Fig. 1).  
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The recorded precipitation for the summer months was only 46 mm of which 60% 
occurred in July. In September there was recorded a precipitation of 21 mm (Fig. 1), 
making the growing year very dry and adverse. Due to the significant rainfall (28 
mm) that recorded in the second ten days of July, there was accompanied a 
significant drop in temperature. 

Sorghum base growing temperature is 13°C (Ferraris and Charles-Edwards, 
1986), while the favor temperature growth range is 20-30°C, which was consistently 
reached by June and maintained until end of September. 
 

 
Fig. 1. Average air temperature and precipitation occurred during sorghum cultivation. 

3.2   Biomass Yield 

Table 1 shows the fresh and dry yield of the tested sorghum varieties at harvest. In 
the case of fresh biomass weight the variety "25K1009" produced the higher yield, 
followed by "Big Kahuna" and "Elite" with 66.9, 65.27 and 63.03 t ha-1 respectively, 
which are statistically significantly higher compared to the yield produced from the 
other three varieties.  

The increase in nitrogen fertilization produced significant higher fresh biomass 
yield. Biomass production followed the principle that the higher the nitrogen 
fertilization, the higher the production was (Table 1). The same was also found in the 
case of the dry biomass weight. The increase in the fresh biomass weight was higher 
between the higher n-application (160 and 240 kg N ha-1) reaching the 9 t ha-1.  

Regarding the interactions of the factors, the highest yield in fresh and dry weight 
was achieved in the variety "25K1009" for the higher n-fertilization level (240 kg N 
ha-1; Table 1). 
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The measured yields of the tested varieties were lower than expected (Mrvova et al, 
2018), which may be due to the delayed establishment of the sorghum as a result of 
the existence in the field of the previous pea cultivation as an intermediate crop. 
Furthermore, the lower yield may be due to the competition of the cultivation with a 
weed of the same genus (Sorghum halepense), for which an attempt was made to 
reduce the population manually since there are no herbicides that would not affect 
the cultivation. 
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Table 1. Fresh and dry biomass yield of the tested varieties as affected by the different N-
fertilization levels (0, 80, 160, and 240 kg N ha-1).  

 Fresh Biomass Dry Biomass 
t ha-1 

V
ar

ie
tie

s 

Buffalo Grain 35.58 9.07 
Elite 63.03 14.69 

Big Kahuna 65.27 11.53 
25K1009 66.90 16.15 

4264 45.36 10.96 
5D61 38.54 10.56 

LSD.05 5.265 1.991 

N
-

fe
rt

ili
za

tio
n 0 44.52 10.81 

80 48.80 11.82 
160 53.64 12.01 
240 62.83 13.98 

LSD.05 4.439 1.275 

In
te

ra
ct

io
n 

(V
ar

ie
tie

s Χ
 N

-fe
rt

ili
za

tio
n)

 

Buffalo 
Grain 

0 32.40 8.84 
80 33.17 8.86 
160 36.63 8.76 
240 40.13 9.81 

Elite 

0 60.30 15.43 
80 60.90 13.99 
160 62.17 14.18 
240 68.77 15.15 

Big 
Kahuna 

0 54.40 9.79 
80 57.23 10.61 
160 66.90 11.67 
240 82.53 14.04 

25K1009 

0 53.00 13.05 
80 62.85 16.51 
160 68.62 15.63 
240 83.12 19.44 

4264 

0 32.25 7.83 
80 42.05 10.16 
160 48.05 11.58 
240 59.10 14.25 

5D61 

0 34.80 9.89 
80 36.58 10.91 
160 39.47 10.23 
240 43.32 11.20 

LSD.05 ns ns 
CV (%) 12.5 15.5 

 
The produced biomass yield is higher than the reported yield (Buxton et al., 1999; 

Regassa and Wortmann, 2014; Wannasek et al., 2017). The dry biomass of the 
unfertilized treatments in the current study is higher compared to the reported yield 
of 23 t ha-1 (Pannacci and Bartolini, 2018). The dry yield of all tested varieties had 
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been significant affected by nitrogen fertilization which has been reported in 
previous studies (Ayoub et al., 2003; Pholsen and Sornsungnoen, 2004; Pholsen and 
Suksri, 2007). 

4   Conclusions 

Six sorghum varieties were grown in 2019 to determine the effect of N 
fertilization of the most productive variety when grown after pea into a rotational 
system. Regardless of the delayed sowing of sorghum, the variety with the highest 
biomass production (66.9 t ha-1) was the "25K1009", recorded to the treatment of the 
highest N-fertilization level (240 kg N ha-1). Based on the above results, it could be 
concluded that the higher the nitrogen application is, the higher the sorghum biomass 
(fresh and dry) yield is produced. Furthermore, a legume—cereal system could be 
introduced into cultivating systems as a second nitrogen supplier to subsequent 
crops.  
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Abstract. National Parks represent natural ecosystems whose biodiversity 
endows them not only with spectacular ecological and scientific value but also 
with a rich aesthetic and cultural value. Other apparent benefits of National 
Parks are in their potential for biodiversity conservation and in their appeal to 
visitors and tourism, and particularly the kind that is concerned with learning 
about nature and the environment. In this paper, we present the work being done 
for the AdVENt project, which focuses on researching a particular region of the 
Parnassos and Oiti National Parks in Greece, with a remarkably diverse endemic 
flora, and in developing innovative applications in order to enhance the tourism 
experience in protected areas of particular environmental interest. AdVENt aims 
to provide technologically advanced multimedia solutions and high-quality 
content, highlighting the natural beauty of the region.  

Keywords: Vascular plants; National Parks; Natura 2000; Augmented Reality; 
Mobile Apps. 

1   Introduction 

Mediterranean Basin is one of the 18 biodiversity hotspots worldwide and presents 
a high geomorphological and climatic heterogeneity (Blondel and Aronson, 1999). Its 
flora includes approx. 25000 plant species or nearly 30000 species and subspecies 
(Medail, 2008), a fact that renders it the richest among the regions hosting 
Mediterranean ecosystems. Mediterranean mountains are specifically known for their 
vast plant diversity and endemism, ideal for biogeographical and biodiversity studies. 

Greece is an important region of the Mediterranean Basin, being the actual meeting 
point of three continents, Europe, Asia and Africa (Sainz Ollero, Moreno Saiz 2002; 
Martin-Brano et al., 2010). It is characterized by a typical Mediterranean climate with 
mild, humid winters and hot, dry summers. However, differences in natural 
environment and climate can be found regionally or locally, due to the diverse 
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topography of the country (Hobbs et al., 1995). A large variety of Mediterranean 
habitats included in the reference list of the Natura 2000 initiative exist in Greece. 
They host a spectacular biodiversity, fortunately well protected, within a large network 
of protected areas that includes, among others, the Greek National Parks. The latter are 
natural areas that usually present a vast amount of ecological, aesthetic, cultural, 
educational and scientific values. Their potential for conservation is significant and 
they attract a large number of visitors who want to experience nature.  

The vascular flora of Greece includes 5758 species and 1970 subspecies (native and 
naturalized), representing 6620 taxa, belonging to 1073 genera and 185 families 
(Dimopoulos et al., 2013, 2016). The endemic vascular flora of Greece includes 1459 
taxa (22% of the total number of taxa in Greece), which correspond to 1274 endemic 
species (22,1% of the total number of Greek species) and 450 endemic subspecies 
(22,8 % of the total number of Greek subspecies) (Dimopoulos et al., 2013, 2016).  

A project titled “Augmented Visitor Experience in National Parks” (AdVENt), co-
funded by the European Union and the Greek National Funds, begun in 2018 for a 3-
year period, involving partners from the academia and SMEs, aiming at creating a 
more direct and representative experience of nature for visitors of the Oiti (or Oeta or 
Oite) and Parnassos (or Parnassus) National Parks. The AdVENt project focuses only 
in the vascular plants of Oiti and Parnassos National Parks for touristic, educational 
and scientific purposes. In the following sections, AdVENt is being briefly described, 
with a focus mainly on the research work of collecting the data and creating the 
database for the vascular plants of the region. 

2   Study area of AdVENt 

The AdVENt project covers certain mountainous areas of the geographic region of 
central Stereá Elláda (or Continental/Central Greece), i.e., the National Parks of Oiti 
and Parnassos (Figs. 1, 2). In these National Parks, visitors can find ample natural and 
cultural treasures and options for various outdoors activities: hiking trails, dense fir 
forests, endemic and rare plant species, landscapes of special natural beauty and of 
course, historical and archaeological sites (Delphi) and popular winter sport 
destinations (Parnassos ski resort). 

More specifically, Mt Oiti known as the mountain of flowers and of the legendary 
hero Hercules, is a mountain of unique beauty, with vast fir forests, rare, as well as 
impressive, plant species and rich fauna, with waters being abundant and flowing 
ceaselessly throughout the seasons, through steep and beautiful gorges. It is the fifth 
highest mountain in Central Greece and its highest peak is Pyrgos (2152 m) 
(Management Body of Oiti National Park, Sperchios Valley and Maliakos Gulf, 2019). 
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    Also, Mt. Parnassos presents spectacular geomorphological structures, steep cliffs, 
rocky areas and caves. Its main element, limestone (76.6%), aided in creating 
particularly impressive formations, such as the sinkhole of Lilaia and the Corycian 
Cave, renowned for their beauty. Parnassos National Park together with the National 
Park of Olympus are the two oldest National Parks in Greece. Parnassos is 
characterized by the great wealth of flora, i.e. rare black pines and cedars, wild peonies 
and mountain tea, and fauna, such as grey wolves, wild boars, ferrets, foxes, vultures, 
hawks and reptiles. Special mention should be made to the enormous cultural-
historical value of the place, where the Sanctuary of Apollo and the Oracle of Delphi 
are situated, unique ancient archaeological sites (Management Body of Parnassos 
National Park 2019). 

 
 

 
 
 
 
 
 
 
 
 
 

 
Fig. 1. Map of Oiti (Oeta) National Park. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 2. Map of Parnassos (Parnassus) National Park. 
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     Furthermore, the two sites, i.e. Mt Oiti and Mt Parnassos belong to the Sub-Humid 
(SH) and Humid (H) climatic zones, respectively, according to Climatic Zone 
Classification of UNEP (1992), which is based on the Thornthwaite’s Aridity Index, 
AI (Thornthwaite, 1948, Thornthwaite and Mather, 1955). More specifically, in Mt 
Oiti the available data from Agathonos Monastery meteorological station (38o 52’ 2’’ 
N, 22o 12’ 16’’ E, alt. 533 m), established by the Institute of Mediterranean & Forest 
Ecosystems, covering the time period 1994-2004 indicate that the annual average air 
temperature is 13.7oC, with seasonally variation between 5.5oC in winter and 23.5oC 
in summer, presenting intermediate values during the transitional seasons of spring and 
autumn (11.4 and 14.3oC, respectively). The annual precipitation is 790.2mm, 
occurring mainly in winter (336.1mm) and spring (201.9mm) and presenting 
diminished values in summer (59.0mm). From the long term available data of the 
nearby, though altitudinal lower meteorological station of Lamia (38.9o N, 22.4o E, alt. 
144 m), established by the Hellenic National Meteorological Service (HNMS), Tsiros 
et al. (2020) estimated the values of the AI since the beginning of the century and found 
a value of 0.64 (SH climate zone) for the latest climatic period (1960-1997), while the 
previous periods the AI values were increased, i.e. 0.75 for the climatic period 1930-
1960 (H climate) and 0.69 for the climatic period 1900-1930 (H climate), indicating 
that the climate in the region became drier during the last decades. In Mt. Parnassos, 
the nearest meteorological station was installed in Arachova (38.47o N, 22.57o E, alt. 
950 m) by the HNMS. From the available data of the period 1976-1997, the annual 
average temperature in the region is 13.2oC, seasonally ranging from 5.0oC in winter 
to 22.3oC in summer. The annual precipitation is 501mm, unevenly distributed among 
seasons, occurring mainly in winter (191mm) and autumn (150mm) and less in spring 
(114mm) and summer (45mm). The AI values is 0.66 (Tsiros et al., 2020), 
corresponding to the H climate zone (UNEP, 1992). 

