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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. The aim of this Journal is to improve scientific
knowledge dissemination and innovation process in the agri-food sector. The Journal of Agricultural
Informatics has been established in 2009 by the HAAI within a project of the Hungarian National
Development Plan Framework. The peer-reviewed journal is operating with international editorial and
advisory board supported by the EFITA (European Federation for Information Technology in
Agriculture Food and the Environment).
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.
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.
In this Special Issue of EFITA2015 you can read valuable research papers comes from
EFITA/WCCA/CIGR 2015 Conference lecturers and co-authors. Thanks the authors for the interesting
and useful articles.

Prof. Dr. Jerzy Weres
and

Prof. Dr. Miklós Herdon
Editor in Chief

Janina Rudowicz-Nawrocka
Co-Editors
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ABSTRACT
This paper approaches the analysis of supply chains of products of animal origin from
various productive species by using network analytic methods. In the studied analysis the
supply chains are embedded in a single model which highlights all the interconnections
that have little evidence in traditional models. The complex network is studied analyzing
the matrix that constitutes the network with algorithms and methods extensively tested
and validated. This analytical approach has already been applied with positive results in
many research areas such as social networks, transport networks, the stylistic of writers
and musicians, proteomics, pharmacology, medicine, biology and many others. We apply
this methodology to supply chains of products of animal origin and show a series of
preliminary results. This method of study of food supply chains could be useful for an
observatory, bringing to light slightly evident relations and becoming a strong support
for policy-makers. It can also provide useful advices to individual actors on how to
optimize their own supply chains. Finally, through an effective enumeration and
evaluation of the relationships, a network model could be helpful in design of tracking
and traceability systems.

1. Introduction
In literature, there are various approaches to the study of supply chains. Among the best known are
the anglophone Global Commodity Chain (GCC) and the francophone filière tradition. The first was
developed by Gary Gereffi and others within a political economy of development (and
underdevelopment) perspective, derived from Wallerstein’s (1974) World Systems Theory. Hopkins
and Wallerstein (1986, 1994) define the notion of a commodity chain as a network of labour and
production processes whose end result is a finished commodity, while Gereffi and most of his
collaborators are concerned specifically with industrial commodity chains. (Raikes, P. et al. 2000,
“Global commodity chain analysis and the French filière approach: comparison and critique”, p. 3 – 5).
The second, the francophone filière tradition, was developed by researchers at the Institute National de
la Recherche Agronomique (INRA) and the Centre de Coopération Internationale en Recherche
Agronomique pour le Développement (CIRAD). “Filière analysts have borrowed from different theories
and methodologies, including systems analysis, industrial organisation, institutional economics (old and
new), management science and Marxist economics, as well as various accounting techniques with their
roots in neo classical welfare analysis (Kydd, Pearce and Stockbridge 1996, p. 23). Therefore, while the
GCC approach is centred on contributions from a distinct school of thought, the French Filière approach
is a loosely-knit set of studies with the common characteristic that they use the filière (or chain) of
activities and exchanges as a tool and to delimit the scope of their analysis. The approach is thus a ‘mesolevel’ field of analysis rather than a theory. It is also one seen by most of its practitioners as a neutral,
practical tool of analysis for use in ‘down-to-earth’ applied research.” (Raikes et al. 2000, “Global
commodity chain analysis and the French filière approach: comparison and critique”, p. 22).
________________________
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These two and other different approaches to the observation of supply chains, each with its strengths
and weaknesses, have led to the development of various models different from each other depending on
the purpose of analysis for which they were designed. Among the main we can mention: the Process
Classification Framework (PCF), the model of the Global Supply Chain Forum, the most recent Supply
Chain Roadmap, the Supply-Chain Operations Reference (SCOR). (Criscione 2015, "The
internationalization of the supply chain", p. 25).
Using the word "model" we clarify what we mean by this term with a citation: "What is a model?
Although a model is easily recognizable as such, it is something that virtually defies a formal definition.
As the philosopher Max Black pointed out in his classic (1962) study of modeling in science, the term
model has as many definitions as it has uses." (Sebeok et al. 2000, “The forms of meaning: Modeling
systems theory and semiotic analysis”, Vol. 1, Walter de Gruyter, p. 2). The Business Dictionary
provides a definition of “model” that suits our case: “Graphical, mathematical (symbolic), physical, or
verbal representation or simplified version of a concept, phenomenon, relationship, structure, system,
or an aspect of the real world. The objectives of a model include (1) to facilitate understanding by
eliminating unnecessary components, (2) to aid in decision making by simulating 'what if' scenarios, (3)
to explain, control, and predict events on the basis of past observations. Since most objects and
phenomenon are very complicated (have numerous parts) and much too complex (parts have dense
interconnections) to be comprehended in their entirety, a model contains only those features that are of
primary importance to the model maker's purpose”
(http://www.businessdictionary.com/definition/model.html).
For our purposes our model is a mapping model, a graphical representation of the structure of system
of food supply chains that depicts relationships among its different components, and traces flows of raw
materials, processed food, information and money.
Current models for supply chains of food products are not fully able to describe production and
marketing dynamics because they usually do not take into account all the links, vertical and horizontal,
in the network of relationships existing between production, processing, distribution, and even the
disposal of food. This makes them not exactly the most useful tools for a good governance of the players
in the food sector. Besides that, making predictions has become increasingly difficult due to the
dynamics of the food market, more and more similar to that of a complex financial market. Even agrofood production processes have become very complex systems, involving many actors performing
activities of different types and linked by relationships of different nature. Moreover, these relationships
are no longer limited to those between the elements most closely linked along the chain but can include
stakeholders anywhere in the chain (Yu & Nagurney 2013).
From the foregoing and from the consequent considerations, the idea of designing new models for
evaluating the network of relationships between the actors of the food supply chains, both to assess the
robustness of the organizational structure and to have more accurate measures of the role and the
importance of each actor in the system. This can also allow to identify which of the actors occupy
strategic positions in the network and which of them have only a redundant function.
The objective of this paper is to develop a model to analyze in detail the structure (actors and
relationships) and the dynamics existing in the supply chains of products of animal origin by providing
a mapping of the productions as complete as possible, and as representative as possible of the
relationships among the players. Some authors argue that supply chains should be treated as a Complex
Adaptive Systems (CAS) and propose to exploit concepts, tools and techniques used in the study of CAS
to characterize and model supply-chain networks. (Surana et al. 2005). Sharing this thought, our
hypothesis is that we face a complex system, mainly characterized by the dynamic nonlinear
relationships between its elements. Among the many possible methods to approach the problem, the
techniques developed in the framework of network science seem to be quite suitable for the purpose. A
supply chain, in fact, can be seen as a network of stakeholders involved in primary production,
processing, and distributing the products. In the network actors or actions involved in these stages are
the nodes that are connected to each other by some kind of business relationship. These are directed
links that can carry a weight which can be valued in different ways.
doi: 10.17700/jai.2015.6.4.205
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The model we designed that will be described hereinafter, could be an interesting and new analytical
tool for an observatory on products of animal origin thus becoming a strong support to decisions for
policy-makers. Moreover, it can also provide the useful advices to individual actors on how to optimize
their own supply chains and improve efficiency. Finally, through a full and effective enumeration and
evaluation of the relationships between all the actors, a network model can be highly helpful in
developing policies and tracking and traceability systems.

2. A Network Analytic Approach
2.1. Key features of a complex network
A complex network is an abstract depiction of a real system in which nodes (or vertices) represent
the elements (individuals, companies, objects etc.) and arcs (or links) joining nodes depict some form
of relationship (business, friendship etc.) existing between them. Links can be mono or bidirectional and
can be associated with a weight that differentiates the different relationships (importance, cost, speed
etc.). The shape of the network (its topological characteristics), as demonstrated in numerous cases (da
Fontoura Costa et al. 2011, p. 212-215; Baggio et al. 2010, p. 819-821), offers useful insights into the
structure of the system and its dynamic characteristics. As many studies show (see e.g. the reviews
contained in the books by Easley & Kleinberg (2010), and Newman (2010)), topological characteristics
play a crucial role in determining the functioning of the system under investigation. The analysis can be
qualitative or quantitative, providing in both cases outcomes of different nature.
A complex network can be described by using a wide series of measurements that underline the
different features of the system. The most important and widely used measures are reported as following
(Boccaletti et al. 2006, p. 180-185):
- degree: the number of direct relations that a particular node has with others;
- assortativity: the correlation coefficient between the degree of a node and that of its neighbors,
it shows the preference for a network's nodes to attach to others that are similar in some way;
- closeness: the inverse of the sum of the distances between any two nodes;
- betweenness: the number of times a given node is interposed on shortest path between two nodes,
it allows to highlight bottlenecks in the network;
- clustering coefficient (also termed transitivity): a measure of the local inhomogeneity of the
density of links.
Average values and statistical distributions of these quantities, mainly that of the degrees, typically
depict the global characteristics of the network, while the single nodal values (often called centrality
metrics) render the role or the importance of the single elements of the network.
The following metrics are commonly used, as well, for characterizing the global properties of a
network:
- density of links: the ratio between the number of links present in the network and the maximum
possible number;
- Gini coefficient for the degrees: measures the inequality among the values of the link distribution
(1 is maximum inequality)
- average path length, largest minimum path (diameter): the average or largest series of links that
connect any two nodes;
- modularity: the extent to which a network can be partitioned into groups of nodes that are more
densely connected between them than with other parts of the network. In a socio-economic
setting these can be identified as collaborative groups.
2.2. Reasons that make complex networks suitable for representing supply chains
Complex networks are suitable to represent supply chains for several reasons: i) they allow a visual
(qualitative) and a quantitative analysis both at a global (whole system) and local (individual actors)
level; ii) they allow highlighting possible substructures such as hierarchies or communities and measure
the effects they have on the overall functioning of the system; iii) they allow comparing different
configurations and highlight associated advantages and disadvantages, and; iv) they allow performing
simulations thus giving the possibility to examine how global or local modifications can affect the
doi: 10.17700/jai.2015.6.4.205
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system, and what configurations are the most effective with respect to some dynamic process unfolding
on the network (Barrat et al. 2008; Newman 2010, p. 589-704).
The model we propose here is a network with topological (structural) characteristics defined by the
connections between the vertices, to which we assign a weight that represent the monetary value of the
exchange occurring.

3. The model
3.1. Materials and methods
The case study presented in this paper builds on the preliminary qualitative analysis presented at a
previous EFITA conference by Nasuelli & Clemente (2013). We designed the model with the idea of
representing the entire scenario of the products of animal origin. The model examines the Italian supply
chains of milk and dairy products (cow, goat, sheep and buffalo milk), and beef and pork meat along
with their derived products. The peculiarity of the Italian food supply chains and also of some other
countries, such as France, is the large number of PDO products (Protected Denomination of Origin) and
PGI (Protected Geographical Indication). The products having these awards have production lines since
the beginning separate from those of products that are not PDO and not PGI. For its construction the
model is open to the addition of other supply chains (i.e. poultry sector). Before extending the model to
other supply chains we wanted to represent the supply chains of products of animal origin more closely
related. In fact the whey deriving from the production of cheese is used in the feeding of pigs.
The model takes into account some business choices such as that of the direct selling of products, as
well as some aspects concerning the recovery of waste through rendering activities for the production
of energy or by-products that are used in other industries. It also considers issues currently under the
spotlight for their social valence such as the recovery of the unsold for humanitarian purposes. In our
model single nodes represent categories of actors in the supply chains, or activities that take place along
the chains (thus a company performing different activities may be represented by different nodes).
For an initial graphical representation of the model, we used yEd Graph Editor, (available at:
http://www.yworks.com/en/products/yfiles/yed/) a graphical software also providing a first qualitative
assessment (Fig. 1 and 2). The total number of the elements is 228, the number of nodes that represent
the single products is 184, linked by 491 directed relationships. The network has been assembled by
taking into account the four main segments of a chain: production, processing, trade and consumption.
These segments contain several sub-segments that contain the nodes of the network. The sub-segments
are useful for a graphical representation of the network, but also for the assessment of data aggregated
on the basis of product typology. For example in the sub-segment that represents cheese factories there
are distinct groups for PDO cheeses and cheeses which are not PDO. We must keep in mind that both
organic products and PDO products have production lines distinguished from those of other products
since the origin of raw materials and for animal feeding, too. In addition some products exist exclusively
in PDO version. Therefore, they differ from the other both for the production methodology constrained
to the production disciplinary, both for the product obtained that will be by definition different from any
other. Always remaining in the segment of processing a group apart is reserved for organic products.
Also for the meat supply chain certain types of products have been collected in groups. This because
there is interest by some operators to know the aggregate data more than the data of the individual
product.
The relationships present in the network have a precise direction from one node to the next. They
trace the path followed by raw materials along each segment of the chain from production to the
processing into processed or matured products, to the packaging, and after trade activities, to the
consumption. In addition to a total transformation of raw materials into a multiplicity of very different
products from the original ones, each passage from one node to the next along the network is
characterized by an economic transaction. The links among the nodes of supply chains network therefore
are complex relationships that can be measured (weighted) by adopting an homogeneous metric: money
(Euro in our case). The resulting network is then a directed weighted network. The following figures
(Figure 1 and 2) show different views of the supply chains network.
doi: 10.17700/jai.2015.6.4.205
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Figure 1. The complex network model of supply chains of products of animal origin in Italy.
The four segments are represented as rectangles, within which are contained the sub-segments which are the
next level of the supply chain and are represented by parallelograms.
Legend
Geometric shapes: used to distinguish the level of particular described:
• rectangles = 1st level (the more generic): segments (production, processing, trade, consumption);
parallelograms = 2nd level (grouping large groups of products in the same category): sub-segments;
• hexagons = 3rd level (grouping most specific): for example products which differ in the fact of having a
production protocol
• octagons = 4th level: individual nodes
• ellipses = 5th level: represent companies that make direct sales
Different colors are used for showing the different elements of the supply chain:
• pink = production; (fuchsia: milk producers; red: live animals producers)
• turquoise = processing; (clearer: milk chain; darker: meat chain)
• green = trade; (clearer: milk import and export; darker: meat import and export; medium green:
distribution on national territory)
• blue = consumption.

doi: 10.17700/jai.2015.6.4.205
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Figure 2. A “Circular layout – single cycle”, so called by the software yEd.
This figure shows the entire network in a circular arrangement of its nodes. As can be seen in the center of
this layout there is the portion of nodes most tightly connected with the others, while less connected nodes
remain on the edge.

3.2. Qualitative analysis: Centrality Measures
The most important metrics in an economic network are degree, betweenness and closeness centrality
measures. Degree centrality is a measure of the ability of communication of a node in the network. In
our case (an economic network) this is the number of incoming and outgoing direct economic relations.
Betweenness centrality (the number of times a given node is interposed over the shortest path between
two nodes), which measures the role of crucial crossroads in the network, a key point for the supply
chain. Closeness centrality gives the measurement of the capacity of a node to reach all the others in the
network, in economic terms this is the influence of a node over the rest of the system.
The following figures (Figure 3, 4 and 5) show qualitatively how the network settles when
considering these metrics. The nodes with the highest values of these three measures are shown and
compared in Table 1.

doi: 10.17700/jai.2015.6.4.205
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Figure 3. Degree centrality

Figure 4. Betweenness centrality

Figure 5. Closeness centrality
As can be observed, the figures make clear the fact that a strong hierarchy exists in the system, and
that the ranking of the network nodes changes depending on the measure of centrality used. Some nodes
are placed in the top positions of the network as seen in all the figures. They belong (Table 1) to the
segment of Trade (supermarket chain, hotel-restaurant-catering companies commonly called
HO.RE.CA., and the retail sales), and to the segment Processing such as packaging and sales through
traditional channels (therefore no direct sales). In must be noted, however, that in this first qualitative
inspection, weights are not considered and therefore the figures are based only on the number and
arrangement of the links existing in the network.

doi: 10.17700/jai.2015.6.4.205
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Table 1. Ranking of the first 5 position for Centrality Measures – Qualitative analysis with yED
Ranking

Degree Centrality

Betweenness Centrality

Closeness Centrality

1

Segm. Traders, Retail
Sales: 1.00

Segm. Processors, Milk S. C.,
Packaging and Selling through
Conventional channels: 1.00

Segm. Traders, Retail
Sales: 1.00

2

Segm. Traders,
HO.RE.CA.;
Supermarket chain: 0.98

Segm. Traders, Retail Sales:
0.61

Segm. Traders,
Supermarket Chain; Segm.
Traders, HO.RE.CA.: 0.99

3

Segm. Processors, Milk
Supply Chain, Packaging
& Selling trough
Conventional channels:
0.69

Segm. Traders, HO.RE.CA.;
Segm. Traders,
Intermediaries/Agents: 0.60

Segm. Processors, Milk S.
C., Packaging and Selling
through Conventional
Channels: 0.92

4

Segm. Consumers, Milk
Supply Chain, Losses
and Waste: 0.62

Segm. Traders, Supermarket
Chains: 0.59

Segm. Traders,
Intermediaries/Agents:
0.89

5

Segm. Processors, Milk
Supply Chain,
Conversion into
processed products (ice
cream, desserts, gelled
milk, other): 0.54

Segm. Processors, Meat S.C.,
Packaging and Selling through
Conventional Cahnnels for
Meat of all the types: 0.42

Segm. Processors, Dairy S.
C., Cheese Maturers: 0.85

3.3. Quantitative Analysis
The quantitative analysis of a complex network model of supply chain requires the availability of
data of the supply chain of a company, and the evaluation of the weight of all the relationships between
network nodes.
Unfortunately in the agro-food sector we do not have a publicly released complete data set and only
for a part of products we have data collected by the authorities. In addition, for many products such as
the buffalo Mozzarella cheese, data are recorded by the relevant authorities only for the last few years.
Data were collected from official sources (ISTAT) when available, or from production or transformation
consortia. For the nodes without official data, the amounts were estimated by resorting to an estimation
using standard coefficients of transformation of raw materials into processed products. The idea is that
considering the total sum of the relationships between network nodes (total amounts), the sum of the
weights from official sources with those estimated should be consistent. The total sum of the
relationships between the nodes of the network amounts to about 60 billion euro. This amount was
obtained by computing the average over three years: between 2010 and 2012.
The choice of the nodes was performed by inserting the network nodes that represent the fundamental
stages of supply chains and the most representative products of production, import, export, and of PDO
products non-PDO products of Italian supply chains. The network covers more than 99.5% of the supply
chains examined.
To weigh the network we performed the following operations:
 collecting data of the weight of relationships in a database.
 establishing an alphanumeric code to be assigned to each node. The code allows to identify even
at first sight: segment, supply chain (milk or meat), animal species;
 listing of all pairs of nodes connected in a direct way. In the current model they are 491;
 building the adjacency matrix of all the nodes.
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As seen, the first step in the analysis was performed inspecting visually the graphics. As said, they
provide only a visual representation, but does not allow calculating the whole series of measures
characterizing the network.
Therefore, as further step, more accurate and precise measurement of the network and its features
was accomplished by using the Python programming language and the NetworkX library (available at:
https://networkx.lanl.gov/) specialized in network analysis measurements.
3.4. Outcomes of the quantitative analysis
The main results of the analysis are reported in what follows; given the directed nature of the links
the nodal measurements are divided into in- and out- metrics where in- refers to the connections arriving
at a node and out- to those departing from a node. Moreover we compare also the unweighted and the
weighted versions of the network (signaled by a W).
The topology of the network (Figure 6) is dominated by a relatively small number of highly
connected nodes that join the rest of the less connected system. The degree distribution is highly inhomogeneous as shown by the Lorenz curves (Figure 7, the diagonal is the line of full equality), and
follows a power law (Figure 8). This behavior is typical of many phenomena in the world of nature,
sociology and economics, represented by networks "scale free". Important consequence of this is that
the removal of nodes at higher connection leads to the disintegration of the network in different isolated
clusters and to the increase in diameter of what remains of the network, while the removal of the less
connected nodes does not have particular effects. As to the diameter it is a measure of the efficiency of
a network. Great efficiency corresponds to small diameters, and then to a compact size. The different
individual (nodal) measurements allowed identifying the most central actors as well as those whose
position is critical for the connectedness of the whole system, and those whose neighborhood is of
particular value.

Figure 6. The topology of the network
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Figure 7. Lorenz curve for the network degrees

Figure 8. Degree distribution in the unweighted network and in the weighted network
Table 2. Main metrics of the whole network
Measurements

Unweighted
network

Weighted
network

Node count

184

184

Link count

491

---

Sum weights

491

997,85

Density

0,015

---

Average path length

0,545

1,576

7

21,256

Diameter
Average transitivity

0,015

Modularity (infomap)

0,553

0,562

in: 0.582

in: 0.695

out: 0.603

out: 0.779

Degree Gini coefficient
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Tables 2 and 3 show the main quantities calculated for the supply chain network.
Table 3: Node Levels Measures for the nodes in the whole network

Node Levels
Measures
In-Degree
Out-Degree
Betweenness
Closeness
Min. Path
Transitivity
(symmetric)

Unweighted network

Weighted network

min
1.000
1.000
0.000
0.002
1.000

max
30.000
43.000
0.057
0.147
1.000

mean
3.209
3.088
0.003
0.038
1.000

min
0.000
0.000
0.000
0.147
0.000

max
61.460
80.215
0.053
0.033
21.256

mean
5.423
5.423
0.002
0.029
0.921

0.004

1.000

0.206

0.000

1.000

0.070

Table 4 reports the parameters calculated for the degree and strength (weighted degrees)
distributions. The parameters are the exponent (and associated statistical error) for a power-law
distribution (in the following P(k) is the probability that a node has degree k):
P(k)  k-
and mean () and standard deviation () for a lognormal distribution:
P(k)  (1/2k)exp(–(ln k–)2/22)
Calculations were performed by using a maximum likelihood fit (as done in Baggio et al. 2010, p.
814) of the distributions as described by Clauset et al. (2009). The software used is the Python package
available at: https://pypi.python.org/pypi/powerlaw. Table 4 reports the results along with the errors
calculated. Here we notice that the weighted version is better fit by a lognormal distribution, which is
quite common among many real networks and is barely distinguishable from the power-law, thus
assuming the same meaning for all practical purposes (Mitzenmacher 2004, p. 244).
Table 4. Degree distributions parameters
Type
Measures
power-law α
Degree distribution
error
lognormal μ
Strength distribution


In
4.25
0.44
-2.07
1.38

Out
3.44
0.38
1.09
1.39

A modularity analysis was performed on the network by using the Infomap algorithm (Fortunato
2010) which is particularly suitable in the case (like ours) of weighted directed networks. Here the
modules are identified as groups of nodes more strongly connected between them than to other parts of
the network. The property is then measured by a modularity coefficient which shows how well
“separated” are the modules identified (the coefficient ranges from 0 to 1, where 1 is the case of
completely separated modules).
In this network we found 19 clusters, some consisted of high number of nodes (46 nodes), while
others composed of few or very few nodes. The 4 larger groups contain respectively 46, 46, 20 and 17
nodes for the weighted network.
When looking at which nodes belong to which cluster we noticed that they do not depend on the
segment of the supply chain, nor to the type of chain (dairy or meat), not even to a possible distinction
in PDO or products which are not PDO. The full list of the nodes that constitute the different clusters,
detailed analysis and commentary on the composition of the clusters would require a lot of space and
will be subject to a future next research, but we summarize analysis results. One of the two largest groups
(46 nodes each) consists largely of milk and meat producers of raw materials (milk and live animals),
doi: 10.17700/jai.2015.6.4.205
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and then of processors, traders and consumers of fresh meat and cured meat products. In this cluster
there are nodes of the milk and of the meat supply chain in much the same number. The 2 nd group is
composed mainly of consumers of milk and dairy products, of many of the cheeses (both PDO cheeses
and non-PDO cheeses), the relative processors operating direct sales of these products, and traders of
milk and dairy products. Only 3 nodes belong to the segment producers of raw materials, 2 nodes to
milk producers and one node belongs to the producers of live animals (breeders animals for meat). The
3rd and 4th group (20 and 17 nodes respectively) are composed primarily of producers, processors and
consumers mainly from meat and meat products chain, both fresh cuts and cured products. A lower
number of nodes belongs to the milk chain. The smaller clusters put together producers of raw materials
(milk and dairy products, and of live animals), processors and consumers. The general suggestions
regarding these first results say that the composition of the clusters does not follow, if not in part in the
major clusters, the division between the milk and the meat supply chain, nor the logic of the separation
of a precise type of products, for example PDO products, from others.
Two pictures of the modularized networks are shown in Figure 9. The diversity of elements making
a single module is evident. We show two different arrangements of the formation and composition of
the clusters because from different layouts it is possible to appreciate different features. In this case, in
the second figure it is easier to see thanks to the differences of colors to which segment of the supply
chain or type of chain (milk or meat) cluster nodes belong.

