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ELŐSZÓ 

Az információ-technológia napjainkban az élet minden területén megtalálható mindennapi eszköz. 

Igaz ez az agrárgazdaság szinte minden területén is, amelyet kiterjesztett és felgyorsított 

Magyarországon az agrárgazdaság egészére kiterjedő, Európai Uniós agrárinformációs rendszerek 

bevezetése. Tavaly ünnepelte megalakulásának 10. évfordulóját a Magyar Agrárinformatikai 

Szövetség (MAGISZ) mint, az agrár-felsőoktatásban az informatikai képzés támogatója, az 

Agrárinformatikai Nyári Egyetemek szervezője és a hazai és külföldi társszervezetek, intézmények 

kapcsolattartója. A MAGISZ tagsága figyelemmel kíséri az Európai Agrárinformatikai Szövetség 

(EFITA) tevékenységét és részt vett annak konferenciáin. Az agrárinformatika világszervezete 

(INFITA – International Network for Information Technology in Agriculture) 2002-ben határozta el a 

„Journal of Information Technology in Agriculture” folyóirat indítását. Az Agrárinformatika folyóirat 

a MAGISZ 2009-ben megkezdett TÁMOP programjában nyert támogatást. 

Az agrárinformatika nemcsak az ágazatirányítás rendszereinek fejlesztését, hanem a termelők 

termesztési, szervezési, piaci információinak szerzését és közlését szolgálja. A vidékfejlesztéshez 

kapcsolódó informatikai kutatásokat és fejlesztéseket Brüsszel is támogatja.  

A technológiák hálózatára alapozott és az együttműködésre épülő üzleti rendszer többek között az 

élelmiszeriparban biztosít korszerű termelést és ellátást. A szektor szintű megközelítés, a feldolgozott 

mezőgazdasági termék nyomon követhetősége egyaránt a korszerű információs technika alkalmazását 

teszi szükségessé mind a belföldi, mind a nemzetközi piaci szereplők részéről.  

Az Agrárinformatika magyar és angol nyelvű folyóirat az agrárinformatika terén elért kutatási, 

fejlesztési és alkalmazási eredmények széles körben való megismertetését szolgálja. Fórumot kíván 

továbbá nyújtani az agrárinformatika témakörében készített doktori (PhD) értekezések eredményeinek. 

Az információtechnológia lehetőségei azonban folyamatosan bővülnek, a lehetőségek egyre 

összetettebbekké válnak, naprakész ismeretük és használatuk ezért komoly versenyelőnyt jelenthet. 

Ez a néhány indok már elégséges a folyóirat létrehozásának bemutatására. Az Agrárinformatika 

folyóirat az informatikai tájékozottság növelését, az Internet-használat előnyeit kívánja megismertetni 

az olvasókkal, illetve fórumot teremt azok alkalmazásának és továbbfejlesztésének a bemutatására. 

A folyóirat szerkesztő bizottsága a felsőoktatási intézmények informatikával foglalkozó 

szakembereiből, közgazdászokból és agrárkutató intézetek munkatársaiból tevődik össze. A 

szerkesztőbizottság tagjai egyelőre csupán remélni tudják, hogy az induló elektronikus folyóiratban 

való publikálásra igény és közleményei iránt érdeklődés mutatkozik. 

 Dr. Rajkai Kálmán 

 a Szerkesztőbizottság elnöke 
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PREFACE 

Information technology is an everyday means that is found in all walks of life today. This is also 

true for almost all areas of agricultural management, which in Hungary has been extended and 

accelerated by the introduction of EU agro-informatic’s systems.  The Hungarian Association for 

Agricultural Informatics  (MAGISZ) as a supporter of education in information science, the organiser 

of University Summer Courses in Informatics and a contact agent for fellow organisations both at 

home and abroad celebrated the 10th anniversary of its existence last year. It also keeps track of the 

activities of the European Association for Agricultural Informatics (EFITA) and takes part in its 

conferences. The world-wide organisation of agricultural informatics (INFITA – International 

Network for Information Technology in Agriculture) decided on launching a journal entitled „Journal 

of Information Technology in Agriculture” in 2002. 

Agricultural informatics serves not only the development of the management systems of the 

industry but also obtaining and publicising information on production, organisation and the market for 

the producer. The Commission in Brussels support rural development-related research and 

developments in informatics. 

Technologies into network based business systems built on co-operation will ensure up-to-date 

production and supply in food-industry. The sector-level approach and the traceability of processed 

agricultural products both require the application of up-to-date information technology by actors of 

domestic and international markets alike.  

This journal serves the publication as well as familiarization the results and findings of research, 

development and application in the field of agricultural informatics to a wide public. It also wishes to 

provide a forum to the results of the doctoral (Ph.D) theses prepared in the field of agricultural 

informatics. Opportunities for information technology are forever increasing, they are also becoming 

more and more complex and their up-to-date knowledge and utilisation mean a serious competitive 

advantage. 

These are some of the most important reasons for bringing this journal to life. The journal 

“Agricultural Informatics” wishes to enhance knowledge in the field of informatics, to familiarise its 

readers with the advantages of using the Internet and also to set up a forum for the introduction of their 

application and improvement. 

The editorial board of the journal consists of professionals engaged in dealing with informatics in 

higher education, economists and staff from agricultural research institutions, who can only hope that 

there will be a demand for submitting contributions to this journal and at the same time there will also 

be interest shown toward its publications. 

 Dr. Kálmán Rajkai  

 Chair of the Editorial Board 
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A B S T R A C T 
 

There is no doubt that climate change has started. It is very important to make effort in 

developing impact analyses and adaptation strategies. First we were investigated how the 

production risk of winter barley is changing with time using the E,V efficiency criterion. 

Based on the regional yearly production data of the crop, we can conclude that beside 

other non-climatic effects, the changing climate has considerable impact on crops yield; 

its variability is increasing with the variability of meteorological parameters. We have 

used production data from 1951 to nowadays. Next, using comparison analyses for 

climate scenarios, we predict what we can expect in the future. For detecting the reasons 

of risk increase in the past, and forecasting the potential main points of future risk we 

have analysed statistically whether the climate needs of winter barley will be satisfied or 

not in its important periods of growing. Frequency calculations were made based on the 

daily meteorological data. The situation doesn’t show big change, but It is no doubt that 

the anomalies of the indicators have been becoming more and more frequent. The more 

frequent the extreme weather events are, the more we can be convinced of uncertainty. 

1. Introduction 

It is evident that climate is changing nowadays. In Hungary, results show that we must count with 

increasing temperature and decreasing precipitation (Bartholy, 2007). The possible future climate – as it is 

predicted by the scenarios – would be similar to the present climate of South-Southeast Europe (Gaál and 

Horváth, 2006). Rising temperatures may allow earlier sowing dates, enhance crop growth and increase 

potential crop yield. On the other hand, rising temperatures increase the water demand of crops. In 

addition, extreme weather events such as droughts and floods have increased, which implicates many 

serious problems in agriculture. Thinking of sustainability we face several decision problems, so analysing 

the impacts of change and finding the possible adaptation response are needed to be investigated. Crop 

yield is influenced by many biotic and abiotic factors. Observing long time series of production data, 

change in trend can be seen, because of the changing cropping technologies. There are many results of 

how the quality and quantity could change depending on different nutrition supply (Szalay, D. et al., 2006, 

Szalay D. K. et al., 2009), or other agrotechnical elements (Hornok, 2008). It is possible to eliminate the 

trend and investigate the possible reasons of yield variation, which is mostly depending on meteorological 

circumstances. Climate and its change determine agricultural production in many ways (Olesen and Bindi, 

2002, Jolánkai, 2005). Having regional climate models it is possible to analyse interactions of these 

factors with meteorological circumstances, as well (Márton, 2008, Pepó, 2009). In order to prepare for the 

future adaptation strategies are very much needed (Láng et al, 2004), so it is important to analyse the 

impacts of the probable change. In this work first we have analysed the changing winter barley yield for 

the 1951-2005 period. For making the production data comparable, we have eliminated the trend effects 

by using the Phillips method (Hardaker et al, 2004). Based on the first order stochastic dominance and E-

V efficiency criterion we can conclude that production risk has increased even in 1951-90 and that the 

situation became worse after that period of time in all of the observed regions. Next we have analysed 

statistically whether the climate needs of the crop will be satisfied or not in its important growing periods, 

and how does the frequency of extreme weather events of its development change. We made our 

conclusions using comparison analyses of different climate scenarios and their reference period 1961-90.  
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2. Materials and methods 

2.1. Climate needs of winter wheat and its phases of development 

Climate change impact can be very different in different phenological phases of the plant. With 

appropriate agrotechnical interventions we can control and avoid the negative effects of the 

meteorological circumstances. The most important periods of plant development were defined according 

to Z. Varga-Haszonits (1987): we analyzed the sowing-emergence phenological phase, the stem 

elongation – spikelet initiation period and the anthesis-grain filling phenological phase. The climate 

scenarios show great variability in the frequency of the extreme temperature values.  

2.2. Climate description of the research location and the weather data 

Production risk analyses have three important locations for winter barley: Győr-Moson-Sopron 

County, Baranya County from the middle of the country and Hajdú-Bihar County. The case studies for 

climate change impact analyses are presented for Debrecen region, comparing the results for different 

climate change scenarios. We have choosed this region, because the results are very similar to all the 

observed locations. This is a very important region in agricultural production and the climate scenarios for 

later investigations are available for this region only at the moment. Our case study showed that the sum 

of the temperature averages increases by time in the past and the scenarios predict even more drastic 

increase.  

Climate scenarios can be defined as relevant and adequate patterns of the climate characteristics in the 

future (Downing et al, 2000). During our research we used some of the most widely accepted scenarios 

presented in international reports. The numbers in names of the scenarios denote the time interval they are 

generated for. We used the climate models of two meteorological institutes downscaled to Debrecen: 

scenarios GFDL2535 and GFDL5564 have been created by Geophysical Fluid Dynamics Laboratory 

(USA), UKHI and UKLO representing the drastic change for the end of the century, and UKTR3140 

(transient) worked out by United Kingdom Meteorological Office (UKMO), with the scenario BASE6190 

which is the base of scenarios, with the parameters of the past years. 

To highlight the trends of climate change in the observed region we present the monthly average 

temperature and precipitation changes indicated for it in Table 1 and Table 2 (Erdélyi et al., 2009), 

comparing the data of the UKTR and GFDL scenarios and their reference period 1961-90.  

Table 1. Temperature changes indicated by different scenarios, monthly average data, Debrecen 

Temperature 

(°C) 1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 11. 12. 

1961-1990 -2,6 0,2 5,1 10,7 15,8 18,7 20,3 19,6 15,8 10,3 4,5 -0,2 

UKTR 1,3 4,3 5,6 12,4 16,1 19,6 21,3 21,6 18,7 12,8 6,9 -0,8 

GFD5564 0,3 0,7 7,7 13,2 17,0 20,3 21,9 21,3 20,4 12,8 7,8 1,8 

GFDL2534 -0,8 -0,6 6,4 11,4 15,7 19,7 21,7 20,8 17,9 12,5 4,5 -1,1 

Table 2. Precipitation changes indicated by different scenarios, monthly average data, Debrecen 

Precipitation 

(mm) 1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 11. 12. 

1961-1990 37 30 34 42 59 80 65 61 38 31 45 44 

UKTR 53 27 32 48 64 50 50 42 19 27 31 57 

GFD5564 47 30 34 65 60 67 78 49 26 37 27 47 

GFDL2534 52 27 51 55 48 55 46 44 32 28 33 54 
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Comparing the sums of precipitation we could see a slow decrease of the accumulated precipitation 

amounts; the scenarios predict slightly smaller values in the future. This might be good for winter crops, 

because its yield grows with less precipitation in some periods of growing. But analyzing the observed and 

the future weather using climate scenarios we see a great variability in the amount of the precipitation. 

This means that the increase of the frequencies of extreme weather events such as droughts and floods is 

more probable. We intended to learn, what climate scenarios predict for the important growing periods of 

winter barley.  

2.3. The KKT Climate Research Database Management Software and the production data 

In order to collect, organize, manage and search databases for climate change research in a friendly 

way a special data management system was needed. An indicator-search software KKT has been 

developed at Corvinus University of Budapest, Department of Mathematics and Informatics (Szenteleki et 

al, 2007). Frequency calculations were made with the help of this program using the daily precipitation 

and temperature data forecasted by climate scenarios. Using the KKT Software we can calculate the 

number of the years when the needs of the plant are satisfied (or when not) and it can give us information 

about climate change indices, as well. These results can give us information for predicting extreme 

conditions. 

Beside the meteorological databases, it contains the crop production data we used for risk analyses. 

The production data are from the Agricultural and Environmental Statistics Department of the Hungarian 

Central Statistical Office (KSH) for all counties, for the time interval 1951-2005. 

2.4. A new stochastic efficiency method for detection of the production risk 

For analysing the production risk, the data of the Hungarian regional yearly crop results were applied. 

The yield data were fitted by regression. Then they were corrected with the help of Phillips-method in 

order to make them comparable. The climate scenarios are given for different time intervals as 

independent patterns and not as time series, so for comparison we have used distribution functions and the 

first order stochastic dominance criterion based on the subjective distribution functions and also the E,V –

 efficiency criterion were considered (Ladányi, 2007, Ladányi and Erdélyi, 2008). 

3. Results and discussion 

The first step of our research was to examine the production data of winter barley by analysing how the 

production risk has changed with time. The next step was to study the climatic needs of the plant through 

the most important periods of its development. In this work results are shown for Hajdú-Bihar county. 

3.1. Risk analysis 

The observed time interval was 1951-2005, which was split into five twenty-year intervals for the later 

analysis (1951-70, 1961-80, 1971-90, 1981-2000 and 1986-2005). Observing the graphs of yield we can 

recognize that beside the yield loss caused by the Hungarian political situation at the end of the eighties, 

the deviation of the yield started to become greater yet at the beginning of the eighties (Figure 1).  
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Figure 1. Winter barley production data (left) and the comparable yield (right) 

in Hajdú-Bihar county, 1951-2005 

Next the subjective distribution functions are defined for the five times twenty years (Figure 2). 

Comparing the first three (1951-70, 1961-80, 1971-90) and last two (1981-2000, 1986-2005) time 

intervals, applying the stochastic efficiency criterion we proved that the risk of barley production has 

increased. The most evident risk increase was in the last two time intervals for this crop. The same was 

observed for all three chosen counties. The last two time slices has the widest range, which means the 

highest uncertainty. The same can be proved with the E,V -efficiency method (while the expectation was 

decreasing, the deviation was increasing). In every case we got that the situations become worse with time 

(Figure 2). This holds also for the other two research locations. 

 
 

Figure 2. The first order stochastic dominance criterion (left) and the E-V efficiency (right) for   

analysing the winter barley production risk increase in time, 1951-2005 

 

3.2. Climate needs of winter wheat through its phenological phases  

Quite high risk increase of production was detected, which gives us many questions. So next we 

wanted to see what we might expect in crop production by analyzing the precipitation and temperature 

needs of the plant. By comparing the results of the same six climate scenarios and their reference period, 

we examined, whether the needs would be satisfied or not. We wanted to see what climate scenarios 

predict for the most important growing periods of winter barley. It is no doubt that the anomalies of the 

indicators have been becoming more and more frequent, though the future is very unpredictable.  

The precipitation requirement in sowing-emergence phenological phase will be fulfilled according to 

the results of almost all of the climate scenarios. The temperature requirement in the sowing-emergence 
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period, the experienced 11-15 °C will be fulfilled according to the results of almost all of the climate 

scenarios except two, which predict warmer circumstances. The distribution functions for average 

temperature of climate scenarios in this period of growing are given in Figure 3. 

  

Figure 3. The first order stochastic dominance criterion in sowing-emergence phase, for average 

temperature (left) and sum of precipitation (right) 

Winter crops are very sensitive to meteorological circumstances in the stem elongation - spikelet 

initiation period. The average temperature in this phenological phase used to be 13-15 °C in the past. The 

climate scenarios show great variability in the frequency of the extreme values, but future does not show 

significant change in the average (Figure 4.).  

  

Figure 4. The first order stochastic dominance criterion in stem elongation-spikelet initiation  

phase for average temperature (left) and sum of precipitation (right) 

The third period for which we made calculations is the anthesis-grain filling phenological phase 

(Figure 5.), when the plant develops its generative organs. The precipitation need of the crop is 55-120 

mm. In this period we can be quite satisfied with the forecasted values we got. The temperature need is 

18-20 °C; ith temperatures lower than 16 °C this period lasts longer than 45 days, with temperatures 

higher than 20 °C it can be shorter than 40 days. The scenarios do not show extreme temperatures too 

many times, so this period is in favour of the plant. 

Distribution function for average 

temperatures, sowing-emergency phase

0

0.2

0.4

0.6

0.8

1

8 10 12 14 16 18 20 22 24

temperature (°C) 

Distribution function for cumulative precipitation, 

sowing-emergency phase

0

0.2

0.4

0.6

0.8

1

0 10 20 30 40 50 60 70

cumulative precipitation

BASE

UKHI

UKLO

UKTR

GF2534

GF5564

Distribution funcion for average temperatures, 

stem elongation-spikelet initiation phase

0

0.2

0.4

0.6

0.8

1

12 14 16 18 20 22 24

temperature (°C)

Distribution function for cumulative precipitation, 

stem elongation-spikelet initiation phase

0

0.2

0.4

0.6

0.8

1

0 20 40 60 80 100 120 140 160

cumulative precipitation

BASE

UKHI

UKLO

UKTR

GF2534

GF5564



Agrárinformatika / Agricultural Informatics (2010) Vol. 1, No. 2:1-7 

 

ISSN 2061-862X http://www.magisz.org/journal  6 

Aliz Novák, Éva Erdélyi: How barley growing conditions and its output change in Hungary 
 

  

Figure 5. The first order stochastic dominance criterion in anthesis-grain filling phase for average 

temperature (left) and sum of precipitation (right) 

4. Conclusion 

The increase of the production risk proves the fact that the climate has already been changing. The 

application of regional climate models may be the basis of action plans of the response, prevention and 

adaptation strategies, in damage prevention of given regions. It is also important to investigate the quality 

parameters (Szalay D. et al, 2008). The more frequent the extreme weather events are, the more we can be 

convinced of uncertainty. Learning the possible changes and their effects based on comparative statistical 

analyses could be followed by crop modelling. It is also necessary to analyze more factors, their effects 

and their combined influence at the same time. Applying crop models (Fodor et al, 2002) we can do many 

virtual experiments on very low cost and in very short time. They are able to operate with meteorological 

parameters of climate scenarios, too. Designing simulations, virtual experiments are very useful in 

practical applications, because the model can be used to prepare agro-technological advisory systems for 

farmers (Ghaffari, 2002, Harnos, 2003). Risk caused by climate change should also be managed with 

coordinated adaptive strategies. Researches on impacts and adaptation possibilities have to support the 

decision makers in policy as well as in agriculture with information and plans (Láng, 2005).  
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A B S T R A C T 
 

In this paper we outline a phenology model for estimating budbreak and full bloom 

starting dates of sour cherry on the effective heat sums with reasonable accuracy. With the 

help of RegCM3.1 model the possible trends of the phenology timing in the middle of the 

21st century the shift of 12-13 days earlier budbreak and 6-7 days earlier of full bloom 

due to the warmer weather conditions can be clearly indicated. For the climatic 

characterization of sour cherry bloom period in between 1984-2010 and for the 

description of the expected changes in this very sensitive period of sour cherry with 

respect to the time slice 2021-2050, we introduce seven climatic indicators as artificial 

weather parameters such as the numbers of days when the temperature was under 0°C and 

above 10 °C, the numbers of days when there was no and more than 5 mm precipitation as 

well as the absolute minimum, the mean of minimum and the mean of maximum daily 

temperatures. We survey the changes of the indicators in the examined period (1984-

2010) and, regarding the full bloom start model results, we formulate the expectations for 

the future and make comparisons. 

1. Introduction 

The closing decades of the 20
th
 century and the early years of the present century in Hungary were 

unusually warm with several extreme events (droughts, storms, hails, frosts, floods etc.). Living systems 

have their own capacity and speed of adaptation to the particular changes they face in their environment. 

In case the changes are small and occur slowly enough, the success of adaptation is almost sure. 