3   Objectives of AdVENt 

As stated in the previous sections, the National Parks of Oiti and Parnassos are the 
regions of interest in project AdVENt, since they host a remarkably diverse flora, fauna 
and landscapes.  

The main objectives of AdVENt are: (a) the research on the flora of the region and 
the creation of a vascular plant database of the Oiti and Parnassos National Parks, 
available to the scientific community and the general public, which is expected to 
promote research in the relevant fields of botany, ecology etc.; (b) the digitization in 
2D, 3D and 360o of selected natural and cultural treasures of the region to create 
stunning new digital content for the presentation and promotion of the region; (c) the 
development of an integrated Augmented Reality (AR) mobile application to enrich 
the tourist experience, particularly customized for the accommodation of 
mountaineering & hiking; (d) the research and development of a sophisticated 
technology and mobile application for the visual recognition/identification of plant 
species of the region of interest. Overall, AdVENt aims at promoting enriching and 
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generally enhancing the visibility and competitiveness of the local tourism product 
(Fig. 3). 
 

 
  
Fig. 3. Visual identification of vascular plant species. 

4   Database of vascular plant of the Oiti and Parnassos National 
Parks 

The vascular plant database of the Oiti and Parnassos National Parks was mainly 
created for touristic purposes, but its educational and scientific use has also been taken 
into consideration. Plants growing along the main pathways of the two National Parks 
have been mainly targeted, supplemented by the vast majority of plant species 
distributed above 1000 m. Species distribution data in the study areas were extracted 
from Strid, (1986), Strid & Tan (1991, 1997, 2003), and Karetsos (2002). Plant 
nomenclature follows Dimopoulos et al. (2016). 

The database includes 819 plant taxa (species and subspecies); 673 taxa are 
distributed in Parnassos National Park and 586 in Oiti. The most diverse plant families 
are Asteraceae (85 taxa) and Fabaceae (74). The endemic floristic element is 
represented by 109 taxa, among them several rare and threatened species, as well as 
seven local endemics. The flora of the area also includes numerous socio-economically 
important plants, like medicinal plants and crop wild relatives, introducing the visitors 
to the high value of the native flora as highly significant phytogenetic resources.  

In more detail, the plant database contains the following information of plants 
species:  
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Field name Field description 
Group Group name of plant 
Genus Genus name of plant 
Family Family name of plant 
Taxon Species/subspecies name of plant 
Author’s name Authors referencing the plant 
Scientific name Scientific name of the plant 
Common name Common name of the plant 
National extinction risk National extinction risk for the plant 
Global extinction risk Global extinction risk for the plant 
Status Status of the plant (range-restricted/alien) 
Endemic Range-restricted characterization of plant 
Crop wild relative Crop wild relative of plant 
Medicinal Medicinal use of the plant 
Floristic regions of Greece Floristic regions of Greece where the plant can be 

found 
Life-form categories Life-form categories of plant 
Habitat categories Habitat categories of plant 
Range-restricted taxa and 
native and non-native (alien) 
taxa 

Range-restricted taxa and native and non-native 
(alien) taxa of plant 

Blossom Blossom period starting and ending 
Description of ecology General description of plant 
Folklore-historical 
information-uses 

Folklore-historical information-uses of plant 

References Bibliography for plant 

5   Conclusion 

The AdVENt project will be enhancing the knowledge about the flora of the 
National Parks of Oiti and Parnassos in Central Greece and to build upon this 
knowledge and the relevant rich cultural identity of the region in order to provide 
innovative tools for scientific community and mountain tourism.  
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Abstract. Agricultural terraces and terrace walls are a conspicuous feature of 
the Mediterranean Forest and agricultural landscapes, which are vital in relation 
to biodiversity. Aim of the study is to identify the contribution of agricultural 
terraces and terrace walls in the biodiversity conservation of the forest and 
agricultural landscapes on Kythira island. Literature review survey indicate that 
agricultural terraces and terrace walls provide various goods and services, which 
are vital, and they are potential and interesting resources for the development of 
this area. It is noteworthy that agricultural terraces and terrace walls are an 
important habitat for biodiversity. Also, stone terraces and walls create a suitable 
micro-environment for biodiversity conservation and enhancement. 
Consequently, these landscape elements should be preserved and exploited as 
they favor the components of biodiversity which are the source of our food and 
medicines, fibers, fuels and industrial products. The direct use of the components 
of biodiversity contribute substantially to the economy and tourism 
development.   

Keywords: Biodiversity; Micro-environment; Conservation; Mediterranean 
island. 

1   Introduction 

The island of Kythira, also known as Cerigo, is located south of the southeastern tip 
of the Peloponnese. The area of Kythira is 277.28 km2 and the length of the coastline 
is 114.24 km, while taking into account the 22 islands around it, the total area is 278.65 
km2. Its general geomorphologic picture is semi-mountainous, dominated by a low 
plateau of 200-300 meters, which is often interrupted by gorges and some valley-like 
configurations. This plateau leads to steep cliffs to the west and south, and to the east 
and north, to smoother and lower formations, with many beaches. There are several 
islands and islets around, with the most important being Dragonares in the east and 
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Avgo or Hitra in the south (Aggelidis et al., 2016). Most of the Kythira area belongs 
to the category "forests and semi-natural areas" (63.35%), 36.38% of the total area 
belongs to the category "agricultural areas" and 0.27% to artificial areas (Fig. 1, 2). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1. The Natural Environment of Kythira (Photo: Dr Alexandra Solomou). 

 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

Fig. 2. Map of the Greek island Kythira. 

Specifically, the SAC area (Special Areas of Conservation) GR3000010 - NISIDES 
KYTHIRON: PRASONISI, DRAGONERA, ANTIDRAGONERA (total area: 989.13 
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ha) are important for the flora [e.g. Allium gomphrenoides Boiss. & Heldr., Anthemis 
scopulorum Rech. f., Centaurea raphanina subsp. mixta (DC.) Runemark etc.], the 
birds (e.g. Anthus campestris, Falco eleonorae, Lanius senator etc.) and the mammals 
(e.g. Monachus monachus, etc.). Also, SPA GR3000013 - KYTHIRA KAI GYRO 
NISIDES: PRASONISI, DRAGONERA, ANTIDRAGONERA, AVGO, KAPELLO, 
KOUFO KAI FIDONISI (total area: 5392.46 ha) (Map 1) is important for breeding 
and marine species. It has been designated as SPA (Special Protection Areas) for the 
following birds: Calonectris diomedea, Puffinus yelkouan, Phalacrocorax aristotelis, 
Falco eleonorae, Falco peregrinus, Larus audouinii and Emberiza caesia (FILOTIS, 
2018). 

The aim of the present study is to identify the contribution of agricultural terraces 
and terrace walls in the biodiversity conservation of the forest and agricultural 
landscapes on Kythira island. 

2   Climatic Characteristics 

The island of Kythira is characterized by the Mediterranean climate with hot and 
dry summers and cold winters. Specifically, according to the Climatic Zone 
Classification of UNEP (1992), the area belongs to the sub-humid (SH) climate zone 
with Aridity Index (AI) values presented to decrease from 0.71 (for the period 1900-
1930) to 0.59 (for the period 1960-1997), indicating that more arid conditions persist 
the recent years compared to the beginning of the century (Tsiros et al., 2020). 
According to the available meteorological data of the Hellenic National 
Meteorological Service, the annual precipitation in Kythira is low (about 495mm 
averaged for the period 1964-2016) and unevenly distributed between seasons, 
occurring mainly in winter (53%) and autumn (28%) and less in summer (only 2%) 
and spring (17%). In general, the summer months in Kythira are extremely dry, with 
July being the driest month. According to the pluvio diagram (Fig. 3), the dry season 
starts in April and ends at about late October. 

 
 
 
 
 
 
 
 
 

Fig. 3. The Pluvio Diagram for the island of Kythira derived from meteorological data of the 
period 1964-2016. 
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The annual average temperature is 18.0οC, ranging seasonally between 11.6οC in 
winter and 25.4οC in summer, with intermediate values during the transitional seasons 
of spring and autumn (15.5οC and 19.6οC, respectively). July and August are the 
warmest months of the year with average temperatures 26.4°C and 26.2°C 
respectively, while coldest months are January and February with average 
temperatures around 11.0°C. The monthly changes of the temperature attributes are 
presented in Fig. 4, indicating that in the region, generally warm conditions persist 
during all seasons. 

 

 
Fig. 4. Monthly values of temperature attributes in Kythira derived from meteorological data of 
the period 1964-2016. 

The region’s climate has become significantly hotter the last decades compared to 
the past as clearly depicted in Fig. 5. The temperature attributes’ trend analysis was 
performed by employing the widely used Mann-Kendall test (Mann, 1945, Kendall, 
1975) and the Sen-slope method (Sen 1968), by applying the MAKESENS 1.0 
software (Salmi et al., 2002). On an annual basis, the average temperature appears to 
have increased by a rate of +0.37οC/decade since 1964. The specific rate becomes 
maximum (0.67οC/decade) in summer and minimum, though positive, in winter, 
indicating that all seasons became much warmer compared to the past. The greatest 
changes, on a monthly basis, is identified for August which presents a warming rate 
on the order of 0.74οC/decade. 
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Fig. 5. Mean Temperature annual values for the period 1964-2016 in Kythira. 

3   Materials and Methods 

Data for the current study were taken from a previously published work and, to 
safeguard the credibility, only indexed and peer-reviewed articles were used. The 
following databases were included: Scopus, Google Scholar, PubMed, Science Direct, 
and MEDLINE. 

4   Dynamics of Stone Terraces and Walls in the Natural 
Environment 

The island of Kythira is the crossroad of Mediterranean cultures. The fire occurred 
in 2017 exposed the stone terraces and walls (Fig. 6), works that span hundreds of 
years, whose maintenance and extension continued until the 1960s, as they are 
elements of the Greek landscape and its features. According to Koulouri (2004) 
terraces are, historically, one of the most important and characteristic human 
interventions in shaping the Mediterranean landscape. They are a very important 
element of the historical and cultural heritage of the Mediterranean peoples and at the 
same time of great aesthetic and environmental value. 

The idea of the stone terraces and stone walls (Fig. 6) is very likely to have been 
conceived by the island's inhabitants in ancient times so that they can cultivate the 
land, mainly due to the steep slope of the soil, and to some extent ensure their survival. 
Traditionally, the art of tiering has been passed down from generation to generation, 
among members of each family. Such terrestrial farming has largely been abandoned 
due to the mechanization of agriculture, intensive farming and the reduction in the 
share of human labor in agricultural production (Crhysanthaki, 2005). 
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Fig. 6. Stone terraces and walls in the Kythira landscape (Photo: Dr Alexandra Solomou). 