Figure 9. Weighted network modules
The important conclusion here is that, contrary to some common intuitive belief, the network selforganizes in collaborative groups that are composed of actors belonging to different types. Thus the
results suggest that the topology generated by the system of connections between the different
organizations in the supply chains goes beyond predetermined differentiations and provide indications
that in order to optimize some performance, for example optimal communication channels or even
productivity in collaborations, policy makers should take into account the spontaneous characteristics
of the complex system, and embrace the ideas and practices of an adaptive approach to the management
of supply chains. Otherwise, the dynamic characteristics of this complex system risk preventing an
effective and efficient application of policy measures.
3.5. Individual nodes: ranking
The ranking of individual nodes for centrality measures which we consider most important: degree
(in and out) and betweenness, in the qualitative analysis (unweighted network) do not perfectly match
those derived in the quantitative analysis. However, we can see that although the precise ranking is not
exactly the equivalent, the group of nodes to be considered "strategic" is practically the same. The
doi: 10.17700/jai.2015.6.4.205
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weights, in fact, modify many of the metrics. The importance of each node in the weighted network no
longer relies only on the number of links, but on a combination of links and weights.
The top five nodes for each measurement, for the unweighted and the weighted networks are shown
in Table 4. Briefly commenting the results we see that nodes losses / waste in the first places in the
ranking of the unweighted network in-degrees fortunately disappear in the top ranked nodes of the
weighted network. It can be noted further the importance in every measure in the weighted network of
many nodes of processors segment, especially packaging, but also maturers for cheeses, and hams and
sausages. Moreover, many nodes of trade segment rank top in all measurements. The only PDO product
with a high in-degree rank is PDO ham.
Table 5. Ranking of nodes according to measurements on the unweighted network
Ranking Nodes measurements Unweighted Network

InDegree

OutDegree

Betweenness

1 Segment Consumers, Dairy Supply Chain, Losses and waste

30.000

2 Segment Processors, Dairy Supply Chain, Packaging and Selling
through conventional channels

25.000

3 Segment Processors, Dairy Supply Chain, Conversion into
Processed products (ice cream, desserts, gelled milk, other
products)
4 Segment Processors, Dairy Supply Chain, Losses and waste

24.000

5 Segment Processors, Meat Supply Chain, Slaughterhouse waste
destined for Rendering

14.000

1 Segment Trade (Dairy&Meat), Retail Sales

43.000

2 a) Segment Trade (Dairy&Meat), HO.RE.CA.; b) Segm. Trade
(Dairy&Meat), Supermarket Chains

42.000

3 Segment Producers, Dairy Supply Chain, Cow Milk for
Processing
4 a) Segment Processors, Meat Supply Chain, Packaging and Selling
through conventional channels for meat of all the types; b) Segm.
Processors, Meat Supply Chain, Packagin and Direct Selling for
Beef/Veal and all the types of Processed/Matured products

13.000

5 Segment Processors, Dairy Supply Chain, Packaging and Selling
through conventional channels

8.000

1 Segment Processors, Dairy Supply Chain, Packaging and Selling
through conventional channels

0.057

2 Segment Trade (Dairy&Meat), Retail Sales

0.038

3 a) Segment Trade (Dairy&Meat), HO.RE.CA.; b) Segm. Trade
(Dairy&Meat), Supermarket Chains

0.037

4 Segment Processors, Meat Supply Chain, Packagin and Direct
Selling for Beef/Veal and all the types of Processed/Matured
products
5 Segment Processors, Dairy Supply Chain, Cheese Maturers

0.033

22.000

10.000

0.018
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Table 6. Ranking of nodes according to measurements on the unweighted network
Ranking Nodes measurements Weighted Network
InDegree

OutDegree

Betweenness

1 Segment Processors, Meat Supply Chain, Packaging and Selling
through conventional channels for meat of all the types

61.460

2 Segment Processors, Dairy Supply Chain, Packaging and Selling
through conventional channels

42.493

3 Segment Consumers, Meat Supply Chain, PDO cured ham

37.415

4 Segment Processors, Dairy Supply Chain, Cheese Maturers

36.195

5 Segment Consumers, Meat Supply Chain, Cuts of Beef

31.866

1 Segment Trade (Dairy&Meat), Retail Sales

80.215

2 Segment Trade (Dairy&Meat), Supermarket Chains

80.015

3 Segment Trade (Dairy&Meat), HO.RE.CA

79.848

4 Segment Trade, Meat Supply Chain, Live Animals

64.754

5 Segment Processors, Dairy Supply Chain, Packaging and Selling
through conventional channels

40.187

1 Segment Processors, Dairy Supply Chain, Packaging and Selling
through conventional channels

0.053

2 Segment Trade (Dairy&Meat), HO.RE.CA

0.051

3 Segment Trade (Dairy&Meat), Retail Sales

0.031

4 a) Segment Trade (Dairy&Meat), Supermarket Chains; b) Segm.
Trade (Dairy&Meat), Intermediaries/Agents

0.026

5 Segment Processors, Meat Supply Chain, Maturers of Meat
products

0.024

4. Conclusions
We have provided here the preliminary analysis of the network built considering the Italian supply
chains of products of animal origin. The resulting network is a directed weighted network exhibiting a
skewed (i.e. shows long tails) distribution of the links following an exponential shape (power-law or
lognormal), that makes it similar to many other complex natural networks.
Measurements on individual network nodes show those who occupy strategic positions, with which
it is convenient to be connected directly or otherwise in shortest possible paths.
The mechanism of formation of modules (clusters) provides a view into the mesoscopic structure of
the network by highlighting more densely connected groups of nodes between them than with other
parts of the network thus underlining the self-organization characteristics of the supply chain system.
Moreover, these clusterings, which can be interpreted as collaborative groupings, can be of great
importance for policy actions directed towards an optimization of the whole system and, for individual
stakeholders, in order to look for possible new relationships with the aim of improving operational and
strategic activities.
The logic with which the nodes come together to form clusters suggests also, at a first glance, an
almost total separation of dairy supply chain and meat supply chain only in the largest groups, while
maintaining some rare exceptions which will need deeper investigation. The separation does not depend
on whether the products in a cluster are or not PDO products, nor the fact that they are fresh or cured.
This may suggest, for example, that it makes little sense to promote a policy of help for a specific product
doi: 10.17700/jai.2015.6.4.205
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or a precise category, such as the PDO products, but that the activities have to consider the whole dairy
supply chain or the whole meat chain.
As said this is a first attempt at using network analysis techniques in this field. In the context of
animal production network theory has been used to assess the risk of spreading disease (Bigras-Poulin
et al. 2006; Natale et al. 2009) and therefore aim and research area were different. Network theory has
been applied to study the formation of prices in the fish market of Marseille (Vignes et al. 2011), and
also in this case the purpose was different. About raw materials, in general, a minimum spanning tree
network model was constructed and used to study the relationships and interdependencies of futures
contracts for commodities for the period 1998 - 2007 (Sieczka et al. 2009). However, it is the first time
that this methodology is applied in the productions of animal origin for purposes of a different type from
those of previous studies and to a model different from the existing ones. This new model falls within
the Multilayer type models, it is a network of networks. In the last few years many Multilayer and
Multiplex models have been designed and studies on these types of new models have multiplied,
although these studies mainly concern the transport sector. For our model we are thinking of a study in
this sense too that will be investigated in the future. Many more investigations are, obviously, needed
before being able to make this a fully operational tool. Apart from the deepening of the analysis and the
possible implementation of other dedicated metrics, one of the most interesting ideas is that with a model
like the one presented here it will be possible to simulate different configurations and find ways to
optimize the supply chain with respect to different parameters such as time, costs or other quantities of
interest.
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ABSTRACT
This paper is a comparative case study for two B2B agri-food e-commerce examples and
is based on the exchange process analysis. Data were collected by interviews with
operators and experts. The results for this study show that the B2B e-commerce exchange
process can efficiently replace the traditional process. The reduction of costs in the
searching and valuation processes is a successful factor for the replacement. Also,
authentication process is important key to success. However, efficient delivery is not a
necessary condition.

1. Introduction
The characteristics of business-to-business (B2B) e-commerce, unlike business-to-consumer (B2C)
e-commerce, include high trading volume and limited buyers and sellers (Rauyren and Miller, 2007;
Mukhopadyay and Kekre, 2002). If businesses take advantage of B2B e-commerce as compared to
traditional forms of trading, the number of B2B trades would increase (Kaplan and Sawhney, 2000).
Agricultural products are perishable commodities with characteristics that are not easy to standardize.
There are diverse opinions of B2B e-commerce success in the agriculture and food (agri-food) market
due to the characteristics of agricultural product. For example, logistic costs can decrease. If upstream
logistics are separated, the direct delivery of agricultural products from producers to retailers is possible.
However, searching costs can increase. Since the properties of agricultural product quality are unlikely
to be standardized, an e-catalog cannot be a viable substitute for real products. Thus, we need to find
suitable process improvement when considering actual B2B e-commerce practices.
Two South Korean agri-food market B2B e-commerce cases have produced different results. The
B2B e-commerce of the school foodservice food market and the Garak wholesale market in Seoul both
started in 2009. The B2B e-commerce trading volume reached 60% of the total school foodservice
within the food sector at 1.8 billion US dollars (Agrinet, 2014). However, B2B e-commerce of the Garak
wholesale market has remains at 1.5% of the total (Seoul agro-fisheries & food corporation, 2013). Why
have these two cases resulted in diverse performances?
This paper is a comparative case study for two B2B e-commerce agri-food market examples. The
cases are analyzed using the exchange process framework of Kambil and Heck(1998) grounded in
transaction cost theory and information process theory. Second chapter includes an explanation of
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research framework. Third and fourth chapters introduce two B2B e-commerce cases. Finally, a
comparative case analysis is conducted using data collected by interviews with operators and experts.

2. Analysis Framework
Traditional process classifications of exchange include search, bargaining and negotiation,
monitoring, and enforcement processes (Coase 1960; Dahlman 1979). However, there are sufficient
details for market structure than for traditional process classification. Kambil and Heck (1998) identified
ten processes that provide a basis for an analysis of efficiency after the adoption of B2B. The basic trade
processes are search, valuation, logistics, payment and settlements, and authentication. The context
processes are communication, product representation, legitimation, influence, and dispute resolution.

Figure 1. Exchange Processes (Kambil and Heck, 1998)
Ten exchange processes of Kambil and Heck (1997) are summarized as fallow. "Search" process is
the information gathering and evaluation process undertaken by buyers and sellers to identify
opportunities. "Valuation(Price Negotiation)" is the process and methods of negotiating and discovering
a purchase or sale prices for a product. "Logistics" are the processes specifying and coordinating the
actual delivery of goods from the seller to buyer. "Payment and Settlements" are processes define the
terms and methods of payment permitted and ensure the settlement of payments in the exchange.
"Authentication" is a core set of activities used to verify the quality and features of the product offered,
the authenticity of the trading parties, and monitor conformance to the contract or agreement among
parties.
"Communications and Computing" processes underlie and bind all trading processes. New
communications capabilities in terms of richer media, faster transfer speeds, improved ease of use and
lower infrastructure costs transform coordination capabilities within and across trade processes.
"Product Representation" processes determine how the product attributes are specified to the buyer or
other third parties. "Legitimation" process is used to validate the trade or exchange agreement. It defines
how bids, or agreements are recognized as valid and binding commitments by exchange parties.
"Influence" are processes implement mechanisms to enforce obligations or penalties to reduce
opportunism risks. "Dispute Resolution" is related to provision of various processes for resolving
disputes among parties and structures decision rights in the event of conflict.

3. B2B e-commerce of School Foodservice
In the early 2000s, Korean school foodservice had experienced a food safety crisis due to mass food
poisoning, and the trust of school foodservice collapsed. After then, the transparency of food
transactions has become an important factor to improve the school foodservice. The Korean government
developed agri-food B2B e-commerce system which enables to inspect in advance of delivery and
centrally control suppliers by an administrator of public corporation
Figure 2 is a transaction procedure of B2B e-commerce in school foodservice. School buyer includes
processes of uploading instruction of stocks in trade, registering and notifying electronic bid, selecting
successful bidder, and contract. Agri-food supplier includes processes of checking notice of a bid,
bidding, entering final contract unit cost, and payment. In case of supplier, it is unique in that suppliers
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have to receive inspection by administration before having membership. The inspection is carried out
regularly after obtaining membership.

Figure 2. B2B E-Commerce Procedure of Schoolfood Service

4. B2B e-commerce of Garak Wholesale Market
Garak market is the biggest wholesale market in Korea, which is established in 1985 outside of
downtown area of the capital city. This wholesale market handles 40 percent of total domestic agriproduct transactions. Transactions are mainly achieved by an auction system. Some of transactions with
large amount are traded by price negotiation method to supplement the problem of auction system being
vulnerable to price fluctuation. B2B e-commerce system was launched in 2009, and transactions by
price negotiation has been traded on B2B e-commerce website. The benefit of transactions through B2B
e-commerce is that products can be traded outside of market place, in contrast with offline transactions
which are traded in the market place.

Figure 3. B2B E-Commerce Procedure of Garak Wholesale Market
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Figure 3 is transaction procedure of B2B e-commerce in Garak wholesale market. Wholesale market
buyer includes processes of checking notice of a bid, selecting successful bidder, requiring delivery,
inspecting products, and confirming a receipt and contract. Agri-food supplier includes registering
products, notifying a bid, bidding, dispatching products, and payment. In case of supplier, it is unique
in that middleman approves products registered by suppliers before notifying a bid. The approval is
achieved for every transaction.

5. Analysis Results
Table 1 shows the analysis of the school foodservice food market and the Garak wholesale market
B2B e-commerce cases based on the exchange process model. In case of the B2B e-commerce adoption
in the school foodservice food sector, five exchange processes were changed. The searching and
valuation processes are transformed from manual to automation, which decrease the order cost. In the
authentication process, B2B e-commerce managers (public corporation administrators) inspect products
of suppliers regularly, and recommend qualified products by certificate authority. An e-catalog of the
B2B system includes much information such as price, cultivation, credit of supplier, certificate, logistics,
and quality. These are differentiated from common e-catalogs because they generally show only product
specification information. Thus, product representation through e-catalog with rich information reduce
a cost for evaluating the desired quality. Communications of the B2B e-commerce system are improved
from using telephone to utilizing the B2B system. However, there is no significant change in cost. Due
to such changes, nutrition teachers were able to order food from the sellers within 1-2 days after the
adoption of B2B e-commerce system, unlike 3-4 days before adoption.
Table 1. Exchage process comparision between school foodservice and wholesale market
Exchange process

B2B in the school foodservice food
market
(Successful case)
What change

Change
cost

B2B in the wholesale market
(Failure case)
in What change

Change
cost

1. Search

Search each other on Decrease
B2B system

No change

No change

2. Valuation
3. Logistic

B2B system bidding
No change

Decrease
No change

No change

No change

4. Payment

No change

No change

Direct delivery
No change

Decrease
No change

5. Authentication

Regular inspection, Decrease
Association
with
certificate authority
From by telephone to No change
through
the
B2B
system

Inspection at from Decrease
marketplace
to
place of buyer
No change
No change

7. Product
representation

e- catalog

Decrease

No change

No change

8. Legitimation

No change

No change

No change

No change

9. Influences

No change

No change

No change

No change

10. Dispute
resolution

No change

No change

No change

No change

6. Communicatio
ns

in

On the other hand, the adoption of B2B in the Garak wholesale market comparatively has less effect
on reducing costs although two processes are improved. In logistic process, delivery costs are reduced
because the food products arrived directly to the buyer without delivery through a market place. Also,
for the similar reason, inspection of products is conducted at the place of buyer such as buyer’s
distribution center instead of market place. Thus, the cost for authentication can be reduced. However,
these cost reduction factors are not sufficient enough to change existing offline transaction method.
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6. Conclusion
In both cases of B2B e-commerce, the results show that some of the exchange processes are
effectively replaced compared to the traditional process. However, B2B e-commerce of wholesale
market was not successful in contrast with foodservice B2B e-commerce due to the differences of
improved exchange processes. In successful case, search, valuation, and product representation
processes provide users benefits such as time saving and cost reduction. Also, regular supplier inspection
and association with certificate authority in the authentication process can develop trust in the
transaction procedure. These successful factors result from an effort to change overall exchange
processes. Mass food poisoning accident was serious problem in Korean society. So, adoption of B2B
e-commerce can prevent this accident to happen again. Meanwhile, in failure case, the effect of B2B ecommerce adoption is not significant although logistics and authentication processes are improved. The
main reason for this failure is that adoption of B2B e-commerce is only applied to changing existing
transactions from offline to online. Thus, there is no benefit except the products are traded outside of
market place.
The implication of this study is that exchange processes need to be considered carefully for successful
B2B e-commerce adoption. A simple approach to transfer B2B transaction from offline to online is not
appropriate. Adoption directer needs to consider adopting new B2B e-commerce which can create the
value that the existing transactions do not provide. After that, the director needs to design B2B ecommerce system so that the effect of cost reduction can exceed desired benefit of all the transaction
parties.
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ABSTRACT
A Web application was developed to estimate the effects of climate change on agriculture.
We chose the northeast and north of Thailand as the target areas of this application,
although most countries in the Asian monsoon region are agricultural areas. Northeastern
Thailand is a rainfed farming area where rice and drought-tolerant crops are cultivated.
Northern Thailand is a mountainous area where several types of vegetables are cultivated.
The application identifies and recommends crops that can be grown based on the
simulation results of a crop model DSSAT. The DSSAT was executed 365 times; the start
date was moved forward one day each time. The effects of climate change were estimated
by inputting meteorological data that reflects the influence of climate change. The most
favorable start date and the yield are summarized and displayed as output. Application of
this system to grid meteorological data required the shortening of execution time and
handling a huge volume of data. These problems were solved using multithreading, StAX
and Hadoop. The Web application with witch output data were presented was designed
based on the assumption that it would be used by a farmer in the field with a 7-inch tablet.

1. Introduction
The effects of climate change (on air temperature, precipitation, and the length and timing of the
rainy season) can greatly affect agriculture. Most countries in the Asian monsoon region are
agricultural areas, and the impact of climate change on this region is very significant. Rainfed areas in
particular are very vulnerable to extreme weather events, such as floods and droughts. On the other
hand, in mountainous areas, it is expected that air temperature changes will be amplified. Moreover, a
change in the onset and period of the rainy season will have serious effects on yields and farming plan.
1.1. GRENE-ei CAAM Project
A Japanese research project, “Climatic changes and the evaluation of their effects on agriculture in
the Asian monsoon region” (CAAM 2012) under the “Green network of excellence — environmental
information” (GRENE-ei 2011) program of Japan’s Ministry of Education, Culture, Sports, Science
and Technology (MEXT) was started in 2011 and will be conducted until 2015. The dual purposes of
this project are to improve the reliability of climate prediction (CCR: climate change research) and to
develop the information platform needed to design agricultural strategies for adaptating to and
mitigating against the predicted climatic changes in the Asia monsoon region (AER: agricultural effect
research).
Our purpose for this project is to develop an “evaluation system for major crops in the Asian
monsoon region affected by climate changes” that can simulate the growth of major crops in this
region. In our research seeking to elucidate the effects of climatic change on agriculture, we chose an
area spanning from the northeast to the north of Thailand as our research target area. Northeastern
Thailand is a rainfed farming area. The difference in precipitation between this area’s rainy season and
1
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dry season is quite pronounced. Rice is cultivated during the rainy season, and drought-tolerant crops
such as sugarcane and cassava are cultivated during the dry season. Northern Thailand is a
mountainous area. Its cooler temperatures allow the cultivation of several types of vegetables that
cannot be grown in the plains areas.

2. Crop Yield Prediction System
We developed the “Simulator for the cultivation possibility of rice” for Data Integration and
Analysis System (DIAS) project (Tanaka et al. 2011; DIAS 2010) (Figure 1). This system executes the
rice model SIMRIW (Horie et al. 1995a, 1995b) for a one-degree grid of worldwide data (only for
land, about 15,000 points) and shows the cultivation possibility of each variety of rice as predicted
yield. Because SIMRIW is a simple rice growth model that can simulate only potential growth, and the
grid interval is 100km, it seemed that it is difficult to supply this system to practical use. However, it
clarified the problem, such as a large-scale grid execution and a huge number of file treatment that had
to be solved when a similar system would be constructed.