Estimations of warming by about 2-3°C or more in a century or more may seem to be not too much, 

however, a change of this speed can be too fast to keep up with (Houghton, 2009). Of course, estimations 

regarding the near or far future are companied with considerable uncertainties which are caused by 

imperfect knowledge of way and scale of climate change and its direct and indirect impacts. However, 

modeling and simulating climate change impacts has of great importance for having a sight of the possible 

future in order to be able to prepare. 

In this work we focus on a method with which we can characterize the expected changes of a very 

sensitive period of sour cherry, namely bloom and ten days before.  

First we introduce a phenology model to estimate the starting dates of budbreak and full bloom.  To 

learn the characteristics and the way of change of the early vegetation period of sour cherry is very 

important because the success of production together with the one of plant protection and technology 

techniques scheduling is depending mainly on phenological information. Moreover, several risk factors 

such as frost, infection, insufficient pollination etc. can be traced back to the connection of weather and 
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phenological timing. This kind of research is of even greater importance nowadays when usual 

phenological timing is changing because of climate change.  

The model is based on the effective heat sums calculated from historical data referring to 1984-2010 

and it was calibrated and validated for the most important three sour cherry varieties in Hungary, grown at 

Újfehértó (’Újfehértói fürtös’, ’Kántorjánosi’ and ’Debreceni bőtermő’). 

Having a model in hand which allows relatively well-reliable estimations for the starting dates of 

budbreak and full bloom, we can go on with asking what predictions can be made if we change historical 

weather data to those of regional climate model outputs. Keeping in mind that the model was calibrated 

for past and present observed and well-detected circumstances and there is some uncertainty if it is 

suitable to apply for future estimations, we make an attempt. The basis of our hope not to err too much is 

that the temporal distance of calibration and application time slices is not too long and that regionally 

downscaled ocean-surface climate change models of our days are giving quite adequate estimations for the 

near future. 

Analyzing the output of the phenology model run with regional climate model estimations we can learn 

the expected phenological shift in the future which can be considered as the response of the plant to its 

changing climate. 

Going back to our point, in order to learn the climatic characteristics of sour cherry bloom, we 

introduce climatic indicators. Climatic indicators are artificial parameters in the form of functions of 

simple weather parameters (temperature, precipitation etc.). The reason of using climatic indicators is the 

fact that the responses of the plants to climate change can be formulated as to be tightly correlated with the 

changes of the values of suitable weather indicators. Climatic indicators, therefore, are easy to be related 

to different kinds of risk. If we analyze the values and distribution of indicators in time and space, they 

may signalize the risk of several types. Thus, the analysis of climatic indicators may serve the analysis of 

climate change impact.  

For that purpose, data of seven indicators have been traced in bloom and pre-bloom period: 

 the number of frosty days, 

 the absolute minimum temperature (°C),  

 the mean of minimum temperatures (°C),  

 the number of days when daily means are above 10°C,  

 the mean of maximum temperatures (°C),  

 the number of days without precipitation, 

 the number of days when precipitation is more than 5 mm.  

We examine the changes of the above indicators in the examined period (1984-2010).  

As a next step, we take the observed starting and ending dates of bloom in time interval 1984-2010, 

calculate and fix the average endpoints of them (say: base bloom). Supposed that the phenology model 

predictions of the full bloom starting dates can be applied, according to its prediction we shift the fixed 

base bloom period. The shifted period can be considered as analogous full bloom period. Then, regarding 

the time slice 2021-2050 the same seven indicators are calculated for the base bloom period and for the 

shifted analogous bloom period, together with their 10-day pre-bloom-period, based on the regional 

climate model output data.  

The results of the future expectations were compared to the ones of the historical data with ANOVA 

followed by Dunnett or Games-Howell post hoc tests. It was also tested whether the differences between 

the predictions for the base bloom and analogous bloom periods are significant or not. Significant 

differences were detected if p<0.05. 
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2. Materials and methods 

2.1. Model-based estimation of the starting dates of budbreak and full bloom  

Since the middle of the 18th century several investigations have been made on the relationship of 

phenology and meteorological conditions (Reaumur, 1735).  Experimental and simulation work on tree 

phenology has provided much information on budbreak and bloom start. The topic has its revival as the 

need of accurate predictions of phenology has become of great importance due to climate change 

(Haenninen, 1991, Kramer, 1994, Kramer et al., 1996., Chuine, 2000, Chuine et al., 1998, 1999, 2003, 

Carter et al., 2007). 

The method of calculating the sum of effective daily mean temperatures as ‘growing degree days’, is 

based on many experiments that the plants are able to utilize the temperature above a lower and under an 

upper base temperature after the chilling effect during the dormancy (Spano et al., 2002, Cesaraccio et al., 

2004). However, the start and end point of date of dormancy is still hard to define as it is actually a 

gradually changing state from endodormancy to ectodormancy. The situation is usually interpreted such 

that after a given date the daily mean temperature above a lower and under an upper base temperature is 

accumulated up to a certain critical value (Moncur et al., 1989). As the critical value has been reached the 

model signalizes the budbreak (Carbonneau et al., 1992, Jones, 2003, Jones et al., 2005). The lower and 

upper base temperatures are regularly determined by optimization while the start of heat accumulation is 

fixed at a date when the previous vegetation period has been ended and the new has not started yet, in 

most cases with the first of January (Riou, 1994, Bindi et al., 1997 a,b). This kind of budbreak models can 

be improved if the chilling effect during the dormancy is also taken into consideration, or, at least the end 

of endodormancy is estimated. 

A full bloom model can be connected to a budbreak model with calculating an extra heat sum which 

follows the budbreak. The lower and upper base temperatures can again be optimized particularly for full 

bloom. 

The accumulation of heat sum can be described with several types of functions. The decision is mainly 

depending on the accuracy and relevancy of data (Oliveira 1998, Riou, 1994), thus the models can be 

quite different. However, excessively sophisticated models need the estimation of a host of parameters. At 

the same time, the models can become utterly sensitive and in spite of that they may not come up to the 

accuracy expected (Riou, 1994, Cortázar-Atauri et al., 2009).  

As we faced data scarcity problems, our model is a relatively simple one, nevertheless, it is sufficiently 

accurate and suitable to predict the date of budburst together with full bloom starting dates for the three 

most important sour cherry varieties grown in Hungary, namely Újfehértói fürtös’ (Uf), ’Kántorjánosi’ 

(Kj) and ’Debreceni bőtermő’ (Db). Instead of calculating the chilling effect, we have chosen a term 

which coincides with the end of endodormancy or the beginning of ectodormancy, respectively. For that 

purpose, a linear accumulation function was applied where the daily mean temperatures above the 

optimized lower and upper a base temperatures were calculated from an extra optimized parameter, 

namely the statistically estimated starting date of ectodormancy.  

For each variety i in year j we calculated the sum of daily mean temperatures ( javerT , ) taken the values 

over the (optimized) lower and below the (optimized) upper base temperature and cumulated those until 

the starting date of budbreak or full bloom, respectively. In case of budbreak date calculation the 

accumulation was started from a parametric term (statistically estimated end of endodormancy), while in 

case of full bloom starting date estimation the summation was set out at budbreak: 
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We determined the optimal lower and upper base temperatures separately for the budbreak (
bb

lT ,
bb

uT ) 

and full bloom starting dates (
fb

lT , 
fb

uT ) by minimization such that the lowest root mean square deviation 

of the observed and predicted dates (standard error, days), the lowest average absolute and the lowest 

maximum error of predictions (both measured in days) can be achieved.  

We computed the mean sum of degree days over the examined years for each variety i, for both 

budbreak and full bloom modules and designated the critical sums of degree days (
bb

critiGDD , ,
fb

critiGDD , , 

respectively).  

The model served for prediction of the dates of budburst and full bloom start. In a year, after the 

starting date, the daily means of temperatures above the lower base temperature (maximized by the 

difference of the upper and lower base temperature) are accumulated. If the critical value of the respective 

variety (
bb

critiGDD , ) is reached, the date of budburst is indicated and the accumulation for the full bloom 

starts. If the critical value of the respective variety (
fb

critiGDD , ) is reached, the starting date of full bloom 

is indicated. 

The daily meteorological data from 1984 to 2010 were taken from the Institute of Research and 

Extension Service for Fruit Growing at Újfehértó. The data set was completed with phenology data from 

the same site. (Budbreak dates were available for time interval 1984-1991, only.) 

The agroclimatological station is located at the experimental site Újfehértó. The site is one of the most 

important areas of sour cherry production of Hungary in the region of Nyírség. The region belongs to the 

continental climatic zone with some Mediterranean and oceanic effects. 1986 was outstandingly hot 

during the spring and summer, and in 1990 the winter was extremely mild. 

We applied the phenology model to study the impact of climate change on budbreak and full bloom 

starting dates. To this we took the RegCM3.1 (regional) climate model with 10 km resolution referring to 

2021-2050 and with reference period 1961-90, supposed the SRES scenario A1B. The A1B storyline 

supposes a future world with very rapid economic growth and technological development with an 

increasing CO2 concentration in the air exceeding 715 ppm up to 2100.  Global population peaks in mid-

century and declines thereafter. Major underlying themes are convergence among regions, capacity 

building, and increased cultural and social interactions, with a substantial reduction in regional differences 

in per capita income. The letter B in A1B refers to the technological emphasis that is balanced across all 

sources, i.e. not relying too heavily on one particular energy source (IPCC, 2000). The original climate 

model was developed by Giorgi et al. (1993) and was downscaled at Eötvös Loránd University, 

Department of Meteorology, Budapest, Hungary (Bartholy et. al., 2009, Torma et. al., 2008).  

2.2. Application for climate change impact study: indicator analysis 

Sour cherry phenophases are variably affected by weather, thus the success of sour cherry growing 

depends largely on the climatic factors. If during a critical period the weather does not fit for the agro-

meteorological claims of sour cherry, the yield of the season will be questionable (Szabó, 2007). As the 

period with a start of 10 days before bloom and during bloom is extremely decisive for the quality and 

quantity of yield, we focused on this time slice in this study. Several symptoms of climatic change have 

been observed in Hungary during the last 20 years, as fruit production of the Great Plain was also 

impaired. Changes have affected the conditions of growing but they have hit hard also the possible future 
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production as well. The character and excess of the climate of the region determine the risk of growing. 

We decided therefore to characterise some climatic indicators of the fruit-growing region during the 

bloom period with their 10-day pre-bloom period also with the purpose to get ideas referring to the 

changes of the anticipated future. 

Many authors use the method of climatic indicator analysis (Oskam and Reinhard, 1992, Bootsma et 

al., 2005a,b). Indicators have successfully been applied, amongst others, to field crops, forest and fruit 

trees, or even for insects and vertebrate animals (Erdélyi, 2009, Erdélyi et al., 2008, Koocheki et al., 2006, 

Salinger et al., 2005, Eppich et al., 2009). Information on climatic indicators based on historical or climate 

model estimation output data allows conclusions regarding the suitability of the examined plant or the 

respective site for growing. We will present the above listed seven climatic indicators adopted for the 

period 1984-2010, based on observations, and the changes expected for the 2021-2050 period, based on 

the outputs of RegCM3.1 regional climate model. 

3. Results 

3.1. Model results 

The optimal lower and upper base temperatures with the optimal starting date (called the statistically 

optimized end of endodormancy) for budbreak are 2.5°C, 5°C and 42
nd

  Julian day of the year (i.e. 11
th
 of 

February). The optimal lower and upper base temperatures for full bloom start are 3.5°C and 19°C.  

The data set was split into two subsets to fit and to validate the model. The root mean square error 

(standard error), the average (absolute) error and the maximal (absolute) error for fitting are 2.75, 2.25 and 

6 days for budbreak while they are 2.82, 2.25 and 6 days for full bloom. The model explains both the 

budbreak and the full bloom start dates quite effectively (Rsq=0.92, p<0.001; Rsq=0.78, p<0.001). The 

root mean square error (standard error), the average (absolute) error and the maximal (absolute) error of 

validation of the full bloom starting dates are 2.96, 2.6 and 5 days (Rsq=0.68, p<0.001).  

With the exception of the years, 1989 and 1990, the error of budbreak estimates did not exceed 3 days 

in predicting the date of budburst. In the two extreme years, once occurs an error of 6 days with 

‘Debreceni bőtermő’ (1989). In 1984 the average error was the lowest, 0.3 day, and in 1989, it was the 

largest, 5.3 days. The model provides about the same accuracy for all the three varieties. 

In 12 years the full bloom start estimations have smaller deviance than 3 days for all the three varieties, 

however, for the years 1998 and 2004 the model gives the predictions with the highest error (6 days).  

Figure 1 represents the budbreak and full bloom start dates of the three sour cherry varieties 

(‘Újfehértói fürtös’ (Uf), ’Kántorjánosi’ (Kj) and ’Debreceni bőtermő’ (Db). The dark colors are for the 

observed dates (budbreak was monitored in between 1984-1991 while full bloom was recorded in between 

1984-2010). The lighter colors are for the predicted dates (2021-2050) which were calculated based on the 

phenology model and RegCM3.1 data. The model predicted that the budbreak dates are expected to shift 

12-13 days earlier while full bloom may start 6-7 days earlier than it was observed at the end of the last 

century. The shifts of dates are significant which is supposedly caused by the changing environment. 
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Figure 1. Observed (o) budbreak (bb) (1984-1991) and full bloom (fb) start dates (1984-2010) with the 

predicted (p) dates (RegCM3.1, 2021-2050) for three sour cherry varieties (Uf, Kj, Db) 

3.2. Indicator analysis results 

Seven climatic indicators are considered. First the values of the indicators are calculated for the period 

of observations (1984-2010). Then the same indicators are calculated regarding the time slice 2021-2050, 

based on the outputs of RegCM3.1 regional climate model. The future predictions are represented first for 

the base bloom period (together with its 10-day pre-bloom-period) calculated as the average of the 

observed endpoints of the bloom periods (101
st
 -122

nd
 day of year). Supposed that the phenology model 

predictions of the full bloom starting dates (6-7 days earlier) can be applied, the indicators are calculated 

for the analogous bloom period which is a period shifted 7-day earlier as the base bloom period.  

Table 1. Means of climatic indicators of bloom with 10-day pre-bloom period, Újfehértó calculated based 

on historical data (1984-2010) and on RegCM3.1 data (2021-2050) assuming no (base bloom) or 7-day 

phenological shift (analogous bloom). Significant differences were detected if p<0.05. 

 

1984-2010, 

observed 

2021-2050, 

base bloom 

2021-2050, 

analogous 

bloom

Number of frosty days (days) 1.1†‡ 0.0* 0.1*

Absolute minimum temperature (°C) 0.1†‡ 6.0*‡ 4.3*†

Mean of the daily minimum temperatures (°C) 6.1†‡ 10.9*‡ 10.0*†

Number of days with daily mean temperatures above 10°C (days) 15.7†‡ 16.1*‡ 14.2*†

Mean of maximum temperatures (°C) 18.5†‡ 13.2*‡ 12.4*†

Number of days without precipitation (days)  13.6  12.1  12.1

Number of days with more than 5 mm/day precipitation (days)  2.2  3.0  3.1

 significant difference compared to observed*      compared to base bloom†     compared to analogous bloom ‡

78 118

66 112

78 115

65 108

79 117

67 111

60 70 80 90 100 110 120
Julian day

Observed (o) and predicted (p) budbreak (bb) and full bloom (fb) dates 

Uf_bb_o Uf_fb_o

Uf_bb_p Uf_fb_p

Kj_bb_o Kj_fb_o

Kj_bb_p Kj_fb_p

Db_bb_o Db_fb_o

Db_bb_p Db_fb_p
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The following statements have been attempted: 

 Considering the number of frosty days, the prognosis according to the RegCM3.1 for the period 

2021-2050 stated that almost no frosty days are expected. 

 The absolute minimum temperature of the period was 0.1ºC as a mean. The prediction of the 

RegCM3.1 is much higher thus almost no risk of spring frost is expected. 

 The mean of the minimum temperature was 6.1ºC as recorded, whereas the RegCM3.1 model 

predicts significantly higher values. 

 The number of days with mean temperatures higher than 10ºC was 16. According to the RegCM3.1 

model, the increase is moderate if there is no phenological shift is assumed. However, in case 

phenology stages come earlier, a significant decrease is expected. 

 The mean of daily maximum temperatures was 18.5ºC during the 27 years. In some years, it 

attained even 25ºC, and it was 16ºC only in others. The RegCM3.1 estimates significantly lower 

values for 2021-2050, independently from the assumed phenological shift. It means that bloom 

may of milder temperature condition in the future.  

 The number of days without precipitation recorded as 13.6 days, mean of 27 years. The RegCM3.1 

model does not predict significantly different results for the future. 

 The mean of the number of rainy days with more than 5 mm precipitation/day was 2.2 days during 

the recorded period (1984-2010). The prognosis shows a slight, insignificant increment. 

Growers are compelled to increase the yields in order to compensate for the increasing costs of 

production as well as for the irrationally low producer’s prices. These efforts are jeopardized by the 

unstable, changing climate, warming up, unbalanced precipitation as well as the increased frequency and 

intensity of weather anomalies. Future predictions should be regarded for strategies of adaptation that are 

needed to be developed. 

The model we discussed above should be validated for other regions and/or varieties. Not only the 

changes of climate and phenology and their impacts but also the possible change of the way of plant 

respond should be researched. To this regular monitoring and high level, comparable data recording is 

necessary. Intensive cooperation with growers and decision makers should be improved. With the help of 

growers’ observations the indicators can be associated with certain risky events and thus they can serve 

the prediction of more detailed future recommendations to prevent damages. In one hand, warmer climate 

makes possible to grow varieties with higher heat accumulation demand, in other hand more frequent and 

more serious extreme events increase the risk of production. The symptom of phenology drift calls the 

attention to the need of new adaptation strategies which are surely unavoidable and urgent (Diós et al., 

2009). 
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A B S T R A C T 
 

The Hungarian Soil Information and Monitoring System (SIM) covers the whole country 

and provides opportunity to create similar information systems for the natural resources 

(atmosphere, supply of water, flora, biological resources etc). The aim of the SIM is to 

relate these databases. The SIM territorial measuring grid consists of 1236 measuring 

points with 21 elements content in Hungary. These points are representatives. Distribution 

of the points represents the variety of soil types of the country. The SIM is the essential 

basis of rational agri-environmental management and at the same time is an integrated 

unit of the environmental diagnosis of soils. Our aim is to develope a statistically based 

information system from data of the measured SIM points. We developed a method for 

estimating element content. To determine the concentration of the elements, need only the 

GPS co-ordinates of the place based on the number of the nearest neighbouring points. 

This method does not calculate with spatial circumstances. The other possibility is using 

the kriging method (spatial interpolation) for estimating more precisely the element 

content. In this study these two methods are compared. After building our statistical based 

information system we can develop an Internet-based service that makes it possible to 

reach the objectives through arranging the results of analyses into a database. Based on 

available data, the developed Internet-based service makes it possible to estimate element 

content at a certain diagnostic point with some statistical errors. It can also be applied in 

analyzing effects of environmental pollution. 

Introduction 

A large amount of soil information are available in Hungary as a result of long-term observations, 

various soil survey, analyses and mapping activities on national (1:500.000), regional (1:100.000), farm 

(1:10.000-1:25.000) and field level (1:5.000-1:10.000) during the last sixty years. Thematic soil maps are 

available for the whole country in the scale of 1:25.000 and for 70% of the agricultural area in the scale of 

1:10.000. 

There are at least three reasons why this rich soil database has been developed (Várallyai, 1993): 

 the small size of the country (93.000 km²) 

 the great importance of agriculture and soils in the national economy 

 the historically "soil loving" character of the Hungarian people, and particularly the Hungarian 

farmers. 
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In the last years all existing soil data were organized into a computerized geographic soil information 

system, which consists of two main parts: 

 The soil data bank, including 3 different types of information: 

o basic topographic information (geodetic data standards)  

o point information (measured, calculated, estimated or coded data on the various characteristics 

of soil profiles) 

o territorial information (1:25.000 scale thematic maps) and soil properties. 

 The information system, including models on moisture and plant nutrient regimes of soils; 

susceptibility of soils to various soil degradation processes, etc. 

In consequence of the EU accession, the particular and objective survey of current soil condition is a 

very important question, which can be the beginning of the implementation of the modern agrarian 

environmental management program. This survey is not useable if the change of condition cannot be 

investigated continuously in systematic interval. 