We should also consider the fact that the systems of stone terraces and walls (Fig. 
6) provide a multitude of benefits for both the environment and human societies. They 
provide Ecosystem Services that are vital, especially on island regions. More 
specifically, the most important benefits of maintaining stone terraces and walls are: 
 

• Prevention of soil erosion, both by the action of water and air, 
• Protection during extreme weather, preventing floods and contributing to the 

creation of a local microclimate, 
• Production, under specific conditions, of high-quality products, 
• The creation of suitable micro-habitats for the conservation, protection and 

enhancement of biodiversity, 
• Maintenance of the high aesthetic and cultural value of the Mediterranean 

landscape (Koulouri, 2004). 
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5   Contribution of Stone Terraces and Walls to Biodiversity 
Conservation 

Stone terraces and walls are an integral part of the Mediterranean landscape (Fig. 
7). In many cases, they create ecological seals/habitats/nests offering a permanent or 
temporary refuge to various biodiversity components, e.g. invertebrates, reptiles, birds, 
etc. Indeed, the orientation of the terraces to the south creates a fire hazard, but on the 
other hand "retaining walls during the day store solar energy, which is released at night, 
thereby creating local microclimate" suitable for many organisms, which in turn leads 
to an increase in biodiversity (Vernikos et al., 2001). In essence, they create an artificial 
habitat and organism shelter that is enhanced by the increase in landscape mosaics. 

The micro-environment at the base of stone terraces and walls are characterized by 
high humidity and increased primary productivity (dense vegetation), factors which 
are important for invertebrate populations (e.g. spiders, phalanx, Carabidae, 
Staphylinida, etc.) (Arnett et al., 2002, Dajoz 2002). During the summer months the 
slits and openings of the stone terraces and walls accommodate large numbers of other 
invertebrates (e.g. snails) that pass the breeding period in a protected microclimate. 
This is probably due both to the high humidity of the stone terraces and walls, and to 
the increased calcium requirements for the construction of snail shells, factors that 
make them ideal environments for organisms. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 6. Stone terraces and walls as an important source of biodiversity (Photo: Dr Alexandra 
Solomou). 
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As regards the reptiles, their exothermic condition plays a decisive role in the 
selection of "good" calorie sites where there is rich food and protection from predators 
(Adolph, 1990). Stone terraces and walls are such places; thus, they are attractive to 
reptiles. Therefore, these areas of the island's rural landscape are very important for 
wildlife, because they are an important refuge for a large number of species (e.g. 
reptiles, smallpox and insects) that constitute important food for many bird species. 

Stone terraces and walls are also an important habitat for flora diversity and habitat 
for dry or shady plants as they find a safe retreat site there, a haven of life. The flora 
that grows in these areas hosts species that are scattered by the natural flora of 
neighboring areas. Plant species vary greatly from place to place depending on the 
micro geographical conditions (microclimate, altitude, etc.) (Petanidou, 2001). Other 
factors have to do with the growth of herbaceous plants are the age of the construction, 
the moisture retention at least once a year, the north orientation and the shading, which 
indirectly regulate the amount of moisture and its duration (Pafilis, 2014). 

6   Conclusion 

Stone terraces and walls are part of the island's cultural tradition and heritage and 
the can contribute to the financial development of the local communities. Under the 
environmental view, they create suitable micro-environments for biodiversity 
conservation. It is essential to be preserved as a measure for the protection of the local 
flora and fauna, for strengthening ecosystems adaptation mechanisms in order to cope 
with climate change. 
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Summary  

Sheep farming is one of the most important livestock sectors utilizing marginal 
areas and producing high-quality dairy and meat products.  Lately, there is an 
increasing tendency for added value, traditional sheep products from local breeds, due 
to their high nutritional value and special taste. Pelagonia sheep breed, which is 
currently in danger of extension, is reared mainly in West Macedonia, Greece. 
Pelagonia sheep, which are high resistant to infectious diseases, adverse soil and 
climatic conditions, produce high-quality products and have relatively high prolificacy 
rate, characteristics that show breed’s improvement potential. Nonetheless, their 
advantages are not fully valorized.   

The Greek sheep farming sector has several structural problems in adapting to 
current economic conditions; low investments in machinery and buildings and high 
input prices that increase production costs, result to low income making it difficult for 
the sector to develop. Inadequate organization and mismanagement of sheep farms, 
low educational level of breeders and lack of training, information and expertise are 
significant problems that are an obstacle to the sector’s development. Farmers are 
mainly old, with limited skills and knowledge and are reluctant to modify farming 
practices, there is lack of innovation culture across farmer communities and low farmer 
investment capacity.  

These constraints indicate the need for adoption of innovative solutions, ICT and 
application of smart technologies on sheep farming. Thus, the objective in this study 
was to indicate the measures that need to be taken to utilize the strengths of the sector 
and to identify ICT tools and innovative practices that could make the sector more 
sustainable and profitable. Data and relative information were obtained from a 
literature review on the use of ICT on livestock sector and personal interviews of 
sector’s stakeholders. A SWOT analysis was implemented through the development 
of a general model for understanding and managing the environment in which the 
sheep sector operates. 

At farm level, the survey and the analysis of the feedback received from sector’s 
experts indicated the use of technologies to control factors such as soil-climate and 
animal temperatures, could contribute positively to grazing and animal health, as well 
as tracking devices for controlling animals during grazing. The installation of 
ventilation and heating systems combined with the modernization of the facilities, 
would significantly improve the living conditions for animals’ welfare. Additionally, 
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using automation equipment machinery could contribute positively, while using 
Renewable Energy Sources would drastically reduce maintenance and production 
costs. The use of smart portable devices that record and analyze farm data contribute 
to a more efficient management of sheep farms. In manufacturing, the use of 
processing, sorting, maintenance and control machinery could be a reliable solution to 
increase the added value of the products. Moreover, consumers are now interested in 
food information, transparency and traceability and food quality control systems and 
modern packaging support product quality and rebuild consumer trust.  

The adoption of ICT could help in the optimal utilization of resources to ensure 
higher animal welfare and to improve milk and meat production. The inflow of funds 
should be utilized in the adoption of innovative practices and smart technologies in 
Pelagonia sheep breeding, but also in the processing of the products, maximizing their 
added value. Equally important and necessary condition for the above is the relevant 
training of sheep breeders with ICT tools, as well as the continuous support of experts 
supervising the implementation of new technologies. 

Keywords: ICT; Sheep; breeders; livestock. 
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Abstract. The purpose of this study was to investigate the effect of biological 
fertilizers and a natural origin stimulant in oregano cultivation. For the purposes 
of the study a field experiment was established in Larissa (central Greece). There 
was used a factorial experimental design with three factors: a) T1: Control, b) 
T2: Application of 1500 kg ha-1 Italpollina + 2 sprays with Auxym and c) T3: 
Application of 1500 kg ha-1 Solfero + 2 sprays with Auxym under four 
replications. The fresh and dry total weight of T2 and T3 were reduced to rates 
of approximately 4% and 6% respectively, compared to those of T1. Contrary to 
the above observation, the dry drogue weight of T1 plants was reduced by 
approximately 13.5% compared to T2 and by 7% compared to T3. Finally, 
essential oil yield was higher in T2, at rates of 21% and 15% compared to T1 and 
T3 respectively. 

Keywords: Oregano; biological fertilizers; bio-stimulants; yield; essential oil. 

1   Introduction 

Organic farming is one of the alternative forms of agricultural production and refers 
to a management system that provides the consumer with food while respecting the 
balance of ecosystems. The growing interest in organic farming has been the subject 
of many global initiatives since the 1920s. 

Aromatic and Medicinal Plants (AAF) have a special place in the life of all peoples. 
The trend in recent years for the "return to nature" and the application of more 
environmentally friendly cultivation methods has led, in Greece and worldwide, to an 
increase in demand for natural products and especially for AAF. 

AFF due to low input requirements can be grown as organic without special 
infestations by enemies and diseases producing satisfactory yields of biomass and 
essential oil. 

One of the most cultivated AFF in the world and especially in Greece and the 
Mediterranean basin is oregano. Oregano belongs to Lamiaceae family and it is a 
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genus of herbaceous perennials and sub-shrubs. Origanum genus is native to dry, 
rocky calcareous soils and its leaves and flowers have a strong aroma. 

Origanum genus includes many species and the most cultivated species (native in 
Greece; Kokkini et al., 1994) is Origanum vulgare ssp. hirtum (Skoula and Harborne, 
2002) which is also known as Greek oregano. Origanum vulgare ssp. hirtum has been 
reported to have a high essential oil concentration of a high quality (1.1–8.2%, v/w; 
Goliaris and Skroumpis, 1992; Baser et al., 1993; Franz and Novak, 1997). 

There are few studies where the effect of fertilization on growth and development 
of oregano species has been investigated (Ozgόven et al., 2006; Omer, 1999) and it is 
reported the positive effect in harvested yield. Furthermore, in case of nitrogen 
fertilization, it is reported that dry biomass yield and essential oil yield is affected 
without affecting the essential oil content (Dordas, 2009). 

Furthermore, there are many studies on the essential oil of Greek oregano and its 
medicinal properties, where it is reported that the main compound is carvacrol 
(Kokkini and Vokou, 1989; Adam et al., 1998; Zheng and Wang, 2001; Esen et al., 
2007; Mastelic et al., 2008) while they are also high in content: thymol and γ-terpinene 
(D’Antuono et al., 2000). 

Finally, there is no literature on the cultivation practices of this plant, especially 
under the organic production regime, while there is a growing interest in finding 
alternative crops and food (Kintzios, 2002). The aim of this study was to investigate 
the effect of biological fertilizers Solfero (12%Fe + 5% MgO + Zn + Mn + 34% SO3), 
Italpollina (4-4-4 + 70.7% Organic) and natural origin stimulator Auxym in oregano 
cultivation biomass yield, essential oil content and its quality characteristics. 

2   Materials and Methods  

A field experiment was established at the Experimental Farm of the General 
Department of the University of Thessaly (central Greece) on 2018 (39°62′69″ N, 
22°38′14″ E) and the results refer to the measurements occurred in 2019 where oregano 
cultivation was in its second growing year.  

A factorial experimental design with three factors a) T1: Control, b) T2: Application 
of 1500 kg ha-1 Italpollina (4-4-4+70% organic substance) + 2 sprays with Auxym and 
c) T3: Application of 1500 kg ha-1 Solfero (12%Fe+5%MgO+Zn+Mn+34%SO3) + 2 
sprays with Auxym under four replications. 

Harvest took place on 22/06/2019 at a height of 30 cm above ground where the 
plants were in flowering stage. Plant height ranged from 60 to 70 cm. Further 
measurements of the fresh and dry weight of shoots and leaves, the essential oil content 
(%),the weight of oregano quality product (grated and sieved dry oregano herbal 
substance), as well as a chemical analysis of the produced essential oil were carried 
out. 

The soil of the experimental site is characterized as calcareous (pH = 7.53), of low 
fertility (organic matter content 1.21%) and low salinity (0.33 dSm-1) at a depth of 30 
cm.  

Bio-fertilizer or bio-stimulant composition is given in details: 
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- Italpollina is an organic plant growth aid, 100% natural with composition: N 4%, 
P2O5 4%, K2O 4%, organic matter 70.7%, MgO 0.5%, Fe & B 1% and 12% fulvic 
acids. 

- Solferro is a mixture that consists: Fe water soluble 12%, Mn water soluble 0.55%, 
Zn water soluble 0.49%, MgO 5.1% and SO3 water soluble 37%. 