Figure 1. Simulator for the Cultivation Possibility of Rice
We developed the “Prediction system to optimize double cropping of rice and cassava” as a
concrete application for the GRENE-ei project. We created this system to identify and recommend
crops that can be grown during a dry season, and to simulate the effects of climate change in
Thailand’s farming areas by inputting meteorological data that reflect the influence of climate change.
The structure of the new crop yield prediction system is shown in Figure 2. There are main three
components of the system: (1) A meteorological data acquisition function and a weather data generator
that reflects the effects of climate change; (2) crop models and a crop model execution engine that
executes them; (3) save, display, and comparison functions for the resulting data.
Meteorological Data
MetBroker
Agro-Climate
Database
• observed data
• predicted data
• statistical data
• downscaled data
• air temperature
• solar radiation
• precipitation

Weather Generator
• Cligen

Crop Model
Execution Engine
Crop Models
• DSSAT
• ORYZA
• SIMRIW

Crops
• rice
• cassava
• vegetables
• •••

Forecast Meteorological Data
under Climate Change

Field Data
comparison

validation

Result Data
• crop yield
• growth period with
effects of climate
change

Data Viewer Application
Adaptation and
Mitigation Strategies

Figure 2. Structure of the Crop Yield Prediction System
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2.1. Meteorological Data
MetBroker (Laurenson et al. 2002 (Figure 3) is used to acquire meteorological data from
meteorological databases. MetBroker is mediation software that enables data to be acquired from
meteorological databases throughout the world (about 20 databases, 100,000 stations at present)
without the need for a complex database access program. The Automated Meteorological Data
Acquisition System (AMeDAS, for Japan) and National Oceanic and Atmospheric
Administration/World Meteorological Organization (NOAA/WMO, for the rest of the world) can be
used as the main meteorological databases. Though solar radiation data are indispensable for
predicting crop yields, most databases do not provide them. The Global Dataset of the DR and TR
(GD-DRandTR) database was successfully treated with MetBroker to simulate areas all over the world,
and it was then possible to acquire air temperature, precipitation, and solar radiation data in a onedegree grid (only for land). Moreover, a sunshine hours - solar radiation conversion model (Masaki et
al. 2009) is provided as another solution.
Meteorological data mediation software
Agro-Climate DB

DSSAT
ORYZA

MetBroker
Data from Field

SIMRIW
•
•
•

Meta Data

•
•

Application Layer

Mediation Layer

Database Layer

GD-DR &TR

Figure 3. MetBroker
To perform an accurate simulation, the solar radiation, air temperature, and precipitation data from
a 0.05-degree grid were prepared by the National Institute for Agro-Environmental Sciences (NIAES).
These data were generated by the NIAES from actual data observed by the Meteorological Department
of Thailand (TMD), the WMO, and the Tropical Rainfall Measuring Mission (TRMM) using a spatial
interpolation method as shown in Figure 4.
TMD
120 stations
air temp.,
sunshine hours

Spatial Interpolation

1200 stations
rain

Estimated Equation
sunshine hours
=> solar radiation

WMO

Grid Data
0.05-degree grid
air temp., rain,
solar radiation

90 stations
air temp., rain

TRMM
0.25-degree grid
rain

TMD Weather Stations

Figure 4. Generation procedure of grid meteorological data for Thailand
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The meteorological data network might not be maintained because the research target area areas
that we chose were mostly in developing countries. Therefore, we provided the data generation
function as a Web service. The weather generator can create a series of meteorological data sets that
have statistical difference and correspondence between real and generation data to be used by a crop
growth model. The service uses Cligen (Nicks et al. 1995) as a meteorological data generator, but can
also handle other generators. The data format of the service is XML (for the application) and JSON
(for the Web browser).
In addition, the forecast meteorological data generated by Tokyo Metropolitan University (TMU)
using the climatic model are used to predict the yield while taking into consideration the influence of
climatic change.
2.2. Crop Model
The prediction system employs software known as the Decision Support System for
Agrotechnology Transfer (DSSAT; Jones et al. 1998, 2003) to simulate the growth of crops for the
following reasons: (1) the Crop Environment Resource Synthesis (CERES; Ritchie et al. 1998)
included in DSSAT is often used for simulations of the effects of climate change on crop production
(White et al. 2011); (2) in our survey of major crop models in Thailand, DSSAT had been applied to
several crops because of the enhancement of education to use DSSAT and the maintenance of crops
and soil databases; (3) DSSAT has program modules such as rice (Singh et al. 1993), cassava
(Matthews et al. 1994) and vegetables, which are crops we are interested in simulating.
The DSSAT simulates phenology and growth processes, including the nitrogen requirements, soil,
climate, and management conditions for a specific environment. Therefore, new parameter files
customized for a local area, such as species (SPE), cultivar (CUL), ecotype (ECO), and experiment
(X), are required when the software is applied to a new area. Whether the crop model can be applied to
the user’s location depends on the existence of specific parameters. However, most crop models
provide only cultivar parameters and experimental data on study locations. Parameters for several of
the rice cultivars grown in Thailand are provided in DSSAT because rice is an important crop all over
the world. Parameters for the cassava cultivars grown in Thailand have been provided in research
theses (Matthews and Hunt 1994; Sarawat et al. 2000; Kaweewong et al. 2013) because cassava is a
major crop in Thailand. As we do not currently have parameters for vegetables, the default
configuration (i.e., cultivar, dates and amounts of fertilizer and irrigation, and soil type) was used to
execute the simulation, because local cultivating data were not available.
In the case of the simulator for a single crop of rice (Figure 1), the criterion for suitable variety was
simply enough only by yield of crop. In the case of the simulator for the double-cropping of rice and
cassava, it is necessary to consider the restrictions on the planting period and natural conditions in
addition to crop yield as criteria. The evaluation equation needed to optimize double-cropping was
determined based on the following conditions to maximize income under the cropping calendar.
 The harvest day for rice occurs before the end of November, because cassava should be
planted in December.
 A higher rice grain yield is better.
 The harvest day of cassava is between May and July.
 A higher cassava yield is better.
Rainy Season
Jan 1

Feb

Mar

Apr

Cassava
Suitable cultivation period of
cassava is over six months
(starch content will be increased)

May

Jun

Jul

Aug

6 months

Sep

Oct
Rice

Nov

Dec
Cassava

Period with a low volume
of cassava shipment

Figure 5. Cropping Calendar in Northeastern Thailand
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2.3. Server-side Application
Crop models are executed in a server PC by the crop model execution engine (center of Figure 2).
The engine is a backbone function for executing a crop model repeatedly with conditions represented
by numerical expressions. The engine can execute various crop models using the Java Agricultural
Model Framework (JAMF; Tanaka 2006, 2013). A crop model developed using the Application
Program Interface (API) of the JAMF can be treated as an exchangeable program part.
The prediction system executes a crop model 365 times; the start date is moved forward one day
each time to identify the best start date (Figure 6). The most favorable start date and the yield are
summarized and output as XML format files. When double-cropping is simulated, the judgment
condition is applied to the results for two kinds of crops.
setup crop, cultivar, area, year
for ( grid points ) {
transform met. data into DSSAT format
for ( planting date = from Jan.1 to Dec.31 ) {
modify experiment data
execute CSM45.exe
save result values ( yield, growth period )
}
}
create and output result data files as XML, KML format

Figure 6. Execution Method of Crop Yield Prediction
When the number of executions of a crop model was markedly increased by applying grid data to
the prediction system, it was necessary to solve three problems. First, it was necessary to shorten the
execution time. The time required for one execution is on the order of milliseconds, the time for oneyear’s-worth of executions is on the order of tens of seconds, and the time for tens of thousands of grid
executions is on the order of days. However, multithreading (Figure 7), as a technology to execute a
process of a flow of two or more processing concurrently to improve an entire processing speed, can
shorten the execution time, because the processing for each grid point is independent. The execution
time for 12,000 points and 4.3 million executions decreased from 4 days to 1 day when the execution
of the crop model was divided into eight threads with a Core i7-860 PC (hyper-threaded quad-core
processor).
Thread M
Execution of station id: 00001

Start
Execution condition setup
Acquisition of the meteorological
station list from MetBroker
Thread partitioning (N=8)
Thread 1

Thread 2

• • • Thread N

All threads finished

Meteorological data acquisition
from MetBroker

Setup parameters
Model execution
Output result

Repetition
with
parameter
change

Repetition
with
station
change

Output summary results of all stations
Thread finish
Finish

Figure 7. Flow of Multithreading to Execute a Crop Model
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The second problem is how to handle the huge volume of data. The volume of the resulting data
increases in proportion to the number of data points. Therefore, the OutOfMemoryError occurs
frequently because the large XML data output by the Document Object Model (DOM) consumes a lot
of memory. This problem was solved by adopting Streaming API for XML (StAX; Harold 2003),
which outputs data as a sequential stream and consumes less memory than DOM.
The third problem is the handling of a huge number of small files. If 10 or more result files that
were output at each execution were archived, the number of files becomes huge in proportion to the
number of executions. There is no difficulty in displaying the result data because a summary of the
results was generated. The problem was revealed at backup. We dealt with this problem by
introducing the Hadoop file system.
2.4. Result Data Format
DSSAT outputs several types of result data files at each execution. The PlantGro.OUT file stores a
summary of the results. The execution condition, the data name of the row, and the daily values of the
data are sequentially output in a constant length data format in the file. Because the crop yield is
recorded in the last line of a file, the prediction system collects the last lines of the 365 PlantGro.OUT
files and outputs them as a growth.dat file. To facilitate the handling of data, the system converts
growth.dat into the growth.xml file in the XML format, including meteorological data used during the
execution. The XML format data are suitable for handling by a Web application, and can be easily
converted into a KML format file to display the data on a map. After execution at all of the points is
completed, a file storing the maximum yield of various points is output.
2.5. Web Application
A Web application to estimate the effect of climate change on agriculture was developed by
combining the crop model system, meteorological data that reflect the influence of climate change,
and a Web user interface to display the resulting data as layers on a map. This application was
designed based on the assumption that it would be used by a farmer with a 7-inch tablet (Figure 8).
In the Web application, a user obtains an output by operating the GUI interface of the screen. This
method is suitable when a person uses an application. These Web applications also provide Web API
interfaces that make it possible for the result data to be used by other applications. They can output
data of several types—including XML, KML, JSON, CSV, Excel book, and HTML table.

Figure 8. Web Application to Display Results

3. Results
We developed a prediction system to optimize the double-cropping of rice and cassava for
GRENE-ei project and prepared the meteorological data for northeastern Thailand. The simulator for
the cultivation of rice for the DIAS project used one-degree grid data, shown on the left side of Figure
9. On the other hand, the prediction system used 0.05-degree higher resolution grid data to perform the
simulation, shown on the right side of the figure. The distance between points was decreased to 5 km
from 100 km. The 0.05-degree data were calculated by the spatial interpolation method with actual
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data observed by TMD, WMO and TRMM by NIAES. There are 12,000 points, and the period of the
data is 30 years, from 1977 to 2006. NIAES will expand the area for which high resolution
meteorological data are provided and expand the period of data from 2007 to the present. Also, TMU
will generate forecast data take into account the influence of climatic change.
Figure 10 shows the simulation results in a 0.25-degree grid. The relative yields of rice and cassava
are shown on the map by color for the case in which rice is transplanted on August 1 and its maximum
cultivation period is 4 months, and cassava is planted on December 1 and its harvest date is July 15. In
the regions enclosed within the yellow lines, the yields of rice and cassava are greater than in other
regions. Because this result is only a simulation created using the crop models with default parameters,
it is necessary to verify the result in comparison with actual cultivation data. We plan to try collecting
parameters of DSSAT and cultivation data for the application area.

F

Figure 9. Comparison of Numbers of
Meteorological Grid Data Points.
Left: 1-Degree Grid
Right: 0.05-Degree Grid

Figure 10. Results of the Prediction System
for Double Cropping Optimization
(Displayed in 0.2-Degree Grid)

The developed Web application provides detailed prediction of climate change effects on crop
timing and yields for the design of the respective agricultural adaptation and mitigation strategies. This
can be useful for engineers and administrative officers in each country which will develop the
necessary information infrastructure.

Acknowledgement
This study was financially supported by the Japanese research project “Climatic changes and
evaluation of their effects on agriculture in Asian monsoon region (CAAM)” under the “Green
Network of Excellence (GRENE)” program of the Ministry of Education, Culture, Sports, Science and
Technology (MEXT) of Japan.

References
CAAM 2012, GRENE-ei CAAM. Available from: <http://grene.agrid.org/> [10 May 2015]
DIAS 2010, Simulator for cultivation possibility of rice. Available from: <http://dias.tkl.iis.utokyo.ac.jp/simriw/> [20 April 2014]
GRENE-ei 2011, Green Network of Excellence — environmental information. Available from:
<http://grene.jp/english/> [10 May 2015]
Harold, ER 2003, An Introduction to StAX. Available from: <
http://www.xml.com/pub/a/2003/09/17/stax.html> [10 May 2015]
Horie, T, Nakagawa, H, Centeno, HGS, and Kropff, MJ 1995a, The rice crop simulation model SIMRIW and its
testing. in Modeling the impact of climate change on rice production in Asia, eds RB Matthews, MJ Kropff, D
Bachelet, and HH van Laar, CAB International. Wallingford, pp.51-66.
doi: 10.17700/jai.2015.6.4.241
Kei Tanaka, Takuji Kiura: A Web application to estimate the climate change effects on agriculture in Thailand

28

Journal of Agricultural Informatics (ISSN 2061-862X) 2015 Vol. 6, No. 4:22-29
Horie, T, Inoue, N, Ohnishi, M, Nakagawa, H, and Matsui, T 1995b, Development of dynamic model for
predicting growth and yield of rice. Report of grants-in-aid for scientific research, Research project
number:03404007.
Jones, JW, Tsuji, GY, Hoogenboom, G, Hunt, LA, Thornton, PK, Wilkens, PW, Imamura, DT, Bowen, WT, and
Singh, U 1998, Decision support system for agrotechnology transfer: DSSAT v3. in Understanding Options for
Agricultural Production, eds GY Tsuji, G Hoogenboom, and PK Thornton, Kluwer Academic Publishers.
Dordrecht, pp. 129-156. ISBN0-7923-4833-8.
Jones JW, Hoogenboom G, Porter CH, Boote KJ, Batchelor WD, Hunt LA, Wilkens PW, Singh U, Gijsman AJ,
and Ritchie JT 2003, The DSSAT cropping system model. European Journal of Agronomy, vol. 18, no. 3-4, pp.
235-265. doi: 10.1016/S1161-0301(02)00107-7.
Kaweewong, J, Tawornpruek, S, Yampracha, S, Yost, R, Kongton, S, and Kongkeaw, T 2013, Cassava Nitrogen
Requirements in Thailand and Crop Simulation Model Predictions. Soil Science, vol. 178, no. 5, pp. 248-255.
doi: 10.1097/SS.0b013e31829a283f
Laurenson, MR, Otsuka, A, and Ninomiya, S 2002, Developing Agricultural Models Using MetBroker
Mediation Software. Journal of Agricultural Meteorology, vol. 58, no. 1, pp. 1-9. doi: 10.2480/agrmet.58.1
Masaki, Y, Kuwagata, T, and Ishigooka, Y 2009, Precise estimation of hourly global solar radiation for
micrometeorological analysis by using data classification and hourly sunshine. Theoretical and Applied
Climatology, vol. 100, no. 3-4, pp. 283-297. doi: 10.1007/s00704-009-0191-0.
Matthews, RB and Hunt, LA 1994, GUMCAS: a model describing the growth of cassava (Manihot esculenta L.
Crantz). Field Crops Research, vol. 36, no. 1, pp. 69-84. doi:10.1016/0378-4290(94)90054-X
Nicks, AD, Lane, LJ, and Gander, GA 1995, Chapter 2. Weather generator. in USDA-Water Erosion Prediction
Project: Hillslope Profile and Watershed Model Documentation. NSERL Report No. 10, eds DC Flanagan, and
MA Nearing. West Lafayette, IN.: USDA-ARS National Soil Erosion Research Laboratory.
Sarawat, V, Ratanasriwong, S, Puangprakon, K, and Jintrawet, A 2000, The development of a Cassava Growth
Model in Thailand. Proceedings of Cassava’s potential in Asia in the 21st century, pp. 447-455.
Ritchie, JT, Singh, U, Godwin, DC, and Bowen, WT 1998, Cereal growth, development and yield. in
Understanding Options for Agricultural Production, eds GY Tsuji, G Hoogenboom, and PK Thornton, Kluwer
Academic Publishers. Dordrecht, pp. 79-98. ISBN0-7923-4833-8.
Singh, U, Ritchie, JT, and Godwin, DC 1993, A User’s Guide to CERES Rice - V2.10, International Fertilizer
Development Center; Muscle Shoals, AL.
Tanaka, K 2006, A Java Framework for Developing a Plant Growth and Disease Prediction Model, Agricultural
Information Research vol. 15, no. 2, pp.183-194. doi: 10.3173/air.15.183.
Tanaka, K, Kiura, T, Sugimura, M, Ninomiya, S, and Mizoguchi, M 2011, Tool for Predicting the Possibility of
Rice Cultivation using SIMRIW, Agricultural Information Research vol. 20, no. 1, pp.1-12.
doi: 10.3173/air.20.1.
Tanaka, K 2013, A Study on a Framework for Distributed Cooperative System in an Agricultural Simulation
Model. Bulletin of NARO Agricultural Research Center vol. 20, pp. 1-115. ISSN1881-6738.
White, JW, Hoogenboom, G, Kimball, BA, and Wall, GW 2011, Methodologies for simulating impacts of
climate change on crop production. Field Crops Research vol. 124, no. 3, pp. 357-368. Methodologies for
simulating impacts of climate change on crop production. doi: 10.1016/j.fcr.2011.07.001

doi: 10.17700/jai.2015.6.4.241
Kei Tanaka, Takuji Kiura: A Web application to estimate the climate change effects on agriculture in Thailand

29

Journal of Agricultural Informatics (ISSN 2061-862X) 2015 Vol. 6, No. 4:30-38

Hungarian Association of Agricultural Informatics
European Federation for Information Technology in Agriculture,
Food and the Environment

Journal of Agricultural Informatics. 2015 Vol. 6, No. 4
journal.magisz.org

Economic evaluation of animal disease control strategies: Application of a
relational database system
Maria Näther1, Ludwig Theuvsen2
INFO
Received
Accepted
Available on-line
Responsible Editor:
Keywords:
Animal-Disease-DecisionSupport-System,
Relational Database System,
Entity-Relationship Model,
Scenario Analysis.

ABSTRACT
The outbreak of an animal disease such as swine fever can have far-reaching economic
consequences which affect not only livestock owners but also upstream and downstream
industries and other stakeholders (such as veterinary agencies). Swine fever is the animal
disease with the most significant economic impact in the area of pig production
worldwide. Until now it was almost impossible to calculate the macroeconomic impact
of a swine fever outbreak in European countries such as Germany. This paper uses the
relational database management system TEUS to economically asses an animal disease
outbreak by addressing the assumptions underlying the calculation. Five cost categories
are proposed using parameters which influence the costs of an outbreak. Furthermore,
important basics of TEUS like the entity-relationship (ER)-model or the respective
algorithms of the programmed system are depicted. The programmed relational database
system TEUS can generate and calculate different scenarios, by varying parameters and
thereby generating a decision space. Furthermore, TEUS can also be used to analyse
economic aspects of other animal diseases or the outbreak of a disease in other countries.

1. Introduction
The outbreak of an animal disease such as swine fever can have far-reaching economic consequences
which affect not only livestock owners but also upstream and downstream industries and other
stakeholders (such as veterinary agencies). Swine fever is the animal disease exercising the most
significant economic impact on worldwide pig production (Hirsch 2010; Moennig 2000). The direct
costs caused by the latest outbreak of the classical swine fever (CSF) in Germany in 2006, for instance,
were estimated at approximately € 40-80 million (Jaeger 2006). According to Meuwissen et al. (1999),
the total costs of the latest Dutch CSF outbreak (1997/1998) were around 2.3 billion Euros and 11
million pigs were culled. Currently, there is increasing danger of a new disease outbreak in various
European countries as the African swine fever (ASF) has already reached the EU member states Poland
and Lithuania (Blome and Beer 2013). As a consequence, the export of pork is already severely restricted
since Russia almost completely has stopped its entire importation of pork from the EU (LWW-L 2014).
Besides the losses on the export markets, the outbreak of an animal disease also leads to economic and
non-financial (for instance, image-related) damage on domestic markets. Thus, animal disease control
presents a great challenge, for solutions not only must integrate epidemiological or social aspects but
also economic principles.
In 2013 an initial study sought to assess the macroeconomic impact of a CSF outbreak under
application of alternative animal disease control strategies (Näther et al. 2013). For this purpose 24
scenarios were devised with Excel, which differed in regards to the assumptions made on regional
livestock density, number of disease outbreaks, geographic location and distance of time of subsequent
outbreaks. Näther et al. (2013) investigated the impact of the control strategies “culling” and “observing”
on the economic consequences of a CSF outbreak. Due to the need for the introduction of additional
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parameters, e.g. the control strategy “vaccination”, and cost validation, the authors decided to create a
user-friendly IT-based instrument to calculate the economic consequences of a CSF outbreak. The goal
of this paper is to present a newly developed animal disease decision support system called TEUS (in
German: Tierseuchen-Entscheidungs-Unterstützungs-System). This decision support system allows the
economic evaluation of possible consequences of a swine fever outbreak and the subsequent application
of alternative disease control strategies. This helps to show to what extent and in which parts of the value
chain economic losses are caused by the outbreak of swine fever. The programmed relational database
system TEUS can generate and analyse a large set of different scenarios in order to determine the
economic impact of a new swine fever outbreak under various assumptions and the use of alternative
strategies to combat animal diseases.
The remainder of the paper is organized as follows: The second section describes the basis of the
subsequent calculations, i.e. the basic assumptions, the relevant cost categories and the parameters which
have influence on the costs. Section 3 illustrates the basics of the animal disease decision support system
by describing the entity-relationship (ER) model, the algorithms used in the system and the masks
presentation. The final section 4 presents concluding remarks on this study.