The Soil Information and Monitoring System (SIM) – this was the first working subsystem - is an 

independent part of the integrated Environmental Information and Monitoring System (EIMS) (Soil 

Information Monitoring Professional Committee, 1995). 

The Soil Information Monitoring System (SIM) covers the whole country and provides opportunity to 

create similar information systems for the natural resources (atmosphere, supply of water, flora and 

biological resources etc.). The aim is to relate these databases. 

The SIM territorial measuring grid consists of 1236 measuring points (selected exactly defined by 

geographical coordinates using GPS). These points are representatives. Distribution of the points by soil 

types represents the variety of soil types of the country. There were 865 points on agricultural land, 183 

points in forests and 189 points in environmentally threatened "hot spot" regions. The latter represented 12 

different types of environmental hazards or particularly sensitive areas such as: degraded soils, 

ameliorated soils, drinking water supply areas, watersheds of important lakes and reservoirs, protected 

areas with particularly sensitive ecosystems, "hot spots" of industrial, agricultural, urban and transport 

pollution, military fields, areas affected by (surface) mining, waste (water) disposal affected spots. 

Applied methods 

1.1. Calculating method of distance, element content, relative error and confidence interval 

After converting and rounding the measured data of the available SIM samples we carried out further 

calculations in order to determine the distance between the points, their element contents, their relative 

errors and confidence intervals. For the calculations we used the following connections: 

The program calculates the distances by using the Pythagorean Theorem: 

(1) 2)
1

y
2

y(2)
1

x
2

x(Z 
 

where x1, y1 are the coordinates of the known point, x2, y2 are the coordinates of the unknown point. 

The software determines the calculated figure of chemical element content in case of 10 nearest 

neighbouring points by using the following connection: 
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where Z1, Z2,…Z10 are the distances of the known points correlated to the basis profile number, 

C1, C2, …C10 measured chemical element content in the known points. 
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The program calculates the percentage deviation – relative error – on the basis of the following 

formula: 

(3) 
[%] 100 
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where ABS is the absolute value function, „Sz” means the element content calculated by us, „M” 

means the measured element content. 

The program invokes two Excel functions to calculate the confidence interval, one of them calculates 

the standard deviation (σ), and the other one calculates the confidence interval. 

To calculate the confidence interval, it calculates the standard deviation first (σ): 

(4) 

 




n

i

i

n

xx

1

2

1

)(


 

Formula of the confidence interval: 

(5) 
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1.2. Krieging method 

Kriging (Oliver and Webster, 1990) is an interpolation method that predicts unknown values of a 

random process. More precisely, a Kriging prediction is a weighted linear combination of all output values 

already observed. These weights depend on the distances between the input for which the output is to be 

predicted and the inputs already simulated. Kriging assumes that the closer the inputs are, the more 

positively correlated the outputs are. This assumption is modelled through the correlogram or the related 

variogram, discussed below (Alsamamra et.al., 2009).  

In deterministic simulation, Kriging has an important advantage over regression analysis: Kriging is an 

exact interpolator; that is, predicted values at observed input values are exactly equal to the observed 

(simulated) output values. In random simulation, however, the observed output values are only estimates 

of the true values, so exact interpolation loses its intuitive appeal. Therefore regression uses OLS, which 

minimizes the residuals - squared and summed over all observations.  

Effectively, geostatistical models directly estimate the variance-covariance matrix. Geostatistical 

techniques, such as Kriging rely upon an estimated variance-covariance matrix, followed by EGLS 

(estimated generalized least squares), and BLUP (best linear unbiased prediction). The simplest case 

assumes one can specify correctly the variance-covariance matrix as a function of distance only (Stein 

et.al, 2003). The most typical application involves the smooth interpolation of a surface at points other 

than those measured. Usually, the method assumes errors are 0 at the measured points but modifications 

allow for measurement errors at the measured points. 

The first step in most geostatistical models is to estimate the variance-covariance matrix. While 

techniques exist to perform this directly, the most common technique involves the intermediate stage of 

computing the variogram (Bates et.al., 1996) 

The empirical variogram begins with the pair-wise squared differences among all errors (or sometimes 

a sample of errors for large data sets) plotted against the distance between the elements of the pair. 

Positively correlated errors will show small pair-wise squared differences while almost independent errors 

will show larger differences. For positively correlated residuals, the empirical variogram tends to start off 

low at small distances and rise with distance up to a point where it levels off. From the variogram one can 

estimate the parameters of fitted variogram functions. If the process is stationary, equivalence exists 

between the fitted variogram functions and fitted covariance functions. Only a relatively small number of 
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valid covariance functions exist which yield guaranteed positive definite estimated variance-covariance 

matrices (Bailey and Gatrell, 1995). 

Results 

1.3. The developed statistical method for estimating element content 

We developed a method to estimate the element content. During the process we chose an optional point 

that will be considered as unknown in the process (in Fig. 1, we marked this point with “U”). We have the 

measured results for the unknown point, but we did not count with them, we proceeded as if we did not 

have those measured results. 

Around the unknown points we determined the nearest ten points (this number can be changed in the 

program). We marked these nearest points in Figure 1 with “K”. 

The distance between the known points (K) and the point considered as unknown (U) can be calculated 

by using the Pythagorean Theorem (Eq. 1): 

When we determined the distance between all the ten known and “unknown” points, we had ten 

distance data z1, z2, z3,…..,z10, from which with linear estimation (by using Eq. 2), concentration (cx) of 

the certain element can be estimated even in those places where there is no SIM diagnostic point. 

If we calculate the concentration (cx) of the certain element for the unknown point, we can compare it 

with the measured data by ICP-OES spectrometer for the certain element and we can determine the 

relative standard deviation (Eq. 3). 

These steps have to be done first for the same point regarding the other elements which quantities 

exceed the demonstration line. After that, these steps have to be done again for each available SIM 

diagnostic point, considering that they are the unknown points in the experiment. After this, we will have 

the concentration value and its relative standard deviation for each measurable element above the 

demonstration line for each diagnostic point. 

We applied two Excel functions to calculate the confidence interval, one of them (Eq. 4) calculates the 

standard deviation (σ) and the other calculates the confidence interval (Eq 5). 

We visualized the received data on Excel worksheets in each case to make further data processing 

easier. 

Building our statistical based information system has to determine the number of nearest neighbouring 

points to be considered in the case of certain elements. We have to determine the minimums of the 

average values of relative error for elements. In this point we have got the viewing neighbouring point 

number for all measured elements. 
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Figure 1. K = Known diagnostic points (x1,y1: GPS coordinates of the given place) 

U = diagnostic point to be determined (unknown)   

(x2,y2): GPS coordinates of the “unknown” place ) 

We discovered when studying different numbers (1, 2, 3, 4, 5, 6, 7, 10, 15, 20, 25 and 30 in order) of 

nearest neighbouring diagnostic points within the aggregation, the minimums of the relative error values 

are different. Elements can be ranged into three groups depending on how many nearest neighbouring 

diagnostic points were considered when we received the minimum value. 

 3 neighbouring diagnostical points: K, P, Sr, Ni, Cu, B, Co, Ti 

 5 neighbouring diagnostical points: Al, Fe, Ca, Mg, Mn, S, Ba, Cr, V, Pb, Y, Zn 

 10 neighbouring diagnostical points: Na 

It means that in case of a sample originating from a genuinely unknown diagnostic point, for elements 

in the first column 3, for elements in the second column 5, while for Sodium 10 nearest neighbouring 

points have to be considered in order to estimate the element content with the smallest error. 

1.4. The kriging method for estimating element content 

Calculation the concentration of the elements (by using Eq. 6) weighted average mathematical method 

(Korpás, 1996). The sum of the weighting factors must 0. 

(6) 
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where Z*(x) the given concentration estimated value, 

ai  the weighted factor of the observed point 

The weighting factors are inverse ratio to distance of the estimated locations (Bodrog, 2001). 

(7) 
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where di is the distance of the estimated location and the i-point, 

c is constant 

ω power (usually 1< ω < 3) 
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We have to calculate the absolute error from the difference of the measured and estimated 

concentration value, and the relative error, which give the ratio of the measured and real concentration 

value (Young, 1986). 

Building our statistical based information system has to determine the number of nearest neighbouring 

points to be considered in the case of certain elements.  

We discovered that elements can be ranged only into two groups depending on how many nearest 

neighbouring diagnostic points were considered to kriging. 

 3 neighbouring diagnostical points: K, P, Sr 

 10 neighbouring diagnostical points: Al, B, Ba, Ca, Co, Cr, Cu, Fe, Mg, Mn, Na, Ni, Pb, S, Ti, V, 

Y, Zn 

It means that using of kriging method in case of the most elements we need 10 nearest neighboring 

points have to be considered in order to estimate the element content with the smallest error. It is 

interesting, in case of K, P and Sr the results were the same (10 nearest neighboring points) in case of 

developed statistical method. 

1.5. The Internet-based program 

We developed a newer internet-based program that makes it possible to reach the objectives through 

arranging the results of analyses into a database and developing an authorisation system (Fig. 2.). When 

developing the newer software, our objective was to create a dynamic website for users which together 

with the GPS coordinates only of the certain point could provide the estimated element content for the 

measured chemical elements also in such points where no samples had been taken and thus measured data 

were not available. The relative error and the confidence interval must be provided for each element 

content value, since they orientate the users into which range the quantity of the certain chemical element 

at the given diagnostic point can fall. 

We provided access to the database through internet-based technology. With the help of the database-

based server-side script language (PHP) (Meloni, 2003) we planned and developed the user interface, 

through which the user can communicate with the program. 

Conclusion 

On a statistical based developed system can be a suitable information system for the management 

determining the element concentrations in a well-defined precision. To determine the concentration of the 

elements, need only the GPS co-ordinates of the place.  

Data can access by a suitable authority system in this information system. Through the authorization 

system, the authorization level of each user can easily be determined. In case of database administrator 

authorization, almost any kind of query can be made in connection with the database through the general 

query module. 

Based on available data, the developed program makes it possible to estimate element content at a 

certain diagnostic point with some statistical errors; it can also be applied in analyzing effects of 

environmental pollution. Using by kriging method in case of the most elements we need 10 nearest 

neighbouring points have to be considered in order to estimate the element content with the smallest error. 

It is interesting, in case of K, P and Sr the results were the same (10 nearest neighbouring points) in case 

of the developed statistical method. 
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Figure 2. PHP form to evaluate the concentrations and reliability 

 of the chosen elements based on the GPS-co-ordinates 
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A B S T R A C T 
 

Agriculture has undergone significant changes since the industrial revolution. The 

industrial age and the market economy have moulded agriculture in their image just as 

much as the characteristics and tools of the information age have recently been 

transforming its previous operation. Information and communication technology (ICT) 

take-up in agriculture remains low, and the reasons behind this barely changed in the last 

20-30 years. Information technologies are regarded as mediating channels and a vehicle 

for new services. It is important to research the various aspects of adoption of new 

information technology, and also not only the use, but the “effective use” of it (Gurstein, 

2003). Information-intensive agriculture is fundamentally determined by information, 

knowledge and the decision-making farmers, in effect the human factor; therefore, studies 

aimed at the improvement of the situation of agriculture with ICT tools must be centred 

on the human element. 

1. Introduction 

Information has a central role in our modern way of living and agriculture is no exception: to be 

successful in farming requires gaining, processing, using and evaluating a huge amount of information 

(policy, markets, new methods etc.). Farmers are working in an information-intensive environment and 

numerous studies have showed that information and communication technologies (ICT) can play a vital 

role in realizing benefits with more effective information management in the farm level.  

The supply chain in agriculture not only means the flow of products and income but also that of 

information (Niderhauser et al., 2008). The toolkit of the information society, information communication 

technologies (ICT) offers new opportunities for efficient operation, decision-making and adaptation to the 

environment (Herdon, 2009). This, however, can only work successfully if certain conditions are met. The 

potential opportunities can only be exploited to an optimum under the right circumstances, and it is also 

important that they are harmonised with the previously used farm management practice, or else the much-

awaited success will suffer.  

The purpose of the study is to identify the barriers of widespread adoption of ICT among farmers, 

mainly analyzing the information flow, information strategies, information literacy and the characteristics 

of the farm and the farmer. The author provides an overview of the literature and sets up a theoretical 

framework of the factors affecting the information strategies (and therefore also the use of ICT) of the 

farmers.  

2. Information flow and the farm manager 

Agriculture has undergone significant changes since the industrial revolution: one of the most 

important ones is market orientation (strictly speaking in the developed world we can only find farms 

producing for the market or at least partly for the market), but standardised solutions, economies of scale 

and automation have also become widespread, and this is only partly the result of the flow of the labour 
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force into the cities. The industrial age and the market economy have moulded agriculture in their image 

just as much as the characteristics and tools of the information age have been transforming its previous 

operation. At the same time, the fundamental cyclical nature of agricultural operation is unchanged. In 

order to shape, form and refine raw nature industrial characteristic have come to dominate agriculture 

which is now one of the industries.   

Farming has been placed in a new framework these days: farm managers have had to increasingly 

devote attention and interact with the external world (environmental effects, quality requirements, 

standards, and documentation) – see for example the documentation necessary when applying for EU-

funds. Besides land, labour and capital, sufficient information has become a critical factor for agricultural 

businesses. Agricultural management and producers are both dependent on a comprehensive, information-

rich environment, since without it they could easily lose their competitive edge.      

Modelling the agricultural decision-making process and information flow is nothing new. The primary 

objective of studies aimed at creating models is to determine why a given group of farmers behave the 

way they do (Gladwin, 1989). With the help of models support and knowledge that contribute to more 

efficient operation and better decision-making can be provided for farmers.     

Information and knowledge are inseparable since the most important input in decisions originates from 

the stratum of information (i.e. given potentials, already acquired knowledge, and finding additional 

information necessary for making decisions). Information flow, or the lack of it, as well as its intensity 

and knowing about the circumstances of a given farm and its manager might provide a comprehensive 

picture about the decision-making process and thus the character of a farm.     

Sörensen and his associates (2010) conducted interviews and based on them drew the following 

information cloud around the farm manager, a so-called rich picture of factors that influence and shape 

decisions (Figure 1.).  

 

Figure 1. Farm management, the “rich picture” (Sörensen et al., 2010) 

Important factors for the decision-maker of a farm to find his way in the above information 

environment not only include the numerous opportunities for interaction and information sources but also 

the used channels and the quality of information.  
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2.1 The quality of information and used channels 

In a traditional approach information channels can be grouped into: 

 Personal network (suppliers, extension service, other farmers, markets, events) 

 Printed media (books, encyclopaedias, maps, almanacs, newsletters, advertisements)  

 Electronic media (TV, radio, websites, databases, services on cell phone, remote sensing)  

In the last group the Internet must be highlighted as a special entity that can equally be a number one 

source (databases, consultancy web services, electronic administrative services) or a secondary 

intermediary of printed or electronic media (e.g. IPTV, video TV) and a means of personal 

communication. 

Most sources agree that combined sources are generally the most effective, or those that fit in with the 

previous information-acquisition practice of the farmers (who typically measure the new sources against 

the old ones and has little faith in the new means at first). At the same time, there are some special types 

of new information that can be employed effectively only through particular channels. 

In addition to the type of channel used, the quality of information is of vital importance since its 

“usefulness” is determined by several criteria which are mostly determined by the perception of the 

decision-maker. There are several types of knowledge and information that are irrelevant under given 

circumstances (the diverse social, economic and environmental conditions of the rural communities might 

require specific knowledge/ and competences, Knight and Wilkin, 2004), and this can be a problem for 

example with decision support systems based on generic models possibly offering solutions that are at 

variance with the farmers’ own experience. Generalised information is often unsuitable, while relevant 

knowledge is often inaccessible to farmers since it is not converted into a consumable form, or an 

accessible information system. There might be asymmetries in the supply chain between the knowledge of 

the various players, which can even be intentional.      

The main characteristics of quality information are therefore relevance, accuracy, comprehensiveness 

and timeliness. Of these timeliness/up-to-datedness is regarded as being the most important by many 

people: information that arrives late is often useless, even if it would otherwise satisfy the needs of the 

farmer. The timing of information is of critical importance especially in the case of daily or other short-

term decisions but less so during strategic, long-term planning.  

The survey of Yongling (2004) highlights the importance of requirements towards information, 

stressing that poor quality, outdated, inaccurate or incomplete information poses a problem, mainly 

because farmers cannot distinguish between “good” and ”bad” information, which the author mainly links 

with a low level of education. This problem is a complex one, and as such it includes one of the central 

issues of information management in general: that of information literacy. 

3. Working with information: information literacy 

Models used in the area of agricultural informatics confirm that in a “text book type” farm the farm 

manager approaches his information needs, the cost of the information and alternative sources at system 

level and in a systematic way, and is able to recognise information necessary for decision making. 

Furthermore, he consciously applies and builds the latest information technologies into his everyday work. 

For this reason we should have a look at information literacy, which provides an accurate description of 

the main characteristics of the aforementioned process. 

The concept of information literacy appeared as a result of the technological development in the 1970s. 

In the past thirty years the term was broadened and extended with new layers of meaning added to it, 

while at the same time it was limited in its use (it is increasingly restricted to computer and/or Internet 

usage). Information literacy is not the competence to use certain devices or equipment but the skill to 

access and use information. 
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Today most people look at information literacy as a kind of computing competence and the ability to 

manage information gained from the Internet (in effect, they use it for internet literacy). One of the early 

appearances of the “information literacy” was in 1974 (Zurkowski, 1974). The term was closely 

associated with educational reform (mostly that in the United States), and it was used to mean the efficient 

use of information already at the outset. In 1976 Burchinal (Behrens, 1994; Bawden, 2001) defined 

information literacy as a set of skills, dividing it into three levels:  1) skills that help to locate and use 

information; 2) the use of information for problem solving and decision making (as it could be seen, 

previous approaches focused on this level); 3) efficient and effective information location and utilisation. 

Later theoreticians of information literacy practically broadened and refined Burchinal’s division, 

according to their individual concept. 

Thus, the development of information literacy not only entails the use of technical tools but also the 

development of a way of thinking aimed at the consciously planned realisation of interests. Since 

information literacy means realising lack of information, looking for it, locating and processing it and then 

using it responsibly, it is evident that its development also includes that of critical thinking. Applied to 

agriculture, the truth of this statement was indicated by Öhlmer, who in the early 1990s pointed out that a 

tool in itself is not capable of performing a miracle and the individual using the tool plays the key role: he 

claims that no fundamental change takes place in information processes by computerisation since that 

alone only adds a certain level of comfort to these processes (Öhlmer, 1991).  

Information literacy is the skill to access information and uses it for value creation, and an individual 

can be regarded as information literate if he recognises when he needs information. Information literacy is 

possessed by those who have learnt how to learn. It can be seen that information literacy requires and 

demands several skills from the conscious citizens of the digital world (Table 1.). Never before in human 

history have these skills been expected of everyone; such expectations typically concerned the members of 

the intellectual elite. However, since the world of today is determined by the presence, lack, value and 

authenticity of information and the speed of its flow, these skills have become important for everybody, 

including those working in agriculture.  

Table 1. Information literacy skills (Source: Rab, 2008 via Eisenberg, M. & Berkowitz, L., 1990) 

Defining the task, 

realising lack of 

information 

Interpreting the task, identifying the information necessary for the 

completion of the task, and being able to determine why particular 

information is missing and how important it is. Formulating the question 

needed to acquire the information also belongs to this skill. The information 

sought can be accessible in many platforms (in print, digitally, on some data 

storage device or even on TV); what is more, a friend or another farmer might 

also have it. The scale of energy input required for the acquisition of the 

information must be determined and whether it is in proportion to its 

importance. 

The strategy of 

acquiring 

information 

Accessible sources must be identified: where are the necessary sources of 

information, how can they be accessed, when can they be used? This skill 

includes the competent use of the various information sources: when should 

information be sought in printed media and when in an online database? In 

agriculture the role of routinely used channels is outstanding – this is partly 

connected to trust and partly to less energy that needs to be invested. It is 

important to note that from the point of view of information strategy it 

represents an obstacle to finding the optimal channel. 