- Auxym is a liquid plant growth aid with composition: B water soluble 0.4%, Fe 
hydrogen EDTA 6%, Mn EDTA water soluble 0.5%, Zn EDTA water soluble 
0.4%, Cu EDTA water soluble 0.2%. 

The first application of Auxym carried out on 21/05/2019 where oregano was on 
the beginning of the flower stage (5% of the plants had flowers) and the second 
application with Auxym took place on 03/06/2019 where the 40% of the plants were 
at flowering stage. 

Oregano harvest took place on 22/06/2019 at 30 cm above ground and in case to 
avoid any border effect plants were cut from the 1 m2 of the inner plot of each 
replication. Oregano plants during the harvest period were 75% flowered. Plants height 
ranged from 60 to 70 cm. There after the harvested biomass was air dried in the 
laboratory for a week and sanding in a small sander. The essential oil content was 
measured using a Clevenger-type distillation apparatus where 12.5 g of dry oregano 
were subjected to 105 minutes of hydro distillation (250 ml of water).  

The average obtained essential oils of its treatments were further analyzed using a 
Gas chromatograph interfaced with a mass spectrometer using GC-MS on a fused 
silica DB-5 column. Each compound’s relative content was calculated as percentage 
of the total chromatographic region and the results are expressed as the mean 
percentage (%) of three replicates (Sarrou et al., 2017; Tsivelika et al., 2018). 

The statistical package GenStat (7th Edition) was used for the analysis of variance 
(ANOVA) and the LSD.05 was used as the test criterion for assessing differences 
between means (Steel and Torrie, 1982). 

3   Results and Discussion 

Although there were not observed statistically significant differences between the 
treatments for the total fresh and dry weight (table 1), it was found that treatments 2 
and 3 produced reduced yield by approximately 4% and 6%, respectively, compared 
to control. 

In contrast to the above observation, the dry drogue weight of the control (Table 1) 
was reduced by approximately 13.5% compared to treatment 2 and by 7% compared 
to treatment 3. 

The essential oil content was similar between control and treatment 3, while the 
plants in treatment 2 had an increased content of approximately 10% compared to both 
Witness and Transplant 3 plants (Table 1). 

Multiplying the essential oil content with the dry drogue yield is calculated the 
production of essential oil per hectare. It was found that the essential oil yield per 
hectare was higher for treatment 2, at a rate of 21% and 15% compared to the control 
and treatment 3, respectively. 
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The values of all measured parameters except total fresh and dry weight of treatment 
2 have a numerically superiority compared to control and treatment 3. This is probably 
due to the fact that the plants in treatment 2 received an extra nitrogen application of 
about 60 kg ha-1 compared to the treatments of control and treatment 3. 

It is reported in literature (Ozguven et al., 2006) that the application of 40 kg N ha-
1 increased significantly the total fresh and dry weight. Furthermore, it is reported that 
the N-application in aromatic-medicinal plants increases the essential oil content due 
to the increase in biomass per unit area, the leaf area and the photosynthesis degree 
(Ram et al., 1995; Sangwan et al., 2001). 

Table 1. The effect of the different treatments on the total fresh - dry weight of oregano, on dry 
drogue and in the produced essential oil. 

 Total Fresh 
Weight 

Total Dry 
Weight 

Dry 
Drogue 
Weight 

Essential 
oil 

content 

Essential 
oil yield 

 t ha-1 % kg ha-1 
Treatment 1 10.01      4.95      2.85     0.96     27.2 
Treatment 2 9.63      4.65      3.29     1.05     34.4 
Treatment 3 963 4.66 3.06 0.95 29.1 
LSD0.05 ns ns ns ns ns 
CV (%) 11.2 12 8.9 12.4 12.6 

 
Finally, in the produced essential oil were identified 25 ingredients where the main 

ones (Table 2) are: carvacrol (81.78%), thymol (0.15%), p-Cymene (4.42%), a-
Thujene (1.51%) and c-Terpinen (4.81%). 

Table 2. The main essential oil compounds found to the tested treatments. 

 Carvacrol Thymol  p-Cymene a-Thujene c-Terpinen 
 % 
Treatment 1 83.247 0.168 4.290 1.300 4.418 
Treatment 2 81.413 0.068 4.345 1.587 5.128 
Treatment 3 80.676 0.223 4.615 1.636 4.873 

 
It was observed that in Treatment 1 the percentage in Carvacrol (83.247%) is higher 

than the other treatments, while the content of Thymol is higher in Treatment 3 
(0.223%). In the rest compounds treatment 1 (control) has lower content. 

4   Conclusions 

There was not found any significant statistical effect of the tested treatments on the 
measured parameters (fresh-dry weight and essential oil yield). 
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Although the found values of the fresh and dry weight in control were slightly 
higher than those of treatments 2 and 3, the dry drogue yield in control was the lowest 
of all. This may be due to the higher percentage of shoots in the control plants 

The slightly increase observed in the dry drogue weight and in the essential oil 
content of the plants in treatment 2 (Italpollina treatment), may be attributed to the 
additional nitrogen application. 

In order to draw more complete conclusions, it is essential to extend the time of 
experimentation by at least one year, where oregano plants will have entered the fully 
productive years of its biological cycle. Finally, it is suggested that in order to 
strengthen the conclusions in the coming research, there must be analyzed few more 
physiological parameters such as: the leaf area index, as well as the photosynthetic 
efficiency. 
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Abstract. Meat quality and hygiene are perquisites for the marketing of meat 
and meat products. In this research paper the results of the monitoring of meat 
quality from abattoirs of Northern Greece are reported. Samples of lamb meat 
and beef were collected in order to examine the physicochemical parameters 
(pH, moisture, total fat and total proteins) and microbiological quality indicators 
(total mesophilic count, total psychrophilic counts and coliform count) of meat 
produced in these plants. Concerning beef, the most contaminated area was the 
hindquarter, followed by the forequarter and the abdomen. Differences were 
observed in the microbiological quality of the lamb carcasses prepared at 
different abattoirs, pointing the importance of personalized hygiene measures. 
Small deviation was observed in the physicochemical parameters examined, 
with lamb meat having a pH of 6.17 (SD=0.24), humidity of 63.2% (SD=4.5%), 
total fat 5.4% (SD=4.1%), and total proteins 20.8% (SD=4.5%).  

Keywords: meat quality; meat hygiene; lamb meat; mutton; goat; Greece. 
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1   Introduction 

Meat is an essential part of the human diet. As in most foods, its suitability for 
human consumption is determined by its safety and quality. The term "safety" is easily 
defined; still, it is not so for the term "quality" which is a rather generic term, prone to 
social and time variations. With hygiene a perquisite, it is acceptable that quality is 
formed by the consumer preferences, namely its organoleptic characteristics, 
nutritional value, and the technological properties of meat (Elmasry et al., 2012). Still, 
in order to compare quality of different meat, certain physicochemical parameters have 
been introduced as quality markers that are objective still not usually perceived by the 
consumer. In Greece, the characterization of meat quality relies mostly in empirical 
characteristics, with scarce scientific information concerning objective quality 
characteristics (Krystallis et al., 2007). The scope of this research was to assess the 
hygiene and quality of beef and sheep meat produced in abattoirs of Northern Greece 
by certain hygiene and quality markers. 

2   Materials and Methods 

The abattoirs under examination are situated in the Prefectures of Thessaly and 
Central Macedonia. They are licensed by the European Union for the slaughter of 
ruminants and pigs. The abattoirs were visited from October 2019 to June 2020. 
Approximately 1 hr after slaughter, the surface of the carcasses was sampled following 
the non-destructive swab method. In brief, a sterile swab was soaked in 5 ml of 
Minimum Recovery Diluent (MRD, Oxoid) and was used to wipe a 100 cm2 carcass 
surface area. The swab was added to the tube containing 5 ml MRD and transported to 
the Laboratory of Food Hygiene – Veterinary Public Health in an insulated container 
under refrigeration. Within 24 hr, decimal dilutions were performed in MRD 
containing tubes. From each dilution, 0.1 ml of the diluent was surface inoculated in 
the appropriate media. For the microbiological parameters examined the plates 
inoculated were Plate Count agar (Biolab) for Total Mesophilic Viable Count (TMVC) 
and Total Psychrophilic Plate Count, and Violet Red Bile agar (Biolab) for coliform 
count. The examination of samples for TMVC and coliform count was performed 
according to ISO 4833/2005 and ISO 21528-2/2017 with modifications, as proposed 
by the Commission Regulation (EC) No. 2073/2005 on microbiological criteria for 
foodstuffs. Incubation was performed at 30oC for 72h for TMVC, 10oC for 7 days for 
TPVC and 37oC for 24h for coliforms. After incubation, the characteristic colonies 
were counted, and the results were recorded. A total of 88 and 166 swab samples were 
examined for surface contamination of beef and sheep carcasses respectively. 

Samples were also collected by the destructive method from cold carcasses. In brief 
a piece weighting approximately 100 g was excised from the thigh region (quadriceps 
fermoris) or elsewhere and transported to the laboratory within the same day. The 
samples were examined for their pH, water activity, humidity, total fats and total 
proteins. Prior to examination the samples were comminuted with a Warring 
laboratory blender. For pH examination, 10 g of muscle were dispersed in 40 ml of 
distilled water and let to settle. Ph examination was performed with a Hannah Ph211 
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pH meter. Water activity was measured with a HygroPalm HP23-AW-A water 
Activity Analyzer (Rotronic AG) according to the manufacturer’s instructions. 
Humidity was examined with a moisture analyser (Ohaus MB27) according to the 
manufacturer’s instructions. Total fat was determined according to the reference 
analysis Weibull-Stoldt method, with hydrolysis as the first step and extraction in the 
Soxtherm, according to the AOAC method 991.36. Total protein was determined 
according to the AOAC Official Method 928.08. A total of 110 beef samples and 37 
sheep samples were examined for their physicochemical properties, with 10 and 25 of 
them respectively examined for total fat and total proteins. 

3   Results and Discussion 

An effort was made to monitor the hygiene and quality of lamb and beef produced 
in the abattoirs of Northern Greece. For this purpose, a total of 88 and 166 surface 
samples were collected from bovine and sheep carcasses, and 110 beef samples and 37 
sheep meat samples examined for their physicochemical properties. The 
physicochemical analyses results are reported in Table 1 and Table 2. In brief the cold 
carcass hindquarter pH was in average 5.69, the diaphragm pH was in average 6.2, the 
forequarter pH was in average 5.77 and the liver pH was in average 6.43. The deviation 
was small, implying the repeatability of the slaughtering procedure and the uniform 
conditions in all animals slaughtered, not permitting different conditions of chilling. 

Table 1. PH of the beef muscle from the sites sampled (average in bold, standard deviation in 
parentheses and italics). 