2. Basis of Calculation
2.1. Basic Assumptions
TEUS and, thus, the cost calculations are based on two basic assumptions. First, TEUS assumes
circular protection and surveillance zones established in accordance with Council Directive 2001/89/EC
after the outbreak of a disease. Second, it is assumed that an outbreak of a disease can be assigned to
one of two following possible scenario types: either it is a classical, singular outbreak (Scenario-Type
1), or there are two outbreaks characterized by temporal and geographical distance between the first and
the second outbreak (Scenario-Type 2). In the second case it is possible to differentiate between (a)
overlapping protection and/or surveillance zones and (b) completely distinct protection and surveillance
zones (Figure 1). The latter means that there are additional economic consequences, for instance, due to
the need to establish a second disease control strategy and infrastructure.
Scenario-Type 2

Scenario-Type 1
singular outbreak

a) 2 outbreaks with overlapping restricted zones

b) 2 outbreaks not limited to certain areas

Protection Zone (PZ)
(r ≤ 3km)

d3
d
Surveillance Zone
(SZ)
(r ≤ 10 km)

h3
d > 2r

Infected Farm

Auxiliary calculation of the area of Scenario-Type 1 and 2
Type 1: area of singular circle

A=

r²

Type 2a: area of two identical circles with distance d

A = 2 r² - 2 r² arccos

Type 2b: area of two identical circles with distance d

+ di

A = 2 r²

Attention: For the overlapping area apply different
movement bans (preventive measures)

di = distance to the outbreaki; A = area; hi = segment heighti; r = radius of protection and surveillance zones (PZ, SZ);

0

=r

Figure 1. The Scenario-Types 1 and 2
2.2. The Cost Categories
The study considers five cost categories to calculate the total economic damage of a swine fever
outbreak. These cost categories embrace 22 cost sub-categories and 61 different types of costs, which
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were validated through an extensive literature review and expert interviews (Table 1). However, the cost
sub-categories „1.6 Vaccination costs“ and „2.7 Non-reimbursed vaccination costs“ (italics) play a
decisive role only for the CSF, because there is currently no vaccine available for the ASF virus (Blome
2014; SUS 2014).
Table 1. Cost Categories with validated Types of Costs for a Classical Swine Fever Outbreak (based
on Näther et al. 2013)
Cost Categories

Sub-Cost Categories

Types of Costs

Per Boar
Per Piglet
1.1 Compensation through Animal Disease Fund
Per Hog
Per Sow
Cost of slaughtering per Piglet
Cost of slaughtering per Hog
Cost of slaughtering per breeder
1.2 Government aid for part-financing
Cleansing & Disinfection Measures Piglet
Cleansing & Disinfection Measures Hog
Cleansing & Disinfection Measures Breeder
CC 1: Costs of
Rendering of carcasses
governmental control
Herd test per animal
1.3 Other assistance
Diagnostics per animal
Preventive part-financing per animal
Labour for culling
1.4 Labour costs
Fire brigade/THW (technical assistance organisation)
Other Labour costs
1.5 Cost of material
Cost of Material
vaccine dose/animal
Cost of Material for vaccine
1.6 Vaccination costs(just for CSF)
Labour costs vaccine
Other costs
Per Boar
Per Piglet
2.1 Value of culled animals (not compensated)
Per Hoag
Per Sow
Per Boar/ day
Per Piglet/ day
2.2 Loss of production because of vacancy
Per Hoag/ day
Per Sow/ day
Per Sow or Breeder
2.3 Additional cleansing & disinfection measures Per Fattening Space
Per Piglet Space
CC 2: Costs of farms
Per Sow or Breeder
directly affected
2.4 Disposal of stocked fodder
Per Piglet Space
(infected/culled)
Per Fattening Space
Per Sow or Breeder
2.5 Additional deterioration because of stagnation Per Fattening Space
Per Piglet Space
Per Sow or Breeder
2.6 Reduced performance in case of restocking Per Piglet Space
Per Fattening Space
Laour costs of vaccination per hog
vaccine dose/animal
2.7 Not reimbursed vaccination costs
Less income because of vaccine per animal to be
slaughtered (1.27€/kg SG)
CC 3: Costs of farms
3.1 Costs of sub-optimal weights
Hog
indirectly affected (not
3.2 Loss of production because of marketing
Hog (0.21*0.87)
culled, but in the
3.3 Increased loss of swine
Hog (138.18*0.0158)/28
Hog (0.19/28)
restriction zone)
3.4 Extraordinary veterinary expenses
Per Piglet/day
4.1 Sales decline in the feed industry
Per Hog/day
Per Sow or breeder/day
CC 4: Other costs in
4.2 Price drop for swine
Less income (35 Cent/kg SG) per day
agribusiness
Short term reduction of consumption 3% per day
4.3 Reduced consumption of domestic pork
Longterm reduction of consumption % per day
CC 5: Effects on foreign 5.1 Reduction of intra-community shipments
Less Shipments to EU x% per day
trade
Loss of Exports third countries (all) per day
5.2 Breaking off of export markets

€
535.5
75.5
114.8
459.0
5.0
5.0
10.0
0.8
3.3
7.5
135.0
4.2
7.0
18.0
2.0
11600.0
1.4
4.4
1.0
12.0
0.3
0.5
59.5
8.4
12.8
51.0
0.0
0.1
0.2
1.5
40.0
1.7
4.3
88.8
23.85
44.67
9.1
1.0
0.4
310.0
33.2
42052.0
0.0
0.0
124.5
1.3
0.2
0.1
0.1
0.2
0.6
1.0
5489269.1
590314.5
0.0
1877537.0
1308766.3

Unit
per animal
per animal
per animal
per animal
per animal
per animal
per animal
per animal
per animal
per animal
ton
per animal
per animal
per animal
per animal
once
per animal
per animal
per animal
per test and animal
per animal
per animal
10%
10%
10%
10%
per animal and day
per animal and day
per animal and day
per animal and day
per space
per space
per space
per space
per space
per space
per space
per space
per space
per animal
per animal
per animal
per animal
per animal
90%
per animal and day
per animal and day
per animal and day
per animal and day
per day
per day
per day
per day
per day
per day
per day
per day

On the basis of these types of costs and with the help of special algorithms implemented into TEUS,
it is possible to calculate values for the alternative scenarios which take into account the variation of
various cost-relevant parameters. Furthermore, in this study indirect costs, e.g. negative effects on the
tourism business, are disregarded, as thus far such effects have only been observed in the case of major
Foot-and-Mouth Disease and bird flu outbreaks (Bidder 2006; Deblitz 2001).
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2.3. The Cost Determinants
On the left side of Figure 2 are the parameters, which influence the economic effects of an epidemic
event and can be varied in TEUS. The “percentage distribution” refers to the relevant category of animal.
According to the Federal Statistical Office Census, Germany’s pig stock consisted of 69% hogs, 24%
piglets, 7% sows and 0.1% boars in 2010 (Statistisches Bundesamt 2011). These numbers are assumed
in this study. The livestock density, i.e. the number of pigs, varies in Germany between 0 and 1,300
animals/ km² in the district of Cloppenburg, which is the district with the highest density (Dieckhoff
2014). Further cost-relevant parameters are the distance and the time period between two subsequent
outbreaks. When considering distance, it is especially important to consider the size of the protection
and surveillance zones and the resulting overlapping area or the physical distance (cf. scenario-types 2a
and 2b). In the case of two outbreaks with overlapping surveillance zones (d ≤ 2r; scenario-type 2a) the
time periods of movement bans for pigs differ between overlapping and non-overlapping areas. In the
latter, the usual restrictions need to be considered, but in the overlapping areas the movement bans of
all of the outbreaks apply. Therefore, the time period between the outbreaks is a further important
parameter which affects especially the cost categories 3 to 5.
The parameters of the protection and surveillance zones and the control strategies are also relevant
parameters. As soon as a swine fever incidence is confirmed, a protection zone (r ≥ 3 km) and a
surveillance zone (r ≥ 10 km) are established around the infected farm in order to isolate the pathogen
according to the relevant Art. 9 of Directive 2001/89/EC. Different movement bans apply to the
livestock owners in the protection and surveillance zones. In the case of a CSF outbreak, the movement
bans in the protection zone apply for ≥ 28 days, in the surveillance areas for ≥ 21 days, whereas in the
case of the ASF in the protection zone for ≥ 40 days and in the surveillance areas for ≥ 30 days.
Furthermore, based on experience from European neighbouring countries, experts assume that in the
case of an ASF outbreak, enlarged protection and surveillance zones (e.g. protection zone: r ≥ 4 km;
surveillance zone: r ≥ 15 km) will be established (Groeneveld 2014). Within the protection zone, at the
very minimum, the infected animal population is culled. However, in practice, an initial pre-emptive
culling zone is established within a radius of 0.5 - 1 km around the infected holding. This is usually done
because it is possible that the pathogen is already spread due to weather conditions or movements of
animals, humans, machines etc. (Hop et al. in print). As a result, a survey of all pig stocks is done,
conducting inspections and investigations of these stocks in the protection and surveillance zones and
introducing stricter hygiene regulations (Council Directive 2001/89/EC). Control strategies may include
culling, monitoring and vaccination of pig stocks. In the past culling and monitoring were dominant
strategies applied in case of a disease outbreak. However, because of growing animal welfare concerns,
there has to be an alternative to culling. For example, the emergency vaccination for CSF using the new
DIVA-vaccine (Differentiating Infected from Vaccinated Animals) (EMA 2014) and the pathological
distinction between infected and vaccinated animals through automatable real time PCR (Polymerase
chain reaction) can be part of the answer (Moennig 2000). In an emergency vaccination, animals within
a certain area around the infected farm are vaccinated. This vaccination zone can extend from the
infected holding to cover the entire monitored area (Thulke 2014). Many international studies (Backer
et al. 2009; Boklund et al. 2009; Brosig et al. 2012; Dürr et al. 2013; Ribbens et al. 2012) have evaluated
the effectiveness of emergency vaccination. Research has shown that a 2 – 3 km large vaccination zone
has the same epidemiological effectiveness as a 1 km large pre-emptively culling zone.
TEUS is able to take into account variations of the following parameters: regional livestock density,
number and geographical distance of subsequent outbreaks, size of the protection and surveillance
zones, control strategies implemented (culling, observing or vaccinating), time between outbreaks and
the length of time periods characterized by decreasing pig meat consumption, pig prices, reduced
exports, etc. The parameters are incorporated into the TEUS model with the help of algorithms which
allow modelling the consequences of an outbreak and the implementation of alternative animal disease
control strategies.
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3. The Animal Disease Decision Support System
The database management system TEUS was developed to show the macroeconomic impact of ASF
and CSF and to extend the pilot study (Näther et al. 2013) with additional assumptions and parameters.
The analysis of the pilot study shows that the increased number of scenarios, inclusion of ASF,
consideration of the strategy “vaccination” in case of CSF and adding new algorithms make the usage
of an excel-based calculation nearly impossible, especially when considering the need to potentially
perform a sensitivity analysis. Consequently, a new instrument had to be developed which fulfilled these
requirements. TEUS therefore was constructed using the development environment Gupta TeamDeveloper (version 6.2) and the relational database management system SQLBase (version 11.7). The
programming language 4GL (source code) was used for the graphic interface and the embedded SQLqueries was SQLWindows.
3.1. The ER-Model
The ER-model is the architecture of a relational database system and connects the above-mentioned
points, in which the entities (cost categories, parameters, algorithms, etc.) and the respective relations
between the entities are listed. The specifications of the ER-model were defined by a pilot study (Näther
et al. 2013). Figure 2 illustrates a simplified ER-model of TEUS.
Cost Categories

Parameter

Percentage
distribution

N

Livestock density
Distance

1

N

M

1

M

1

N

1

N

Strategy
Restricted area
area
Movement ban

period

1

M

N

N

N

c
Epidemic outbreak

1 N

N

Other Parameters

N

1

N

1

Cost Categories

1

M

N

Position with
calculated results
Combinations
Variations

Sub-Cost Categories

N

Position with costs

N

Types of Costs

Calculus algorithm

1

M

Excel / CSV-file

Report

Backup

Figure 2. The simplified ER-model
It is important to point out two different groups of entities: the cost categories with the respective
sub-cost categories and types of cost and the parameters such as animal density, time and distance
between outbreaks, protection and surveillance zones, radii, and strategies. The arrows depict the
relationships between the entities of the ER-model with the cardinality 1, N or M. A classic 1 to N
relationship as between “percentage distribution” and “type of cost” implies that one type of cost can be
assigned to exactly one “percentage distribution” and one “percentage distribution” can be used in many
(N) types of cost. In the case of M to N relationships on both sides, various objects exist in the entity.
With the help of this ER-model, the respective input masks and the necessary functionalities were
programmed to save the calculated results as a backup, get a printable report, and be able to export
results into a CSV file as a basis for further calculation and analysis.
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3.2. The Algorithms
With the help of TEUS it is possible to analyse and evaluate a large number of scenarios, by varying
parameters and thereby generating a decision-making arena. It is also possible to introduce new types
of cost (compared to the pilot study) and the respective algorithms of the programmed system TEUS. In
the following we present the algorithms to determine the results of a type of cost:
 value * 1 (one-off costs)
 value * assigned number of days
 number of animals = livestock density * net square footage * percentage distribution
 value * number of animals
 value * number of animals * period N in days (movement ban)
 value * period N in days (movement ban) according to the Gaussian algorithms:
𝑁∗(𝑁+1)



G(N) =
and
2
value * tons (converted target weight of number of animals).

3.3 The System Masks Presentation
The three most important masks are presented: Figure 3 describes the cost categories with its subcategories and types of costs and value. This figure represents the cost category 4: Other Costs in
Agribusiness (cf. section 2.2) and its auxiliary calculation.

Figure 3. The representation of the cost category 4 in TEUS
Figure 4 shows the relations of an epidemic outbreak:
 push bottoms for the cost categories, percentage distribution and the calculation
 table of the animal density, distance, and time between the outbreak
table of the protection and surveillance zones with the radius, the respective strategies, and
movement bans after an outbreak
 table of other parameters within a period of days
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Figure 4. The representation of the relations of an epidemic outbreak
Figure 5 defines the possible variations of the parameters of an epidemic outbreak. This mask uses
the three tables of Figure 4 expanded by the options to varying the parameters in their values, therefore
making it possible to calculate a large number of scenarios.

Figure 5. The variations of an epidemic outbreak

4. Conclusions
Despite observing due diligence regarding biosafety standards, epidemics of any kind can break out
among animals at any time and any place. This is facilitated partly by liberal market policies, which also
put nations in jeopardy of being infected with disease agents from far abroad. There is no way to be
completely protected from this risk. A good example is the outbreak of highly pathogenic avian
influenza (HPAI) at the beginning of 2015 in Germany, the Netherlands and Great Britain. It is unclear
how the virus was able to take hold on farms that were geographically far apart and had differing housing
systems. To date no relationships or interactions have been found between the affected farms (FLI,
2015).
In this paper we presented a complex relational database management system to economically assess
an animal disease outbreak. Therefore, we addressed the assumptions for the calculation and introduced
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five cost categories and the parameters which have influence on the costs. Furthermore, we described
important basics of TEUS, such as the ER-model or the respective algorithms. The programmed
relational database system TEUS can generate and calculate different scenarios by varying parameters
and thereby provide a decision space. Because economic effects of animal diseases have been more or
less ignored until now, this paper can provide a new instrument to fill this research gap. The current
animal disease control uses mainly tools which only concentrate for instance on geography, trade
control, or information flows connected with livestock management and geo-references positions
(Kroschewski et al. 2006). In light of the potential total calculated damages which TEUS currently
foresees for Germany in case of a CSF or ASF outbreak, all European governments, livestock owners,
the pork production industries (up- and downstream) and other stakeholders would do well to consider
various scenarios of a swine fever outbreak to prepare and protect themselves accordingly.
Future research is especially needed to validate types of costs for specific countries and therefore
expand with future scenarios of other European countries. For this, TEUS could likewise be used to
determine and illustrate their economic impact. Therefore, TEUS is a unique instrument which enables
the quick step-by-step building of a decision space (resulting set of variations by parameters) and the
economic assessment of the available options in the case of a swine fever outbreak. Finally, via TEUS,
it is possible to illustrate and economically evaluate further animal diseases in any country besides the
examined cases of swine fever (ASF / CSF).
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ABSTRACT
Rural development can be favoured not only with the development of new and sustainable
agricultural practices, but also with information communication technology applications.
Requirements analysis and specification for mobile software has been recognized as a key
factor for economic success and as a support to E-commerce. With the aim to develop a
mobile application for a small group of farmers, a partnership among the Ministry of
Agriculture and Livestock (MAG), the Institute Costa Rican Electricity,
Telecommunications (ICE), the University of Costa Rica (UCR), and a group of organic
farmers was established. Here we describe the different processes and the connection
between the user needs and the software development team. After defining the specific roles
of each organization, we provided especial consideration for the adoption phase, due to
digital divide of the target group of small organic farmers. The analysis conducted concluded
that the creation of the mobile application had both benefits and challenges. On one hand, it
represented an important first step into the world of Information Communication
Technology (ICT) applied to organic farming activities in Costa Rica that can surely boost
e-commerce. The needs were potentially solved by the inherent advantages of ICT in an
increasingly competitive world, with equity of opportunities, and the important challenge to
preserve the biodiversity with sustainable agricultural practices. The specifications of
mobile software requirements established in this project were supported by considerations
of adoption and of collaboration, cooperation and communication strategies among key
stakeholders to follow-up, the implementation phase and to assure success.

1. Introduction
The World Conference on Computers in Agriculture (WCCA), held in San Jose Costa Rica in 2014,
provided a forum where professionals from different disciplines exchanged research findings and
experiences on the use of Information Communication Technology (ICT) in a wide variety of contexts.
This paper was originated after this WCCA meeting, with the aim to develop apps for mobile devices,
in order to provide an e-commerce service to small organic farmers, and in this way, to allow them to
be more competitive through improved information and communication processes. The development of
mobile applications is having both an enormous global impact in e-commerce networks, as well as in
information services. Besides, there is an urgent need to consider the adoption of methods of software
engineering, that reduce the intrinsic complexity in specific features of the environment (eds Alencar &
Cowan 2012, p.413). The required analysis and specifications for mobile software have been recognized
as key factors for success.
The Government of Costa Rica, well aware of the benefits of organic practices in agriculture, has
recently created a Department of Organic Agriculture within the Ministry of Agriculture and Livestock
(MAG). A recent study requested by MAG showed the need to foster these practices by assisting farmers
in their products commercialization; particularly, farmers will benefit with current higher earnings if
they sell directly to consumers. MAOCO (Costa Rican Organic Agriculture Movement) is a not-profit
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organization that is working closely with farmers, promoting the offer and demand of organic products
in local spaces like “farmer markets”. MAOCO is a lead social movement that seeks to promote and
develop the production of organic products by integrating producers, consumers, and other actors, while
focusing on the respect to life, biodiversity, and indigenous knowledge; among their objectives are to
promote a common vision to change politics, society, and economics, in order to improve rural
livelihoods. MAOCO, has a central office in San Jose and other 11 regional branches to give support to
different rural groups.
ICE (the government’s telecoms arm), MAG, MAOCO and the University of Costa Rica started a
collaboration and are working together in order to develop a mobile app to assist small organic farmers
to sell their products via “the web”. This way, the app will provide consumers with information in order
to locate particular dealers where they can buy the desired products. This paper describes the detail of
software development, considering a close partnership between the user needs and the development
team, and keeping all the considerations for the adoption, due to digital divide for the target group of
small organic farmers.

2. Materials and methods
2.1. Project background and organic agriculture in Costa Rica
With the objective to define a reference framework of the organic agriculture activity in Costa Rica,
(managed by the Ministry of Agriculture and Livestock (MAG)), official information and documents
regarding the action plans for the promotion of organic agriculture, within the State Policy for the
Agrifood Sector and Rural Development in Costa Rica, were reviewed from 2010 to 2021. Besides, the
information contained in the organic agriculture activity census conducted in 2013, constituted a
valuable document that comprised a national and international study that showed its evolution in the last
15 years and its current status. On the other hand, the implementation of the Law 8591 (CR. MAG 2013)
and information of the agricultural census conducted in 2014 (CR. INEC 2015) were additionally
considered.
With this information available, the current and potential actors within the organic farming
development were detected. This way, for this project and this contribution, a synergy between MAG,
MAOCO, ICE and UCR was established; these actors were characterized and their roles as participants
in the project were defined. Additionally, the current marketing procedures of organic farmers were
analysed and characterized through questionnaires.
2.2. Analysis of cell phone coverage and limitation of ICT for digital commerce
The evaluation of cell phone coverage provided by ICE was performed according to the report of the
Superintendence of Telecommunications (Sutel) of Costa Rica. The analysis evaluated the quality of
service to locate the members of MAOCO organic producers group, as well as the conventional farmers
markets and organic farmers markets.
Besides, the reports prepared by the Institutional Program of Information Society and Knowledge of
the University of Costa Rica for 2014 (Universidad de Costa Rica, PROSIC 2015) and 2012
(Universidad de Costa Rica, PROSIC 2013), showed the importance and increase of ICT use in
production processes and social networks in marketing. Finally, an analysis of ICT access in rural and
urban areas was conducted, focusing on householders engaged in agricultural activities, with the aim to
evaluate the limitations in the use of ICT and digital divide.
2.3. Software requirements specification and prototype
As a first step, a survey was designed to analyse the needs and requirements of farmers in ICT for
electronic commerce. Then, a digital commerce strategy was established with mobile applications and
the development priorities were established, that considered the adoption factors. For this purpose, ICE,
MAG, MAOCO and UCR, established the terms of reference, and indicated their roles, contributions
and responsibilities.
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Besides, recommendations for the specifications of the software requirements of IEEE 830-1998
were used for mobile applications, such as detailing use cases, navigation and others. Finally, a prototype
was designed, which included the specifications and the functional and non-functional features, to
support quality assurance and validation consultation processes.

3. Results
3.1. Project background in organic agriculture in Costa Rica
The national organic production export-oriented proportion is of 69%, and the national consumption
is 31%. Exporting producers indicated that the national market does not pay the right price, so they look
for ways to market their products in countries that pay a fair and competitive price. Products that do not
meet the minimum requirements of abroad markets are selling within the country at a lower price.
Producers indicated the need to develop actions aimed at encouraging the marketing of organic products
nationwide, due to the lack/limitations of market (CR. MAG 2013). In this sense, policies and actions
should promote domestic consumption, favouring both producers and consumers, and allowing the local
market to offer export quality products.
In a study of local organic agriculture in Costa Rica (CR. MAG 2013), different sectors such public,
private, academic, support and union were featured as linked to organic agriculture, or that can
potentially participate as actors. Currently, there are 48 actors working on at least one topic related to
organic agriculture, and other 20 actors having the structure and conditions to implement activities to
strengthen organic agriculture. According to current and potential actors related to organic agriculture,
there has been a synergy between MAG and MAOCO, which are considered as current actors, and ICE
and UCR, which are featured as potential actors, who will participate and were committed to this project.
3.1.1. Characterization of the project participants
MAOCO is a social movement that promotes and develops organic farming. It recognizes peasant,
indigenous and technical knowledge. It has 15 years of experience with representatives throughout the
country through partnerships and farmer markets. This organization worked for seven years for the
creation of the Law on Promotion of Organic Agriculture, which is now in MAG for approval.
The interviews conducted highlighted that organic producers in the country do not have the resources
for advertising campaigns, through which they may make their products locally known. A mobile
application for organic products would provide the producers with the ability to make themselves known
throughout the country as well as to collect data that enable them to determine a specific product
demand, allowing them to produce according to a specific place and time to sell their products. Besides,
this application would potentially allow prices regulation across the country.
MAG's mission is to promote the dignity of rural families of small and medium producers, promoting
the development of technical skills and business management in production systems and in agricultural
organizations, to promote competitiveness, equity and social, economic and environmental
sustainability of farming. This ministry ensures the development of producers and their families.
Recently, there is an initiative in process to create a new department focused on organic farmers.
In the country, to be certified as biologically or ecologically organic by the state or a third agency,
according to the law and its regulations, a product must be certified, but many producers do not have
these certifications because of the high cost and time it takes to process. In this sense, the MAG seeks
to facilitate producers if they are coordinated as a group of farmers and could take less time if they can
show that in the last 10 years there has been no toxics or chemicals used.
ICE is a public corporation that provides electricity and telecommunications solutions, contributing
to the economic, social and environmental development. This project is framed within the topics of
interest of ICE, within its social responsibility program, where the communities and farmers'
associations, community associations, and associations are working for an integral development.
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UCR is a public higher education institution, dedicated to teaching, research and extension. The
University seeks in this project to promote the integration of alliances with social commitment to
promote innovation, and transfer the knowledge generated in this project.
3.1.2. Characterization of marketing procedures made by farmers
There are six points within the country in which organic producers place their products for marketing.
Figure 1 shows the proportions using these marketing channels by domestic producers.
Organic farmers
market
10%

Traditional markets
10%

Supermarkets
10%
Restaurants and
hotels
15%

Farmers market
35%

Intermediary
20%

Figure 1. Marketing channels for organic producers in Costa Rica (CR. MAG 2013)
The 35% of producers sell their products in farmers markets; according to the 2013 census they must
compete with the prices of non-organic products (despite their certifications), since many domestic
customers are unwilling to pay more. These marketing channels have several difficulties such as the
lack of support for the promotion and dissemination (38%), little product and variety (21%), lack of
price control policy (22%) and deficient producers location information (19%) (CR. MAG 2013). This
project is highly relevant because it greatly solves the promotion and dissemination, where consumers
can learn more about the benefits of these organic products, and at the same time, get the location of the
organic farmers markets. The mobile application can access a database with product information in
addition to its location, facilitating greater producer trust to help them place larger quantities of products.
3.2. Analysis of mobile phone coverage and accessibility situation of ICT for digital trade in small
organic farmers
3.2.1. Coverage and quality of cellular signal in producing areas
The coverage and quality of the service provided by ICE (ICE 2015) were analysed in areas defined
by MAOCO which include organic farmers’ members, associations and organic farmer’s market
locations. The results obtained are shown in Figure 2.
In 68% of the places evaluated, ICE had an excellent or very good coverage, which is a positive sign
for the project. Farmers will have access to cell phone and internet services, this way they will able to
use of the application.
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Figure 2. Cellular coverage and quality service in organic producer’s locations
3.2.2. Access to technology by Costa Rican society and agricultural producers
The incorporation of ICT in production processes can generate large benefits for people who depend
on the competitiveness of local businesses. However, a lot of them still base their production processes
in obsolete methods in a contemporary society, having great difficulty in meeting the demands of
information requirements, customer service and product quality (Universidad de Costa Rica, PROSIC
2015). It has been found that the use of social networks as a mean of advertising and communicating
have been heavily exploited, and has been one of the tools most commonly used by small and medium
enterprises. In general, most companies (66%) use social networks as marketing means, and 47% for
sales (Universidad de Costa Rica, PROSIC 2013, Universidad de Costa Rica, PROSIC 2012). Mobile
applications are to constitute the centre of the broadband ecosystem which facilitates the interaction
between farmers and consumers, and the potential of social networks which bring together the same
organic farmers.
In terms of the evolution of ICT access in Costa Rican households from 2010 to 2013, it was found
that by 2013 (92%) of Costa Rican households had at least one cell phone; in addition, Internet service
have had the highest growth rate of all technologies, since it almost doubled between 2010 (24%) and
2013 (47%) (Universidad de Costa Rica, PROSIC 2013). Analysing this by rural and urban areas, both
areas have electricity, colour television and cell phone (holding percentage higher than 90% households
in both areas). However, the difference between these areas in computer and Internet access is negative.
In urban areas, both the percentage of households with a computer and Internet access is 20 % higher
than in rural areas. Residents in rural areas must leave their homes to get access to a computer or Internet
connection. In rural areas, the transfer is much more complicated and much more distances; thus, many
of these people have not a real choice to access these technologies that are key to their development
(Universidad de Costa Rica, PROSIC 2015). In rural areas, the majority of households with Internet
access are connected through mobile devices (59%), followed by cable modem (17%) and high-speed
system ICE (10%). This is a positive finding, since the idea of using a telephone application, even though
it may not have access to the entire rural population, the Internet access via mobile phone is high.
With the information gathered it was not possible to assume that all the inhabitants of rural areas
were engaged in agriculture, due to the development and land use that occurs in Costa Rica. A series of
analysis were proceeded to have a combination of results concerning internet access, computers and cell
phone in Costa Rican homes focused on householders. The householders dedicated to agriculture and
qualified agricultural, forestry and fishery workers is shown in Table 1.
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Table 1. Heads of household farmers and qualified agricultural, forestry and fishing workers
Service
Rural area with desktop
Rural area with laptop
Rural area with cell phone
Rural area with internet
Urban area with desktop
Urban area with laptop
Urban area with cell phone
Urban area with internet

Number of
households
6,791
5,085
31,399
4,569
4,690
3,461
12,965
4,265

Percentage
16.6%
12.4%
77.0%
12.6%
31.7%
23.4%
88.0%
28.8%

3.3. Software requirements specification and prototype
3.3.1. Analysis of the needs and requirements of farmers
The surveys submitted electronically to farmers had poor response, however, the best gathering was
through telephone calls. It is imperative to highlight the importance, for the processes of ICT adoption
by small organic farmers, that governmental institutions such as the Ministry of Education (MEP) and
the Ministry of Science, Technology and Telecommunications (MICITT), be part of the strategy, in
order to promote the inclusion of young people in agriculture and ICT. This is more relevant if we
consider that in the agricultural census of 2014, the producer average age was 53.9 years, with 54.1 for
men and 52.6 for women, where there is a marked aging of the population, especially if one considers
that 22.5% are 65 years and older (INEC 2015).
Many organic farmers commercialize their products in traditional markets with other farmers having
to sell at similar prices. On the other hand, Figure 3 shows the percentages according to the type of
operation performed by the organic farmer.