Location and 

access 

Accessible sources must be identified. Where can these information 

sources be found, how can they be accessed and when can they be used? This 

skill includes the competent use of the various information sources: when 
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should information be sought in printed media and when in an online 

database? ICT tools usually have an advantage in this regard: online services 

are accessible non-stop and at lower transaction costs. 

Using 

information 

The skill to look for information effectively in the appropriate sources 

belongs here. It must be recognised that the required information has been 

located, and the user must know when the search can or must be stopped. It is 

important to be able to access the value (authenticity, accuracy, etc.) of the 

acquired information. A critical approach to assessing information might 

prevent the search from going off track or leading to false information. This is 

the dimension that Yongling (2004) also mentioned. 

Synthesising 

This is the level of analysing and working with the acquired information. 

Being able to analyse is not enough, but new knowledge, and understanding 

must be reached. It is important to be able to display results, which in practice 

most often entails the understanding, comparison, combining, annotating and 

goal-oriented use of information, and in agriculture it is most often the best 

possible harmonisation of the local and the global “environments”. 

Evaluating 

The highest level skill is to ensure that acquired information and processed 

knowledge is stored, retrievable and can later be used. This practically means 

the continuous management of our own data. 

These levels are logically built on one another and entail the skill to handle information and knowledge 

of how to learn. The first chapter already showed the huge amount of information that needs to be tackled 

in agriculture for successful operation, while it must also be seen that all the six steps are not carried out in 

every case either by those with low or high information literacy. 

As Hill (2009) states: “As individuals, farmers have their favoured information sources, which they use 

depending on the specific information being sought. The amount of information collected depends on the 

complexity of the task and the importance of the decision.” The context, the channel, the type of 

information, the access to information and the farmer’s experience and personal preferences are in close 

relation.  Therefore, information flow must be studied in its complexity, at different levels and in detail. 

(e.g. Fountas et al., 2006; Nash et al.,2009). The significant differences between European farms (in 

regard to size, type, culture and numerous other factors) each influence decision making processes and 

information strategies (e.g. Öhlmer et al., 1998). 

4. Information literacy, ICT and the diffusion of innovation in agriculture 

“The importance of the Internet is growing, both as a source of information and as a vehicle for 

transactions. It is likely that businesses working outside this system will lose competitiveness”  

“Information management may become easier, timelier, and generally provide greater value through 

computerised information system use.” 

Harkin’s research (s.a.) shows that the diffusion of ICT opens up the following opportunities.  

Information technologies are regarded in the following list as mediating channels and a vehicle for new 

services. 

 timelier, more comprehensive information 

 accessing a new type of information 

 several competing information sources 

 single window access 

 easy exchange and discussion of information ideas 

 easier cooperation and access to other farmers and experts 
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Despite these “common” opinions, ICT take-up in agriculture remains low. It is important to research 

the various aspects of adoption of new information technology, and also not only the use, but the 

“effective use” of it (Gurstein, 2003). It is important to distinguish between the opportunities for digitally-

enabled activity presented by ICT access from the actual realization of those opportunities in the form of 

“effective use”. 

It goes without saying that a region cannot be characterised in a single dimension but only from the 

perspective of farming, and this is also true for a family making their living from agriculture in a given 

rural area. This is indicated by the last two bullet points of the above list which are especially noteworthy 

in cases where great distances can be bridged thanks to IT services offered in the areas of eGovernment, 

eHealth or eLearning. Several studies on the Internet and information technology have established the 

importance of other characteristics (e.g. having children in a farming family) in regard to ICT take-up, but 

the literature of agricultural informatics also often mentions the positive influence of a workplace outside 

the farm on ICT use. 

In addition, the five factors established by Rogers as influencing the diffusion of innovation also play 

an important part. Rogers (1962) defines several intrinsic characteristics of innovations that influence an 

individual’s decision to adopt or reject an innovation. The relative advantage is how improved an 

innovation is over the previous generation. Compatibility is the second characteristic, the level of 

compatibility that an innovation has to be assimilated into an individual’s life. The complexity of an 

innovation is a significant factor in whether it is adopted by an individual. If the innovation is too difficult 

to use an individual will not be likely to adopt it. The fourth characteristic, trialability, determines how 

easily an innovation may be experimented with as it is being adopted. If a user has a hard time using and 

trying an innovation, this individual will be less likely to adopt it. The final characteristic, observability, is 

the extent to which that an innovation is visible to others. An innovation that is more visible will drive 

communication among the individual’s peers and personal networks and will in turn create more positive 

or negative reactions.” 

According to Offer (2005), the perceptible profit might be the greatest obstacle or promoter of ICT 

take-up in agriculture, along with the proportion in the use of resources required and the realisable 

advantages. Systems and information sources are not expected to offer the benefits dreamed up by their 

designers but instead to satisfy the needs of their users, which leads on to the issue of compatibility. 

Nuthall’s research in 2004 established that computer use does not guarantee increased profitability. The 

situation, however, is more complex than this. It cannot be excluded that in the Australian farms he 

studied the tools of “mental management” could have produced the same growth. At the same time 

numerous farmers he surveyed said that they found the computer useful and that the newly adopted 

practice of data collection and systematisation had a tangible impact on their previous decision making 

processes (Nuthall, 2004). In this case the relative advantage offered by ICT use was primarily a relative 

and not a directly economic one. It must be noted here that of all the economic benefits afforded by ICT 

use literature primarily focuses on transaction costs.  

Another finding by Nuthall is that the diffusion of solutions better suited to already existing 

information management systems is faster, thus highlighting the importance of compatibility. 

Furthermore, if the use of an ICT tool brings advantages for an individual, there is a greater chance that 

those in his environment will chose the new solution. This calls attention to the importance of 

observability. 

Another potential source of problem with currently used agricultural IT management systems is 

interoperability, i.e. transferring information between systems, which mainly raises the problem of 

excessive complexity, which is accompanied by the lack of user-centeredness in development guidelines 

applied to the design of IT and decision support systems.      
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The community aspect and interactivity (resulting from the fundamentally communication-based 

nature of Rogers’s diffusion of innovations theory) is manifested in observability and triability (there are 

several examples of the latter in agriculture: for example, basic ingredient manufacturers often provide 

product samples for farmers). Networks and various partnerships serve as an important domain for seeking 

and selecting information (Colliver, 2001). Similarly, farmers’ learning processes are predominantly more 

efficient in groups (Kilpatrick et al, 2003). As active members of a group individuals adopt new 

innovation easier, which is not surprising since they are in effect the starters of the Rogers diffusion 

process. “Open-minded” farmers (or those who actively seek information (events, consultants, clubs, 

periodicals) are more likely to use the Internet. Farmers who are fully information literate are bound to use 

the Internet with the only differences being perceptible in regard to the pattern and intensity of use. They 

are the starting point of the diffusion of ICT use. 

Based on Harkin, Offer and others it can be concluded that since the late 1970s and early 1980s service 

and technology developers have been making the same mistake, i.e. they fail to satisfy user needs, which 

is a key challenge in the area. Access to information/knowledge must be made more flexible, which 

should include gathering information about the potential users’ needs and problems as well as offering 

them consultation opportunities. This problem is not specific to agricultural IT developments since it 

spans the close to ten years (i.e. almost the entire period) of European eGovernment development projects 

for example.  

Farmers have not yet been encouraged as obviously and successfully to change their approach to 

information management as it could have been expected based on the technical “potentials” (Nuthall, 

2006). Nuthall also points out that since the farmer is an essential component in the “information system” 

of a farm, the decision to use ICT often depends on the personal characteristics of the farmer, such as his 

or her personality, experience, age, education, goals and objectives. 

5. The aspects of using ICT in farm management 

Alvarez and Nuthall (2006) summarised earlier literature and tried to set up a model in which they 

collected the factors influencing the adoption of new software (Figure 2.). 

Mainly based on Apps and Iddings (1990) as well as Taragola and Van Lierde (2010), a more detailed 

picture can be drawn:  

 Farmer’s characteristics (age, experience, personality, education) 

 Community culture (network, associations)  

 Farm characteristics (size, type, geography)  

 Goals and objectives (attitude towards learning) 

 Decision making and information management style (time, information sources ( number, intensity 

in use), extension usage, support from the outside) 

 Other element: trust 

As a rule of thumb, based on Nuthall it can be stated that with great probability farmers will keep 

seeking and collecting information until they actually feel that the cost incurred by continuing the 

search will exceed the benefits that can be secured by the information attained. However, this 

“marginal utility” approach is made more complex if we consider the knowledge base and experience 

of a farmer at any given time (e.g. if we apply this logic young farmers might need more information). 

At the same time it must be remembered that since it is difficult to attach economic value to 

information, the search process will mostly depend on the perception of the farmers, which means that 

the proportion of intuitive decisions is likely to increase significantly with experience (at least under 

the given circumstances).  
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Figure 2. The factors influencing the adoption of new software (Alvarez and Nuthall, 2006) 

Based on the above and what has been said prior to this, for those farmers who are open to learning and 

have no gap in their knowledge in regard to the applications (i.e. shares the opinion of the developers 

about the given system) and clearly take advantage of the use of the given application a straight path leads 

to IT use. 

6. Conclusion 

Surprisingly enough, the factors influencing ICT use have barely changed in the last 30 years, since 

personal computers have become commercially available. More or less one can find the same old stories 

regarding computers, decision support systems (DSS) and internet-usage: the background of the farmer 

(demographic and other variables), the characteristics of the farm (size, complexity etc.), the cultural 

background and the local community. Every farm is different and the information strategy of every farmer 

is different so it is really hard to find solutions that fit in with the processes of the majority of the farms 

and farmers. One size does not fit all or even come anywhere close to it.  

If ICT use is not coupled with critical thinking and a clear concept, the desired results and a positive 

impact on farm management cannot be achieved, what is more, damage can be caused as happened in the 

case of industrial methods adopted without a critical approach. One of the key issues in regard to the 

diffusion of IT applications is the assessment of the information needs at any given time (Rockart, 1979). 

Only by targeting these needs (possibly after latent needs are explored and defined) can developments 

bring success. If this is accompanied by easy usability, trust and economic advantages, it can be expected 

that these applications and tools will be used, however, the characteristics of the given farm and the 

personal characteristics and attitude of the farm manager will play a significant role. 

The above focuses attention on the fact that the study of these phenomena must be carried out in the 

given environment: just as agriculture is inseparable from the soil and the place, the exploration of 

information-intensive agriculture is mainly a local, regional and country-wide task, since several cultural, 

legal and historical factors come into play at these levels. 

After carefully considering past experiences it must be said that in order to finally fulfil the potential of 

communication technology (and speed up information processes) we have to use the oft cited user-centric 

approach during the development of new applications, involving the farmers (bottom up) or at least define 

user groups or information patterns of farmers in a country or a region. One thing cannot be forgotten: 

there always will be farmers who can not adopt ICT for various reasons (not perceived usefulness, 
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complexity, preferring different information channels etc. etc.) even if it looks like it would be an 

advantage for them. There are other ways for them to utilise the benefits of the technology, for example 

through intermediaries (Csótó and Herdon, 2009). ICT-usage among farmers can be the way but not the 

goal itself.  

To sum up, information-intensive agriculture is fundamentally determined by information, knowledge 

and the decision-making farmers, in effect the human factor; therefore, studies aimed at the improvement 

of the situation of agriculture with ICT tools must be centred on the human element (and information).   
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A B S T R A C T 
 

Information and Communication Technologies (ICT) evolution is well advancing 

Moore‟s Law prediction of geometric progression of computer performance indexes. 

Indeed, these technologies are not only fast developed but, in addition, are giving birth to 

newer ones nicely branching existing “old fashion” ICT systems and tools. These 

innovations of ICT are not only regenerating traditional sciences, like Agriculture, and 

practices, like farming, but also, awake well neglected human sensitiveness and 

indifference for poverty, environmental protection, climatic deterioration issues and the 

future of our planet as a whole. To refer to a few examples of these innovations affecting 

Agriculture and Environmental Sciences: Cloud Computing provides equality in resources 

management and exploitability to small budget farms against the big ones. Web2 browser 

allows, as a platform, effective runtime environment and considerably easy access to 

applications by farmers lacking proper education and training. Parallel Computing brings 

exponentially increased core processing to low-end computers facilitating the use of huge 

computer power by small agricultural research units. Never the less agricultural and 

farming communities, in their majority, do not adopt new ICT tools and systems to the 

degree required for substantial agricultural development. In this paper, experience gained 

over the years is used to evaluate and reason poor performance in the area of applicability 

of ICT innovations and tools by the vast majority of farmers throughout the world. 

1. Introduction 

For the last thirty years there is a lot of discussion about the important role that Information and 

Communication Technologies (ICT) could play for a more effective application of new policies and 

practices in Agriculture and related activities. The emphatic application of ICT innovations in all those 

areas is one of various and persistent efforts to positively react to an accumulation of problems to 

politically neglected areas of farming, environmental degradation, resources deterioration and elimination 

worldwide. Indeed, a considerable amount of money has been spent by international and national 

organizations funding projects aiming not only to use but also to develop tailor-made ICT software and 

hardware systems and tools in support of the above practices. At the same time, scientists of the field 

throughout the world believed that ICT systems may comfort life in rural and remote areas, increase 

agricultural production, improve farmer‟s income and contribute much to their quality of life and 

willingness to live in rural areas. 

Information technologies have penetrated and highly affected the development of science even if in 

theoretical and philosophical areas of human pursuit. Their attribute is catholically recognized even by 

their opponents. No one could possibly argue on the subject of the progress made by medical science and 

its successes in diagnosis and cure of incurable considered being diseases due to the application of ICT. 

Philosophical ideas, cultural achievements, poetry and literature, arts are now shared by anybody via 

internet and its web services. On the contrary, farming communities are persistent in refusing the full 

exploitation of ICT systems in their day-to-day practices. Internet and web services are not used by the 
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majority of farmers of a substantial number of countries in spite the availability of the appropriate 

infrastructure in rural areas. Is it a problem of digital divide and, if it is so, how could one explain their kin 

in using -in those countries lacking behind computer technology- sophisticate mobile technology and very 

recent technological innovations like the voltaic technology?  Why ICT are not fully used for 

environmental protection, while agriculture – one of the main contributors in contamination of rural areas- 

is not seriously considered and monitored by ICT in order to avoid unacceptable human activities and 

practices? Why still the young generation refuse to willingly follow farming activities of their parents and 

are moving, even if these days, to non-rural areas neglecting environmental disadvantages, career projects 

and quality of life as a whole? Could proper syllabus of the educational system of all grades (from the 

primary level to the university level) contribute to the elimination of the problems? 

ICT evolution is well advancing Moore‟s Law prediction of geometric progression of computer 

performance indexes. Indeed, these technologies are not only fast developed but, in addition, are giving 

birth to newer ones nicely branching existing “old fashion” ICT systems and tools. These innovations of 

ICT are not only regenerating traditional sciences, like Agriculture, and practices, like farming, but also, 

awake well neglected human sensitiveness and indifference for poverty, environmental protection, 

expected dramatic climatic changes and the future of our planet as a whole. To refer to a few examples of 

these innovations affecting Agriculture and Environmental Sciences: Cloud Computing (Liang-Jie Zhang, 

2009) provides equality in resources management and exploitability to small budget farms against the big 

ones. Web2 browser allows, as a platform, effective runtime environment and considerably easy access to 

applications by untrained satisfactorily farmers. Parallel Computing (Campbell, et al., 2010) brings 

exponentially increased core processing to low-end computers facilitating the use of huge computer power 

by small agricultural research units. 

Certainly education, training and e-services play a very important role for ICT adoption by Agriculture 

and related areas of science (Sideridis, 2002, 2006b, 2009). Easy access to information, knowledge and e-

services is a key factor. Availability of agricultural information, knowledge and services: plenty. Never 

the less, digital divide is still affecting a considerable portion of agricultural communities and farmers are 

digitally marginalised.  Therefore, it is important to examine existing, design and develop new farm 

oriented tools based on the recent advances of ICT so that this knowledge and services will be easily 

accessed and fully exploited. 

In this paper, experience gained in the field of ICT in Agriculture over the last thirty years is used to 

evaluate and reason poor performance in the area of applicability of ICT innovations and tools by the vast 

majority of farmers throughout the world. Since ICT adoption by farmers, through proper training and 

education, is a critical factor for renewal of agricultural and farming practices, historic data related to 

major advances in agriculture are given and confronted with those of ICT educational tools developed the 

last three decades in sections 2 and 3 respectively. Section 4 is focussing in training educational digital 

libraries, portals and repositories as the main ICT tools to today‟s avenues towards narrowing existing gap 

and digital divide barriers. Finally, in section 5 an attempt is made through the conclusions to provide 

answers to unanswered questions in relation to poor financial performance and growth of countries with 

an agricultural background and a profile of insignificant ICT support in agricultural practices. The reasons 

behind related problems -for such prestigious and socially well established in the past communities of 

farmers to decline- are analysed and an answer through, new means of education, is proposed. 

2. Major advances in Agriculture  

The last three decades of 19th century constitute a significant period for the agricultural field in Europe 

and the whole world (See Table 1). In the past, before this period, the population growth as well as the 

scarcity of the land has led to increased efforts in order to raise the production output per hectare. In the 

period 1870-1914, the process of the “modern economic growth” led to a strong land-saving direction, 

supported by the technological progress made in the field of agriculture. The innovative chemical 
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fertilizers, the concentrated feeds as well as the use of new modern tools and machinery, and the 

cooperative movement strengthened the position of the farmers and contributed in the growth of the 

agricultural productivity (Zanden, 1991).  

In the period 1914-1950, war technology was used in industry and agriculture, leading to the 

agricultural mechanization and the sufficiency of wheat while, on the other hand, the rise of the industrial 

era resulted in the reorientation of the workforce from farming to industry. These facts led to a gradual 

decline of the farmers‟ social status. 

Finally, from 1950 until present, rising economies mainly based in industry were slowly diminishing 

the role of agriculture and farming in building financially strong economic communities. The emergence 

of new technologies and the focus on the industry, as well as the lack of proper education for the farmers 

in the new innovative tools and methods, caused the digital divide of people living in rural areas. 

In the following table the status of the agriculture is pictured according to the period of time, from 

1870 until present. 

Table 1. Major “green” steps  

Era Status 

1870-1914 • 1st Green revolution in agriculture. 

•  Innovations strengthened the position of small family farms (land-saving).  

• Growth of agricultural productivity (labour intensity). 

1914-1950 • Industrial era. 

• Agricultural mechanization (war technology used in industry & agriculture). 

• Sufficiency of wheat. 

• Reorientation of the workforce from farming to industry (centralization). 

• Decline of farmer‟s social status. 

1950-present • Digital era. 

• Digital divide. 

3. ICT fostering agriculture 

One sixth of the population of our planet, approximately one billion people, leaves in poverty and 

hunger, every six seconds one child on earth is dying (Diouf, 2010). These terrible statistics do not only 

show human indifference, insensibility and cruelty. They also magnify the important role of agricultural 

productivity. Increase of agricultural production could fight poverty. Therefore, any means towards this 

end should fully be exploited. Technology is the answer and ICT in particular could contribute much in 

achieving this goal. During the last twenty years policies have been adopted so that farmers should not be 

feeling neglected. Instead, they should be fully supported and change their profile. A business profile 

seemed to be the appropriate one. By this change, was expected to significantly improve farmer‟s income. 

They should not only produce, but they should also sell their production. The role of the intermediates 

should thus be reduced and farmers could make a better profit. Another approach and alternate policy in 

keeping agricultural production alive was to fully subsidise it.  

Those farmers that supported their farming activities and their cultivars by making good use of 

available information, knowledge, existing information systems and tools had increased their productivity. 

If they were also capable of using e-services, e-commerce applications, existing portals etc., then they had 

benefited a lot as promoters and sellers of their agricultural products. Unfortunately, farmers of the above 

category represent a very low percentage, close to zero for countries left technologically behind. Simply, 

the large majority of farmers ignored ICT and could not efficiently increase their income. Those relying to 

subsidies are now -that subsidies period is close to end- collapsing down. As a more terrifying result of 

this disappointment of farming communities came urbanism. Farming land was devastated. 
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During the same period of agricultural deterioration for farming communities refused to adopt 

advances in technology, information and communication sciences made spectacular progress in reaching 

human needs in all aspects of life. On the other hand, medical science made tremendous advances in 

diagnosis and cure as well as in reducing human diseases suffering. Medical and agricultural sciences‟ 

advances (human life and human nutrition safeguards respectively) show the importance and significance 

of ICT application and its benefit to humans respectively. 