Carcass part   
Hindquarter 5.69 (0.10) 
Diaphragm 6.2 (0.15) 
Forequarter 5.77 (0.24) 
Liver 6.43 (0.04) 

 
Concerning the physicochemical analyses of the hindquarter samples from sheep 

cold carcasses, the average value of pH was 6.26, humidity was 63.2%, total fat was 
5.4%, and total proteins 20.8 %. Little difference was observed between samples from 
different abattoirs concerning the pH of the cold carcass and the humidity. Still there 
were differences in the total fat and total proteins of the samples examined that were 
not statistically significant as shown by the deviation of the abattoir 2 samples. This 
can be attributed to the number of samples examined and the examination of some 
older animal carcasses from abattoir 2 since meat from older animals is generally richer 
in fat.  
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Table 2. Physicochemical analyses of lamb meat (average in bold, standard deviation in 
parentheses and italics). 

 pH Humidity Total fat Total proteins 
Abattoir 1  6.26 (0.14) 63.8% (3.0%) 4.0% (1.2%) 19.8% (4.4%) 

Abattoir 2 6.07 (0.29) 61.4% (7.7%) 9.9% (6.4%) 24.3% (2.8%) 

Total 6.17 (0.24) 63.2% (4.5%) 5.4% (4.1%) 20.8% (4.5%) 

 
Concerning the surface contamination of bovine carcasses, the results are shown in 

Table 3 and in Graphs 1 and 2. In hindquarters, the average value of TMVC was 4.83 
log10 CFU/cm2, TPVC 2.13 log10 CFU/cm2 and coliform count was 0.86 log10 CFU/cm2. 
The abdomen examination results were 1.76 log10 CFU/cm2 for TMVC, 0.83 log10 
CFU/cm2 for TPVC, and 0.56 log10 CFU/cm2 coliform count. In forequarter samples 
TMVC was 2.48 log10 CFU/cm2, TPVC 1.35 log10 CFU/cm2 and coliform count was 
0.68 log10 CFU/cm2 in average. The hindquarter surface was more contaminated than 
the forequarter and abdomen surfaces, with the abdomen surfaces being the least 
contaminated.  

The microbial counts are in average below the limits posed by the he Commission 
Regulation (EC) No. 2073/2005 on microbiological criteria for foodstuffs. More 
specifically, no batch of carcasses exceeded the average limit posed of 3.5 log10 
CFU/cm2. In three cases the surface count was larger than 3.5 log10 CFU/cm2 but below 
the upper limit of 5.0 log10 CFU/cm2 of individual samples. According to Paszkiewicz 
& Pyz-Łukasik (2012) the total aerobic bacteria count on calf carcasses slaughtered in 
Polish abattoirs ranged from 3.5*103 CFU/cm2 up to 7.0*103 CFU/cm2. These results 
are larger than the ones reported in our study for abdomen and forequarter areas, but 
smaller than the counts observed for hindquarter samples. This can be justified by the 
unified analysis of the different carcass surface sampling points. Also, the coliform 
counts reported (1.7*10 cfu/cm2) are larger than the ones reported in this paper, 
possibly due to better evisceration techniques. Zweifel et al. (2008) have examined the 
surface contamination of pigs and cattle slaughtered in small scale Swiss abattoirs. 
They report that the mean TMVCs of cattle carcasses ranged from 2.7 to 3.8 
log10CFU*cm-2, a value that is smaller than the ones observed in this study. Camargo 
et al. (2018) report that the contamination rates in four Brazilian abattoirs were in 
average 2.93 ± 0.06 log10CFU*cm-2 for TMVC and 1.81 ± 0.07 log10CFU*cm-2 for total 
coliforms, which are comparable to the ones observed in the present study. Still, it 
should be noted that comparison of microbial contamination of the carcasses should 
not be done with data from countries outside the European Union since in other areas 
and more specifically in North America, they are hampered by the application of 
decontamination procedures (Koohmaraie et al., 2005). In contrast, Petruzzelli et al. 
(2016) report quite lower TMVC counts (1.96 log cfu/cm2) in bovine carcasses from 
three small-scale Italian abattoirs. 
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Table 3. Microbial counts of different beef carcass areas (average in bold, standard deviation in 
parentheses and italics). 

 Hindquarter Abdomen Forequarter Average 
TMVC 4.83 (1.79) 1.76 (0.70) 2.48 (1.21) 3.02 (1.85) 
TPVC 2.13 (2.07) 0.83 (0.49) 1.35 (1.23) 1.44 (1.50) 
Coliforms 0.86 (0.78) 0.56 (0.16) 0.68 (0.31) 0.66 (0.39) 

 

  

Fig. 1. Total mesophilic counts of beef 
carcass areas (n= 36). 

Fig. 2. Total psychrophilic count of beef 
carcass areas (n= 36). 

 
The microbial counts of the sheep carcasses surface samples from the two abattoirs 

under investigation are reported in Table 4. In brief, TMVC was 4.02 log10 CFU/cm2 

and 1.91 log10 CFU/cm2, TPVC was 3.47 log10 CFU/cm2 and 2.56 log10 CFU/cm2, and 
coliform count was 4.02 log10 CFU/cm2 and 1.91 log10 CFU/cm2 in abattoir 1 samples 
and abattoir 2 samples respectively. In Graphs 3, 4 and 5, boxplot graphs of the 
microbial counts under investigation have been constructed in order to compare the 
contamination of the surfaces in the carcasses produced in these two abattoirs. The 
TPVC and coliform counts were comparable, showing no actual differences. Still, the 
TMVC variation was larger in abattoir 1 than in abattoir 2, with the median being 
larger in abattoir 2 than in abattoir 1; therefore, the production process is judged as 
inconsistent in abattoir 1, although in general the efficiency of its procedures could end 
up in a less contaminated sheep carcass. 
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Table 4. Microbial counts of lamb hindquarters (log10 CFU/cm2) between the two abattoirs 
sampled (average in bold, standard deviation in parentheses and italics). 

 Abattoir 1 
(n=44) 

Abattoir 2 
(n=122) 

Total Mesophilic Count 4.02 (1.67) 1.91 (1.30) 
Total Psychrophilic Count 3.47 (0.57) 2.56 (0.74) 
Coliforms 1.26 (0.98) 1.26 (1.13) 

 
Sierra et al. (1997) have reported larger microbial counts after the washing step of 

a sheep abattoir in Ireland. In brief the average microbial counts in four plans 
investigated ranged from 4.63 to 4.88 log10 CFU/cm2. The larger counts can be 
attributed to the different carcass areas sampled which were the abdomen. This is in 
accordance with the observation that the evisceration stage was considered the most 
implicated in carcass contamination by Enterobacteriaceae, although no correlation 
between the total counts and the Enterobacteriaceae was observed. Milios et al. (2011) 
have reported, among other, that TMVC and Enterobacteriaceae counts in a Greek 
lamb abattoir were 5.89 and 3.74 log10 CFU/cm2. They have also proposed that steam 
decontamination could greatly benefit the overall microbial quality of the sheep 
carcass. Røssvol et al. (2018) compared the effects of two evisceration methods on the 
hygiene of sheep carcasses, stating that no difference exists between the methods 
examined. Petruzzelli et al. (2016) report quite smaller TMVC counts (2.27 log 
cfu/cm2) in bovine carcasses from three small-scale Italian abattoirs. 
 

  
Fig. 3. Comparison of total mesophilic 
counts of lamb hindquarters from abattoir 1 
and 2.  

Fig. 4. Comparison of total psychrophilic 
counts of lamb hindquarters from abattoir 1 
and 2. 
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Figure 5. Comparison of coliform counts of 
lamb hindquarters between abattoir 1 and 2. 
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Abstract. The microclimatic conditions within a crop canopy are differentiated 
from those outside resulting to the exposure of plant organs in different 
environmental conditions. In the present study, the diurnal variation of leaf 
temperature, air temperature and vapor pressure deficit (VPDis presented, of 
leaves inside (shaded) and outside (sunlit) a kenaf canopy, for a period of two 
days is presented. During the solar day, the VPD inside and outside the canopy 
showed no differences and maximized at 2.7 kPa. Inside the canopy air 
temperature showed statistically significant differences from the outside 
temperature the period from 6 am to 10 am and the leaf - air temperature 
comparison of sunlit leaves showed significant differences during 6 pm - 11 
pm, while the leaf - air temperature comparison of shaded leaves showed 
significant differences, almost constantly, throughout the day. 

Keywords: kenaf; leaf temperature; vapor pressure deficit (VPD). 

1   Introduction 

Canopy temperature is primarily correlated with stomatal conductance, a 
physiological process which affects photosynthesis rate, transpiration rate, plant 
water use, leaf area index (LAI) and therefore crop yield (Lopes and Reynolds, 
2010). Leaf temperature depends on air temperature, humidity, and wind speed 
(Jones et al. 2009) factors which affect leaf transpiration. Thermal imaging provides 
a good solution in screening leaf temperature, either in laboratory or field conditions, 
and differences between leaf and air temperature can be used as a measure of plant 
stress(Jackson et al. 1977). The canopy – air temperature differential has been used in 
many studies to quantify crop water stress index (CWSI) (Ahi et al. 2015; Erdem et 
al. 2006; Carroll et al. 2017). The infrared temperature measurements in most studies 
are captured from the top of the canopy, considering the top canopy leaves as 
representatives for the whole canopy. The microclimate inside and outside of a 
canopy is different with the plant organs being exposed to different factors affecting 



 575 

their physiological processes and growth. In crop modelling, data obtained from local 
weather stations or national networks are used (Jucker et al. 2018) and it is assumed 
that every plant part in a field is exposed in the same conditions. This bias can have 
implications when modelling plant responses to climate change. To reduce 
inaccuracies, research of crop microclimate inside and outside of the canopy is 
required. 

Kenaf (Hibiscus cannabinus L.) is a crop mainly cultivated for fiber and biomass 
production. It is well adapted to Greek climatic conditions and it has a high potential 
biomass productivity, about 22 t ha-1 (Danalatos & Archontoulis 2010; Alexopoulou 
et al. 2000). Kenaf has the potential to be integrated as a new crop in Greece and 
further research of plant – environment interactions are required. 

2   Materials and Methods 

2.1   Experimental Area 

The experiment took place in a kenaf experimental field, located in Thessaly plain 
of Greece (coordinates: 39°30'45" N, 22°28'03.1" E, altitude 170 m) during 14th (1st 
day) and 15th (2nd day) of October 2013. The soil was characterized as clay. The 
kenaf variety was Whitten and plant density 20 plants m-1. Emergence of kenaf dated 
on 20/5/2013. Plot fertilization consisted on 200 kg N ha-1 (as ammonium nitrate) and 
50 kg P ha-1 without any K fertilization applied, since soil analyses showed adequate 
K concentration. Irrigation was applied weekly with the amount of applied water 
being calculated as equal to maximum evapotranspiration. 

2.2   Temperature Measurement System 

A custom leaf temperature system was designed for automatic measurements and 
data storage of leaf and air temperature, and air humidity. The main system 
components were the microcontroller, the sensors, the power supply and a 
datalogging system. 

The microcontroller was an ATmega2560 (Arduino Mega board) with 54 digital 
input/output pins, 16 analog inputs, 256 KB of Flash Memory for storing code and 
with 16MHz operating frequency. The microcontroller connects via a USB type port 
to a computer for code upload and stored data download. Microcontroller’s code was 
written in Arduino programming language with the Arduino IDE being used for the 
communication between computer and microcontroller. 

For leaf temperature measurements, the infrared non-contact MLX90614 sensor 
(Melexis, Concord, NH) was used. This type of sensors are appropriate for field use 
and have been used in many plant leaf experiments (Fisher & Kebede 2010; Martinez 
et al. 2017).  The sensor consists of an infrared-sensitive thermopile detector and a 
signal conditioning chip integrated into a single unit. The on-board 17-bit analog-to-
digital converter DAC transforms the analog temperature signal of the thermopile 
detector into a digital signal, accessible to the microcontroller via the SMBus 
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communication protocol. The version of the sensor used had a10o Field of View 
(FOV) and was factory calibrated for temperature measurements in the range of -40 – 
85oC with 0.01oC resolution and ±0.5oC accuracy (Melexis 2019). A total of 7 
infrared sensors were used. 