Figure 3. Type of operation for organic farmers in Costa Rica (CR. MAG 2013)
Figure 3 shows that 83% of organic farmers are producing an organic product, but only 27% make
the whole process (that is production, transforming and commercialization); meanwhile, it is observed
that 3% are dedicated only to commercialization, and only 3% to transformation; this highlights the
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opportunities they have for adding value to their products, especially for those producers who are only
engaged in production, currently represented by 27% (CR. MAG 2013).

3.3.2. Requirements specification and prototype mobile application
Based on the context of small organic farmers need and considerations for adoption in the use of
ICT, two mobile applications were strategically defined. Besides, a developmental sequence for its
implementation and commissioning was established in order to monitor the evolution of adoption and
to start promoting its use, facilitating the scaling to ensure the capacity building among farmers. Both
applications were specified with IEEE 830, which provides guidelines for proper specification of
software requirements, describing the application purpose, functional requirements (Table 2) and nonfunctional requirements (Table 3), use cases were established for each module and extended use cases.
The first application provides consumers with organic products information supplied by farmers. The
development of this application is part of the E-Commerce, which according to the International
Organization for Standardization (ISO) is an exchange of information and requirements from businesses
or between businesses and their customers (Qin et al. 2014). This definition characterizes very precisely
this application, because the aim is an exchange of information between farmers, organic farmers
markets and organic associations and potential customers. It is noteworthy that this application do not
include electronic payment, a valuable feature in terms of competitiveness; however, this feature will be
implemented later, based on the response from the use and ICT adoption.
A strategy of collaboration, cooperation and communication was established between MAOCO,
MAG, ICE and UCR for the development of these applications and their implementation, for which each
actor had its role and responsibilities. MAOCO will assume the management of information on the
reliability and validity of the same, independent producers, organic farmers markets, associations, and
additional information (geographic location, general information related to organic production, in
addition to certification entities). MAOCO will coordinate with ICE to keep updated information
ensuring reliability. It will address the comments of users of the mobile application, on issues related to
organic production and marketing. Additionally, MAOCO will disseminate the initiative on its website
and through other partnerships. Finally, it will collaborate with the training of independent producers
who wish to take advantage of mobile application. MAG, specifically the National Organic Agriculture
Program PNAO, shall manage the information about the reliability and validity, and certify independent
producers and transition producers, and the general information related to organic production and
entities certification. It will coordinate with ICE to keep updated information and ensure reliability. It
will address the comments of users of the mobile application, on issues related to organic production,
policy and regulation. MAG PNAO will disseminate the initiative on its corporate website and by
regional committees, which may be called the productive, academic and public sectors, and where
actions are structured to promote research and dissemination of results to producers. MAG PNAO will
collaborate with the training of independent producers. ICE has a robust platform with technical ICT, it
shall manage the information sent by MAOCO and MAG PNAO, it will be responsible for updating the
information users see in the mobile application ensuring the operation of the application; ICE will be on
charge for two years, until the MAG has the capacity to do so. ICE will address matters related to the
support and maintenance of the mobile application and website. It also will disseminate the initiative in
institutional web pages. Lastly, it will be responsible for training in the use of the mobile application to
MAG officials. MAOCO will update the information and training of farmers’ users. UCR will support
the monitoring and adoption of ICT. A technical advisory committee and self-evaluation to be aware of
the lines of work will be established assuring the continuity and sustainability of the project. The
University disseminates the project by radio, television and weekly newspaper, and by the institutional
website of the University. It promotes projects such as university community work where students of
Engineering, Agricultural Economics and Social Work may support in training to independent
producers, with the aim of encouraging adoption of accomplishing that this application be used in the
best way for producers and clients and remain in time.
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Table 2. Main functional requirements for farmer and Consumer mobile application
Main functional requirements
Farmer mobile application
Consumer mobile application
1. The system must run applications for those 1. The system must be able to indicate the
modules that do not require internet
current geographical location of the user and
connection and should be synchronized once
to get the farmer address through the
the connection return.
connection of a navigation application.
2. The system must allow connections to social 2. The system must be allow to evaluate
networks.
independent producers, farmer fairs and trade
3. The system must allow to connect to mobile
associations with a grade from 1 to 10, and
applications or web pages such as weather,
left comments.
official produce prices, farm supplies, etc.
3. The system must have a main menu with the
4. After the user is authenticated by MAG, the
following modules: Organic Commerce
system must be able to enter, modify and
(Overview and benefits), FAQs and
delete the user and farm data.
suggestions, points of sale in a map
5. The system must be able to download
categorized as independent farmer, green
documents of all types to provide, to enter,
fairs and trade associations.
modify and delete information related to 4. The system must have a search engine for
system costs.
product, point of sale, and proximity. The
6. Once accredited by MAG, the system must
results of the query should have different
be able to enter, modify and delete
levels of detail.
information from the user and organic crops. 5. The system must be able to send and receive
7. The system must able to send and receive
user messages, which should be recorded and
user messages, which should be recorded and
stored.
stored.
Table 3. Main non-functional requirements for farmer and Consumer mobile application
Major non-functional requirements
1. Reliability: the application functions must be discontinue as minimum as possible due to faults
in the cell or network. In case of problems with the network, the restart time for the application
should be the minimum.
2. Usability: it must be user friendly. This is very important because the average age of the farmer
target group is 54 years.
3. Efficiency: The application must have fast responses without delay to the user, for example, the
response time in the navigation in between the modules should be the minimum. Must be taken
noted that the cell used by farmers could be not so modern affecting the processing capacity.
4. Maintainability: This is associated with the changes suffered by the application, it must adapt to
the updates to be made to both the application and the phone software.
5. Portability: the application has to run on all types of cell.
The prototype of this first application was proposed by ICE (Figure 4) and it has the following
functions, reporting organic trade in Costa Rica, guide in finding places to buy organic products, link to
producers, associations and farmers market, with the customer.
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Figure 4. Prototype proposed by ICE
The second application is aimed at fostering social network of organic farmers involved in the
National Program for Organic Agriculture of MAG. Once registered, users can access templates related
to certification processes, templates to keep track of the farm, finance templates, trends of products
prices, offer and demand trends for products, news and events related to organic production, weather
information, discussion forums on various topics where the user can create your own topics, FAQs, tips
and contacts module.

4. Conclusions
From the analysis conducted, it can be concluded that the creation of the organic farmers’ mobile
application in Costa Rica has benefits and challenges. It is an important first step into the world of ICT
applied to organic farming to boost e-commerce. The needs are potentially solved by the inherent
advantages of ICT in an increasingly competitive world where access to information will force the pace
of the economic world, where equity of opportunities is undoubtedly a challenge. The specifications of
mobile software requirements established in this project are supported by considerations of adoption
and strategies of collaboration, cooperation and communication among key stakeholders for follow-up,
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ABSTRACT
The Irriframe cloud services have been developed by Water Boards Italian
Association (ANBI) aiming to ensure an efficient use of water resources in the
agricultural sector. After 4 years of activity, most of the Italian irrigable areas are
covered by the service for over 7 millions of hectares. A daily-basis irrigation
scheduling is provided to thousands of farms through the Web, SMS and a
Smartphone APP. Irriframe services allow a water saving amount of about 120
million of cubic meters of water for a season. The platform has been designed by an
IT company (AltaVia srl, Italy) according to the knowledge base, provided by the
water boards research centre CER. Starting from 2014 the platform is also supported
by the Italian Ministry of Agriculture (MIPAAF). This paper describes the Irriframe
services and the main development trends for the near future.

1. Introduction
32% of Italian farms practice irrigation, with higher percentages in the North-West (62%) and lower
percentages in the Centre and South. Compared to 2005, irrigated farms increased by roughly 60,000
units. Irrigated surface area increased by around 2% compared to 2005 (53,000 hectares), with
significant expansion in the North-East (+11%) and the South (+6%), as against decreases in the NorthWest (-4%) and the Centre (-6%). The most irrigated surface area is concentrated in the River Po plain:
Piedmont, Lombardy and Emilia-Romagna account for 46%, with 1,225 million hectares of irrigated
land. In June 2010, the Environment Council of the EU (Council EU 2010) adopted the conclusions on
water scarcity, drought and adaptation to climate change. The document recognizes that water scarcity
and droughts are already a serious problem in many European regions and that the situation is expected
to worsen as a consequence of climate change. It also underlines the need to promote water efficiency
and water demand management through a combination of different tools.

2. Methodology
Irriframe software has been developed by an IT company (AltaVia srl, Italy), according to the
knowledge base provided by the water boards research centre CER on behalf of Water Boards Italian
Association (ANBI), which is the owner of the platform.
Irriframe consists of a set of cloud-based tools both for final water users (farmers) and for water
managers (boards) to provide extended information on the best water allocation and on how to save
irrigation water without decreasing the quality of crop production. It provides farms and Water Boards
managers with real time information on agricultural water needs.
Irriframe integrates cloud data obtained from different sources (meteo, farm and GIS data), by means
of a sound knowledge base (water balance algorithm) and it makes the irrigation scheduling available
on different communication channels like Web, Smartphone and traditional phones.
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Real time water balances are also clustered to build up maps on water requests along the hydraulic
networks.
2.1. Project’s Milestones

Figure 1. Three milestones for Irriframe: on the top Videotex (‘80s), bottom left the Web and
bottom right the App for smart phones
Started in 1984 (Giannerini 1993) with public founding to test telematics in agriculture (Videotex),
Irrinet is ported on the Web in 1999 to be the first interactive agricultural service on the Internet.
In 2003 (Rossi et al. 2004) it is extended with GIS support and a SMS interface (IrriSMS).
During 2007 it involves thousands of farms, covering almost 22% of the irrigated area in Emilia
Romagna region in the northern Italy.
In 2010 (Giannerini et al. 2011 and 2013) it gets the new label “Irriframe”, and is extended to the
whole country through the Water Boards Italian Association (ANBI).
In 2014 Irriframe obtains the support of the Italian Ministry of Agriculture (MIPAAF) in order to
extend the platform in new areas as a tool for the management of the EU’s rural development policy
concerning water.
Up to now, Irriframe is the irrigation support service with the larger number of real user in Europe.
2.2. The Diffusion of Irriframe
At present (2015) Irriframe is available in 15 Italian regions on more than 7 millions of hectares managed
by 67 Water Boards (Figure 2).
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Figure 2. Water Boards involved in the project (left) and Irriframe services coverage of the
irrigable areas in Italy (right)
The number of unique users registered in the service is 3.105, and the number of farms involved is 3.866
because a user may register more than one farm i.e. the agricultural extentionists. More than 10k plots
(fields) are managed by the system all over the country. Table 1 shows some figures about the 2014
irrigation season.
Table 1. Irriframe facts (season 2014)
Number
Unique users

3.105

Farms

3.866

Plots

10.813

IrriSMS sent

19.299

Water boards involved

67

2.3. IT Infrastructure
Irriframe has been developed by AltaVia on .NET 4, ASP.NET MVC and Microsoft SQLServer2012
and is hosted on cloud servers.
The platform fully implements the REST methods through the ASP.NET MVC framework.
The Model-View-Controller (MVC, Figure 3) architectural pattern separates an application into three
main components: the model, the view, and the controller.

Figure 3. MVC architectural pattern
The MVC framework allows the Test-driven development (TDD) methodology, a software
development process that relies on the repetition of a very short development cycle: first the developer
writes an (initially failing) automated test case that defines a desired improvement or new function, then
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produces the minimum amount of code to pass that test, and finally refactors the new code to acceptable
standards.
REST stands for Representational State Transfer and it is a method for retrieving content from an
HTTP endpoint. REST’s most notable feature is that it is stateless. In other words, each call has all the
necessary information for the server to process the request. REST allows to develop applications which
are easy to maintain, flexible and amenable to change.
The architecture of Irriframe is outlined in Figure 4.

Figure 4. Irriframe platform architecture
The Irriframe services can be accessed by the different kinds of users in many ways. Final water
users browse the information via Web and a smart phone APP. For the water managers Irriframe can be
integrated with the Water Boards GIS applications by means of the REST direct calls.

3. Fruition of Information by Final Users
3.1. Water users
Irriframe provides a real-time irrigation scheduling: day-by-day information on how much and when
to irrigate farm crops (Figure 5 on the right).

Figure 5. Screenshots of the Irriframe Web interfaces
Through the web interface the users can fully interact with the system storing plot geolocation, crop,
soil and irrigation system information (Figure 5 on the left). Users can also register the local rainfalls,
irrigation gifts and crop start dates to tailor the irrigation scheduling. The system is able to integrate
local soil water sensors data too. On the cloud the user data is integrated with meteorological
information, water availability and water table depth, allowing the system to build up the daily irrigation
schedule in real time.
The final users can browse the irrigation scheduling in textual or chart format for all their crops via
Web or APP. A notification is automatically sent by SMS or on the Smartphones when a new crop
irrigation is predicted.
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The irrigation scheduling consists of predicted evapotranspiration (daily consumption), next
irrigation day and water irrigation amount (Figure 6).
This basic scheduling is integrated with economical aspects like profitability of the irrigation gift
(cost of the intervention compared with the apprised increment of yield) and the level reached of
seasonal water amount allowed for that crop. In some Italian regions irrigation water volumes constraints
have been established to access the EU grants.

Figure 6. Close up of Irriframe water dashboard: irrigation scheduling for an user crop
3.2. Big Data for Water Managers
The Irriframe platform is able to store during the season all the water balances in a big data repository
to calculate the water needs of an irrigation district for the past and 15 days ahead (Figure 7 left). This
allows water managers to build short-term scenarios to appraise the evolution of a district’s water
demand.

Figure 7. Big data repository of the water balances to apprise crop water requirement at district
level
Information about the spatial and temporal variability of crop water requirements is provided to
water managers to implement a more efficient irrigation distribution at a district level (Figure 7. right)
3.3 Irriframe Mobile
The Web pages have a light graphical structure and can be well displayed on a mobile browser. The
same information is automatically sent via SMS to many more farmers: most of them are registered into
the system by technicians and do not need Internet connection to get the irrigation scheduling.
The main functionalities of the platform can also be accessed by an APP for Android and IOS called
“Irriframe Voice” (Figure 8).
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Figure 8. Screenshots of Irriframe Voice APP for Android and IOS

4. Concluding Remarks
Irriframe’s awareness is very high in Italy and most of the farms involved with Best Practice
Guidelines and/or Quality insurance use it daily. Some regional Guidelines mention Irriframe as a
supporting tool to fulfill the water conditionality of the European Regional Development Fund
regulation and respecting Irriframe’s irrigation scheduling is mandatory for many farmers.
The platform exhibits very low management costs which are supported by the local Water Board and
the service is provided for free to the final users. The operating cost of the Irriframe platform is around
0.02 €/ha for a whole irrigation season.
As far as the technical point of view is concerned the development group is working both on a closer
integration with open GIS information layers that may reduce the amount of data the users are requested
to register in the system and the use of satellite information to determine the effective crop coefficients
(Kc) for the water balance calculation.
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ABSTRACT
In accordance to National Program of Agricultural and Rural Development objectives,
the project API-AGRO has been selected to improve interoperability and data exchange
between agricultural stakeholders. This project is a non-contradictive new oncoming
about the previous projects working on agricultural data exchanges trying to
standardizing data format to insure exchange. Based on Application Programming
Interfaces (APIs), this emerging digital distribution channel enables data sharing with
clear rules of use.
APIs can provide a hook for partners or third party developers to access data and services
to build applications or to offer new services for different Farm Management Information
Systems. In the French Ecophyto program, we observed that centralizing data from many
different FMIS has shown its limits; all FMIS have their own standards, constraints and
goals. This has led to the creation of a new FMIS to receive all the data collected from
the farms national networks. In this context, APIs seem to be an innovative solution to
expand data exchanges and promote open-innovation. Thus, we made the assumption
that pooling data sets produced by different partners, or web services provided by API,
will facilitate the design of the new FMIS.
We also believe that APIs could boost innovation in the agricultural ecosystem by
integrating new players (start-up, for example) promoting co-development of disruptive
web applications for e-agriculture.
So we designed the API-AGRO platform from an agronomic references inventory
existing in each program’s partner. The platform offers unified access to a data set in
open or private mode and a set of Open or Private-APIs (reserved for specific partners or
clients) This paper will present the main functionalities of the full platform. We will
focus on user interfaces with the visualization and the data extraction tools and on the
API console designed for developers.

1. Introduction
French agricultural technical institutes are research and development institutions created by and for
farmers. Their role is to develop and disseminate techniques, information and services to help farmers
and their partners adapt to changing markets and remain competitive internationally. As part of their
strategy to develop and disseminate services on the Internet (Decision Support Systems, dissemination
of information, etc.), these institutes, under the auspices of ACTA, wished to assess the advantage of
setting up a common API (Application Programming Interface) platform. The main aim of the platform
is, via new channels of dissemination by the web, make a catalogue of data available as well as
calculation functions produced by the institutes' researchers and engineers. This approach is comparable
to those of the major economic players who strive to strengthen their presence on the web by developing
more and more APIs. But the originality of the institutes' project lies in associating several partners who
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provide data around a single platform thus covering the needs of the entire vegetable and animal farming
industry.
A consortium of institutional partners around ACTA and ARVALIS - Institut du végétal was thus
formed to have the API-AGRO project approved by the Ministry of Agriculture in 2013. Initially, this
project focused on providing reference systems to populate the information system developed by INRA
National Institute of Agronomic Research) as part of a national network for acquiring and disseminating
agronomic references. This network consists of reference, experimentation and demonstration farms
under the Ecophyto ministerial programme (Butault et al. 2010). To feed a national database, the
interoperability with several existing Farm Management Information Systems (FMIS) soon proved
necessary to avoid operators re-entering information. Calculations of technical and economic
performance indicators, to measure the efficiency of the network's farm cultivation systems, should also
be developed and shared. To resolve these two problems, the pooling of APIs providing multi-channel
reference systems produced by the reference institutes appeared obvious.
But beyond the Ecophyto use case, could setting up such a platform not initiate new levers, for API
providers, to expand the distribution of their services on the web, develop partnerships, reach new
customers and improve their productivity? In addition to the concepts, is this platform strategy
applicable to research institutes applied in the field of agriculture?
This article aims to explain how setting up a data and API platform on the web is strategic for
suppliers of agricultural knowledge keen to increase their capacity for innovation. It also presents the
advantages of such a platform for disseminating reference systems in Open Data and Open APIs to
develop new services on the web and explains how a consortium of French institutes formed to address
this subject and develop a type of Open Innovation.