Apart from agriculture, closely related sciences like environmental and food sciences have not also 

been supported by ICT tools. Digital technologies and tools like RFID applications for example in animal 

husbandry and production are unknown territories, decision support systems, geographical information 

systems, remote sensing applications, web services e-government services, web and mobile computing 

applications for real time information, artificial intelligence applications, are fully ignored. Multimedia, 

portals and one shop stop centres for various operations in agriculture are known as academic exercises. 

4. ICT in Education: From past to present 

During the period of 1975 to 1985, ICT emerges in the field of education in the form of local user 

interaction using behaviourist approaches for learning through instruction to programme in order to build 

tools and solve problems. During this period ICT is present in a Computer Assisted Learning form (CAL) 

(see Table 2).  

The period of 1983 until 1990 the use of ICT in education evolves using the innovations of that time, 

introducing the Computer-Based training where the previous CAL models are combined with interactive 

multimedia courseware. The dominant model used during this period is the passive learner while 

constructivism influences the design and use of the educational software of that time.  

As the Web technologies emerge from early „90, a rapid development of web based training methods 

occurs in the field of education. New forms of education are introduced, such as the Internet-based content 

delivery which is used in e-learning courses. The learner now interacts through the ICT tools provided and 

therefore has an active role in the educational procedure. In particular, from 1995 until present, the web 

based training evolution includes the delivery of Internet-based flexible courseware, characterized by 

increased interactivity for the learner. More recently, during the last decade, more comprehensive 

interactive web platforms and multimedia applications have been developed and are freely available to the 

public. These systems use English as the dominant language and a great percentage of them are of global 

coverage. Nearly half of them offer search services on various thematic areas. Important Agricultural 

areas on crops and animal production and health are fully covered and are addressed to target groups 

including policy makers, consumers, farmers, extension officers, students and pupils. Selected and 

scientifically filtered reliable and upgraded knowledge and information is available through these systems 

covering any possible need of the above stakeholders. 

Digital Libraries (reports, studies, papers and legislations), directories of links, agencies, monitoring 

organizations legislation, law and administrative documents are platforms and systems developed recently 

with a tendency to spread horizontally to new areas of scientific and industrial communities. Agricultural 

systems of this kind are now gradually appearing and include market reports, trends, product prices, online 

shops and market directories. 
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Table 2. ICT tools in education (1975-present) The changing focus of educational technology over the 

past 30 years. (Charp, 1997; Herrington, et al., 2005; Pilla, et al., 2006; Leinonen, 2005; Mortera-

Gutiérrez, 2006; Nicholson & Mc Dougall, 2005; Thomson, 2005). 

Era Focus Educational characteristics 

1975-1985  Programming; 

Drill and practice; 

Computer-assisted learning –CAL. 

Behaviourist approaches to learning and instruction; 

programming to build tools and solve problems; 

local user-computer interaction. 

1983-1990 Computer-Based Training; 

Multimedia; 

Use of older CAL models with interactive multimedia 

courseware;  

Passive learner models dominant;  

Constructivist influences begin to appear in 

educational software design and use. 

1990-1995 Web-based Training Internet-based content delivery; 

Active learner models developed; 

Constructivist perspectives common; 

Limited end-user interactions. 

1995-present E-Learning and social networking Internet-based flexible courseware deliver; 

increased interactivity; 

online multimedia courseware; 

Distributed constructivist and cognitive models 

common; Remote user-user interactions. 

5. Conclusions 

In the last thirty years there has been amazing progress on ICT systems, tools and methodologies. 

Innovations in hardware and software have generalized the use of digital technologies and systems in 

every aspect of human intervention and activities. E- Government services have simplified complex 

transactions, automation makes arduous processes routine‟s work. Networking, Internet and web offer 

global infrastructure for any kind of worldwide communication and interaction (Sideridis & Yialouris, 

2002; Sideridis, 2008; Sideridis & Pimenidis, 2009).  Social networking brought humans closer to a better 

understanding and reduces distance barriers. All this technological revolution affecting so impressively 

human life is enjoyed by hardly half the population of our planet. For the other half, innovations of this 

kind remain a dream, an untouched reality primary due to lack of internet connectivity. This division of 

today‟s world is should not astonish us. Consider the high percentage (20%) of world‟s population 

starving to death. In conclusion, we should never forget that one billion people have no enough food and it 

is obvious that developments in agriculture is the only way for solving the problem of people‟s starvation. 
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Table 3. Networking applications development: The transition from the traditional communication 

approach to the new web communication tools that can be used in the field of agriculture. 

Communication 

approach 

Traditional  

agricultural applications 

Examples of web (Web 2.0) tools 

One-way communication 

One-way text 
Newsletter,  

FarmNote,  

book 

Web page,  

Targeted email campaign, 

 SMS messaging,  

RSS Feeds 

One-way audio-visual 
Movie/video,  

field day, 

 seminar 

Podcast,  

Webcast 

Two-way communication 

Two-way text Letter,  

survey 

Blogs,  

eSurvey,  

Wiki,  

Chats (Twitter) 

Two-way audio-visual Workshop, 

forum 

Video Chats (Web-conference),  

Social networking (Facebook),  

Photo sharing 

In a considerable number of countries, technological innovations have not been adopted by farmers. 

Although Agriculture seem to be a first priority subject of political agendas and common policies and 

measures have been designed by international organizations, like the European Union and FAO, 

developments do not stop or, at least, reduce an agricultural deterioration. Digital divide remains still a 

problem for agriculture and farming communities in spite of being, quite often, the subject of lengthy 

debates of many world forums organised be the United Nations, IMF, the World Bank, OECD, FAO, 

Agricultural Universities and international and national agricultural associations.  

Education and new forms of training for farmers will certainly eliminate the problem. Change of 

farmer‟s profile, through appropriately designed training courses, to a more businesslike, will certainly 

improve his income and keep his farm going. In this new role, farmers undoubtedly will -and have to- 

make full use of ICT‟s new advances. Therefore, further effort is needed (i) to sweep away scarce of 

expertise on ICT by farmers‟ advisors and (ii), through them, to sweep away scarce of farmers on ICT. 

Expected improved adaptive capability of farmers and new, recently designed ICT training tools, will then 

be used to bring farmers to the desired level of digital literacy. European projects‟ results applied to 

particular agricultural areas of interest in this field, like those of Bioagro (Sideridis, 2006a, 2006b) and 

Organic Edunet (Patrikakis, et al., 2008), will certainly contribute much to the above aim in life of ICT 

experts in Agriculture. 
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A B S T R A C T 
 

Competence Models are proved as critical instruments for human resources management 

and development, and of determined for both the labour market (employers) for the 

selection of the employees and training providers for the enhancement of the vocational 

training opportunities. The concept of competence modeling is still under development 

and considerable efforts are focused on the creation of new Competence Models and their 

application to a broad range of professional learning sectors. The scope of this inquiry is 

to contribute to this research field by setting the basis for the design and development of a 

Competence Model for the Water Sector. 

1. Introduction 

Nowadays, Competence Models become more and more inextricable tools for the selection of 

employees by the enterprises and professional employers, and for the design and delivery of up-to-date 

vocational education and training opportunities. Learners, employees and individuals have the chance to 

improve their knowledge and skills, match their qualifications with specific job requirements and become 

specialized in new technologies all over the world. Models for measuring and analyzing all these acquired 

competences (knowledge, skills and expertise) by individuals and expressing the needed competences of 

each profession are required.   

Human resources experts have to match the employees’ competences (knowledge, skills and 

experience) to mandatory and desired requirements of a profession or specialization. Since there are no 

guidelines or standardized formats, for the representations of competences, job requirements have to be 

performed manually in each case and each study. Juri et al. (2007) intended to initiate the outlines for 

matching competences and job profiles requirements in order to improve the description of job professions 

and enhance the learner achievement descriptions.  

Fundamental objectives of vocational training programmes are the skills acquisition and the assessment 

of the employees’ competences using a Competence Model to describe business and employers’ needs, 

and requirements for skilled workers. Additionally, traditional professional trainings have been proved too 
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theoretical and failed to satisfy the demands of rapidly changing post-industrial society (Lester, 1995, 

Wood, 1988). On the other hand, changes in learning methods, as well as increasing support of learning 

processes by IT science suggest that the quality and outcomes of the existent professional learning should 

be considered. 

The gap between knowledge-oriented education and labour market needs has led to an increased 

attention for competence-based learning and training (Sampson and Fytros, 2009). Competence-based 

learning refers to the formal and informal education and training activities that individuals should meet in 

order to build and/or improve competences in a specific field, given some personal or employment related 

motives (Griffin, 1999, Aspin and Chapman, 2000, Field, 2001). 

Stanley et al (1993) confirmed the gulf between education and practice in the continuing medical 

education and suggested a model of self-directed learning, connecting competences and practice and 

adopting experience in the professional learning process.  

As a result, developing Competence Models for different job profiles and professional sectors is the 

key element for the reorganization of vocational education and training programmes and the 

company/industry search for specialized and competitive employees. 

Responding to the need for developing sector specific Competence Models, WACOM (www.wacom-

project.eu), Water Competence Model Transfer, is a European Project in the context of Lifelong Learning 

Program which intends to support employees and learners with the identification of required competences 

and qualifications for a specific working place. WACOM transfers the European Qualification Framework 

(EQF) and the German reference Model for the Competence Modeling PAS 1093 into the European Water 

Sector vocational education and training. First, the developing Competence Model is adapted in the field 

of sewage treatment plants management and secondly it will be transferred to other fields of the Water 

Sector and other professional sectors. 

2. The Concept of Competence Modeling 

2.1. Defining a Competence 

McClelland (1973) was the first to introduce the term “Competences” into the human resources 

literature. His work “Testing for Competence Rather Than for Intelligence” was delivered to the United 

States Information Agency for improving their selection procedures of employees. Competences represent 

“the knowledge, skills, traits, attitudes, self-concepts, values or motives directly related to job 

performance or important life outcomes and shown to differentiate between superior and average 

performers” (McClelland, 1973). 

In general, a competence is the capability of applying or using knowledge, skills, abilities, behaviours, 

and personal characteristics to successfully perform critical work tasks. Personal characteristics may be 

mental/intellectual, social/emotional, and physical/psychomotor/attributes necessary to perform these 

tasks (Dubois, 1993, Lucia and Lepsinger, 1999). Some competences are identified as more important or 

essential than others for a specific working place. The level of their importance may vary depending on 

the required tasks of the profession (Boyatzis, 1982) and should be taken in care during the design and 

development of Competence Models. 

Moreover, there are also similar competences for a large scale of occupations that are characterized as 

“Core Competences” (Rothwell, 2002). Spencer and Spencer (1993) mark the core competences as 

occupational competences of individuals. Core competences could be reading, writing, computation, 

listening, questioning, speaking, cognitive, individual responsibility and self-esteem, management of 

resources (time, money, people and information), interpersonal relations, and information and 

technological. In a higher level, more complicated competences for personal development might include 
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systems of thinking, willingness to learn, mental modeling, shared visioning, team learning, self-

knowledge, short-/long-term memory, subject matter knowledge, enjoyment of learning and work, 

flexibility, persistence and confidence, sense and urgency, honesty, giving respect to other, and initiative 

(McClelland, 1973, Rothwell, 2002, Ennis, 2008). Next, a combination of job-related competences and 

personal competences (for behaviour) follow (Delamare Le Deist and Winterton, 2005). Finally, the 

competences focus on the specific tasks of work, professional specialization, position or responsibility and 

are related more to the requirements that the industry and the labour market are setting (Ennis, 2008).     

According to the European Reference Framework “Key Competences for Lifelong Learning” (2007), 

the competences can be grouped in 8 categories of “key-competences” for a successful profession in a 

knowledge society: communication in the mother language, communication in foreign languages, 

mathematical competence and basic competences in science and technology, digital competence, learning 

to learn, social and civic competences, sense of initiative and entrepreneurship and Cultural awareness and 

expression.  

In another definition competences are defined as an integrated set of skills, knowledge, and attitudes 

that enables one to effectively perform the activities of a given occupation or function to the standards 

expected in employment (International Board of standards for Training, performance and Instruction, 

2006) 

A new approach based on EQF and PAS 1093 concludes the definition of a Competence as the ability 

to reasonably and intentionally perform a specific job and task in an unknown situation with success: 

Competences encompass a combination of knowledge, skills, and (intentional) behaviour and are 

constituted by defined activities for the observation and measurement. Competences are built and are 

normally demonstrated by individuals (but also by teams and whole organizations) (PAS 1093). In this 

paper we are following this approach as it is in line with the European policies, and required by the new 

knowledge and information societies as well as by the professional business, industries and enterprises. 

2.2. Developing a Competence Model 

A Competence Model is considered as a generic structure which is applicable beyond the built 

environment professions (Sampson and Fytros, 2009). It is also defined as a descriptive tool that identifies 

the competences needed to perform a role effectively in the organization and help the business meet its 

strategic objectives (Lucia and Lepsinger, 1999). Besides, industries/enterprises succeed to manage and 

develop the skills of their employees, recruit the most appropriate candidates and improve the quality of 

their offering services and products. 

Competence Models depict a number of competences that are usually required for the successful 

accomplishment of a particular job, according to the tasks of work or professional specializations 

(Shippman et al., 2000). These models can identify the needed skills, knowledge, behaviours and 

capabilities for the current and future staff selection in relation with the strategies and priorities of the 

industry/enterprise. They can enhance personal development by eliminating the gap between the required 

competences for a job profession and those that are available (Draganitis et al., 2006).    

It is essential, before the first steps of designing and developing a Competence Model to set a generic 

definition of the term “Competence”, which will satisfy all the explanations that are given throughout the 

literature. Sampson and Fytros (2008) expressed the aspect that a competence is comprised of three core 

dimensions: a) personal characteristic, b) proficiency level, and c) context. They also proposed a structure 

for a Competence Model, including four elements: a) name, which is the name of the competence, b) 

description, for a complete description of the competence, c) proficiency level in accordance to the 

performance of an activity, which consists of the “level” for describing different types of the proficiency 

level and the “scale” to represent the proficiency level, and d) context, which refers to a specific area of 

job, occupation or specific task that the competence is applied to. 
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A few years before, the initial steps in competence description had been realized through the IMS 

RDCEO (Reusable Definition of Competency or Educational Objective), IEEE RCD (Reusable 

Competency Definitions) and HR-XML Competencies (Measurable Characteristics) initiatives. The first 

one, IMS RDCEO specification (IMS RDEO, 2002) describes each competence with the following 

elements: a) identification, for the classification of a competence, b) title, as a short name of the 

competence, c) description of the competence, d) definition, as a detailed description of the competence, 

e) taxonomy, where the competence belongs, and f) personal information, as information of the individual. 

The second one, IEEE RCD specification provides a Competence definition in accordance with the one in 

the IMS RDCEO specification (IEEE P1484.20/D01, 2007). Finally, the HR-XML model (HR-XML, 

2006) includes the same elements as IMS RDCEO and two extra: a) Measurable evidence, which is used 

to present the existence and the level of the competence, and b) Measurable weights, about the importance 

of the competence. 

Recently, Juri et al. (2007) have introduce a new model for allowing advanced (semi-)automatic 

competence matching, since important information (like proficiency level and context) were missing from 

the previous schemas of IEEE RCD, IMS RDCEO and HR-XML.  

A more concrete approach of the Competence Model definition emanates the PAS 1093 in combination 

with EQF. A Competence Model describes the competences required to successfully perform in a 

particular job and organization. This set of competences is then used as basis and standard for the 

description of specific jobs, the selection of new staff, the evaluation of the on-going performance of the 

whole staff, the analysis of training needs, and the classification and provision of tailor-made vocational 

education and training for competence development. 

According to the PAS 1093, Competence Modeling is defined as a process for the planning, 

development, realization, and evaluation of methods and guidelines for the observation, measurement and 

evaluation of competences (that are not observable and not measurable) with the help of activities (that are 

observable and measurable) in human resource development. 

2.3. Competence Modeling in the Water Sector 

The established aspects of the shortage of precious water resources and the consequences of climate 

change have been the spark of a numerous European policies that have been developed and adopted for 

the protection and sustainable utilisation of water resources, creating a huge demand particularly in 

vocational education and training. Economic factors like privatisation and increasing cost pressure in 

water management are sharpening these educational needs leading to the demand for VET opportunities 

and products as short targeted. 

The move to more friendly and environmental policies has led to the development of new technologies 

in the water industries as well as in the whole industry. This reveals the need for acquisition of higher 

level and specialised skills. Within the next years, the demand for up-skilled highly qualified employees is 

estimated to raise and especially for managers and professional occupations. In contrast, the decline of the 

labour market for unskilled plant and machine operative workers or workers with elementary knowledge 

is a concrete feature since the turn of the millennium.  

The water industry is in close correlation to the safeguard of public health and commercial and 

industrial wellbeing of the economy. The continuous need for automatisation of the industry services and 

the sophistication of the functional operation of the whole plant have increased the demands for a more 

accurate and competences-based training of employees and the supporting organizations. 

Searching for already existing or applicable Competence Models in the Water Industries, reveals the 

absence of such models or other models are in the process of formation with the defining the needed 

competence for each group of employees at the first phase. 
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The Water Research Foundation in USA is going also to complete a relevant Competence Model at the 

end of 2012 (http://www.waterresearchfoundation.org).   

Employment and Training Administration (ETA) has developed a complete Competence Model, which 

is applicable to the Water Sector and is depicted as a pyramid with 9 tiers, in accordance with the nature of 

the competences. Lower tiers (1-3) correspond to basic competences, which are fundamental in a large 

scale of job professions. Moving to the upper tiers, competences become more and specialized for 

satisfying the specifications of each working place and requirements of industry (technical competences). 

At the top of the pyramid (tiers 6-9), a number of occupational-competences are depicted. This model, 

which graphically represents the competences, is available in the web portal of US Department of Labor 

(http://www.careeronestop.org/competencymodel/pyramid.aspx?WS=Y). 

The 9-tiers pyramid is comprised of competences for all the required elements for the competent 

function of the Water Industries and analyzed as follows: 

 Tier One (basis of the pyramid) - Personnel Effectiveness Competences 

 Tier Two - Academic Competences 

 Tier Three - Workplace Competences 

 Tier Four - Industry-Wide Technical Competences 

 Tier Five - Water Sector Technical Competences 

 Tier Six - Occupation-Specific Knowledge Areas 

 Tier Seven - Occupation-Specific Technical Competences 

 Tier Eight (top of pyramid) - Occupation-Specific Requirements 

 Tier Nine (top of pyramid) - Management Competences 

Consequently, this paper introduces the tools and instruments for the requirements elicitation of the 

Water Sector that will set the lines of the designing and developing Competence Model. First of all, a 

concrete definition of the terms “Competence” and “Competence Model” has arranged in accordance to 

EQF and PAS 1093 (as described previous in this chapter). The next step is the organization and execution 

procedures for defining these specific needs, which are describing in the next chapter. Type of 

competences (simple or complex), minimum number of competences that is required for the description a 

job profile, determination of the needed competences of each job profile, occupation or specific task, and 

existence of professional programs for the acquisition of these competences are just few queries that 

should be considered and analysed explicitly through these processes.      

3. The Concept of Competence Modeling 

In this section, the identification of the specific demands and needs of the water management and 

existing practice concerning Competence Models in the water sector is analyzed and the fundamental 

elements that underpin the successful application of a Competence Model for the job-related in the Water 

Sector are described.   

The analysis was based on two dimensions: 

 Elaborated inquiry of experts’ requirements from the water sector and Vocational Education and 

Training via workshops 

 Identification of Water sector needs through an online survey   

Concerning the first dimension, workshops at a national level in 4 different European countries 

scheduled and accomplished at the beginning of 2010. Presentations, working in small groups, and 

brainstorming sessions were the main sections of the workshops. The intended outcomes of these events 

were focused on the implementation of a Competence Model in a specific field of Water Sector, 

management of sewage treatment plants. 
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The Online Survey is based on an online questionnaire and except for the English language it is 

available in four additionally languages: German, Greek, Hungarian and Romanian. The Survey aims to 

collect the preferences and needs of experts from all the Water Sector eras for the better developments and 

adjustment of the Competence Model in this Sector in general. 