For air temperature and relevant humidity (%RH) measurements, the SHT15 
sensors (SENSIRION AG) were used. The SHT15 contain a capacitive sensor 
element for measuring relative humidity while temperature is measured by a band-
gap sensor. The integrated CMOSens® technology of the sensor further increase its 
reliability and long-term stability. Both sensors are seamlessly coupled to a 14bit 
analog to digital converter (ADC) and a serial interface circuit. The sensor 
communicates with the microcontroller via the serial interface. The %RH accuracy of 
the sensor is ±2% and the temperature accuracy ±0.3-0.4oC in the range of 5 - 40oC 
(Sensirion 2015). 6 SHT15 sensors were used. 

The power supply system was consisting of a 9-volt battery pack, capable to 
operate the device for at least 48 hours, and for datalogging, the OpenLog module 
(SparkFun Electronics) was used. The OpenLog module is an open source data 
logger for microSD cards that works over serial connection. 

The leaf and air temperature sensors were coupled to form, a total of 6, sensor 
heads. Each sensor head was attached to the end of a pole and positioned underneath 
a healthy leaf, with the infrared sensor looking the underside of the leaf. The poles 
were stabilized to the ground and attached to the plant stems to reduce changes in 
plant leaf position due to wind streams. The fourth infrared sensor was placed 
looking at the sky to be used as a correction factor in case an infrared sensor would 
lose visual contact with the leaf. The system was often visually monitored to ensure 
proper operation. 

2.3   Measurements 

Three sensor heads were placed underneath sunlit leaves on top of the kenaf 
canopy (sunlit leaves) and another 3 underneath leaves inside the kenaf canopy 
(shaded leaves), not visible by sun rays. In this stage of development, the canopy 
Leaf Area Index (LAI) was ~ 3 ensuring good shading conditions inside canopy, 
although proper attention was paid to the position selection. 

The measurements consisted of sunlit and shaded: a) leaf temperatures (Tleaf-sun, 
Tleaf-shade), b) air temperatures (Tair-sun, Tair-shade) c) relevant humidity (RHsun, RHshade). 
The sky temperature was not used because no errors in infrared measurements were 
detected. Measurements were logged every 5 mins and averaged in hourly means. 
From air temperature and %RH of each SHT15 sensor, the VPD was calculated 
based on the equations given in FAO 56 (Allen et al. 1998). 

3    Results 

In Fig.1 the diurnal patterns of leaf and air temperatures, along with VPD, are 
presented. During the 1st day, Tair-sun had a minimum value of 13.7oC, which 



 577 

maximized at 27.9oC at 15th hour of the day, while the 2nd day the minimum and 
maximum values were 16.1oC and 30.7oC. The respective values for Tair-shade were 
15.1-26.2oC for the 1st day, and 17.3-29.0oC for the 2nd day. Maximum value of Tair-

shade occurred one hour after Tair-sun. 

 

Fig. 1. Diurnal changes of leaf and air temperature, and vapor pressure deficit, of kenaf shaded 
and sunlit leaves. Error bars indicate mean ± SE. 
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The mean hourly air and leaf temperature was compared for differences during the 
2-day period. During the 1st day hourly Tair-shade to Tleaf-shade pair comparison showed 
statistically significant differences (p ≤ 0.05) only during the 10th and between the 
17th and the 22nd hour of the day. During the 2nd day the statistically significant 
differences (p ≤ 0.05) showed at the 8th hour and during the 17th and the 22nd hour, as 
on the 1st day. The pair comparison of hourly Tair-sun to Tleaf-sun showed constant 
statistically significant differences (p ≤ 0.05) during both days, except hours 8, 9 and 
19 to 23, of the 2nd day where no differences were found. During the experimental 
period, the mean hourly air temperature was constantly higher than leaf temperature. 
The range of Tair-shade - Tleaf-shade difference was 0.6-1.8oC during the 1st day and 0.7-
3.2oC during the 2nd day. For Tair-sun and Tleaf-sun the range of their difference was 0.3-
1.2oC and 0.8-2.1 for the 1st and 2nd day, respectively. Tleaf-shade range between 13.7-
24.4oC and 14.8-27.1oC for the 1st and 2nd day, respectively, while Tleaf-sun range 
between 12.5-26.6oC and 14.8-29.3oC. 

The hourly VPD means of shaded and sunlit leaves, throughout the day, were 
compared for statistically significant differences. During solar day there were no 
significant differences contrary to the period between 18th to 24th hour, of each of the 
days. For both days, VPDsun was maximum at 15th hour of the day, while the 
VPDshaded maximized one hour later. VPDsun maximum daily value was 1.6 and 2.7 
kPa and VPDshaded maximum value was 1.4 and 2.4 kPa, for 1st and 2nd day, 
respectively. 

4   Discussion 

Temperature and vapor pressure deficit (VPD) are important environmental 
factors affecting crop growth and productivity by regulating leaf stomatal 
conductance. In the present study VPD inside and on top of the canopy, showed no 
significant differences throughout the solar day, apart from after 6 pm when the sun 
is low on the horizon and the photosynthetic rate is low. The same pattern was 
observed both in the inside and outside air temperature, and in both sunlit leaves 
temperature and their air temperature. In both cases there was differentiation after 6 
pm. On the contrary the shaded leaves had almost constantly statistically significant 
different temperature from the temperature of their microclimate. These findings 
suggest that leaf temperature varies within the day and depending on the canopy 
height, and thus they should not be considered stable. 
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Summary 

The effect of partial substitution of soybean meal by equal quantities of flaxseed 
and lupins in diets of Holstein cows on metabolism and performance was investigated. 
A total of 60 animals (30 multiparous and 30 primiparous) were equally allocated into 
equal groups in a randomized block design. The experiment was conducted in a 
commercial dairy farm in Polydamio, Farsala, Thessaly. Τhe study period for each 
animal was 60 days (25 days prepartum and 35 days postpartum). The experimental 
diet in control group (group M) contained corn, barley, soybean meal, rapeseed cake, 
corn silage and Lucerne hay, whereas, in the treated group (group T) 75% of soybean 
meal was substituted by 37.5% whole flaxseed and 37.5% lupins. The experimental 
diets were fed twice daily with a daily allowance of 24 kg. dry matter intake per animal 
for both groups. The two groups were fed isonitrogenous and isoenergetic diets. Water 
was available ad libidum. Milking was carried out 3 times daily and milk yield was 
recorded was recorded automatically. Milk samples were analyzed for chemical 
composition, SCC content, CFU, and fatty acid profile. Blood samples were collected 
on days -30 (±5), -15 (±5), 0 (calving), 7, 14, 21, 28, 35, 42 and 56 from the tail vein. 
Serum was separated by centrifugation and stored at -20oC until analysed for NEFA, 
BHBA, and glucose concentrations. On the days of blood sampling clinical 
examination of the animals including -when appropriate- evaluation of the uterine 
involution and ovarian resumption, and determination of body condition score (BSC) 
were carried out by an experienced vet. Throughout the study period no differences 
were detected in BCS, glucose and BHBA concentration between the two groups. At 
calving NEFA concentration did not differ between groups; on days 14 and 42 NEFA 
levels were higher in group M compared to group T (day 14: 0.74±0.2 mmol/l vs 
0.48±0.1 mmol/l, p<0.01; day 42: 0.37±0.2 mmol/l vs 0.2±0.1 mmol/l, p<0.05, for 
groups M vs T, respectively). On day 7, the total milk yield tended to be higher in 
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control group (29.3±9.1 kg vs 25.4±8.8, p=0.08), which was attributed to the lower 
milk production of treated primiparous cows (22.7±5.4 vs 26.8±5.6, p<0.05). On day 
64 no difference was found in milk yield between multiparous or primiparous of the 
two groups (43.4±12.4 vs 42.7±8.7 and 32.0±11.4 and 34.8±9.0, for multiparous and 
primiparous animals from groups C and T, respectively). The mean increase rate, 
calculated as the difference of day 64 minus day 7 produced milk, was significantly 
(p<0.05) higher in primiparous treated cows compared to the respective controls. No 
difference was recorded in milk fat, milk protein, SCC, and CFU at any time point 
between the two groups. Group T animals had reduced (p< 0.05) palmitic acid, 
increased (p<0.05) oleic acid and increased (p<0.05) linolenic acid (C18:3 ω3) 
compared to group M. Furtherly, milk produced from group T cows expressed 
decreased milk saturated fatty acids, atherogenicity and thromogenicity indexes and 
increased the concentrations of unsaturated fatty acids compared to controls. In 
conclusion, partial soy meal replacement by flaxseed and lupins favors milk 
production in primiparous cows with a neutral effect on overall production, and 
improves the fatty acid profile. The reduced NEFA signify lower fat mobilization, 
which might be indicative for higher feed utilization. However, the underlying 
mechanisms leading to this warrant further investigation.  

Keywords: dairy cows; soybean meal; flaxseed; lupins; performance; milk fatty 
acids. 
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Summary 

Soybean and its by-product soybean meal are arguably the most commonly 
proteinaceous feed ingredients used in farm animals. Nevertheless, these feed 
ingredients are produced in Europe in very low quantities; therefore, large amounts are 
imported annually, which necessitate high economical cost and environmental impact. 
It is possible that novel feed ingredients can limit the needs for soybean, but also 
improve the overall health and performance parameters of milk producing animals 
such as sheep. This study examined the possible changes in the milk production, milk 
composition and health, caused by the partial replacement of soybean meal by 
flaxseeds and lupins. Initially, 30 dairy ewes (Lesvos and Chios crossbreed) were fed 
conventional diets, based on alfalfa hay, straw and concentrate feed that contained 
soybean meal for a period of one month and on day 30 (Samples A), milk samples 
were collected from all animals. Then, for a period of two months the same ewes were 
fed a second concentrate feed with lower level of soybean meal that contacted 10% 
flaxseed and 10% lupins, whereas milk samples were collected on days 60 (Samples 
B) and 90 (Samples C). Blood samples were also collected for biochemical analysis 
(Albumin; Alanine aminotransferase; Aspartate aminotransferase; Glucose; 
Cholesterol; Creatine kinase) on days 30, 60 and 90. Milk fatty acid profile was 
analyzed by a gas chromatography method. The milk fatty acid analysis showed that 
milk samples B and C had higher amounts of unsaturated fatty acids compared to the 
control (A:24.35%; B:28.15%; C: 28.12%) and especially polyunsaturated fatty acids 
(A:2.81%; B:5.01%; C:5.85%) and omega-3 fatty acids (A:0.17%; B:0.73%; C:1.06%). 
Moreover, milk samples B and C had lower atherogenicity index (A:3.19; B:2.58; 
C:2.72), thrombogenic index (A:4.02; B:2.73; C: 2.53) and improved omega-6/omega-
3 ratio (A:14.94; B:5.55; C:3.94). The blood analysis showed that samples C had the 
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highest values of alanine aminotransferase (A:59.0 u/dl; B:66.9 u/dl; C:76.0 u/dl), 
glucose (A:62.7 mg/dl; B:63.4 mg/dl; C:81.5 mg/dl) and cholesterol (A:44.1 mg/dl; B: 
57.3 mg/dl; C:73.6 mg/dl). In conclusion, the substitution of soybean meal by flaxseed 
and lupins in ewes’ diets, improved ewes’ milk fatty acid profile, and modified some 
blood health indexes. Further investigation is needed to elucidate the underlying 
biological mechanisms and to identify the optimal feed composition. 