2. The challenges of a platform of Open Data and Open API
2.1. Open Innovation
To maintain their place in an ultra-competitive market and grow, companies have to innovate in an
ongoing way (Schumpeter 1934). Recently, a new concept of innovation has been proposed, placing the
customer at the heart of the innovation process with surprising results. We talk about co-developed or
market-focused innovation. Chesbrough (2006) defines open innovation as being the intentional use of
knowledge inputs and outputs aiming, on the one hand, to accelerate internal innovation and, on the
other hand, to increase demand for external use of the innovation. This type of paradigm is based on the
assumption that firms can and must use both external and internal ideas, as well as internal and external
channels to have their technology progress. The open innovation model put forward in Chesbrough's
work, is based on the fact that, with changing information technologies, organisations can now
systematically use and incorporate both internal and external knowledge to have technology progress
by outsourcing a part of their research and development activities to partners so as to innovate
(customers, suppliers, universities, research centres, etc.). This allows them to pool a set of resources
and speed up the creation of new products or services. The model also offers the opportunity to 'sell'
knowledge to the outside (licences, spin-offs, etc.). The predominant idea is that such a model is
materialised by setting up more efficient innovation processes, because the informational richness of the
organisation's environment can be used much more due to information technologies. A CEFRIO
investigation (2013) in particular shows that the large majority of companies (84%) consider that
cooperation with external partners is necessary. According to Zara (2008) "what creates value, is not
the information itself, but the quality of the interaction of the people around information. This value
built collectively will be far greater than the simple sum of the talents of each individual." This author
also states that "managing the collective intelligence of an organisation consists of creating intellectual
cooperation dynamics between people (interpersonal cooperation), creating internal cooperation
between teams and entities (by means of collaborative Intranet) and developing external cooperation
with its customers and suppliers (extended enterprise concept) and even its competitors (concept of
"coopetition", a contraction of cooperation and competition)." Fillieri and Alguezaui (2012) describe
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the recent concept of Extended Enterprise in detail. It can be defined as a set of organisations, including
suppliers, distributors, buyers and customers, each involved both upstream and downstream of the
company's production process, working together to build value. What characterizes this organisation
model is that it is flexible and adaptable because it promotes the sharing of knowledge to improve the
capacity to innovate. One of the main principles of such a strategy is to outsource the development of
new products to external innovators and involve customers, suppliers and partners in the design at an
early stage. The sharing of knowledge and common reference systems is also an essential rule for this
type of process. These are the foundations of crowdsourcing, which uses creativity, intelligence and
expertise from a large number of people, by subcontracting, to perform certain tasks traditionally
performed by an employee or a contractor. In other words, crowdsourcing means opening up to
outsourcing and therefore contributing to expanding the company. Simula and Vuori (2012), envisaged
that this model more well-known in the open-source or open-innovation environment could apply to
businesses whose economic model is Business-to-Business (B2B). Their article takes stock of the
opportunities for interaction between various groups of contributors with the goal being to gather new
ideas, feedback, or solutions to improve the quality of their products and services.
Open innovation can only exist if there is a genuine determination to open-source. In an increasingly
digital world, open-sourcing at least part of a company's data, takes this direction.
2.2. Open Data and APIs
Open Data is a movement that consists of making available all the data in an accessible format, both
for humans and machines, with a licence allowing everyone to access, use, develop and share (Sunlight
Foundation 2010). In France, this resulted in an action by the French government to set up a national
portal, in late 2011. It combines open data from public and semi-public organisations. It is also open to
private contributions, although their share is still relatively minor. This portal promotes the re-use of
data by individuals or companies which on the contrary may be relatively large.
In the agricultural sector, the open data initiative by the Global Open Data for Agriculture and
Nutrition is an example. This initiative promotes the advantages of Open Data in the agricultural world:
greater decision-making efficiency by taking the various factors into account more effectively,
innovations that everyone can take advantage of and to improve transparency in the entire agricultural
ecosystem (Godan 2015).
One of the conditions for these data to be classified 'open', is that they must be usable by machines;
making these data available for one or more APIs is a possible solution to meet this condition.
An API enables two programs to exchange data (Guillaud 2011). The first uses the API provided by
the second to benefit from its services and data. The API defines a common language between the two
programs. All of the web's major players now offer their services via their web API. Instead of remaining
closed, these players decided to open to be able to offer accessible development terms and benefit
millions of web developers. The API describes functions and methods to access certain properties of
certain sites such as Facebook, Twitter which offer it. These programming interfaces help a developer
to interact with the system. There are different types of interfaces. Some only allow questioning (you
can look for information), others allow information to be entered (for example, you can 'write' the status
to a person on his/her Facebook wall). The description of the API, is based on HTTP requests and XML
or JSON, to use a very simple language to read and question them.
In practice, there are two types of APIs.
1. Public APIs: These APIs are open to everyone. Various levels of services can be offered and
use restrictions are often imposed. They distribute general services, useful for everyone. Large
Web companies inject part of their revenue in this type of API (Facebook, Twitter, and
Amazon).
2. Private APIs: These APIs are developed internally or for partners. The services or data
proposed are more critical and therefore for a more limited public.
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The book "API, A strategy Guide" (Jacobson 2011) recounts that private and public APIs are
differentiated by the contract concept. Private APIs are subject to an agreement between the two parties
(supplier and developer) certified by a contract. Public APIs only provide operating conditions ensuring
compliance with the supplier's rights.
API management platforms provide a supplier with a set of services to manage all the constraints
related to publishing an API. They act somewhat like a portal filtering communications between the API
and the applications designed by the external developers. According to Maler and Hammond (2013)
managing an open API externally requires adding certain features that are specific to it because it targets
a diversity of external partners. Setting up a portal for developers, making available a key and approval
system is essential, as is measuring traffic and setting up means of payment. Finally, API access control
and protection should take into account the constraints related to an extended enterprise environment.
From this point of view, a 'zero trust' level security strategy has to be set up and all potential API clients
considered as external and potentially dangerous. This is why API management platforms are useful.
Thus, the Web is no longer just a vast source of information: it is now a "programmable" platform
(Babcock 2011). Companies and service providers can offer an enhanced APIs capable of deploying
company services more quickly and efficiently. An API management platform will be useful to
orchestrate internal and external APIs and create access for new composite applications able to create
new business applications and services.
More and more organisations are investing in Web API in order to reach new customers or invest in
new distribution channels (Van Huizen 2012). A well-implemented API program can be used to build
the foundations of a new ecosystem of economic partners and independent developers lending their
imagination and efforts.
2.3. Potential for the French agricultural ecosystem
According to a survey on APIs conducted in 2013 (Sine 2013), with several French agricultural
organisations (technical institutes, FMIS software publishers, chambers of agriculture, etc.), it appears
that for 2/3 of them, in the case of joint web application development projects, the API-based interfacing
strategy was the preferred method. In addition, more than half of the respondents said that they would
implement the APIs themselves in the future or that they already had them. So, an initial circle of twelve
partners, technical institutes around ACTA and ARVALIS - Institut du végétal, are committed to the
API-AGRO project.
The API-AGRO project focuses on 4 areas of work: 1. Compiling an inventory of useful agronomic
references to develop applications and that can be made available, 2. Developing and uploading an API
management and data distribution platform, 3. Establishing licences to make the distribution of these
reference systems transparent to the largest number of users, 4. Setting a consortium to govern this
platform.
The rest of the article focuses on presenting the results of the second phase of this project, namely an
overview of the features offered by the API-AGRO platform.

3. Presentation of the platform API-AGRO
The API-AGRO platform is based on the tool of a French start-up, OpenDataSoft, which has
developed a product distributed in SaaS (Software as a Service) format. This type of product has enabled
the rapid deployment of a tool appropriate for storage and performance needs requiring the flexibility
of the cloud to absorb any change in needs.
The platform is composed of multiple interfaces to make data available, access and security
management, search and interactive viewing options in the form of charts or maps. These are
configurable through back-office administration to modify the platform's graphic guidelines or use
editing tools to customise content pages.
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The home page lists all the datasets and services registered on the API-AGRO platform (Figure 1).
Several sorting functionalities or a search field help find agronomic references containing one or more
key words or matching a specific theme. The datasets and services implemented by a specific data
provider can be found. A filter can also be used on the type of references: datasets can be displayed in
the form of maps, charts or accessible only through an API.

Figure 1. Overview of the API-AGRO platform catalogue
These search functions are made possible due to a precise characterisation of each reference posted
on the platform by means of a number of metadata. These metadata are based on the DCAT vocabulary
(Maali 2014) designed to facilitate interoperability between the various data catalogues on the web. It is
also useful to include one or more documents related to the reference that can help to understand the
dataset (description of codes or abbreviations used in the document) or description of the calculation
method used to find the result.
When the reference is a set of data, multiple tabs are available to explore it and view it in different
formats (Figure 2).

Figure 2. Viewing Nitrate-Vulnerable Areas in metropolitan France
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The "spreadsheet" interface provides a clear understanding of the data content. The content can be
filtered to explore only the rows in the dataset that interest us. The 'Analysis' part enables graphics and
advanced diagrams to be produced. If the dataset contains a geographical field (geometric form or point),
a map can be viewed. Information can also be geo-coded from geographical indications. It is possible
to export (embed) the dataset value (spreadsheet, chart, or map) in a web page, dashboard or any other
web content (newsletter, blog post, etc.).
One of the main objectives of this platform is to promote the distribution of datasets and services, as
well as facilitate their reuse in applications. Access to data or calculation functions through an API is at
the centre of the solution. The platform offers minimal access by API to references, and wherever
possible, to download the dataset or part of the dataset of interest in suitable formats for the user. In the
case of Nitrate Areas, the dataset contains geographical information which can be exported in Shapefile
and GeoJSON formats (file formats used by GIS4 software) or exported in spreadsheet formats CSV5 or
EXCEL or even JSON6 format.
In order to promote the most up-to-date data possible, the user can access the data in real time using
the platform's API (Figure 3). A Human Machine Interface (HMI) associated with a console window
allows queries to be made and the results to be viewed immediately. This user interface is
complementary to the API documentation. It enables easier and faster appropriation for developers. For
each query a URL is generated and takes into account the configuration so as to be used directly in an
application.

Figure 3. API console HMI
To protect access, the platform provides quite a precise definition of rights to give the rules and
permissions to a user, or a group of several users.

4

Geographic Information Systems

5

Coma Separated Value

6

JavaScript Object Notation, file format natively recognized by JavaScript, language used to interact with the user,
particularly within user interfaces.
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In the case of a dataset, rules management for example, only gives access to restricted views of a
dataset. Similarly, in the case of an API, the methods with which users will have access can be defined
based on their profile.

4. Discussion
The preliminary study of the API-AGRO (Sine 2013) project helped prioritise a number of points of
vigilance in order to set up an API management platform. Our attention focused on two aspects: firstly,
protecting the API and secondly, service quality in terms of availability. These two points clearly refer
to Service Level Agreement (SLA) expectations. This explains the choice of a contract solution with a
service provider to ensure, with its SaaS offer, scalable, protected and user-friendly access conditions
according to the rate of use. Furthermore, the choice of a "turnkey" API platform and data management
solution enabled the API-AGRO platform to be implemented very swiftly.
Considerable work upstream was nevertheless carried out to identify the needs of the project's
partners on the one hand and on the other hand the first API and data deposits rapidly made available.
This inventory has helped compile an initial catalogue of agronomic datasets and services that had to be
qualified and documented using a standard so as to define a list of metadata. This work also allowed the
sharing knowledge about the field of APIs, Open Data and to support change by limiting the resistance
and promoting the cohesion of a group by trying to involve each partner as much as possible. The
principles of agile methods are applied to project management.
All this work has, although the API-AGRO project is still only in its infancy, resulted in a very rapid
appropriation of the platform by the partners, just weeks after its deployment. The functionalities desired
by the partners have not yet been implemented, but the expected basic functions are already operational.
The choice of an "off-the-shelf" solution and not a specific development enabled an initial version of
platform to be deployed that encourages the project partners to distribute references, connect APIs and
very easily promote them for their internal and external needs by means of the display interfaces (graphs
and maps). The recurrent integration of other features, such as the ability to monetise access to certain
APIs, is planned.
Platform and open innovation
The results obtained by the project at this stage already show advantages. This platform offers each
partner institute the opportunity to develop new multi-media digital distribution channels (web, mobile
phones, etc.). It clearly promotes interoperability by offering reference systems that can be used as
standards to develop FMIS or any agriculturally useful web application. Opening a company's data and
APIs is in line with the extended enterprise principle for data providers, in other words, it promotes
partnerships to develop and disseminate applications giving value to reference systems that were most
often scarcely accessible. The association of a large number of partners working on "vertical" networks
around a single platform, promotes the emergence of new opportunities for technological innovations,
co-design, and exchange of best practices or pooling of efforts, for the benefit of agricultural industries.
This platform also encourages partners and users of the platform to upgrade their information systems
to make it easier to interface via APIs and therefore more interoperable. It also allows everyone to remain
focused on their core business (production of knowledge for their activities) and to outsource the
development of web applications or on mobile phones using standards. Finally, an Open Data and Open
API strategy incorporates new players in the ecosystem, such as start-ups, and promotes crowdsourcing.
This platform is an integral part of an interoperability approach and should boost the development of
services related to the Farm Management Information System (FMIS) or applications for agricultural
use such as the Decision Support System (DSS). The development of new FMISs in the Internet era
suggests increasingly modular tools that need to interface with an entire ecosystem of applications,
hardware and connected objects (Kaloxylos 2012). It is one of the main thrusts of digital agriculture.
This e-agriculture is developed through an urgent need to organise, specify and make available
increasingly large amounts of data to convert them into knowledge and decision support systems
(Fountas 2015).
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5. Conclusion and Prospects
Even if initially, the API-AGRO project was built to meet the needs of interoperability in order to
promote the development of an information system for a national network of farms, it was designed to
go further. The project's partners, who are mostly knowledge-providing technical institutes, by uniting
around an Open Data and Open API platform, are beginning to see the opportunities in open-sourcing a
part of their data and to allow third parties to interface to their APIs.
The simple pooling of a part of their reference systems will enable them to co-develop and foster
innovation due to external players who can build new tools, useful to farmers, based on their data which
may then become standards. It is very likely that they themselves will be the first users of the APIs that
they will upload to distribute content on various digital media (web, mobile phones, etc.) and develop
their app.
The choice of a "turnkey" platform that meets the institutes' requirements and proves to offer a range
of advanced viewing tools has meant it was able to go on-line very quickly, and will gradually grow in
content and functionality.
This API-AGRO platform probably represents a strategic area of development which goes beyond
the purely technological aspects. It is an open innovation tool, promoting the creation of value, at the
service of an increasingly digital agriculture.
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ABSTRACT
Farm-Oriented Open Data in Europe (FOODIE) will provide specific and high-value
applications and services for the support in the planning and decision-making processes
of farmers and other stakeholders groups related to the agricultural and environmental
domains. This paper focuses on FOODIE services based on machine learning algorithms
and other artificial intelligence techniques providing, for instance, forecasting models to
predict crop diseases or proposing management zones by means of clustering
homogeneous zones of land. In particular, the service for the automatic delimitation of
management zones is reviewed and tested in a case study. The results show the great
potential of this smart agro-service for land classification.

1. Introduction
Smart services require huge amounts of data in order to train the models (Vapnik 2000), transforming
data into valuable information. In particular, the agriculture domain deals with satellite imagery, agrometeorological sensor networks, weather forecast, measurement of current soil and crop parameters or
even data provided by farmers. However, such volume of data is not always available or easily
accessible. Hence, platforms are needed to gather, unify and analyze these data converting them into
valuable information, not only for experts but also for farmers. To that end, the FOODIE project (Farmoriented Open Data in Europe 2014) is building an open and interoperable agricultural specialized
platform hub on the cloud (Figure 1). This platform is intended to provide specific and high-value
applications and services for supporting the planning and decision-making processes of different
stakeholders groups related to agricultural and environmental domains.
Among these services, automatic land delimitation is one of the most challenging ones. In fact, the
identification of homogeneous zones of crop land areas is a key factor (Schepers et al. 2004). These
management zones (MZs) (Ferguson, Lark and Slater 2003) address spatial variability of crops grouping
areas that share similar soil properties in order to apply specific farming practices to each MZ. For
instance, farmers could apply site-specific treatments providing variable-rate fertilization (Yu et al.
2010) based on the current needs of the soil, the conditions of the crops and its phenological stage.
Although the knowledge of the farmer about crops and soil could be a starting point for MZs
identification, other systematic approaches are required. In particular those more time- and cost-efficient
methodologies that does not require exploring the whole parcel with any special equipment or taking
samples of the soil for laboratory analysis. To this aim, we present the techniques considered by the
FOODIE smart agro-service for the automatic delimitation of MZs. The remainder of the paper is
organized as follows. Section 2 provides an overview of the FOODIE service platform. Section 3
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describes the FOODIE smart agro-service for the automatic delimitation of MZs. Finally, Section 4
shows the conclusions and future work.

2. FOODIE. Open and Interoperable Agricultural Specialized Platform Hub
FOODIE project aims at providing a service platform in the cloud, which is built on principles of
access and use of open data, interoperability and use of standards that supports the decision-making
activities of different stake-holders groups across Europe in the agricultural area. Thus, the cloud based
approach will seriously decrease the investment, necessary for accessing to spatial data and services for
all these different communities and it will help to business and governmental organisation in utilisation
of spatial data. The project FOODIE aim at accomplishing the following technological objectives:
 To make use of existing spatial information resources and services for various Copernicus
domains coming from different initiatives like INSPIRE (Directive, 2007/2/EC) or
GMES/Copernicus (Copernicus 2015).
 To design and provide an open and interoperable geospatial platform hub on the cloud based on
existing software components from research results and available solutions in the market.
 The integration of external agriculture production and food market data using principles of Open
Linked Data.
 The inclusion of open and flexible lightweight Application Programming Interfaces (APIs), that
will allow private and public stakeholders in the agricultural and environmental area to publish
their own datasets and make them available in the platform hub as open linked data.
 To provide specific and high-value applications and services for the support in the planning and
decision-making processes of the different stakeholders groups.
 The provision of security mechanisms to prevent the unauthorised access and use of the platform
users’ personal information as well as the data published by them.
 To provide a marketplace where data can be discovered and exchanged but also external
companies can publish their own agricultural applications based on the data, services and
applications provided by FOODIE.

Figure 1. FOODIE service platform hub in cloud

3. FOODIE Smart Agro-Service for the Automatic Delimitation of MZ
Computer services for the agriculture domain could be improved by means of machine learning
algorithms and other artificial intelligence (AI) techniques related with prediction, classification and
clustering. FOODIE platform could provide smart services intended to recommend the use of
doi: 10.17700/jai.2015.6.4.234
66
Rodolfo B. Arango , Cristina Monteserín , Ismael S. Cerezo , Antonio M. Campos: Smart Agro-Services in the Farm-Oriented
Open Data in Europe (FOODIE) Platform: Insights from the Automatic Delimitation of Management Zones

Journal of Agricultural Informatics (ISSN 2061-862X) 2015 Vol. 6, No. 4:65-72

phytosanitary treatments using forecasting models to predict mildew, oidium or botrytis diseases, whilst
other ones will be focused on yield prediction or on providing recommendations related with needs of
irrigation (see Table 1). Among these smart agro-services, the automatic clustering of land areas (Figure
2) sharing similar soil properties (Ferguson, Lark and Slater 2003) is a key factor (Schepers et al. 2004)
in order to apply specific farming practices. Although the knowledge of the farmer about crops and soil
could be a starting point for MZs identification, other systematic approaches are required. In particular
those more time- and cost-efficient methodologies that not require exploring the whole parcel with a
specific equipment or taking samples of the soil for laboratory analysis.
Table 1. Examples of smart agro-services considered by the FOODIE platform
FOODIE Main Source

Automatic clustering of crop land areas

Soil variability predicted by means of remote sensing

Site-specific mildew disease treatments

Forecasting of risk of mildew disease

Site-specific oidium disease treatments

Forecasting of risk of oidium disease

Site-specific botrytis disease treatments

Forecasting of risk of botrytis disease

Site-specific fertilization needs

Vegetation indices and remote sensed data

Site-specific irrigation needs

Moisture indices and vegetation indices

Recommendations about harvesting

Maturity indices and weather forecast

Yield forecasting

Historical records of weather conditions, past yields,
soil nutrients and weather forecasts

Automatic zoning has been largely studied and researches had proposed various methods such as the
classification of apparent soil electrical conductivity (Johnson et al. 2003; Peralta and Costa 2013) or
the analysis of yield maps (Blackmore 2003). Referring to previous researches and the type of features
considered in the automatic delimitation of MZs, the methods could be classified as follows:
 Soil properties. In order to identify MZ, chemical properties of the soil were compared (Ortega
and Santibáñez 2007) with several techniques such as PCA and cluster analysis. Supervised
classification algorithms were tested with different datasets including soil maps, digital
elevation models and apparent soil electrical conductivity (Simbahan and Dobermann 2006). In
the same line other authors considered soil properties (Moral et al. 2011) (Fu, Wang and Jiang
2010) and also yield and crop quality (Aggelopooulou et al. 2013).
 Topographical characteristics. Homogeneous zones of a cotton field were identified (Schuster
et al. 2011) considering two datasets: the first one with two estimators of yield and the second
one considering geo-referenced field properties such as topographical characteristics and
treatments applied to the field.
 Biophysical features. The use of biophysical features such as annual moisture deficit/surplus
and mean annual precipitation was proposed (Liu and Samal 2002). The authors tested the same
dataset with k-means and fuzzy algorithms concluding that fuzzy approach generates more
accurate delineations.
 Remote-sensed data. Other approaches (Kumar et al. 2011) studied the use of the k-means
algorithm with the MODIS-based greenness index and the seasonal leaf area index, developing
a parallel implementation been able to delimit 1,000 agroecozones in 700 seconds using 2,048
processors.
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FOODIE smart service for the automatic identification of MZs relays in a clustering algorithm and
remote-sensed data from Landsat 8 satellite. The following subsections explain the techniques used by
the service.
3.1. Data Input
Landsat 8 (Landsat 2015) satellite provide radiometric data valuable for precision agriculture
(Villajos et al. 2008). This satellite takes about 400 images every day using the instruments: Operational
Land Imager (OLI) and Thermal Infrared Sensor (TIRS). The first one collects data from 8 spectral
bands with a spatial resolution of 30 meters and from a panchromatic band of 15 m. The second one
offers two thermal bands of 100 m. resampled to 30 m. All the data collected by these instruments are
publicly available in GeoTIFF format via web portals such as Earthnet Online (Earth Online 2015) or
EarthExplorer (EarthExplorer 2014).
In order to generate the data input for the MZs identification process, we consider the raw values of
the thermal infrared band B10 from TIRS data product. In particular, the values of that band for the
extension of the case-of-study plot during a period of time of four months. These value are normalized
and provided as input to the cluster algorithm. Next subsection details the clustering algorithm.
3.2. Clustering Algorithm
As it was aforementioned, the data input for the algorithm correspond to remote-sensed thermal
infrared values of the considered plot during a four-month period. To obtain the automatic delimitation
of the MZs, we used a partition clustering algorithm called Partitioning Around Medoids (PAM) using
Manhattan distance as metric of similarity. The main characteristics of PAM (Li 2009) are the following:
 It is a partitioning algorithm. Thus, it breaks the input data up into groups until some stability
condition is reached.
 The number of groups is defined in advance.
 PAM stands for “Partition Around Medoids”. It tries to find a set of objects called medoids that
are centrally located in clusters.
 PAM is an algorithm more robust than K-means because it minimizes a sum of dissimilarities
instead of a sum of squared euclidean distances.
The main difference between this algorithm and the classical K-means method is that PAM uses
medoids as centers of the clusters and these medoids are selected among the objects to be clustered. The
algorithm involves three steps:
1. Initialization. Select, at random, the k medoids from the data points
2. Assignment. For each point, locate the closest medoid and assign it to the corresponding cluster
3. Update. For each cluster, compute the new medoid from the points assigned to the cluster. The
new medoid will be the point that minimizes the dissimilarity to the rest of the elements in the cluster.
Steps 2 and 3 are repeated until the clusters are no longer modified. Once the number of clusters is
computed, the cluster assignment is retrieved, providing the land delimitation.
3.3. Selection of K clusters
A large number of ways of evaluating the goodness of a clustering algorithm have been proposed in
the literature. In fact, the evaluation of clustering structures is the most difficult task in clustering
algorithms. In this case, we selected the Silhouette coefficient (Rousseeuw 1987) and the CalinskiHarabasz index (Caliński and Harabasz 1974) methods in order to validate the clustering.
The Silhouette coefficient is based on the comparison of cluster tightness and separation. This
Silhouette shows which objects lie well within their cluster, and which ones are merely somewhere in
between clusters. The average silhouette width provides an evaluation of the clustering validity, and can
be used to select an ‘appropriate’ number of clusters.
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On the other hand, Calinski-Harabasz index evaluates the cluster validity considering the error sum
of squares between different clusters and the squared differences of all objects in a cluster from their
respective cluster center. The index is calculated as follows (Maulik and Bandyopadhyay 2002):

where nk is the number of points in cluster k and z is the centroid of the entire data set.
Therefore, to select the optimum k according to the Silhouette coefficient and to the CalinskiHarabasz index, we use an implementation (Hennig 2010) of these methods and we consider both values
of k. The implementation follows a procedure, similar to the one described below in order to select the
best value of k using the Silhouette coefficient (suppose that the number of points to cluster is n and that
K* is the maximum number of clusters, which is equal to or less than n):
for j = 1,K* do
for i = 1,n do

end for

end for

A similar procedure is followed by Calinski-Harabasz implementation, computing the index for each
k and selecting the k with the highest index.
3.4. Evaluation and Experimental results
In order to verify the validity of the smart agro-service, we applied it to a case of study for the
vineyards of Terras Gauda, a well-known wine producer in Galicia, Spain. Three different vineyard
parcels with dissimilarities in topographical characteristics were considered. The outcomes were
evaluated according to a previous study at this location for the delimitation of the MZs based on the
experience and knowledge of the viticulture expert of Terras Gauda. The study considered factors such
as yield production, topographical characteristics and soil properties in order to identify homogeneous
zones of the vineyard and deploy an agro-meteorological station in each representative zone. However
the study did not provide the contour of the MZs but the geolocation of the agro-meteorological stations.
To address this lack of MZs delimitation, we calculated the extension of each MZ using a Voronoi
partition (Voronoï 1908) considering the geolocations of the sensors (Figure 2). Then we compared the
tessellation with the proposed clusters (Figure 2) by means of a confusion matrix (Kohavi and Provost
1998) in order to calculate the following metrics:


True Positive Rate (TPR) or Recall. The percentage of positive cases that were correctly
identified. Is calculated as
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True Negative Rate (TNR) or Specificity. The percentage of negatives cases classified correctly.
Is calculated as
Positive Predictive Value (PPV) or Precision. The percentage of the predicted positive cases
that were correct. Is calculated as
Accuracy (ACC). The percentage of spatial data points correctly classified. Is calculated as

Considering true negatives (a) as the points correctly classified as land without vineyard, False
positives (b) as the number of points incorrectly classified as vineyard (even vineyard belonging to other
nearby parcels outside Terras), False negatives (c) as the points incorrectly classified as land without
vineyard and True positives (d) as the number of spatial data points correctly classified as vineyard.
The overall measurement results show an average of approximately 95% accuracy, 97% specificity,
73% recall and a 80% of precision. The results suggest than the use of PAM clustering algorithm with
thermal infrared data from TIRS instrument is a promising method for the automatic MZs delimitation.