3.1. Organisation of the National Workshops 

Water Sector experts as well as adult and vocational training entities were invited to introduce their 

vision on professional skills and abilities that are needed for working in the field of water management. 

Job profiles, workplace descriptions and related vocational education and training opportunities in the 

field of water management and especially in sewage treatment plants. 

The national level Workshops were realized in four European countries: Germany, Greece, Hungary, 

and Romania. They were a half-day or full-day event with durations between 5 up to 8 hours. The agenda 

topics were defined the same for all the workshops and adjusted to the preferences and the occupational 

specializations of the participants of each country.  

Workshops intended to record the identification of the needed competences, professional skills, and 

abilities for all groups of employees in the sewage treatment plants. The job profiles of the involved 

professions and specialisations in the operation of sewage treatment plants were explicitly analysed. 

Participants were also asked to record the available and existing occupational training programmes in the 

water sector and especially in the field of wastewater management and management and operation of 

sewage treatment plants. 

The attending potential participants of the workshops were comprised of designers, developers, 

providers and end users of Competence Models in the water sector. A first invitation with a very short 

description of workshop agenda and objectives was sent to all interested people in each country 6-10 

weeks prior the event. A second reminder with detailed information on the agenda, registration form and 

details of the location of the event was sent 2-4 weeks before the workshop. Additionally, several phone 

calls were made or extra emails were sent for any extra information that was needed and especially at the 

last week before the workshop. 

Invited experts came from: a) users of professional training in the water sector (sewage utilities, 

wastewater units, water operators, private consulting enterprises and engineering companies, b) providers 

of professional training in the water sector (academics in the water sector, private and public training 

centres, universities, technical universities, technical colleges and research institutes), c) decision makers 

for professional training in the water sector in general (politicians, water associations, ministries of 

education and professional training, responsible ministry for water resources affairs, regional public 

administrations and organisasion for standardisation), and finally d) human resources development 

entities. 

The whole event divided in 2 main sections, one information sharing section and a second interactive 

section.  

The goal of the first Information Sharing Section was the introduction on the concept of competences, 

competence models, competence modeling for the water sector, European Qualification Framework (EQF) 

and the National Qualification Framework (NQF). Additionally, presentations for the categorization of the 

main domains of the water sector, procedures of management of a wastewater and/or sewage treatment 

plant were included, in order to illustrate the objectives of the workshop, get known the wide meaning of 

the related terms, underline the lack of such a model for the water sector and facilitate the participation of 

the guests in the second Group Collaborative Section. 

The Group Collaborative Section consists of 3 sessions, one brainstorming session for the 

identification of the main involved professions and specializations for the management and operation 
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wastewater and sewage treatment plants as well as the existence of vocational education and training 

opportunities in this field, one session for filling out a predefined questionnaire with the required 

competences of the employees in the management of sewage treatment units and a third one in order to 

wrap-up all the results. 

For the Brainstorming Session, a number of questions were posted by the organizers and a progressive 

discussion started among all the participants. Through this, the job profiles and professional 

specializations in the sewage treatment plants and wastewater units were described. Besides, notes were 

taken for the occupational skills, qualifications, level of specialization, and the percentage of well-skilled 

employees (workers) in correlation with the available vocational training programs for the field of 

wastewater and sewage management. 

In the Second Session, a questionnaire with a list of competences for all the categories of employees 

and all the operative procedures of the sewage treatment plants was discussed. All the employees were 

divided in three groups - categories (workers / operators, technicians / engineers and management 

directors).  

The total number of the questioned competences (knowledge, skills, activities, expertise) is categorized 

in groups in accordance with the operative function of the sewage treatment plants (Table 1). 

Table 1. Categories of competences for the sewage treatment plants 

Categories of competences 

1 General activities 7 Biological section - biological filter 

2 General knowledge 8 Biological section - aeration tank 

3 General skills 9 Biological setting - secondary setting 

4 Measurements and investigation 10 Biological setting – general 

5 Maintenance and operation 11 Sludge digestion 

6 Primary treatment 12 Mechanical section 

The following were investigation for each competence and directed to each one of the three groups of 

employees categories: 

 Is this competence needed? 

 The answer could be: Yes, the competence is needed or No, it is not needed 

 (If the competence is needed)  

 How important is this competence for the group of employees? 

 The answer refers to the selection one of the 6th scale: 0, 1, 2, 3, 4, 5, and 6 (0= not important, 1= 

less important, 2= a bit important, 3= quite important, 4= important and 5= very important)  

 Which level of this competence is needed for this group of employees according the 8th scale of 

EQF standard?  

3.2. Online Survey Design 

The online survey, for defining the needs of the water sector in general concerning the competence 

modeling, is launched and available to all interested Water Experts. The survey was based on a 
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comprehensive questionnaire of 15 issues-questions and available in 5 different languages: English, 

German, Greek, Hungarian and Romanian. The survey was active for 2 months and accessible in the link 

http://survey.agroknow.gr/index.php?sid=38344&newtest=Y&lang=en (for English language). Main 

objectives of the whole initiative is to direct to as many water experts from the whole Europe (at least) and 

collect their aspects and visions on the development and adjustment of a Competence Model in the Water 

Sector.  

First, an invitation letter was sent to all interested experts from all the domains of water sector and 

occupational and adult training and an announcement circulated to all related publically means 

(newspapers, scientific journals, online platforms and web sites, and water associations and organisations). 

Several reminder announcements and e-mails letters released during the running period of the Survey. 

The covering topics of the online questionnaire are the a) Current Awareness of Competence 

Standards, b) Perceived Need of the Implementation of Competence Model in the Water Sector, c) 

Vocational Education and Training in the Water Sector, and d) Demographic Data of the participants. The 

list of domains of the Water Sector that is appeared in the online questionnaire and gives its main 

divisions is presented in the table 2. 

Table 2. Suggested Domains of Water Sector as they are presented in the Online Questionnaire 

Suggested Domains of Water Sector 

1 Irrigation Water 

2 Water Use in Animal Husbandry 

3 Hydrology (e.g. surface and ground water, water resources studies) 

4 Hydraulic Engineering (e.g. physical modeling, numerical modeling, seepage studies) 

5 
Environmental Protection (e.g. Environmental research, protection of water resources 

from pollution, ecotoxicology) 

6 Legislation 

7 Hydroelectricity 

8 Geothermical power 

9 Wastewater management 

10 Sewage Treatment Plants 

11 Desalinization Plants 

12 Water Supply (potable Water) 

13 Domestic Water use (indoor and outdoor household purposes) 

14 Transportation on water (rivers and lakes navigation) 

15 Water Sports / Athletic Activities 

16 Recreational Uses of Water Resources (e.g. baths, spas, …) 
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For the first section (Awareness of Competence Standards), a number of questions are raised in order 

to investigate the understanding of the terms “competence”, “competence standards”, and “Competence 

Models”, the aspect of the importance of Competence Models to explicit describe the frame of job profiles 

and further specializations, and the involvement or prospective application of Competence Models in the 

description of job professions/specializations in a specific field (Figure 1). 

 

Figure 1. Part of the Online Questionnaire for the requirements exploration of the Water Sector in 

competence modeling 

Next section “Perceived Need of the Implementation of Competence Model in the Water Sector” is 

divided in two parts with one corresponding question for each part. The level of importance of the 

Competence Model in the water sector in general is to draw the related job profiles. In the second part, the 

significant reasons of the necessity of the Competence Model in describing the framework of job 

professions and specializations in the water sector and the level of their importance are listed. 

The “Vocational Education and Training in the Water Sector” comprises of two parts, one for the 

exploration on how the employees are well-skilled and competent enough in a list of domains of the Water 

Sector and the second one for defining the degree/level of the existence of specialised training 

opportunities for job professions of each domain of the Water Sector. 

At the end, a section with demographic questions is included for specifying the gender, age, level of 

higher education, country of origin, sector of work or research, and the relevance of their field of 

work/interest with the listed domains of Water Sector. 

4. Results from Requirements Analysis 

4.1. National Workshops Results 

The main outcome of all the National Workshops is the general consensus of the absolute necessity for 

the development of a Competence Model in the specific field of sewage treatment plants as a pilot testing 

of the instrument and the adjustment in all the domains of the Water Sector in a later phase. This will help 
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on the better description and analysis of all the related job profiles, define the required competences and 

match each profession with all the important competences. In case of sewage treatment plants, the 

developing Competence Model should consider several parameters, such as the size of the unit (small or 

big), offered services (e.g. reuse of wastewater), level of rehabilitation and sludge utilisation, the state of 

development, application of new technologies and the level of automatisation. 

It is also important the differentiation of employees’ categories among the four national workshops, 

based on the education/training needed to occupy that specific job or specialization. Thus, a short 

description and explanation should be given for each one group of employees. The feedback from the 

workshops raised important suggestions on changing the categorization of employees of sewage treatment 

plants. 

The initial categorisations of employees were:  

“workers, technicians/engineers, and management directors” 

 The new groups of employees are: 

“semi-skilled workers, skilled workers, technicians, biological engineers, chemical engineers, 

mechanical engineers, automation engineers and management directors”  

An idea for recording the most important jobs related to the sewage treatment and match each one with 

the proposed or any missing (no listed) competences came up. The suggested jobs and specializations are 

listed in the table 3. 

Additionally, the competences could be grouped differently in order to cover both water treatment as 

well as the sludge treatment. Competences for the work in the laboratory, measurement and controlling the 

whole function of the unit should be included.  

Another dimension of categorizing the proposed competences could be according the basic processes 

of a sewage treatment plant. 

 Planning/Construction 

 Operation/Maintenance 

 Control/Regulation 

 Development/Research 

Table 3. Involved Jobs and professional specialisations as they were described at the national level 

Workshops 

Jobs and Specializations for the Sewage Treatment Plants 

Water pipe worker / technician Senior laboratory worker 
Head of the operational 

department 

Sewer pipe cleaner Senior sewage maintainer 
Water supply and sewage 

technician 

Sewer inspector Senior sewer cleaner Engineer 

Sewer maintainer Senior sewer inspector Senior engineer 

Sludge dryer maintainer Senior sludge cleaner 
Head of the engineering 

department 

Laboratory worker Pipe and pipe system controller 
Head of the conducting 

department 

Sampler Leader of the sewage section Managing director 
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Following the outcomes and the interested results from a so wide range inquiry (experts from four 

European countries), the keystones of a fully applicable and functional Competence Model have been 

determined for the Water Sector. All the measurable and remarkable elements have been evaluated for the 

implementation in the case of management of sewage treatment plants and the adjustment in other 

domains of Water sector. 

4.2. Results of the Online Survey 

On the contrast with the strengthen focus of the National Workshops on describing the outlines of the 

development a Competence Model for the management of sewage treatment plants, the outcomes of the 

online survey are more general and aim to define the requirements of all the domains of the Water Sector 

concerning the development and application of a Competence Model. 

Concerning the results of the online questionnaire, a summary of the responses is presented since the 

survey just ends and the analysis of the results is in progress. The first replies revealed interesting results 

which are helpful for the further design and development of the Competence Model.  

All the experts answered that they are familiar with the concept of the term “Competence” and the 

majority of them (76.6%) have the same opinion for the term “Competence Model”. As for the level of 

understanding the pathways that the Competence Models can be proved useful for describing the 

framework of job profiles, the majority of experts select the middle-level 3 (quite understanding) in a 

percentage of 42,53% or level 4 (understanding) in a percentage 22.99% from the scale 1 (= less 

understanding), 2, 3, 4, and 5 (= enough understanding). Besides, most of the participants (57,47%) 

replied that except from knowing the concept of “Competences”, they have already used them in order to 

describe job professions and specializations in their working or researching field. 

Measuring the usefulness of the Competence Model in the water Sector, a great percentage of replies 

mention the importance of such a model in this specific sector. A portion of 44,83% answer the level 4 

(important) and another 31,93% select the level 5 (very important) in the scale 1 (= less important), 2, 3, 4, 

and 5 (= very important) (Figure 2).  

 

Figure 2. Usefulness of a Competence Model into the Water Sector 

In addition, there is a consensus of the experts for the reasons which underline the importance of the 

Competence Model. Equal percentages (40%) believe firmly that acquisition of qualifications, as well as 

measurement of training needs and gap analysis establish the importance of the application of such a 

model. A percentage of 28% have the same opinion for the description of job profiles and the 
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comparability of training opportunities. Smaller, but not negligible (22%), find the explanation of the 

organizational requirements a good reason for the development of this model. 

As for the estimation of the level of employees’ training in all the domains of the Water Sector, the 

answers reveal that people are well-skilled and enough competent mainly for the field of water supply 

(63%), wastewater management (54%), sewage management (60%) and finally hydrology-research on 

ground and surface water resources (45). Besides, enough skilled are also the employees in the fields of 

hydraulic engineering - numerical modeling etc (35.83%), environmental protection (39%), irrigation 

water use (29%) and operation of units for hydroelectricity (24%). 

Based on the inquiry of the level of the existence of training opportunities for each one of the domain 

of the Water Sector, the first results are notable. Wastewater management in general and sewage 

management, and water supply seem to be the domains with a lot of training opportunities for the learners 

and employees (further training) and this is a good explanation of why the employees are enough skilled 

(as previous showed) and a reason that confirm the imperativeness of the pilot testing of the Competence 

Model in one of these fields, where a large number of competence have been described and analyzed.  

A large number of the answers find the absence of training programmes for the agricultural use of 

water resources (irrigation water use and water use in animal husbandry). The level of vocational training 

for the fields of hydrology science, hydraulic engineering and environmental protection are significant, but 

new programmes are needed. Concerning the operation of hydroelectricital plants and units for the 

utilization of Geothermical power the results are not so easy to be explained. Finally, there is plenty of 

offering training programs for the legislative issues in accordance of the water use (Figure 3). 

Figure 3. Existence of specialised training opportunities for each Water Sector area professions 
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Finally, these first results of this survey underline the importance of the competences and competence 

modeling in the describing the job profiles and improving the opportunities of the professional training. 

Besides, determination of the domains of Water Sector with a lot of vocational and training programmes 

and enough competent employees, define the first fields for the implementation of the Competence Model 

in the Water Sector.     

4.3. Implications for Competence Model in the Water Sector 

A Competence Model describes the actions of an employee in order to achieve or exceed the strategic 

goals of the organization-industry (Delamare Le Deist and Winterton, 2005, Teodorescu, 2006).  

From the results of the National Workshops and the Online Survey, it seems that there is a great 

differentiation of the professional training and the level of well-skilled employees in the domains of the 

water Sector. Apart from excellent understanding of the deep meaning and the importance of a 

Competence Model in the specific professional learning sector, the experts believe competence modeling 

will improve the transparency and the comparability of the training opportunities, and specify and develop 

new required competences for each one specific job profession.   

A useful outcome from the online survey is the determination of specific fields (Water supply, 

Wastewater management, Sewage management) as the domains of the Water Sector with a lot of existent 

training programs and enough competent employees. Consequently, these professional learning fields 

should be used for the first pilot testing of such a model, since a large number of competences, that should 

be defined, and descriptions of job profiles are included. 

In case of the specific domain of sewage management, the Competence Model should include 

Competences, which are expressed in four dimensions:  

 Job description, for a detailed description of all the involved Job professions, occupations, 

positions or tasks that are involved in all the operational processes of the industry 

 Recording the Competences, for creating a detailed list with all the current or future required 

competences of each job profession 

 Categorisation of the competences in an easy and understanding way 

 Parameters of the industry, concerning the size and the services of the industry 

5. Conclusions 

Competences are becoming more and more important for business, life-long learning and the whole 

European society. In particular for professional training, a shift from learning input towards learning 

outcome orientation can be identified in combination with the increase of technology-enhanced learning: 

Information and communication technologies' support for learning, education, and training as well as for 

competence and skill development is crucial to achieve the overall objective of the European i2010 

strategy for information society and media (COM 2005) to become the leading information society and 

region worldwide and of the new European Digital Agenda 2020 (COM 2010). The ongoing focus and 

inclusion of technology-enhanced learning within the 7th Framework Programme is reflecting its impact 

and support for business and competence development both by enterprises and individual employees. 

The European Commission states in its publication on "The use of ICT to support innovation and 

lifelong learning for all-A report on progress" of 9 October 2008 (SEC 2008) the growing success of 

technology-enhanced learning ("A decade of experience in Europe has proven its value as an innovative 

tool for education and training") and "reflects the growing complexity of e-learning and its role as a basic 

tool for education and training as well as it concludes that e-learning should be seen as an important part 

of learning in general". That is supported by the decision of the European Commission that technology-

enhanced learning has become one of the four transversal lines of the Lifelong Learning Programme 
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(2007) and a general priority in the four vertical programmes (COM 2008). Thus it can summarized that 

competence orientation and competence models can be seen as one of the main drivers and facilitators of 

the new knowledge and information society and that technology-enhanced learning is a key instrument 

with growing usage and importance. 

The worth of Competence Models is proved by the increase of competition, innovation and raising 

consumer demands which have led the labour market and the industries to search for well-skilled and 

competent employees. On the other hand learners, employees and individuals look for educational and 

training programmes that will supply them with the important knowledges, skills and other elements of the 

concept “competences” and set themselves competitive and essential in their workplace. 

The design and development of Competence Models should be drawn according the preferences, 

requirements, and innovations of each professional learning sector in which they will be implemented. 

The water Sector is wide range sector with a lot of working and researching fields and a plenty of job 

professions and specializations. European policies have been developed and adopted for the protection and 

sustainable utilisation of water creating a huge demand in particular in the vocational training. This work 

provides the main lines and the tools for recording the specific requirements and needs of the domains of 

the water Sector in order to develop a successful and applicable Competence Model for this Professional 

Learning Sector. 
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A B S T R A C T 
 

Rural Inclusion, a project supported by the Information and Communication Technologies 

Policy Support Programme of the European Commission, aims to adopt, adapt, and 

deploy a Web infrastructure, in rural settings, combining semantics with a collaborative 

training and networking approach, offering e-Government services that will be supported 

by a rigorous and reusable service process analysis and modeling, and facilitating the 

disambiguation of the small businesses needs and requirements when trying to carry out 

the particular transactions. This paper, presents an overview of the architecture of 

RuralObservatory2.0 which will play the critical role of training content and 

eGovernment services repository of the overall Rural Inclusion platform. 

1. Introduction 

It is widely acknowledged that Small and Medium Enterprises (SMEs) constitute a critical aspect of the 

overall production process in liberal economies. Hence, it becomes evident that the optimization of their 

productive processes and the minimization of their operating costs are in the interest of the greater 

business ecosystem. 

However, although significant provision has been taken in terms of motivating the foundation and 

sustainability of SME’s there are yet criticalities pertaining to each enterprise’s distinct idiosyncrasies that 

need to be addressed. One of these issues is the low degree of penetration of innovative tools and 

technologies by SME’s residing in rural areas.  

The side effects stemming from such a deficiency are more or less evident; however they become more 

dominant under the specific circumstances that characterize the operation of rural enterprises, i.e. the 

physical distance between their premises and central public authorities, which make the respective 

transactions cumbersome and costly. 

At the same time, one of the most significant aims of the European Union (EU) is the reduction of the 

administrative burdens imposed to business by Public Administration. In 2007, the European Commission 

presented an Action Programme aimed at reducing administrative burdens in the EU by 25% by 2012. 

In such a context, a major European Project, Rural Inclusion
2
, supported by the Information and 

Communication Technologies Policy Support Programme of the European Commission, aims at adopting 

a state-of-art infrastructure that will facilitate the offering of innovative services by public administration 

in rural areas. 

The Rural Inclusion platform can be perceived as an incubator of three different, independent and well-

defined components, each of which serves a particular purpose: 

                                                           
1
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 Semantic eGov, which offers personalized public service information to the rural SMEs following 

a conversational ontology-based approach. 

 RuralObservatory 2.0, which is the carrier of training content and will provide for some additional 

e-government services. 

 eGov Tube, which focuses on the change management/innovation adoption process by providing a 

semantically interactive web platform for knowledge and experience exchange between users 

In this paper we focus on RuralObservatory2.0
3
 component which will be one of the key components 

in terms of training the project´s target audience (i.e. public authorities and SMEs’ personnel, as well as 

citizens and entrepreneurs in general) in the adoption of eGovernment services.  

The following figure depicts the first page a user views when visiting the RuralObservatory2.0 portal. 