Keywords: Dairy sheep; soybean meal; flaxseed; lupins, performance; milk 
fatty acids. 
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Summary 

Recently, novel dietary strategies are under examination, aiming to improve the 
sensory characteristic, as well as the potential health benefits of animal products, such 
as cheeses produced by sheep milk. This study examined the possible changes in the 
chemical composition and fatty acid profile of Greek kefalograviera cheese, caused by 
the partial replacement of soybean meal by flaxseeds and lupins. Initially, 30 dairy 
ewes (Lesvos and Chios crossbreed) were fed conventional diets, based on alfalfa hay, 
straw and concentrate feed that contained soybean meal for a period of one month and 
on day 30, milk samples were collected from all animals. Then, for a period of two 
months the same ewes were fed a second concentrate feed with lower level of soybean 
meal that contacted 10% flaxseed and 10% lupins. On days 60 and 90, milk samples 
were collected from all animals. The milk from each collection was used to 
manufacture three kefalograviera cheeses (A=30-day, B=60-day, C=90-day), using 
commercial starter culture, rennet and pasteurized milk. After 3 months of ripening, 
from each kefalograviera cheese samples were taken for chemical analysis 
(FoodScanTM) and fatty acid analysis (gas chromatography method). Cheese A had the 
highest fat content (A:30.5%; B: 25.6%; C:28.10%), and the lowest moisture content 
(A:37.9%; B:42.4%; C:39.6%) and protein content (A:26.9%; B:27.1%; C:29.1%). 
The fatty acid profile results showed that Cheeses B and C contained higher amounts 
of polyunsaturated fatty acids compared to the control (A:3.63%; B:5.76%; C:7.59%), 
such as linoleic acid (A:2.26%; B:3.08%; C:3.89%), alpha-linolenic acid (A:0.16%; 
B:0.72%; C:1.23%) and gamma-linolenic acid (A:0.49%; B:0.94%; C:1.26%). 
Moreover, cheeses B and C had improved omega-6/omega-3 ratio (A:18.66; B:5.75; 
C:4.14). In conclusion, the substitution of soybean meal by flaxseed and lupins in ewes’ 
diets, can result in modified Kefalograviera cheese composition with improved fatty 
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acid profile and potential health benefits. Future work has to be done in relation to 
standardize diets and omega-3/omega-6 profiles in Kefalograviera cheese.  

Keywords: Dairy sheep; soybean meal; flaxseed; lupins; Kefalograviera; cheese 
fatty acids. 
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Summary  

In the era of farm digitalization and smart farming, sensing systems, automations, 
and technologies for agricultural applications have found great acceptance leading 
towards the farming of the future. Technologies concerning the so-called Internet of 
Things (IoT) show great potential for applications in the agri-food sector contributing 
to better decision making, at the field level, and advanced management of the food 
supply chain securing food safety and limiting food waste. 

In this work, the analysis of the requirements for the development of an integrated 
traceability system is implemented. The system uses advanced IoT technologies in 
order to constantly and seamlessly follow the processing of the produced fresh fruits 
and vegetables trough the agri-food supply chain. Traceability begins in the field level 
where IoT sensing systems are used to monitor the growing conditions and production 
management practices. Specific protocols are followed in order to secure 
communication between all the components of the system. The communication 
between the devices of the system is established using LoRaWAN network with 
communication range that reaches 20 km. In addition, RFID, Beacons, and Bluetooth 
communication are utilized for specific services. RFID technology is utilized to follow 
the route from field to the packaging facility and throughout the packaging procedures. 
The packaged products will carry the product information to the store shelf using RFID 
and beacon technologies. Finally, RFID technology is utilized for the management of 
the organic waste produced along the supply chain.  

The proposed IoT based system will be the principal step for the development of a 
holistic traceability system that will resolve or limit important issues in the agr-food 
supply chain leading to efficient management of agri-logistics, while supporting the 
operation of circular economy approach. It will serve as a tool that secures food safety 
and public health while limiting waste through better post-harvest management of 
fresh agricultural products and by establishing organic waste management procedures. 

Keywords: IoT; traceability; supply chain. 
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Summary 

A significant proportion of the fresh products either does not reach the market due 
to quality deterioration or reaches the consumer in poor condition raising concerns 
about the products marketing and the public health. Latest advances in agricultural 
systems and the agri-food supply chain provide the ability to monitor the products 
following the whole chain starting from in-field production and through all the steps 
of transportation, processing, and marketing of the agricultural products. This 
procedure is called traceability and constitutes one the most important trends in the 
food market. Traceability can enhance collaboration between producers and traders 
with emphasis to the exports and is a principal step securing consumers’ awareness of 
the products’ production and handling conditions and food safety. In this work, a web 
and android-based platform is proposed which will monitor and guarantee the quality 
of the fresh products through a traceability system starting from farm level to the 
consumer. The system supports enhanced communication between sellers and traders 
and includes all the significant steps from the farm to the storage, processing, 
packaging, transportation and placement at the store’s shelf, the final receiver, the 
consumer.  

The system consists of a web platform with enhanced operability for all the 
participants in the food supply chain, production, processing and transportation, and 
an Android application for consumers containing all the basic functions, on-the-fly 
scanning and retrieving the history and all the important information of the agricultural 
products. The system uses open architecture securing interoperability with other 
systems. Traceability begins in the farm, where all the information concerning the 
cultivation management (irrigation, fertilization, pesticide applications etc.) is 
recorded. The produced fresh fruits and vegetables are labeled using a unique batch 
code which follows the product throughout the whole process and logistics chain. 
TraceID or QR code is used for labeling each individual product which can be scanned 
by the consumer or any operator in the food supply chain, to retrieve the product’s 
producer’s information and the cultivation, handling, and transportation history. IoT 
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technologies are integrated in the system to support traceability through continuous 
monitoring of the product throughout the supply chain. 

The proposed traceability system is a powerful tool for resolving or limiting 
important issues in the agri-food supply chain such as quality deterioration of the 
sensitive fresh fruits and vegetables and efficient management of agri-logistics, while 
supports the operation of circular economy approach. Therefore, this system will 
secure food safety and public health while limiting waste through better post-harvest 
management of the sensitive fresh agricultural products. 

Keywords: IoT; traceability; supply chain. 
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Summary 

Over the past few years, producers, suppliers, and retailers of fresh fruit and 
vegetables are facing an increasingly extended supply chain, requiring more efficient 
logistics scheduling, closer production monitoring, tighter production planning, and 
higher than ever before expectations for quality and safety for consumers. Alongside 
increasing consumer demands for safe and sustainable food products, fresh fruit and 
vegetable supply chains are challenged with issues related to consumer trust and 
information transparency. This uncertainty in matters of trust and transparency arises 
from the conflicting information provided by producers and consumers. In particular, 
the basic questions are how and where the fruit and vegetables are cultivated, 
harvested, processed, and under what conditions. Fresh fruit and vegetable supply 
chains are tasked with guaranteeing the mitigating the risk of falsification of 
information and the highest standards in food safety and quality. A sustainable and 
secure supply chain will require the sharing of information between producers and 
consumers. The need for information exchange will lead to transformative changes in 
the practices of fresh fruit and vegetable supply chains and will require a standardized 
framework of best practice recommendations for the management of supply chain 
units. This framework will increase the effectiveness of the supply chain, enhance the 
traceability of fresh fruits and vegetables, improve data management practices, allow 
data interoperability, and set supply chain identification standards for supply chain 
products. 

Traceability is a procedure that enables in any chain-link of the supply chain to 
follow products moving from field to retail store. Each part of this traceability 
procedure must be able to identify the source (producer) and the recipient (customer) 
of the product. The priority of traceability is consumer protection through more precise 
and faster identification of the product. The implementation of a complete traceability 
system presupposes the existence of appropriate and precise standards. These 
standards are essential because they provide a common language that helps all the 
enable partners of the supply chain to exchange information with each other, and their 
information technology systems to process and manage the exchanged data. 



 
 

591 

This work examines the incorporation of GS1 standards into fresh fruit and 
vegetable supply chains in order to explore the effectiveness of these standards as an 
approach to implementing a standard framework for the successful transformation of 
fresh fruit and vegetable supply chains. The EAN/UPC barcodes will be used for 
scanning at retail outlets. The GS1-128 barcodes will be used to identify product units 
in packaging and pallets in order to give the appropriate information about the products 
and their movement monitoring.  

GS1 standards will provide a solid foundation for visibility-based applications such 
as track and trace because they are a comprehensive set of global standards for 
locating, capturing, and sharing information about products, locations, and services. 
These standards have been shown that promote the quality and quantity of data for 
backend systems and facilitate communication and information exchange. 

Keywords: Traceability; supply chain; GS1 standards; fruits; vegetables. 
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Abstract. The forest policy in Greece and the current regulatory framework is 
not efficient to support the implementation of sustainability at a satisfactory 
level. The main scope of this study is to present, analyze and evaluate legislation 
and practices that are likely to play the role of constraints towards sustainability. 
The hypothesis is that common practices in the forest field combined with 
inefficient and obsolete legislation are responsible for delays in the 
implementation of a national forest policy which will promote sustainability. A 
systematic methodology was applied so to ensure a rigorous and repeatable 
method of sustainability constraints identification and evaluation.  The 
identification of constraints can promote the improvement of legislation, the 
revision of common practices concerning the forest sector and finally can help 
the forest managers to understand better how to work effectively within legal, 
regulatory, and operational environments deriving from forest policy.  

Keywords: Forest management; biodiversity; constraints; sustainability; SDGs; 
Greece. 

1   Introduction 

Sustainable Development Goals (SDGs) were set by the United Nations (UN) in 
2015, when 193 countries adopted an agenda, comprising of 17 Goals and 169 Targets, 
which are “integrated and indivisible and balance the three dimensions of sustainable 
development: the economic, social and environmental” (UN, 2015). The Goals and 
Targets encourage global, national and local level actions to be taken over 2030, 
affecting all critical areas of humanity. They entail challenges regarding coordination, 
responsibility, planning, arrangement, expertise and commitment (Allen et al., 2018). 
Forests and biodiversity are vital for achieving the SDGs, as they are significantly 
interlinked with food, energy production, health, water, economy, climate etc. In the 
SDGs, forests are mentioned in specific targets of Goal 6 (Clean Water and Sanitation) 
and Goal 15 (Life on Land). More precisely, SDG 6 mentions the protection of forests 
in Target 6.6, which focuses at “protecting and restoring water-related ecosystems, 
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including mountains, forests etc.” (UN, 2015). SDG 15 focuses on “the protection, 
restoration and promotion of sustainable use of terrestrial ecosystems and sustainable 
forest management as well as halting and reversing the loss of biodiversity and land 
degradation”. To accomplish Goal 15, UN members have to achieve 12 targets, from 
which 3 refer directly to forests (15.1, 15.2 and 15.B) (table 1) and 7 to biodiversity 
(15.1, 15.4, 15.5, 15.7, 15.8, 15.9, 15.A) (table 2). 

According to the Sustainable Development Goals Report 2019 (UN, 2019), 
biodiversity loss is critical, with approximately one million species facing extinction. 
Concerning the implementation of the Agenda, the report depicts an unavailability of 
implementation means and financing (UN, 2019). Concerning forests and biodiversity 
in Goal 15, globally, there are some promising trends, portraying the increase of 
terrestrial ecosystems and biodiversity protection (plus financial assistance) and the 
decrease of forest loss. On the other hand, biodiversity loss continues, and efforts for 
protection and restoration of ecosystems and species, are frustrated due to invasive 
species and poaching and trafficking of wildlife. A beating alarm, clearly portrayed in 
the Report (UN, 2019), is the deterioration of the Red List Index (risk of extinction), 
from 0.82 in 1993 to 0.73 globally in 2019 (a value of 1 indicates no threat, and a value 
of 0 indicates that all species are extinct).  