Figure 2. The figure at the left shows the Voronoi tesellation based on the actual location of the agrometeorological stations, represented by dots, in a vineyard parcel. The figure at the right shows the
proposed delimitation for the MZ based on the clustering algorithm. Each spatial data point is labeled
with its corresponding cluster number.

4. Conclusions
The results obtained in the case of study show the great potential of the FOODIE smart agro-service
for MZ delimitation by means of PAM clustering algorithms with data collected from TIRS sensors of
the Landsat 8 satellite. In particular, clustering the spatial data points of the land according the values
of the thermal infrared band B10. However, further research on how to optimize k for identifying the
number of MZs is still required.
Future work will involve the optimization of k and the evaluation of the smart agro-service with other
types of crops and countries.
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ABSTRACT
The agricultural industry is confronted with the need of increasing the production to feed
a growing population, and contemporarily to manage the decreased availability of natural
resources. This major challenge boosts agriculture sector to adopt new approaches and
technical innovations; anyway, the adoption of innovations in agriculture is not
immediate, due to the interaction of many drivers that impact on individuals and
enterprises’ decisions. This paper aims at providing a list of drivers for the adoption of
technological innovations in agriculture, on the basis of the outcomes of in-depth
interviews and focus groups performed in three European countries (Italy, Greece,
Turkey). With specific reference to innovations, ease of use, effectiveness, usefulness,
resource savings, and compatibility were mentioned as relevant features for an innovation
to be adopted. Trials, demonstrations, experience and knowledge sharing, and support
from qualified third parties were included among the facilitating factors for conveying
and promoting innovations. Finally, public funding, agricultural policies and market
conditions were identified as factors that may tip the balance in the process of
innovations’ adoption.

1. Introduction
The agricultural industry is nowadays facing some major issues: to feed a growing population; to
face natural resources’ decreasing availability; to improve farmers’ working conditions; to improve
products’ quality; to increase competitiveness. Advancements in technological solutions demonstrate
that approaching and adopting technological innovations are mandatory steps for agricultural industry
development, and a strategic choice to cope with the challenges the sector is confronted with.
Technological innovations present many potentialities that could help facing structural changes in
labour conditions, food supplies, market fluctuations, and natural resources management. As an
example, stricter environmental regulations could stimulate advancements in environmental friendly
techniques to reduce environmental load; as well as constraints in the use of natural resources will
promote the adoption and spreading of resources-saving agronomic techniques. The adoption and
implementation of technological innovations at different links of the agricultural value chain, along with
the access to and the management of technological information, will result in improvements to the
competitiveness of the chain in general. Then, drivers that affect the decision process regarding adoption
or rejection of innovations, and their influence on the steps of the adoption process must be carefully
taken into consideration.
The aim of this paper is to provide a detailed set of drivers for the adoption of ICT and technological
innovations in agriculture, to be tested in a consecutive quantitative survey. A qualitative exploratory
approach was chosen, and in-depth interviews and focus groups discussions were performed in three
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countries (Italy, Greece, Turkey) involved in the ROBOFARM project (ICT-AGRI ERA-NET Project
“Integrated robotic and software platform as support system for farm level business decisions”). This
paper is organized as follows: first, a synthetic overview of the theoretical background regarding the
adoption of technological innovations in agriculture is provided. In section 3, the adopted qualitative
techniques are briefly described. Section 4 explains the results in details, focusing on the main topics
that were extracted from the interviews and the focus groups. Final discussion is provided in Section 5.

2. Theoretical background
According to (Rogers 2003), a new technology (or innovation) is defined as “an idea, practice, or
object that is perceived as new by an individual or other unit of adoption”. The process of technology
adoption has been deeply analysed in literature, and two main strands of research have developed (Marra
et al. 2013). The sociological perspective focused on adopters’ socio-demographic and behavioural
features; later on, a stream of research emerged that highlighted the relevance of economic variables in
determining the adoption of technological innovations. Anyway, as acknowledged in (Baumüller 2012),
the process of technology adoption is even more complex and dynamic, and should take into account
the fitting with specific physical, farming, and extrinsic features of the context the technology is placed
in. Moreover, the technology itself could lead to different farmers’ approach and evaluations. The same
outcomes are confirmed by (Howley, O. Donoghue, and Heanue 2012), that provided a careful and
exhaustive overview on all the research streams that debated the topic of adoption of agricultural
technology, and focused their study on heterogeneity in structural farm and farmer characteristics as
explanatory variables for technology adoption patterns.
Agricultural industry has been subjected to the introduction of a large set of technological
innovations in the last years, which can be roughly divided in information management systems and
tools and equipment for in-field activities. With reference to ICT innovations and their introduction in
the agricultural industry, contributions in literature (Gelb and Voet 2009; Rota et al. 2013, in Anastasios
et al. 2010) identified some relevant drivers that can affect the process of ICTs adoption in farms. Age,
level of education, farm size, type of production, income, along with software features, ease of use,
perceived benefits, and training, were described as critical in adopting ICTs at the farm level.
Focusing on Precision Agriculture as the key for answering to the urgent issues of sustainability and
environmental degradation halting, many contributions in literature tried to identify the underlying
factors that affect the process of adoption. Tey and Brindal (2012) proposed a literature review
identifying the motivational factors that induce farmers to adopt PA technologies, with an ex-post
approach. Socio-economic factors, agricultural and environmental factors, institutional factors,
behavioural aspects, informational factors and technological elements were identified as determinants
for adoption’s decisions. Using adaptations of the Technology Acceptance Model (TAM) (Davis 1989)
and taking into consideration a predictive, ex-ante approach, other works tried to analyse the decision
process regarding the adoption of technological innovations in agriculture. In particular, (Adrian et al.
2005) added some determinants (attitude of confidence; perceived net benefit) and some sociodemographic features (age; farm size) to the traditional TAM constructs (Perceived Usefulness;
Perceived Ease of Use), with the aim to identify the main drivers affecting adoption’s decisions about
Precision Agriculture technologies. (Aubert et al. 2012) expanded the traditional TAM introducing a set
of additional constructs (compatibility; employees’ knowledge; information; operator’s knowledge;
operator’ innovativeness; perceived resources; quality of external support; relative advantage;
trialability; voluntariness) aiming at better defining the relationship between the adoption of a Precision
Agriculture technological innovation and its determinants. A wide list of constructs and factors affecting
the adoption process was identified by literature contributions during years. The depicted framework
confirms that specific analyses are needed to better understand the process of adoption of technological
innovations in agricultural practice.
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3. Materials and methods
Since the objective of this study is to create a list of drivers for the adoption of ICT and technological
innovations in agriculture, a preliminary literature review was conducted aiming at identifying the main
constructs underlying the decision process regarding technology acceptance and adoption. Then, an
exploratory analysis was performed adopting two qualitative methodological approaches: in depth faceto-face interviews and focus groups with selected key informants. Qualitative approaches are generally
employed to conduct in-depth investigations on relatively unexplored topics. They base on exploring
people’s behaviour, attitudes, experiences and opinions, trying to highlight underlying or latent
mechanisms and interactions between factors. Since qualitative methods are largely inductive, they are
particularly suitable to approach under-studied phenomena and to develop hypotheses for further
research steps (Creswell 2003), helping in providing context and foundation for quantitative analyses.
Interviews and focus groups are generally conducted with pre-selected targeted participants to discern
and assess the relevance of interviewees’ experience facilitating the understanding of central and
fundamental features of a specific phenomenon (Harris et al. 2009).
Data collection was performed in three countries (Greece, Turkey and Italy) during summer 2013. In
each country, 4 in-depth face-to-face interviews and 2 focus groups (minimum 6, maximum 10
participants each) with selected key informants were carried out, aiming at testing farmers’ and
technicians’ perception of the factors related to technology acceptance and adoption.
Discussions were conducted using a semi-structured qualitative schedule, organized according to the
following topics:
THEMES
TOPICS AND QUESTIONS (selection)
Organizational and
professional tenure

Company business, income
Company size and level of specialization
Land and equipment ownership
Role and professional tenure
Age and Education
Technology adoption What do you think about technological innovations’ adoption?
in agriculture
What is the role of ICT tools in agricultural practices?
What is your experience and the orientation of your farm/company?
Do you think that any of the factors listed in the previous cell could
affect or have affected any decision about technology adoption?
ICT/Technological
What are the phases that compose the adoption process? (Steps)
innovations’
What are the relevant factors (positive and negative) that affect the
adoption process
decision process?
Can you connect the relevant factors with the above-mentioned phases,
according to their influence?
Opportunities and
Technological innovations’ adoption: benefits and limitations
limitations
What do you think ICT tools and technological innovations are missing,
to satisfy farmers’ needs?
The first section (Organizational and professional tenure) aimed at understanding the role that “sociodemographic” features (both of the farm and the farmer) play in affecting the technology adoption
decision processes.
The second section (Technology adoption in agriculture) was meant to explore and collect
respondents’ feedbacks on attitudes, opinions and experiences about technology adoption, trying to
outline the set of constructs and drivers that compose and determine the adoption process.
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The third section (ICT/Technological innovations’ adoption process) aimed at identifying the stages
that lead to the adoption/rejection of technological innovations, and for each stage the factors (intrinsic
and extrinsic) they are influenced by.
Finally, in the fourth section (Opportunities and limitations) additional opinions and ideas about
drivers to be enhanced (or factors to be adjusted) to encourage the process of technology adoption in
agriculture were collected.
Participants to in-depth face-to-face interviews were preferably selected among technicians with
expertise in agricultural practices, providers of technologies (e.g.: FMIS providers, equipment
producers, etc.), farm co-ops and association representatives, researchers. According to the protocol,
interviews aimed at collecting the qualitative material to be debated during the focus groups. Therefore,
we oriented interviewees towards a brainstorming process, based on their experiences and understanding
of the industry.
Participants to the focus groups were preferably recruited among medium-large size farm owners,
farm co-ops representatives. This is due to the need of having a validation of the different outcomes
from interviews. Participants were invited to debate on a set of options trying to identify the reasons
underlying their convictions. In each focus group we observed an appreciable level of debate.
Interviews and focus groups were recorded, transcribed and analysed using a qualitative content
analysis technique (Atlas.ti software). This content analysis approach allowed for screening and
identifying the steps of the technology adoption process in agriculture, and the influential factors for
each step.

4. Results
4.1. Interviews and focus groups: geographic area and participants
A synthetic overview on locations where interviews and focus groups took place, interviewees’ roles
and focus groups’ compositions is provided in Table 1.
Table 1. In-depth interviews and focus group discussions: geographic area and roles of participants
GREECE
TURKEY
ITALY
Geographic
area
Interviewees’
role

Focus group
composition

Thessaly and Central
Macedonia
Manager of a consultancy
company for agricultural
activities management
Agronomist
Researcher
Technician
First focus group: farmers
Second focus group: farmers

Western Turkey

Emilia Romagna Region

Manager directors in
consultancy and services
supplier companies
Researcher
Agricultural engineer

Consultant
Agricultural co-ops
representative
Experts of agriculture and
ICT tools

First focus group: farmers
First focus group: ICT
Second focus group: farmers services providers,
consultants, farmers
Second focus group:
technicians

Interviews and focus groups provided an exhaustive overview on the main factors that affect the
adoption of technological innovations in the explored context. According to interviewees’ opinions, the
adoption and implementation of ICTs at different links of the agricultural value chain, along with the
access to and the management of technological information (economic variables, data, prices and market
information, communication with peers, business transactions, etc.) will result in improvements to the
competitiveness of the chain in general. Nonetheless, the process of adoption of technological
doi: 10.17700/jai.2015.6.4.212
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innovations in the agricultural sector is sometimes slow, due to some constraints and limitations. Results
from interviews and focus groups are summarized in the following sections, according to the most
relevant outcomes.
4.2. Farms’ and farmers’ features
Respondents confirmed that some socio-demographic features of farmers, such as age and
educational level, affect the process of innovations’ adoption. New generation of farmers are very
interested in technology and apply new technologies in their daily life and farms. Younger farmers are
more innovative and seem to be more willing to approach innovations, and their higher education levels
allow them to interact with new technologies more effectively. Young farmers seem to be better
informed about the capabilities of advanced machineries and ICT; the use of ICT tools in their daily
routine and the availability of easy to use and easy to handle devices make younger farmers more
familiar with technological innovations. On the other side, older farmers and “old style” farmers seem
to be more indifferent and affected by a sort of “generational” reluctance and distrust, due to
consolidated habits and experiences and to the belief that experience in agricultural practices could
substitute the need for innovative tools. A generally lower level of education of older farmers increase
the difficulty of perceiving and understanding the actual benefits ICTs can provide. Nonetheless, the
negative effects of age, distrust and reluctance could be bypassed in presence of leading/frontier farmers
with a good propensity towards innovations and changes. Entrepreneurial attitude and open-mindedness
were mentioned as fundamental features for farmers to approach technological innovations and invest
on them, whilst low technologies’ understanding, uncertain perspectives and low propensity to invest
are influential factors that limit technology adoption.
Farmers’ attitude towards innovations plays a relevant role in the agricultural industry: fear of
technology, anxiety and feeling incapable in presence of complex devices or equipment could
discourage farmers and increase their rejection. Background and previous experiences influence both
farmers’ knowledge and perception of innovations, and determine the level of trust against new tools
and equipment. Some interviewees remarked that the low level of knowledge, competence and training
could fuel a certain degree of scepticism against innovations and their level of accuracy. In addition, the
lack of expertise, and the difficulty in approaching new technologies when they are out of farmers’
experience could end up in unsuccessful experiences and expectations’ failure, thus fomenting
scepticism and distrust. In this case, external support and successful experiences’ sharing were
recognized as fundamental to mitigate such attitudes. Some participants pinpointed that openness
towards innovations is commensurate with farmer’s actual needs and with the level of integration of a
technology in the existing operational system.
Land ownership, firms’ structure and organization, farm size, land size and innovations’ costs are
additional factors to be considered in the decision process of adopting technological innovations. As an
example, tenant farming (that implies the migration of land during years and higher difficulties in
planning investments for adopting specific technologies, such as machineries or robots), small parcel
sizes and scattered fields act as barriers for adopting new technologies, especially when conspicuous
investments and structural changes in farm’s organization and settings are needed. Organizational
changes and the availability of resources are a significant barrier to the adoption of innovations;
moreover, uncertainties about the return on investment could discourage farmers and increase their
rejection. In general, large organizations seem to be more suitable for technology adoption, due to their
structure and budget. Interviewees agreed that larger organizations could more easily invest in
innovations, training and knowledge provision, since they can reduce the risks associated to the
investment. Investments in expensive or highly specialized machineries or technologies can be afforded
mainly by big farms, or are usually delegated to service providers. Service providers represent a clear
and computable cost for companies, whereas investing in technological innovations could entail risks
and money losses, especially when economies of scale cannot be realized. Production type can influence
the level of adoption, as well: in highly specialized productions, with added value and higher incomes,
as well as in intensive agriculture units, technological innovations are more present or likely to be
adopted. In addition, some ordinary features of the fields (slopes, irregularities, land fragmentation) can
be a barrier for some technologies (such as robots).
doi: 10.17700/jai.2015.6.4.212
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Employees’ knowledge and skills are additional determinants for the adoption process, since
technological innovations require know-how and qualified personnel. Training of employees with a
permanent position would be a facilitating condition for technology adoption, but since investing in
training requires time and money, it can be a barrier to the adoption of technological innovations.
Belonging to cooperatives or associations could help farmers’ in reducing costs for innovations and
training, since co-ops and associations could test and adopt technological innovations, share them with
farmers (asking for a depreciation charge) and provide farmers with the required know-how and
information. Information about new technologies and equipment are fundamental in the decision process
for adoption; therefore, when a huge information gap exists between agricultural knowledge centres and
rural communities, or when information are not available nor shared, technologies can hardly reach
farmers at the production level.
4.3. Technological innovations’ role and features
Many interviewees declared that the actual level of integration of technological innovations in
agriculture is quite low, and their complexity is sometimes too high to let innovations access farmers’
daily routine. Anyway, technological innovations’ potentialities are indisputable. In a broader
perspective, technological innovations are acknowledged to be fundamental in promoting sustainability,
enhancing food security and supporting rural development. Interviewees agreed that technological
innovations could provide many benefits and opportunities for improvement in a sector that show some
deficiencies, especially in terms of organizational and managerial aspects. Focusing on farms,
technological innovations can boost efficiency and productivity, and provide a more rational overview
on farm’s activities, performances and management, supporting a better and easier decision-making
process. They can lead to improvements both in terms of performance (production’s optimization,
reduction of costs) and working conditions and comfort (automation, digitalization); in addition, they
could reduce uncertainty in production processes and optimize the management and use of inputs and
resources. Moreover, in geographical areas where high quality agricultural products are produced,
innovations can be particularly profitable since they could enhance yields and products’ quality, and
improve farmers’ revenues. Finally, technological innovations can favour accessing new market
segments and production areas, where cultivating is actually impeded by environmental constraints. To
these purposes, some features are fundamental for the adoption and the spreading of innovations among
end-users.
Technological innovations must be easy to use and accessible to every user, irrespective of his/her
skills and age, and acquiring familiarity with a new technology should be easy and quick. Simplicity,
compatibility with other systems already in place in the organizations, and flexibility are relevant
features that favour the adoption of technological innovations, along with a high level of fitting and
customization that could favour the achievement of goals such as resources saving and management
effectiveness. New technologies should guarantee continuity in operational activities, and avoid
significant changes in the organization of work tasks that could cause farmers’ rejection. Innovations
must be affordable (with reference to complexity), factually useful, with distinguishable functions, and
must provide a concrete simplification of procedures, along with observable and understandable outputs
and concrete benefits. Moreover, they should guarantee reliability and resistance.
The return on investments should be concrete and affordable too, since it can justify and favour both
short-term and medium or long-term investments. Some interviewees remarked that innovations’ cost
is a highly relevant factor to be considered when approaching the decision to adopt technological
innovations; anyway, it must be evaluated according to company’s structure, to the savings and
advantages the innovation could provide, and the exposure to risk. The trade-off between technological
innovations’ usefulness and viability on one side, and farms’ size and profitability, costs, farmers’
exposure to risks and the actual added value of the innovations themselves on the other side must be
carefully evaluated. The small dimension of the majority of the companies reduces innovations’ benefits
and increases the impact of risks; hence the added value of the innovation must cope with the economical
dimension of farms.
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Small size, ease of use and manageability of new technological devices are captivating features that
increase the positive attitude towards adoption. Data collection and transfer are nowadays facilitated by
Wi-Fi devices and cloud based storing solutions. Nonetheless, data charging should be easy and quick,
and overtake practical problems (vocal identification software are an example). Data analysis must
provide easy to understand feedbacks and ready-to-use information outputs; therefore, software for farm
management information systems should be designed with the aim of providing a rigorous but simplified
overview on farm’s performance, reducing uncertainties and supporting farmers and technicians in their
decision process. Software solutions should also be customized according to users’ features and needs.
Compatibility with some commonly adopted tools (such as Windows Office package) is a prerequisite
for adoption; similarly, automation in operational activities or in data management is seen as a
facilitating condition for innovations’ success.
Finally, many participants remarked the fundamental role of trials, which can disclose innovations’
potential and functions, favouring the perception of the benefits they can provide. In-field
demonstrations, pilot farms and farmers, along with successful experiences of technological
innovations’ implementation, could fasten the process of awareness and trust raising, and seem to be the
most convincing reason to adopt innovations and spread them among end-users.
4.4. Role of the external environment: agricultural industry framework, external support,
knowledge and experience sharing, market and institutions
Some participants pinpointed that, despite the recent trends and developments in terms of
technological advancements, agricultural industry has been scarcely inclined to innovations during
years, and acknowledged as self-sufficient. In decades, innovations for agricultural industry have rather
been imposed than created by the agricultural industry itself; therefore, they lacked in answering to
farmers’ requests and did not fit the contexts they were placed in. Participation in creating technological
innovations that satisfy farmers’ needs and fit farmers’ conditions is definitely a prerequisite for a higher
likelihood of innovations’ success and acceptance. Collaborating with innovations’ designers and
providers could increase farmers’ trust and confidence, and their positive attitude towards new
technologies.
The “environmental” context where farms operate is relevant for adopting and spreading innovations
as well. According to some participants’ opinion, innovations alone cannot access a consolidated system
and survive; they need to be conveyed, promoted and defended. In well established, advanced and
structured systems where associations, consortia and support units exist and cooperate, the presence of
technical controls can assure innovations’ protection, support and diffusion. In contexts where the
external system is less structured and supportive, innovations’ diffusion dynamics can differ, and
farmers can autonomously decide to approach innovations. External third parties act as filters for
innovations’ diffusion in well-established systems. Moreover, in a broader perspective, external parties
can act as a catalyst for technological innovations’ adoption, since farmers and operators show a positive
attitude against all technological solutions that are guaranteed and certified by trusted providers or tested
and promoted by institutional subjects (governments, universities, research centres).
Many interviewees agreed upon the relevance of external support in adopting and spreading
technological innovations. Many interviewees declared that external support is fundamental to make
farmers feel more confident, and to avoid farmers’ fears and the risk of innovations’ rejection. External
support provided by trusted third parties or technicians and consultants with expertise is acknowledged
to be very influential on farmers’ knowledge and awareness raising: when trusted third parties convey
and promote technological innovations and certify their usefulness, farmers’ willingness to trust and
access technological solutions increases. On the contrary, the lack of qualified support can influence
negatively the decision process, discouraging the approach and the access to technological innovations.
Despite the likelihood of inducing dependence from external support, farmers are continuously seeking
for qualified support that guides them in approaching new technologies and disclosing their potential.
Anyway, according to some interviewees’ opinion, technological solutions cannot replace consultants’
or experts’ role in toto. Technological innovations can provide consultants and experts with detailed
reports and data analysis; then, consultants must evaluate outputs and provide technical and agronomical
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responses according to the data collected and to their specialized know-how and expertise. Then,
consultants and experts are particularly relevant in the technology adoption process, since they can
recommend innovations and provide competence and support for their implementation. Communication
and qualified support is also requested from technological innovations’ providers, especially in after
sales stages, and could affect the decision process as well, especially when skilled and highly qualified
support is missing.
Experience sharing is an additional driver that can affect the decision process about innovations’
adoption. The factual sharing of experiences and opinions among farmers, business partners and
competitors is a powerful way to overtake “narrow-mindedness” and fears, to approach innovations with
a higher awareness both about needs and innovations’ benefits, and a chance for development. Sharing
experiences could be a revolutionary change in agricultural industry, since it would increase farmers’
knowledge, favour risks’ reduction when choosing or investing in a new technology, and stimulate
significant improvements. Despite a sort of rejection towards sharing (of ideas, knowledge, experiences,
machineries) that affects agricultural industry in some countries and grounds mainly on mentality, many
interviewees agreed that exchanging experiences among farmers and practitioners regarding
technological innovations and successful histories of adoption would be more trusted than any
promotional initiative and would fasten the access of innovations into the agricultural sector. Examples
from positive previous experiences and from advanced farmers with a strong propensity towards
innovation, can be particularly effective: since frontier farmers are more willing to apply technologies,
they can act as forerunners and demonstrate that the result of technology application is successful, and
cost losses are minimized. This can start a virtuous mechanism of emulation.
Finally, institutions and market environment play a relevant role in supporting or dissuading farmers
from adopting technological innovations. Some participants agreed that market pressures could
influence the adoption process when the adoption of a specific innovation becomes a mandatory
requirement to stay in the market. With reference to institutions, some interviewees remarked that some
policy indications and decisions could conflict with innovations’ trends, reduce innovations’ potential
and slow down the adoption process, damaging farmers’ competitiveness. In financial terms, the role of
public funding in facilitating the adoption of technological innovations is fundamental. Since
uncertainties about the return on investments could discourage farmers, the whole agricultural system
should put into effect some actions that guarantee farmers’ investments from markets’ instability and
allow them to access innovations. An “underlying” protection system should be in place to protect
farmers against market risks and subsidize them in case the return on investments is delayed. Many
respondents remarked that funding schemes and subsidies could be an effective (and in some cases
essential) tool to improve the access to and the adoption of technological innovations. Besides some
infrastructural upgrades, a Wi-Fi, cloud based, open source system could be a fundamental improvement
in agricultural industry, and a mean for fastening the process of technology knowledge, sharing and
adoption, and reducing costs. In this context, a continental shared platform could write off the
investment, and could guarantee data homogeneity among European partners. Public funding,
agricultural policies and market conditions are highly significant for innovations’ spreading and
adoption, since they could enforce the adoption process acting as enhancers and promoters.
4.5. Adoption process: main steps and relevant factors
Interviewees were asked to identify the main phases that lead to the adoption (or the rejection) of
technological innovations. Furthermore, participants were invited to link all the drivers that emerged
from the first stage of in-depth interviews and focus groups discussions to the respective phase of the
adoption process, highlighting the influence of the drivers on the adoption steps.
According to interviews and focus groups outcomes, two different graphs were elaborated (Figure 1
and Figure 2). In the ellipses, the relevant phases of the adoption process are indicated. In the rectangles,
drivers affecting the adoption process steps are listed and connected with the steps they are inflential on.
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Figure 1. Adoption process stages and relevant factors (in-depth interviews)