 

Figure 1. Main page of RuralObservatory2.0 

2. RuralObservatory Content Objects 

The RuralObservatory2.0 is an evolution of the Rural e-Gov Observatory, an online digital content and 

eGovernment services repository that was developed in the context of the Rural-eGov Leonardo da Vinci 

(LdV) initiative
4
, and which monitors and assesses the e-Government services that are being deployed in a 

number of rural areas around Europe.  

The RuralObservatory 2.0 aims to list the digital training content that will be developed to support the 

vocational training curriculum on how to prepare rural SMEs to use and exploit e-government services. In 

addition, the Observatory 2.0 will list collect, describe and categorize e-government services that can 

prove useful to SMEs in the rural areas to be considered.  

Both the training content and the eGovernment services or RuralObservatory, in the scope of Rural 

Inclusion project is called Rural Inclusion Content Objects (ReCOs). Consequently, in the context of 
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Rural Inclusion, the two main categories of content objects will be Rural Inclusion Digital Training 

Objects (DTOs) and e-Government Resource Objects (eGROs). 

2.1. Digital Training Objects (DTOs) 

A number of DTOs has been developed to support the scenarios of the project, including different 

types of educational material. These are stored as electronic files in the form of PowerPoint presentations, 

Word documents, PDF documents and others. These digital resources can be uploaded in the database of 

the Observatory 2.0 Portal, and will be made available to all interested users. 

To facilitate searching, locating and downloading appropriate resources, the characteristics of the 

DTOs have to be briefly reflected in their descriptions. In this way, users can simply go through the 

various descriptions, and select the most appropriate resources for their needs, instead of downloading 

each file and checking for their appropriateness. Apart from reflecting the most important characteristics, 

descriptions have to also be available in the language of the users (that is, multilingual descriptions will be 

necessary). In the context of Rural Inclusion project, the RuralObservatory2.0 is available in all languages 

of the project, namely English, Spanish, French, Greek and Latvian. 

2.2. e-Government Resource Objects (eGROs) 

Apart from the training resources, the Rural-Inclusion Observatory 2.0 aims to list a number of e-

government services for each participating country that are useful for the SMEs in the corresponding rural 

areas. The eGROs that are listed are  mainly the ones to be examined in the context of the project (i.e. the 

case studies to be used in the training scenarios). Descriptions of the e-government services are also 

included in the RuralObservatory2.0 Portal, in order to allow users search through the listings of services 

and identify ones that may be useful for their needs. For this reason, these descriptions are structured in 

such a way that allows searching and browsing according to various properties such as their geographical 

coverage, their business sectors, and others. Again, apart from reflecting the most important 

characteristics, descriptions are available in the language of the users. 

3. Users 

There are three kinds of users, each one accessing the portal in a different fashion: 

 Visitors, who can use the Public Services of the Portal such as browsing or searching for DTOs and 

/ or eGROs. Visitors can be either registered or unregistered, with the registered ones having 

access to a wider set of the portal’s functionalities such as adding annotations or rating to DTOs 

and evaluating eGROs. 

 Content Providers (CPs), who can upload DTOs or reference to eGROs and their corresponding 

Metadata.  

 Administrators, who perform all the administrative functions related to Visitors, Content Providers, 

DTOs and eGROs. Those include Viewing/Deleting/Deactivating DTOs/eGROs and the 

corresponding Metadata, Accepting or Declining Requests for Registration from CPs, 

Viewing/Activating/Deactivating Registered Visitors or CPs etc.  

The following figure illustrates the users of the Rural-Inclusion Observatory 2.0 Portal and their 

categorization. 
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Figure 2. Users of RuralObservatory2.0 

4. Architecture and Software Technologies 

The next figure illustrates the main architecture of the RuralObservatory2.0. The users accessing the 

portal, the corresponding services as well as the repositories involved are depicted 

 

Figure 3. Overall architecture of RuralObservatory2.0 
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The RuralObservatory2.0 Portal requires transaction and state management services, resource pooling 

and multithreading. The J2EE architecture
5
 that has been used in this project separates those low level 

services from the application logic. Since those services are implemented by application servers, this saves 

development overhead of reinventing the wheel. Furthermore, changes in the underlying database, or even 

the application server would require only a few changes in the deployment scheme and none at all in the 

source code. Thus, it simplifies the development of multi-tier enterprise applications. Lastly, using 

standardized and reliable software architecture when developing a system, will most likely decrease any 

future costs and ensure longevity of the application. 

Most J2EE applications follow the 3-tier architecture. The RuralObservatory2.0 Portal has been based 

on J2EE technologies, thus it has also followed the most commonly used architecture: 

 Presentation layer: The presentation tier mainly deals with presentation logic, generally 

implemented by servlets
6
  and jsps

7
 . Tomcat  will be used as the Web container. 

 Business layer: The business layer contains business components such as Spring Controllers and 

Services encapsulating the business logic.  

 Database layer: The database layer contains persistent data generally stored in a RDBMS 

Observatory 2.0 uses MySQL for storing information. 

The design and specification of the RuralObservatory2.0 also called for the design of the system’s 

repositories: that is, of the databases that store information about DTOs and eGROs and the relevant 

metadata. In the case of RuralObservatory2.0 the stored metadata about the resources has been represented 

according to two selected metadata standards.  

More specifically, for the description and classification of the eGROs for rural SMEs, the 

RuralObservatory2.0 used a specialization of the e-Government Metadata Standard (e-GMS). In addition, 

for the description and classification of the DTOs, a specialization of the IEEE Learning Object Metadata 

(IEEE LOM, ISO/IEC JTC1 SC36) standard has been developed. The metadata (and therefore access to the 

training resources) are made available to other repositories and federations of repositories, through their 

exposal using the OAI-PMH
8
 protocol. This allows for the potential federation of the RuralObservatory2.0 

with federations of repositories such as ARIADNE
9 
and GLOBE

10
. 

5. UML Analysis of System’s Behavior 

To further analyze the system and its expected operations, we have engaged the Unified Modeling 

Language
11

 which is the de-facto software industry standard modeling language for visualizing, 

specifying, constructing and documenting the elements of systems in general, and software systems in 

particular. UML provides a rich set of graphical artifacts to help in the elicitation and top-down refinement 

of software systems from requirements capture to the deployment of software components (Boggs, 2002). 
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Figure 4. Part 1 of the overall Use Case Diagram 

 

 

Figure 5. Part 2 of the overall Use Case Diagram 
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Figure 6. Part 3 of the overall Use Case Diagram 

 

 

Figure 7. Part 4 of the overall Use Case Diagram 
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In UML, a system is described using different levels of abstraction and considering various views (i.e. 

Business view, Use Case view, Design and Process view, Implementation view). Each view is realized 

using different UML modelling tools (diagrams), such as Use Case Diagrams, Activity Diagrams, 

Sequence Diagrams, Collaboration Diagrams, Statechart Diagrams, Class Diagrams, Component 

Diagrams, and Deployment Diagrams. UML is largely process-independent, meaning that it can be used 

with a number of software development processes. Due to space restrictions, we only present the Use 

Cases in which the identified users are engaged (Figures 4-7). The detailed analysis is included in the 

technical documentation of the project. 

Conclusions 

The RuralObserbatory2.0 platform, comes to bridge a significant gap that currently characterizes the 

adoption of innovative technologies in rural areas, especially in relation to the e-government paradigm. 

However, apart from the apparent advantages and opportunities that, technologically-wise, offers to rural 

SMEs, RuralObservatory2.0 offers a series of other advantages, mainly pertaining to SME’s sustainable 

economic growth. Among others, it fosters the growth of rural SMEs facilitating the access to better 

knowledge using new semantic technologies and it encourages and increases the usage of ITC by SME in 

rural areas. Promoting cooperation and innovation can play an essential role in connecting people to new 

ideas and approaches, encouraging innovation and entrepreneurship and promote inclusiveness and the 

provision of local services.  
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A B S T R A C T 
 

Towards promoting sustainable agriculture and economic growth, the development of the 

agricultural workforce and set up of innovative agricultural systems are required. 

Agricultural educational repositories are systems used for storing, reusing and sharing 

agricultural learning resources. They contribute to agricultural education at different 

educational levels and target groups. Thus, this paper firstly provides an overview of 

Institutional Repositories (IRs) and Open Access Archives (OAAs) in Greece and 

agricultural repositories worldwide. Also, it describes the agricultural repositories that 

provide access to educational content in Greek and presents experiences from the 

establishment of Agricultural University of Athens’ (AUA) repository. 

1. Introduction 

Nowadays, the educational process for tutors and pupils has been greatly facilitated by giving access to 

learning resources through educational repositories. Online learning repositories are Web based 

repositories used for storing, reusing and sharing learning resources. An Institutional Repository (IR) is a 

digital collection of the intellectual output of an institution, accessible to users both within and outside of 

the institution (i.e. universities, research organizations, NGOs, government agencies and private 

institutions. Also, Open Access Archives (OAAs) are digital learning repositories of submitted material 

that the authors or their institutes wish to make publicly available without financial or technical barriers. 

The major difference between IRs and OAAs is that IRs can be closed access, while OAAs are always 

open to outside users.  

In European Union, there is a great variety of learning/educational repositories. Although, the majority 

of them include digital content and a brief description (metadata), there are also repositories that are only 

catalogues of learning resources. Educational repositories include any type of resource from „traditional‟ 

texts books to digital materials. Nonetheless, the trend is in favour of the latter type for promoting 
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teachers‟ uptake of innovative materials and learning style and making resources available and visible to 

the users (EDRENE, 2009).  

Towards promoting sustainable agriculture and economic growth, the development of the agricultural 

workforce and set up of innovative agricultural systems are required. Concerning agricultural repositories, 

they focus on agricultural education and training. Either providing elementary, vocational, college or 

general education, they should address particular target groups, namely farmer communities, agricultural 

policy makers, agri-business and industry communities, public communities, research and development 

communities and agricultural education communities.  

Thus, the aim of this paper is to present a new initiative for establishing an agricultural educational 

repository by the Agricultural University of Athens (AUA). During a century of operation, AUA has 

produced a great amount of information and knowledge, and now possesses an enormous collection of 

rare books, magazines, photographs and other educational material. The main objectives for developing an 

IR in AUA are to preserve the cultural and scientific heritage of the university, provide open access to 

grey literature, and promote scientific research and education. 

The structure of the paper is the following: in the next section IRs and OAAs in agriculture and those 

providing Greek content, as well as the current status of IRs and OAAs in Greece are presented. Section 3 

presents DSpace, a widely known mechanism, upon which many IRs have been built. Section 4 describes 

lessons learnt from establishing the AUA repository. Section 5 introduces the Metaschool project, 

regarding the training of tutors in agricultural repositories. Finally, some conclusions and discussion on 

further work are given. 

2. Background  

2.1 Agricultural IRs and OAAs 

A number of initiatives have been established for the development of online educational repositories 

related to agriculture using semantic technologies, envisioning a one stop shop for all kinds of information 

related to agriculture. Such initiatives include the following: the National Agricultural Library of the 

United States housing one of the world' s largest and most accessible agricultural information collections; 

AGLINET, which is a voluntary association of large agricultural libraries in Italy; AGRIS (International 

System for Agricultural Science and Technology) referring to a global public domain Database with 2.6 

millions structured bibliographic resources; and Organic E-prints regarding an international open access 

archive for papers related to research in organic agriculture. Table 1 analytically shows good examples per 

country. 

Moreover, there have been established agricultural repositories that provide learning resources in 

Greek. Up till now, there number is restricted but provide useful information for students, teachers and 

farmers. These are: the American Farm School Repository, where users can find material from the 

American Farm School archives; the Rural e-Gov Observatory, which provides training content about e-

government services of SMEs in European rural areas; the Bio@gro platform, which aims at providing a 

multilingual single point of information access on organic farming and products to all interested parties of 

the Organic Agricultural community; and the Organic.Edunet Web portal, which provides educational 

content about Organic Agriculture and Agroecology. 
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Table 1. Agricultural IRs and OAAs globally 

IR/ OAA Country 

National Agricultural Library 
USA 

AGLINET 
Italy 

AGRIS 
International 

Organic Eprints 
International 

Centre National de Recherche Agronomique 
Cote D'Ivoire 

CGIAR On-line Learning Resources 
USA 

COTR's e-training site 
Portugal 

EcoLearnIT 
USA 

FAO Capacity Building Portal 
Italy 

Lao Agriculture Database 
Lao Democratic Republic 

Network of Aquaculture Centres in Asia- 
Pacific - Thailand 

Rural-eGov Observatory 
Greece 

SANREM CRSP Knowledge Base 
USA 

Turkish Agricultural Learning Object Repository 
Turkey 

2.2 IRs and OAAs in Greece  

According to recent surveys, there is a rapid growth of academic IRs, showing that 15 out of 33 

institutions run their own repositories. Although authors are sceptical about releasing their work to the 

eyes of the wider public, mainly due to copyright infringement, open access is gaining ground and fans all 

over Greece (Chantavaridou, 2009). Also, academic IRs or smaller ones at department level are growing. 

Dissertations and undergraduate theses, reports, conference papers, and post prints comprise the core 

material. For a small country like Greece the problem of knowledge dissemination has been resolved via 

HEAL-link (www.heal-link.gr). The use of open source software for creating IRs in Greece has facilitated 

the operation of “openarchives.gr”, a private initiative for searching across Greek IRs. Currently, it is the 

only search engine that searches simultaneously across a collection of Greek IRs via OAI-PMH protocol. 

Moreover, IRs have been developed mainly using open source software, such as Dspace 

(http://www.dspace.org), Greenstone (http://www.greenstone.org), Dienst 

(http://www.cs.cornell.edu/cdlrg/dienst), and Flexible Extensible Digital Object and Repository 

Architecture (Fedora) (http://www.fedora.info). The most commonly used is DSpace. 
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3. DSpace platform 

DSpace is an open source software platform that enables organizations to capture, describe and 

preserve digital assets. It is designed to support the long-term preservation of the digital material stored in 

the repository. Provides support for a variety of digital formats and content types including text, images, 

audio, and video and distributes it over the web. DSpace allows contributors to limit access to items in 

DSpace - at the collection and the individual item level. DSpace provides long-term physical storage and 

management of digital items in a secure, professionally managed repository including standard operating 

procedures such as backup, mirroring, refreshing media, and disaster recovery. It is typically used as an 

institutional repository. It has three main roles regarding facilitating: (a) capture and ingest of materials, 

including metadata about the materials; (b) easy access to the materials, both by listing and searching; and 

(c) the long term preservation of the materials.  

The DSpace submission process allows for the description of each item using a qualified version of the 

Dublin Core metadata schema. Digital items are made up of a bundle of digital files and the system allows 

for the creation, indexing, and searching of associated metadata to locate and retrieve the items and 

provides distributed access to these items through a search and retrieval subsystem. DSpace repository 

uses Apache Lucene as search engine. Lucene is an open source search engine and is used by DSpace to 

implement indexing and searching facilities. Lucene provides stop word removal, stemming, and the 

ability to incrementally add new indexed content without regenerating the entire index. The two software 

products are based on Java language and are highly extendible. Summarizing, DSpace includes the 

following features:  

(a) User Interface 

 Provides a Web based mechanism for submission by end-user and System Administrators 

 Supports search and retrieval of items by browsing or searching the metadata  

(b) Workflow 

 Enables differing submission workflows for communities 

(c) Open Archives Initiative (OAI) 

 Is OAI-PMH 2.0 compatible and uses the OCLC OAICat 

(d) Persistent Identifiers (Handles) 

 Implements CNRI handles as the persistent identifier associated with each item  

(e) Access Control 

 Allows contributors to limit access to items at both the collection and the individual item level. 

(f) Metadata Schema 

 Utilizes qualified Dublin Core (DCMI, 2008). 

4. AUA repository 

AUA is one of the oldest universities in Greece and the major one among those serving the agricultural 

sector. During its almost a century operation, it has produced a huge amount of information and 

knowledge, and now possesses an enormous collection of rare books, magazines, photographs and other 

educational material. To preserve this valuable property the university decided to investigate the most 

appropriate way to collect and disseminate it to the university community, the agricultural sector and the 

Greek society. For this purpose, a committee has been established consisted of librarians, archive experts 

and information technology specialists, having as a main objective to find the most appropriate way to 

preserve and disseminate AUA‟ s intellectual property, provide open access to grey literature, and 

promote scientific research and education, using the emerging Information Technology tools.  
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The committee initially decided to adopt the creation of an IR as a means to accomplish its task. There 

are several software tools that can be used to develop and run an IR. The appropriate tool should fulfil 

several criteria set by the committee. Among these criteria are the easiness of access, support of several 

storage formats, handling of copyrights, enhanced storage and search capabilities, extendibility and 

flexibility and support of metadata harvesting standards, such as OAI-PMH.   

The investigation process considered mainly open source software and checked as serious candidates 

DSpace, Greenstone, Dienst, and Fedora. Finally, the committee selected DSpace as the most appropriate 

tool, since it fulfils the main selection criteria and provides easiness of installation and low maintenance 

cost and has the ability to define a work-flow for material submission. 

In the first stage of its operation the IR includes electronic theses and dissertations. Its access is 

realized through the AUA library or the link: http://dspace.aua.gr/. In order to fulfil the liabilities for their 

degree in agricultural sciences, students have to elaborate a dissertation. The same applies to the post 

graduate and doctoral students. Each year almost 500 new theses and dissertations are produced. In the 

future, it is scheduled to incorporate a collection of rare books and agricultural magazines that exist in the 

archives of the university. Long term plans include the incorporation of the majority of grey literature 

produced at the university, with emphasis on the research papers and reports. 

At the present stage of development (Fig. 1), the content of the IR can be searched through its 

metadata. It is harvested using OAI-PMH protocol by “openarchives.gr” and is indexed in Directory of 

Open Access Repositories (DOAR), the Registry of Open Access Repositories (ROAR) and the Greek 

Digital Resources Index. In the future, the activation of the full-text searching capability of DSpace and 

the connection of IR with a federated searching mechanism to all heterogeneous resources available at 

AUA (Digital Library collections, OPAC, IR, etc.) is planned. 

Some representative metadata elements used in AUA‟ s repository are the following: author name, 

university department, editor name, student id, date of copyright, date or date range that the item became 

available to the public, date of publication or distribution, recommend for theses/dissertations, abstract or 

summary, degree title, number of pages. 

 

Figure 1. Screenshot from AUA’s Repository 
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5. Metaschool project 

Since the majority of Greek authors are still sceptical about providing their work to the wide public due 

to copyrights, AUA is making efforts to promote open access to learning repositories. In this direction, an 

initiative has been launched from October 2008. Metaschool is a European project aiming at improving in-

service training of tutors and school Information and Communication Technology (ICT) staff through the 

effective use of digital content. Metaschool focuses on organization, sharing, use and re-use of digital 

learning resources that can be accessed through online learning repositories. Analytically, the main 

objectives of the project are the following: (a) adaptation, development, testing, implementation and 

dissemination of a training framework regarding metadata, learning resources, and learning repositories; 

(b) development and implementation of strategies/ best practices for organizing favourite/useful learning 

resources into personal portfolios of digital resources and setting up learning repositories at school or 

regional level; (c) proposal and testing of teaching methodologies/ pedagogical strategies regarding the 

use of digital learning resources in the context of the educational process for the subjects of Science and 

Agriculture; and (d) organization of pilot training and validation activities for teachers/ ICT staff to 

develop methods/ strategies for taking advantage from organizing learning resources into personal 

portfolios/ learning repositories and exchanging resources with teachers around Europe.  

As far as agriculture is concerned, the particular project can support it in many ways. As mentioned 

above, environmental/agricultural education is one of its thematic areas (Costopoulou et al., 2010). The 

particular area has been chosen because from one side numerous agricultural content and resources are 

available on the Internet allowing for a variety of instructional approaches, and from the other side 

environmental/agricultural education has not been fully incorporated in the school curricula despite its 

significance to sustainable development. 

Regarding the Metaschool tutors‟ training, it is distinguished into three levels. The first level refers to 

digital learning resources and repositories and involves training on integrating online content to core 

academic content in lesson plans. The second level concerns educational metadata and training on 

accurate tagging and adding metadata to resources that tutors have used/created. The third level regards 

social metadata and folksonomies and involves training in developing skills on combining the advantages 

of traditional metadata with state-of-the-art folksonomy approaches.  