1.1   Current situation in forest management 

Based on table 1, more concern is given by the SDGs in conservation, restoration 
and sustainable use of terrestrial and inland freshwater ecosystems and their services, 
particularly forest ecosystems, aiming to promote the implementation of sustainable 
management, halt deforestation, restore degraded forests and increase afforestation and 
reforestation. Finally, target 15D underlines the need for stable financial support to 
sustainable forest management. According to Spanos et al. (2015), the main forest 
management approaches in Greece are wood and non-wood production, like resin, 
honey, wild plants, livestock etc. Additionally, attention is given to the social uses like 
wildlife, recreation and hunting. Considered that more than 63.5% of the forests are 
state-owned, 12% are owned by local communities and the rest 22.5% are privately-
owned (by monasteries or individuals etc.), the major stakeholder of the Greek forests 
is the state (FRA, 2015). Thus, Greek authorities are responsible for the long-term 
implementation of SDGs and for the implementation and the updating of the legislation 
and practices that are common in the forest sector. Even with the management of 
private owned forests, the final management plan must be authorized by the local forest 
service, considering that same laws are applied in public and in private forests.  This 
type of administration seems to be very state-centered, followed by weaknesses like 
bureaucracy or slow decision-making. On the other hand, this administration offers a 
relative security in terms of strict law enforcement and the protection of the forests.  
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Table 1. Targets aiming to Goal 15 regarding forests. 

 
    

15.1 By 2020, ensure the 
conservation, restoration and 
sustainable use of terrestrial and 
inland freshwater ecosystems and 
their services, in particular forests, 
wetlands, mountains and drylands, 
in line with obligations under 
international agreements. 

Goal 15. Protect, restore 
and promote sustainable use 
of terrestrial ecosystems, 
sustainably manage forests, 
combat desertification, and 
halt and reverse land 
degradation and halt 
biodiversity loss 

  
FOREST 

RELATED 
TARGETS 

15.2 By 2020, promote the 
implementation of sustainable 
management of all types of forests, 
halt deforestation, restore degraded 
forests and substantially increase 
afforestation and reforestation 
globally. 

  
  

  
  
  
  
  

15.B Mobilize significant 
resources from all sources and at all 
levels to finance sustainable forest 
management and provide adequate 
incentives to developing countries 
to advance such management, 
including for conservation and 
reforestation. 
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Table 2. Targets aiming to Goal 15 regarding biodiversity. 

 
    

15.1 By 2020, ensure the 
conservation, restoration and 
sustainable use of terrestrial 
and inland freshwater 
ecosystems and their services, 
in particular forests, wetlands, 
mountains and drylands, in line 
with obligations under 
international agreements. 

    
  
  
  

15.4 By 2030, ensure the 
conservation of mountain 
ecosystems, including their 
biodiversity, in order to 
enhance their capacity to 
provide benefits that are 
essential for sustainable 
development. 

  
  

  
  
  
  

15.5 Take urgent and 
significant action to reduce the 
degradation of natural habitats, 
halt the loss of biodiversity 
and, by 2020, protect and 
prevent the extinction of 
threatened species. 

Goal 15. Protect, 
restore and promote 
sustainable use of 
terrestrial ecosystems, 
sustainably manage 
forests, combat 
desertification, and halt 
and reverse land 
degradation and halt 
biodiversity loss. 

  
  
BIODIVERSITY 

RELATED 
TARGETS 

15.7  Take urgent action to 
end poaching and trafficking of 
protected species of flora and 
fauna and address both demand 
and supply of illegal wildlife 
products. 
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    15.8  By 2020, introduce 
measures to prevent the 
introduction and significantly 
reduce the impact of invasive 
alien species on land and water 
ecosystems and control or 
eradicate the priority species. 

  
 

15.9 By 2020, integrate 
ecosystem and biodiversity 
values into national and local 
planning, development 
processes, poverty reduction 
strategies and accounts 

    15.A  Mobilize and 
significantly increase financial 
resources from all sources to 
conserve and sustainably use 
biodiversity and ecosystems 

    15.C Enhance global 
support for efforts to combat 
poaching and trafficking of 
protected species, including by 
increasing the capacity of local 
communities to pursue 
sustainable livelihood 
opportunities 

      

1.2   Current situation in biodiversity 

The protection of the natural and cultural environment is a state obligation and a 
citizen’s right, protected by the Greek Constitution (Article 24) and by various 
legislative initiatives, which cover a plethora of environmental aspects, such as forest 
management (Forest Code of Greece), species protection, conservation of indigenous 
farm animal breeds, structured environment, protected areas etc. Greece is considered 
as a biodiversity "hot-spot", with more than 6200 endemic species (Legakis, 2010; 
Georgiou and Delipetrou, 2011) and as one of the most important endemic centers in 
Europe and the Mediterranean, with 1278 endemic species (22.2% of the total number 
of species) and 452 endemic subspecies, representing 1461 taxa (22.1% of the total 
taxa number). Regarding its fauna, 23130 species of land and freshwater animals have 
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been recorded so far, of which 3956 are endemic, as well as another 3500 marine 
species (Fauna Europaea Web Service, 2004; Legakis and Maragkou, 2009). 
Regarding biodiversity and its conservation, law 3937 stands in the country from 2011 
(Greek OJ number 60/Α of 31.03.2011), and its status is constantly monitored by the 
Ministry of Environment and Energy. In 2014 a National Strategy for biodiversity was 
approved to be implemented until 2029 (Greek OJ number 2383 of 8.11.2014), (HLPF, 
2018). In 2017, Law 4495/2017 was approved for the Control and Protection of the 
Structured Environment (Greek OJ number 167/Α of 3.11.2017), and JMD 
50743/2017 for the Revision of the national catalog of areas falling under the European 
Ecological Network Natura 2000 (Joint Ministerial Decision number 4432/Β of 
15.12.2017). 

2   Materials and methods 

Aiming to a systematic research to discover the necessary knowledge through 
describing, explaining the sustainability context at national level (regarding current 
practices in forest management and biodiversity protection), a document analysis was 
adopted. Document analysis is a systematic procedure for reviewing or evaluating 
documents—both printed and electronic (computer-based and Internet-transmitted) 
material, which requires that data are examined and interpreted to elicit meaning, gain 
understanding, and develop empirical knowledge (Corbin & Strauss, 2008; Rapley, 
2007). As Bowen (2009) reports, documents that may be used for systematic 
evaluation as part of a study, take a variety of forms. The approach of this study mostly 
follows public records of legislation, press releases, papers, books and journals which 
are related to forest management and biodiversity protection. Following that, the study 
employs literature reviewing, personal practical knowledge and statements of the 
authors as well, to achieve convergence and corroboration.    

3   Results and Discussion 

A thorough, systematic review of documentation provided background information 
is presented in graph 1, aiming to list, interpret and understand important constraints. 
Target 15.B points towards financing sustainable forest management and mobilizing 
significant resources. In contrast, Spanos et al., (2015) reported the issue of the weak 
financing in forestry in general and the lack of investment in the exploitation of the 
potential of forest resources. The issue of poor financing seems to be listed also at the 
national forestry strategic plan (2018) (Article 7). In addition, Kazana et al. (2015) 
includes the lack of funds in forest management plan studies and Koulelis (2011) 
referred that the motives offered for private investments in the timber sector are 
deficient. Targets 15.1 and 15.2. promote the implementation of sustainable forest 
management of all types of forests. Spanos et al. (2015) reported that in Greece the 
logging system is problematic, with deficiencies in the organization of wood 
harvesting in forests, and significant negative effects, both on forestry working 
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operations and the forest. They claimed that practices like substantial supervision by 
foresters play their negative role. Furthermore, inefficient and outdated management 
practices make it difficult to continue logging operations and forest production 
especially in environmentally sensitive areas (N. 2000 Network, National Parks, 
Aesthetic Forests).   The high cost and the outdated methods of harvesting and 
production, the highland terrain of the Greek mountains and the low level of 
automation in harvesting increase production and transportation costs (Koulelis, 2016). 
Kazana et al. (2015) also adds the exploitation system of public forest and the outdated 
forest management plans standards in the weaknesses factors of a SWOT analysis for 
sustainable forest management and monitoring in Northern Greece. Moreover, 
deficiencies in the information system and statistical forestry, an administration system 
of forestry services not performing well and incomplete support for forestry research 
are reported by Spanos et al. (2016). The lack of know-how (new technologies and 
tools) and inefficient forestry legislation is reported by Kazana et al. (2015), while 
complicated forest legislation is reported by Solomou et al. (2016). Incomplete support 
for forestry research is also reported by Spanos et al. (2016).  The authors' view on this 
issue converges. Forest research enhances the protection and exploitation of the 
national forest resources at the same time.  

Inadequate standardization of forest products, problematic exploitation of timber 
and other forest products, lack of modern systems in quality certification of wood and 
forest management, are some expressions of the common observed constraint of the 
lack of a national forest products certification system (Georgiadis & Cooper, 2007; 
Koulelis, 2011; Kazana et al., 2015; Spanos et al., 2016). The above-mentioned 
constraints may be validated, as recently, in 2018, a National Strategy for Forests was 
established in Greece (The National Forestry Strategic Development Plan 2018-2038), 
to address them through respective actions.  

Regarding biodiversity constraints, Solomou (2013) reported insufficient scientific 
data on the individual components of biodiversity and the trends that characterize 
them, thus appropriate measures, such as optimizing the demarcation of protected areas 
are necessary. Dimopoulos et al. (2006) denoted that the lack of monitoring data can 
reduce the capacity for informed decision-making towards conservation targets.  
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Fig. 1. National constraints towards forests sustainability. 

According to Solomou and Sfougaris (2011), it is crucial to detect spatial–temporal 
biodiversity changes through monitoring for better allocation of conservation efforts 
and assessment of the progress towards relevant targets.  

Additionally, National Strategy & Action Plan for Biodiversity (2014) focused on 
the partial (or non) implementation of the existing institutional framework, which 
enables various illegal activities to occur, such as: poaching, overfishing, etc. Also, the 
lack of adequate environmental education/awareness of those engaged in productive 
activities do not allow them to make environmentally friendly choices. Moreover, 
several important biodiversity constraints such as a) the non - integration of 
sustainability principles in productive activities, b) the lack of stable funding, 
understaffing of protected area management structures, c) the lack of specialized and 
adequately staffed related services at central and regional level. (Solomou & Sfougaris 
2011; National Strategy & Action Plan for Biodiversity, 2014; EKBY 2020; Nature 
and biodiversity of Greece 2020; Solomou 2013). 

4   Conclusions 

Constraints such as lack of resources by the government, bureaucracy, lack of 
investments and a forest certification system, weak private forest sector and inefficient 
logging system were detected. Likewise, the lack of effective monitoring of 
biodiversity, knowledge gaps, poorly performing system administration and the 
ineffective law enforcement simultaneously with the intermittent 
productive relationships between public administration, academia and other 
authorities were detected as the most common constraints towards sustainability. One 
main vision of the National Strategy is to "Ensure sustainability and increase the 
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contribution of forest ecosystems to the country's economy through multifunctionality, 
adaptability and strengthening their socio-economic role" (Article 2), a vision totally 
compatible with the SDG 15 and its targets. From now on, it must be proven in time 
that all these proposed actions will be implemented. Any new forestry-related 
legislation submitted for voting should consider both the SDGs and the national 
strategy vision. 
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