The training has been designed mainly on non-technical and technical aspects. Analytically, the non-

technical dimension concerns issues such as evincing the value of sharing educational material, using 

social networks in education, informing on Intellectual Property Rights protection and Creative Commons 

Licence. The technical dimension concerns issues such as interconnecting repositories, localisation of 

concrete learning resources, using the Internet in educational activities, introducing learning repositories, 

objects/resources and communities. It must be mentioned that the training will also include broader issues 

regarding the lack of teachers‟ time and ensuring the high quality of educational material. According to 

the aforementioned requirements, a framework comprised of 21 self-contained modules has been 

designed. The modules are distinguished into three types: (a) teaching and learning; (b) ICTs in teaching 

and learning; and (c) technical training. 

For promoting the effort of open access to learning repositories, a training session for agricultural 

tutors in Greece took place at the premises of the American Farm School on March 2010. The aim of this 

session was to provide advanced training in using learning repositories and metadata. Eleven persons 

participated in the session, representing academic administration, in-service teachers, and library and 

computer resource staff. Although the audience was of different background and interests, the session was 

very well received, the faculty was quite engaged and enthusiastic and the level of commitment was pretty 

high.  

The session also regarded a twofold evaluation, namely evaluation of the session and the presented 

training module. Also, two personal interviews have been taken. According to the evaluation, an 
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outstanding part considers that the session can improve much or very much their future instructions and 

most that it will enrich them. Also, the smashing majority is willing to attend another session. Participants 

have no doubt that the session could be beneficial and all agree that it is an important activity. More than 

half believe that the session was average to very good and. the majority seems to have enjoyed it. Most of 

them believe that the knowledge presented was averagely known by them and they did not have much 

difficulty in using the tools/techniques shown. Also, they feel more competent in metadata and the use of 

online resources. 

The participants estimate that their teaching practice will change averagely after the session. The 

motivation of the majority regarding using educational portal in teaching is higher than before attending 

the session and their motivation for using techniques and tools is much higher. The session has succeeded 

in adding very much to the motivation of participants in uploading learning objects or scenarios to an 

educational portal. Overall, the session has fulfilled the participants‟ expectations and more than half have 

increased their digital competence. 

6. Conclusions 

Agricultural education, can undoubtedly contribute to the improvement of quality of life by helping 

farmers to increase production, conserve natural resources, and provide nutritious food. In Greece open 

access to agricultural knowledge is gaining ground every day. In this context, AUA supports the 

knowledge dissemination through its evolving repository. In parallel, it participates in an even greater 

effort that has been started towards the development and cooperation of IRs for all Greek universities. The 

initiative is funded by European Union and Greek Government in the context of the National Strategic 

Reference Framework (NSRF) 2007-2013. The main purpose of this effort is to digitise a major part of the 

material held by the libraries and the archives of the universities in order to preserve this cultural and 

scientific heritage, providing open access to grey literature, and promoting scientific research and 

education. The material is consisted of rare books, magazines, photographs, research papers, theses, 

dissertations and other educational material. Moreover, AUA is contributing to the promotion of open 

access to learning repositories and the effective use of digital content via in-service training of tutors and 

school ICT staff in the context of the Metaschool project. Future work will concern the study of 

interoperability issues of agricultural repositories with Greek content, supported by academic institutions 

and related organizations, in order to build a national harvesting service. 
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A B S T R A C T 
 

Agrifood processes are built from multiscale, time-varied networks that span many 

sectors from cultivation, through animal breeding, food industry and trade to the 

consumers. The sector spanning traceability has not yet been solved, because neither the 

“one-step backward, one-step forward” passing of IDs, nor the large sophisticated 

databases give a feasible solution. In our approach, the transparency of process networks 

is based on the generic description of dynamic mass balances. The solution of this, 

apparently more difficult task, makes possible the unified acquisition of the data from the 

different ERP systems, and the scalable storage of these simplified process models. In 

addition, various task specific intensive parameters (e.g. concentrations, prices, etc.) can 

also be carried with the mass flows. With the knowledge of these structured models, the 

planned Agrifood Interoperability Centers can serve tracing and tracking results for the 

actors and for the public authorities. Our methodology is based on the Direct Computer 

Mapping of process models. The software is implemented in open source code GNU-

Prolog and C++ languages. In the first, preliminary phase we have studied a couple of 

consciously different realistic actors, as well as an example for the sector spanning chain, 

combined from these realistic elements. 

1. State-of-art: traceability of agrifood process networks 

Traceability has been interpreted in several ways in the literature and in regulations. In common sense 

we can say that it covers the ability to identify and follow the units of raw materials or products through 

the process network, unambiguously. The definition of the TRU (Traceability Resource Unit) has been 

determined by Kim. According to this formulation, TRU is a clearly defined unit, that is uniquely 

identifiable and traceable (Kim et al., 1995). 

Traceability system originally means mainly record keeping procedures, which show the path of the 

TRUs, through a part of the production processes. We can classify the existing information management 

systems into the following groups: 

 Internal (within actors): follows data about raw materials and processes within the business, 

connected to the final product in each stage of production, processing or distribution, separately. 

Several studies are available in this topic (Bertolini et al., 2006; Dupuy et al., 2005), and there are 

also sectorial investigations about the applications of IT systems (Füzesi and Herdon, 2010). 

 External (among actors): means traceability between various authors in the chain (Jansen-Vullers 

et al., 2003). 
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 Whole chain system: aims spanning the sectors by means of separated, upper level, external 

databases (Opara, 2003; Calder and Marr, 1998). 

In case of internal tracing and tracking systems, we can detect a duality. In one hand, large enterprises 

use effective ERP integrated systems, but SMEs or small private businesses are usually not able to operate 

these systems, on the other. There is another duality in the field of sector spanning traceability. Two 

extremely different approaches have been formed. First is the solution with standardized IDs, according to 

the EU regulations, namely to the one-step-up, one-step-down principle. But in this way, we lose the most 

important thing, the transparency of the whole network. The other approach plans huge central databases, 

where all data of the various actors are stored. Because of the widespread character of the agrifood 

network, of the heterogeneity of the stakeholders, and of the large amount of data, it seems unreal. We can 

state, that the good solution, the middle course does still not exist. 

In the last decades, forced by a growing, conscious consumer society, an increasing demand appeared 

for the healthy and safe food products. It is easy to understand that transparency can be guaranteed only by 

the forward and backward traceability of the whole system in a sector spanning way, from the cultivation, 

to the trading sector. Schiefer emphasizes, that because of food chain complexity, enterprises cannot solve 

the whole chain problem alone, but it requires concerted action (Schiefer, 2008). 

Motivated by the various food scandals, an assertive demand has been appeared to handle, to enable 

and to share the huge amount of collected information, through the whole chain, already in the first years 

of the 21st century. 

Numerous projects have been carried out in this field since then, but we can say that the problem is 

almost the same, as twenty years ago. The various food scandals resulted several methods and solutions. 

In a recent paper Wolfert et al. describe explicitly, that a really workable sector spanning system has not 

yet been developed (Wolfert et al., 2010). A more comprehensive state-of-art review can be found in our 

former paper (Varga and Csukás, 2010). 

2. Outlines of a possible solution 

In general, traceability in the agrifood networks means the ability to follow a food, feed, food-

producing animal or substance through the whole chain of production, processing and distribution, from 

the field to the table of the consumer. According to our understanding, from a process modeling point of 

views, it means the tracing and tracking of stoichiometric balance processes through the whole process 

chain. 

In our paper we outline the characteristics of a possible solution, based on the Direct Computer 

Mapping (DCM). Our paradox concept is that we have to solve an apparently more difficult task. This task 

is the tracing and tracking of dynamic mass balances. It seems difficult at first, however it provides us the 

transparency of the whole network. The dynamic mass balance of the input and output TRUs of an actor 

means also the necessary and sufficient information to describe the structure. With the simulation of the 

actual data set, we can fix the respective actual state. In this context, further simulation means the 

extension of the database stepwise, in line with the data acquisition. The acquisition of the dynamic mass 

balances can be solved with unified principles from the ERP systems. Of course, for the smaller actors we 

have to give appropriate software to this activity. In this way the various task specific intensive parameters 

(e.g. prices, concentrations) can also be carried together with the mass flows. This solution supports the 

tracing and tracking of suddenly appearing components by effective searching algorithms.  

The above outlined characteristics claims for an IT solution, that supports the model generation from 

unified building elements, helps the scalable storage of the model files in databases, makes possible the 

case specific extension of the models, and supports the development of effective multiscale tracing and 

tracking algorithms. 
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2.1. Principles of the method 

The principle of Direct Computer Mapping has been elaborated many years ago (Csukás and Perez 

Uriza, 1995; Csukás, 1998; Csukás and Balogh, 1998; Csukás et al., 2005), and since then, it has several 

practical applications in those fields, where difficult problems required a non-conventional, but flexible 

solution. 

The basic idea behind the principle can be summarized by the followings. In the usual way of problem 

solving, we build a mathematical construct from simple equations or rules, via abstractions. Next, we have 

to decompose it, and solve with a numerical method. The DCM approach simplify this way. Its basic 

concept is, that “let know the computer about building elements of the real world”. In this way, according 

to Figure-1., we map the problem directly from elementary building blocks into the executable program. 

 

Figure 1. Principle of Direct Computer Mapping (Csukás, 1998) 

The determination of these model elements comes from the natural structure of the process models. 

There are states (measures or signs) and transitions (transportations, transformations or rules) behind all of 

the processes. These elementary building blocks communicate with each other, and with their 

environment. In the software implementation these natural elements and their connections can be 

associated with brief program code behind them. It means, that the discrete or continuous and quantitative 

or qualitative functioning of the state and transition elements can be described by typical classes of expert 

defined brief programs, executed by the general kernel. The general kernel contains those functionalities 

that are indispensable for the simulation (e.g. time handling, etc.). 

According to the experiences of the former applications, the various processes can be generated from 

the same, unified building blocks, and it gives the general applicability for the method. 

There are some exciting and useful principles behind the Direct Computer Mapping. The 

conservational processes can carry informational sub-processes. The difference between them is that 

informational processes consume less resources, and effects more impact on the complementary part, than 

vice versa. In the practical applications, according to this principle, the qualitative knowledge can be 

carried as intensive parameter with the mass flows, quantitatively. 

The other exciting outcome is the principle of cooperative processes. It means, that cooperation is 

organized by the mutual (consensus) consideration of the objectives between the functionally connected 

neighbors. The practical application of this principle in our case is, that stakeholders of the system serve 

and request traceability information according to the cooperative scheme. 
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2.2. Software implementation and interfaces 

The software implementation of DCM applies declarative logical GNU-Prolog and C++ languages. For 

graphical user and expert interfaces, we use an extended Graphviz (Varga, 2009), temporarily, while there 

is an ongoing development for a new graphical user interface, based on Qt, which is a cross-platform 

application and UI framework. (Internet1). 

Right now, the investigated process structures are described by an extended Graphviz interface. We 

describe graphically the elements of the processes according to the principles of DCM. In line with it, 

Graphviz map the structure automatically into a simple .dot format. We extend this .dot format with GNU-

Prolog declarations, which makes possible the description of the characteristics according to the 

investigated process (e.g. the actual measures, the initial concentrations, etc.). The kernel program 

generates the user and expert modules automatically from this file, next executes the dynamic simulation, 

and write the results into a simple .csv file.  

3. Example applications of the developed method 

To test the applicability of the method and the effectiveness of the developed tracing and tracking 

algorithms, we tried to choose consciously different stakeholders, with quite different activities. In Table1. 

we summarize the main characteristics of the studied examples. 

Table 1. The investigated examples 

 Case study 1. Case study 2. Case study 3. 

Investigated system 
Arable farming (a real 

model farm) 

Game management ( a 

real company) 

Slaughterhouse (a real 

small slaughterhouse) 

State elements 
parcels, input and output 

storages 

individually registered 

animals, fodders, 

medicines, feeding 

strategies 

individually registered 

animals, warm and cooled 

carcasses, cutted, packed 

and bulk meat goods 

Transition elements 

agricultural and 

commercial processes 

with mass flows 

registration, growth, 

shooting down, 

slaughtering, feeding, 

and commercial 

processes 

slaughtering, chopping, 

cooling, storage, 

commercial processes 

Data sources 

obligatory data registers 

(e.g. the formal parcel 

identifier system) 

obligatory data registers 
individually dedicated 

software to support data 

registration 

Frequency of data 

acquisition 

1-2 weekly, in 

accordance with the 

agricultural processes 

various (e.g. daily for 

feeding, or monthly for 

rare events) 

hourly and daily 

Difficulties 
separation or rename of 

the parcels 

feeding strategies, 

depends on seasons and 

age, individual 

identification of animals 

identification of packages, 

produced from different 

carcasses 
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In every case the most important issue was to outline the structure on the basis of the previous year‟s 

data. In this way, we fixed the initial state. The recent task is the real-time, continuous data acquisition, 

depending on the characteristics of the investigated system.  

3.1. Arable farming 

First analyzed example was a real model farm, with arable farming activity. The state elements were 

the parcels, as well as the input and output storages. The transition elements were the various agricultural 

and commercial processes with mass flows. We can use the mandatory data registers as data sources. The 

frequency of data acquisition is generally determined by the characteristics of the investigated processes. 

In this case, the 1-2 weekly data acquisition seems to be a good practice. Collected data are the 

followings: 

 data about the cultivated parcels; 

 data about the utilized raw materials, in TRU units (seeds, fertilizers, pesticides, etc.); 

 data about the products, in TRU units; 

 seller and buyer information. 

In the recent phase of the development, we are working on the automation of the data acquisition with 

unified principles, on the basis of the obligatory data registers. The basic principle is, that the necessary 

and sufficient data are the mass balances of the TRUs. 

All of the examples have their special difficulties. In case of arable farming, one of the biggest 

problems is the permanent, time to time changing of the parcel structure. For example, it makes difficult 

the tracing of the various soil components, which come with the fertilizers, etc. 

These problems mainly originate from the not really well-considered record system. For example, the 

administrative name and measure (by the satellite) of the parcels appear only after the physical cultivation, 

next year. Another problem is that the measured data are often incorrect, although, it is the basis of the 

agricultural subventions. Figure-2. illustrates a small part of the investigated crop farming, regarding the 

parcel No.22. 

 

Figure 2. A small part of the arable farming example (parcel No.22) 

On the basis of the whole structure (altogether 47 parcels), the kernel program of the simulator 

generates automatically the necessary files for the dynamic simulation.  

Simulation results, based on the previous crop years‟ data, provide a good basis for the initial state. 

Recently, we extend the database continuously, as well as we develop the data acquisition software and 

the quantitative tracing and tracking algorithms.  
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In the following diagrams we illustrated some results of the dynamic simulation, on the basis of the 

previous two crop years. In Figure 3. we can see a discrete event, the changing of the parcel name. In this 

example, there was no change in the measure of the area. In Figure 4., we can follow dynamically the 

utilization of the seed and the harvesting of the product. Figure 5. shows the consumption of the various 

fertilizers. 

 

Figure 3. Dynamic simulation of a discrete event 

 

Figure 4. Dynamic simulation of some raw material and products 
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Figure 5. Simulated amount of various fertilizer pools 

Using the developed Prolog algorithms, we can search for the origin of a given component, or we can 

track the way of a given component, until all of the possible outputs. In this application the program lists 

the possible routes into a .csv format. 

3.2. Game management 

A quite different example was a real company, dealing with game management in almost 1.5 thousand 

hectares. According to the valid regulations, they register the animals individually. Similarly to the above 

example, we determined the process elements (see in Table 1.), built the structure and, with the actual 

data, we simulated the previous year, „a posteriori‟. In the same way as in the arable farming example, we 

can follow the dynamically changing data of the involved components with the forward simulation. 

In this case, the age and season depending feeding strategies made the problem solving more difficult. 

To eliminate this problem, we utilized the advantages of the above mentioned theoretical principle, 

namely the specific interpretation of the conservation based informational processes. Accordingly, we 

determined the various feeding strategies as signs. 

Another exciting characteristic of the applied method is the ability for the backward simulation. Figure 

6. illustrates the results of the inverse simulation. As the dynamic simulation provides basis for the 

tracking, inverse simulation supports the tracing functions. In this case, starting from a fixed final state, 

the kernel executes the backward simulation, with the knowledge of the equations, used for the simulation. 

In this Figure we can see the forward and backward simulated changes of weight of a given individual. 
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Figure 6. Forward and backward simulation of the weight of a given individual 

3.3. Slaughterhouse 

Third example was a slaughterhouse, modeled similarly to the other examples. According to the 

experiences, there are special difficulties to be solved, but the description of the structure and 

functionalities can be done in the same way. 

To make the data acquisition easier and to eliminate the additional data needs, we tried to lean on the 

mandatory data registers in this case, too. Of course, we adjust data acquisition to the frequency of the 

slaughterhouse processes. It means hourly data collection. 

Special difficulty was the identification of packages, produced from different carcasses. We trace the 

package ID back to the flock ID. In this way, we resolved the problem, and it makes possible to reach the 

supplier. 

4. Current research 

Recently, we try to combine the previous examples and to study, how the heterogeneous actors can be 

joint in various searching algorithms.  

Figure 7. illustrates the connection of the above described three actual examples. It is a quite fictitious 

and arbitrary process, of course, but it gives a good basis for the forthcoming development. The 

connecting elements are the commercial processes, obviously. 

According to our basic concept, the way of sector spanning tracing or tracking can be explained as 

follows. For example, let‟s see the case of a suddenly appearing unknown component. Firstly, we are 

search for the possible routes of this component, only in the inputs and outputs of the involved 

stakeholders (higher level, sector spanning structure, signed with red circles in Figure 7.). 
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Next, if there is a path until a given input or output, we trace into the macro level model of the actor, 

which practically means the stored bone structures of its processes, described by the dynamic mass 

balances and stoichiometries. These two stages make more effective the search, especially in case of huge 

networks. Another advantage is that with linking of the new component to the mass balances, we will be 

able to follow such new components that are not involved into the model before. In this way, the Center 

will be able to suggest measurement points and/or can makes measurements. 

Our final goal is an example region, with a sector spanning traceability system. Of course, it needs 

further improvements, with special regards to the data acquisition tools and the tracing and tracking 

algorithms. The step-by-step extension of this example network claims for the clear determination of the 

system contour, and for the absolute indication of the not involved sources. 

5. Conclusion 

A daily problem for the actors, that the frequently changing mandatory data demands are overlapping 

and sometimes confusing. Various authorities ask for data from various aspects, and in spite of it, data set 

is still not complete. Another serious problem is, that the required data does not satisfy the observability 

and controllability of the processes. 

Probably, a great byproduct of our work would be if the authorities would realize that mandatory data 

demand needs better considered coordination and rationalization. Another advantage is that the developed 

methods will support not only the solution of the traceability, but also other important tasks (e.g. value 

chain analysis, observation of hidden resources). We can state, that the method makes possible the unified 

management of the completely different processes. According to our experiences, effective tracing and 

tracking algorithms can be developed with the applied declarative, logical programming language. The 

various intensive parameters can be carried by the dynamic mass flows. For example, we are able to carry 

with the mass flows various components that appear suddenly. The acquired process data can be stored in 

the dedicated databases of an Agrifood Interoperability Center. On the basis of the developed methods, the 

role of planned Agrifood Interoperability Center would be the data serving for actors and authorities, 

based on the real data and/or on the simulated case studies. The tasks to be solved are e.g. the forward and 

backward tracing investigations, the determination of hidden resources, value chain analysis, or waste 

detection. 

Considering these tasks, the necessary data exchange can be summarized in the following. The Center 

would need the input and output mass flows in TRU units, the stored amount of TRUs, the calculated or 

estimated stoichiometries between the TRUs, and possibly, additional knowledge that supports special 

investigations. The Center serves for the actors tracing and tracking information, and in case of harmful 

components, suggest measurement points or realize the measurements itself. 

An exciting outlook for the future is that the agrifood process interoperability could be a good example 

for the future economic paradigm. Agriculture utilizes the single outer resource of Globe, the solar 

energy. Food serves the bare necessities of mankind. Interoperability supports local supply, which will 

be more and more important from strategically and economical points of views in the future. That is why 

the dedicated Agrifood Interoperability Centers must be out of the various lobbies and individual interests. 
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