Figure 2. Adoption process stages and relevant factors (focus groups)
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5. Discussion
The outcomes of this exploratory study highlight the need for further research and analyses, to test
the concrete relevance of the identified determinants on technological innovations’ adoption in
agriculture. Anyway, a broad overview on the main drivers was provided, and some considerations can
be drawn.
According to the outcomes of the exploratory analysis, some steps can be identified that compose
the decision process of adopting technological innovations. Identification of needs and of the available
solutions are the first phases. Then, trials and demonstrations must be performed, along with the analysis
of scenarios. The next step encompasses technical and financial evaluations, and all the critical issues
that could lead to the adoption or suggest rejection. Each phase in the process is strongly connected with
a list of drivers that were acknowledged to be influential on the evaluation of technological innovations’
viability.
“Socio-demographic” features of farmers are particularly relevant in the first steps of the decision
process regarding adoption. Age and educational level can affect the identification and evaluation of
needs, and the consequent process of information collecting. Behavioural traits (entrepreneurial attitude,
open-mindedness, attitude towards changes, propensity, fear and anxiety, etc.) are equally relevant, but
they seem to become critical in the stage of technical and financial evaluations preceding the decision
to adopt. Knowledge and awareness are additional farmers’ features that affect the process of
approaching technological innovations in these early stages. With reference to farms, structural features
such as land ownership, farm size, aggregation, economic status, farm business and targeting markets,
perspectives and planning, production type and farm’s organization influence the decision process as
well, especially when the final risk/benefits analysis is performed. Small parcel sizes and scattered fields
limit the propensity towards adopting some kinds of innovations, since innovations cannot perform at
their best in such conditions and farmers cannot invest big amounts of money in expensive technologies.
Similarly, geographical location can affect the availability of innovations, their usability and
consequently their adoption. Employees’ knowledge, skills and training are critical features for adoption
as well, both in the early steps of the decision process and in the evaluation phase, since training asks
for resources and investments. Organizational changes and resources are a significant barrier to the
adoption of innovations.
Technological innovations’ features are undoubtedly relevant in all the stages of the decision process
regarding adoption, including the evaluation of innovations after use. In the first steps, “functional”
features of innovations are considered; then, during trials and in the analysis of scenarios and
risks/benefits balance, innovations are evaluated according to a wider set of requirements. Ease of use,
usability, simplicity, compatibility with existing systems, flexibility, were mentioned as fundamental
functional features for innovations to be adopted. In addition, effectiveness, usefulness, observability of
performances, reliability, degree of fitting, potential and perceived benefits, profitability,
price/performance ratio and return on investments were mentioned as unavoidable aspects to be
evaluated especially in the last stages of the decision process. Innovations must provide understandable
feedbacks and ready-to-use information outputs, and should be tailored on agricultural sector’s features
and needs. The trade-off between technological innovations’ usefulness and viability on one side, and
farms’ size and profitability, costs, farmers’ exposure to risks and the actual added value of the
innovations themselves on the other side must be carefully evaluated.
External environment exercises a strong influence on adopting technological innovations, and affects
all the stages of the decision process. The role of external support in awareness raising, conveying
information about innovations, showing innovations’ potentials in trials and supporting farmers’ in their
decision process regarding the adoption of technological innovations is indisputable. Qualified external
support is sought all along the steps of the decision process and during evaluation after use as well, and
the existence of a trusted and competent support system can increase farmers’ trust and propensity
towards adoption. External support from experts and technicians is acknowledged to be very influential
in gaining knowledge and awareness about technologies, in understanding their advantages and in using
it in a correct and profitable way on field. Moreover, experts and consultants play also a fundamental
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role in disseminating and promoting innovations among farmers, and in increasing farmers’ confidence
through training and demonstrations.
Similarly, experience and information sharing among farmers and practitioners is particularly
powerful and could be more influential than any institutional dissemination and promotional activity.
Especially in the first stages, successful experiences of pilot farms and farmers, evaluations on early
adopters’ results, information sharing, word of mouth are the reference system farmers can rely on.
Sharing experiences could be a revolutionary change in agricultural industry, since it would increase
farmers’ knowledge, favour risks’ reduction when choosing or investing in a new technology, and
stimulate significant improvements.
Finally, public funding, agricultural policies and market conditions are the under-layer the decision
process is placed on. They affect the decision process since its early stages, because they can impose
constraints that limit or adopt measures that favour the approach to innovations. The lack of facilitating
conditions provided by public administrations, the lack of an underlying system that supports and
protects farmers against market’s risks and subsidize them when the return on investments is delayed,
policy orientations that conflict with innovations’ trends, changes in legislation that reduce innovations’
potentials are responsible for negative evaluations during the risks/benefits analysis stage, for farmers’
reluctance and final rejection of innovations. In other cases, the existence of legal mandatory
requirements or strong market orientations enforces the adoption, bypassing any decision process and
voluntariness, which is an important driver at the beginning of the decision process. Nonetheless,
policies, legislations and market trends can act as powerful and effective catalysts for innovations’
spreading, acting as enhancers and promoters of the adoption process.
To conclude, this paper provides a wide and exhaustive background regarding factors that can affect
the adoption of technological innovations in agricultural industry. According to country-specific, sitespecific and technology-specific features, and encompassing additional economic and extrinsic variables
that could intervene in the decision process, further analyses are needed to identify the constructs that
affect technology adoption, their relationships and the determinants for successful experiences.

Acknowledgements
The financial support of the European Union and of the National Funding Agency (Italian Ministry
of Agriculture) within the European Union Seventh Framework Programme (FP7/2007 – 2013) for
Research, Technological Development and Demonstration Activities, for the Project “Integrated robotic
and software platform as support system for farm level business decisions” (ROBOFARM) is
acknowledged.

References
Adrian, AM, Norwood, SH, and Mask, PL 2005 ‘Producers’ perceptions and attitudes towards precision
agriculture technologies’. Computer and Electronics in Agriculture, vol. 48, pp. 256-271.
doi: 10.1016/j.compag.2005.04.004
Anastasios, M, Koutsouris, A, and Konstadinos, M 2010 ‘Information and Communication Technologies as
Agricultural Extension Tools: A Survey among Farmers in West Macedonia, Greece.’ Journal of Agricultural
Education and Extension, vol. 16, no. 3, pp. 249-263. doi: 10.1080/1389224x.2010.489767
Aubert, BA, Schroeder, A, and Grimaudo, J 2012 ‘IT as enabler of sustainable farming: An empirical analysis of
farmers’ adoption decision of precision agriculture technology’. Decision Support System, vol. 54, pp. 510–520.
doi: 10.1016/j.dss.2012.07.002
Baumüller, H 2012 ‘Facilitating agricultural technology adoption among the poor: the role of service delivery
through mobile phones’. Working Paper Series 93. ZEF Working Paper Series (eds von Braun, Denich, Gerke,
Hornidge and Schetter), Department of Political and Cultural Change, Center for Development Research,
University of Bonn, ISSN 1864-6638
Creswell, JW 2003 ‘Research design: Qualitative, Quantitative, and mixed methods approaches, 2nd edition’. Sage
Publications-International Educational and Professional Publisher, Thousand Oaks - London - New Delhi, ISBN:
0-7619-2442-6
doi: 10.17700/jai.2015.6.4.212

83

Erika Pignatti , Giacomo Carli , Maurizio Canavari: What really matters? A qualitative analysis on the
adoption of innovations in agriculture

Journal of Agricultural Informatics (ISSN 2061-862X) 2015 Vol. 6, No. 4:73-84
Davis, FD, 1989 ‘Perceived Usefulness, Perceived Ease of Use, and User Acceptance of Information Technology.
MIS Quarterly, vol. 13, pp. 319–340. doi: 10.2307/249008
Gelb, E, and Voet, H 2009 ‘ICT Adoption Trends in Agriculture: A Summary of the EFITA ICT Adoption
Questionnaires (1999-2009)
Harris, JE, Gleason, PM, Sheean, PM, Boushey, C, Beto, JA, and Bruemmer, B 2009 ‘An introduction to
qualitative research for food and nutrition professionals’. Journal of the American Dietetic Association, vol. 109,
80-90. doi: 10.1016/j.jada.2008.10.018
Howley, P, O. Donoghue, C, and Heanue, K 2012 ‘Factors Affecting Farmers’ Adoption of Agricultural
Innovations: A Panel Data Analysis of the Use of Artificial Insemination among Dairy Farmers in Ireland’. Journal
of Agricultural Sciences, vol. 4, no. 6, pp. 171-179.
Marra, M, Pannell, DJ, and Abadi Ghadim, A 2003 ‘The economics of risk, uncertainty and learning in the
adoption of new agricultural technologies: where are we on the learning curve?’. Agricultural Systems, vol. 75,
no. 2-3, pp. 215-234. doi: 10.1016/s0308-521x(02)00066-5
Rogers, EM 2003 ‘Diffusion of Innovations’, 5 th Edition, New York, Free Press.
Rota, C, Nasuelli, PA, Spadoni, C, Valmori, I, and Zanasi, C 2013 ‘Factors Affecting the Sustainable Use of ICTs
for Agriculture at the Farm: The Case of Image Line Network Community’. EFITA-WCCA-CIGR Conference
“Sustainable Agriculture through ICT Innovation”, Turin (Italy), 24-27 June 2013.
Tey, YS, and Brindal, M 2012 ‘Factors influencing the adoption of precision agricultural technologies: a review
for policy implications’. Precision Agriculture, vol. 13, pp. 713–730. doi: 10.1007/s11119-012-9273-6

doi: 10.17700/jai.2015.6.4.212

84

Erika Pignatti , Giacomo Carli , Maurizio Canavari: What really matters? A qualitative analysis on the
adoption of innovations in agriculture

Journal of Agricultural Informatics (ISSN 2061-862X) 2015 Vol. 6, No. 4:85-95

Hungarian Association of Agricultural Informatics
European Federation for Information Technology in
Agriculture, Food and the Environment

Journal of Agricultural Informatics. 2015 Vol. 6, No. 4
journal.magisz.org

From science to practice: Bringing innovations to agronomy and forestry
Don J.M. Willems1, Nicole J.J.P. Koenderink2, Jan L. Top3
INFO
Received
Accepted
Available on-line
Responsible Editor:
Keywords:
dialogue, ontology, annotation,
innovation, query and answer
system

ABSTRACT
The challenge of the work presented here is to make innovative research output in the
agronomy and forestry domain accessible to end-users, so that it can be practically
applied. We have developed an approach that consists of three key-elements: an ontology
with domain knowledge, a set of documents that have been annotated and metaannotated, and a system (ask-Valerie) that is based on a dialogue to represent the
interaction between end user and system.
We show that the dialogue-metaphor is a good way of modelling the interaction between
user and system. The system helps the user in formulating his question and in answering
it in a useful way. Meta-annotations of key-paragraphs in the document-base turn out to
be relevant in assessing in one glance what the content of a document is.
End-users are very enthusiastic about the possibilities that ask-Valerie offers them in
translating scientific results to their own situation.

1. Introduction
There is a compelling need for agricultural and forestry research to play a significant role in the future
to meet the challenges of increased demand for food and fiber. This should be balanced against the need
to deliver other vital services provided by land management, such as regulating the flow of water and
maintaining valuable habitats. If this role is to be fulfilled, innovative research outputs need to be made
accessible to end-users so that they can be practically applied. Many EU and nationally funded research
projects in the fields of agriculture and forestry provide excellent scientific results. However, outreach
and interpretation of these results into ‘ready-to-use’ farming and forestry formats is limited. The
challenge here is to boost innovation by facilitating knowledge exchange between practitioners (farmers,
foresters, advisers etc.) and researchers to improve the uptake of research outputs.
The EU-funded Valerie-project (http://www.valerie.eu) aims to address this challenge4. Ideally,
experts relate scientific findings to applications by discussing possible implementations with
practitioners in the field. In these discussions, the practitioner’s background, the precise problem
context, possible solutions and further actions are clarified. However, the experts are not available 24/7,
their time is expensive, and they do not have immediate access to results of others. This is why the
digital expert-assistant comes into play. Currently, computer aided advisory systems have become
accessible and cheap, can access large repositories with relevant reports and publications.
In the standard ‘Google’ approach to this kind of advisory systems, the user enters few search terms.
The system returns a ranked list of documents and the user refines the search terms if needed. Although
this is nowadays common for a generic information space as the web, it is a very poor reflection of the
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expert-practitioner interaction one would expect in a specific domain, in our case agriculture and forestry
innovation. We submit that this is a consequence of the fact that in standard solutions, background
knowledge on the domain is missing in the interaction between practitioner and system. In this paper
we present how a digital but knowledgeable ‘assistant-expert’ can serve as an intermediate between
experts and practitioners, optimizing the effectiveness of the interaction between them. An important
challenge is to use the modelled domain knowledge in such a way that the digital assistant-expert is able
to have an effective dialogue with the user. In such a dialogue, the initial question of a farmer may be
vague and broad, or very specific. The assistant-expert helps to translate his question into terms in which
solutions are formulated, independent of a particular language, and helps the farmer to narrow down or
broaden the questions, or suggest alternative lines of thinking.
The ideal expert has access to a large set of knowledge sources that he has read and understood using
unambiguous terminology. He knows which parts of which documents are relevant to find particular
answers. He also knows that a text that is about ‘Rusty Spot’ may be applicable even if the question was
about ‘potato disease’. In short, the digital expert should be understanding, ask further questions, give
useful answers, but also inspire and know its limitations.
Our assistant expert is called ask-Valerie. ask-Valerie is to assist the user in asking the right question,
give answers that are informed and to-the-point and, be fast. Our approach is based on (1) setting up an
ontology on innovations in agriculture and forestry to remove the ambiguities and vagueness of natural
language in this domain (2) select and interpret useful digital material and (3) performing a dialogue.
We submit that by combining these three elements we can progress from standard search solutions to
approaching the advisory capabilities of a human advisor.
The paper is set up as follows. In Section 2, an overview of related research is given to set the stage
for our contribution. Section 3 describes the method used. In Section 4, we show the results of the first
development cycle. We finish with conclusions, a discussion and recommendations for future work.
In the remainder of this paper we use the role of the practitioner as a common denominator for
‘farmer’, ‘forestry worker’, ‘extension worker’, i.e., any member of the Valerie’s target audience, as
opposed to the expert, who can be any knowledge provider5.

2. Related work
The huge amount of information on the Internet has made the task of finding the best possible
available information for a specific query very challenging. From the analysis of user search logs (e.g.
(Morrison 2008)), it seems that users pose short queries and do mostly not look beyond the first ten
search results. Therefore, it is relevant to find as many well-fitting results as possible in the top 10 of
automatically generated answers, to optimally serve the user with an answer.
Keyword-based search is not well-suited for finding the best results (Anderson 2013). The
Information Retrieval (IR) community has searched for better methods. A frequently used approach is
to expand the query that users enter (Abdelali et al. 2007; Bhogal et al. 2007). Query expansion helps to
prevent the problem of word mismatch (Xu and Croft 1996). Three commonly used methods (Bhogal et
al. 2007) for query expansion are (i) relevance feedback (Brillakis 2005), (ii) corpus dependent
knowledge models (Khan and Khor 2004; Oakes and Taylor 1998) and (iii) corpus independent
knowledge models. Corpus independent knowledge models usually use thesauri or ontologies to enrich
the user-defined query (Dey et al. 2005; Díaz-Galiano et al. 2009; Thenmalar and Geetha 2014; UmaDevi and Meera Ghandi 2015; Yadav 2009). These sources show that ontology-based search helps in
improving the finding of relevant information. Two bottlenecks can be identified, though. First, the
development of the domain ontology and its regular update to incrementally improve the search process
usually takes a significant amount of time and is therefore a bottleneck in the process (Thenmalar and
Geetha 2014). Moreover, usually people are not interested in the complete document, but need a
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fragment that fits their needs. Finding relevant fragments in documents is another bottleneck in the
process (Yadav 2009).
The objective of ask-Valerie is similar to many Question and Answering (QandA) Systems (Voorhees,
1999), i.e. providing an answer or solution to a question that the user has. The use of semantic
vocabularies to (re)formulate the question has been used previously in QandA systems, such as the
systems created by Athira et al. (2013) and Guo and Zhang (2008). Semantic technology becomes
especially pertinent when the answers to the users’ questions are also stored in semantic databases or on
the semantic web (Bordes et al. 2015).
Typically, in QandA systems, the question can be formulated by the user using natural language.
Athira et al. (2013) compare QandA systems with Information Retrieval (IR) and Information Extraction
(IE) systems in which a relevant subset of documents are found using IR by matching keywords provided
by the user with an indexed set of words taken from the full set of documents. In this sense, ask-Valerie
has more in common with IR systems than with QandA systems. But unlike IR systems, the ask-Valerie
system, does aim to provide the user with an exact answer, while IR systems typically provide the user
with documents that are related to the answer (Athira et al. 2013).
Core to ask-Valerie is the use of semantic annotations to identify the relevant parts of a document.
Work on semantically annotating documents or information and using those annotations in Information
Retrieval (IR) is not new (Oshaiba et al. 2015). A lot of research has been targeted towards automatic
annotation systems, such as the User Oriented Semantic Indexer (USI, Fiorini et al. 2015) or GeneView
(Thomas et al. 2012), which is one of many tools that uses automatic annotation to search PubMed.
Manual annotation in computer science is mostly used to create datasets used in the evaluation of
automatic or semiautomatic annotation (e.g. Kiyavitskaya et al. 2006). An overview of manual
annotation tools is given in Hinze et al. (2012). The issue with manually annotating documents is that it
is very laborious for non-trivial documents sets. Semi-automatic annotation is used to pre-annotate
documents to make the process of manual annotation much less laborious (Kiyavitskaya et al. 2006,
Névéol et al. 2011) while still retaining the advantages of manually annotating documents over
automatic annotation, i.e. it is less error-prone (see for instance; Lin et al. 2015).

3. Method
Since our goal is to approach a discussion between the expert and the practitioner, we will relate the
different steps that our method takes to the elements of such a discussion and the preparation of this
discussion. Where steps can be automated we refer to the assistant-expert as a metaphor for the
supporting application.
Firstly, the expert and practitioner define a common language to express questions and answers.
While the practitioner and the expert will have some common background, as they work in the same
domain, differences will exist in the level of expertise and jargon used. This means that they not only
have to choose a shared natural language, but also a corresponding set of words and grammar,
understandable for the assistant-expert.
Secondly, the expert selects a collection of potentially relevant reports, papers, etc. We assume that
the knowledge that is needed to provide answers is contained in a set of digital documents. The expert
‘translates’ the documents into the shared terminology and identifies relevant sections. He also makes
the documents available for the system to access.
After the expert has made these preparations, the digital assistant-expert can talk to the practitioner.
The assistant helps the practitioner to use the shared language for articulating his question. The system
suggests alternative directions to explore, and helps the user to zoom in or out of certain details. It also
translates selected terms into queries to consult the document repository. Moreover, it uses narrower
terms for a given search term to find more documents. It selects fragments from relevant documents and
ranks them. The user takes action with this information or reformulates his question.
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In this way, ask-Valerie aims to help farmers to find the most relevant information based on the
knowledge of many experts in the domains of agronomy and forestry. In the following paragraphs we
describe in more detail how we extract and apply the underlying knowledge given the three steps
describe above, focusing on the (technical) details of the implementation in ask-Valerie.
3.1. Creating a shared vocabulary
An ontology defines a set of representational primitives (concepts) and relations between these
primitives (Gruber 2009). These concepts include information about their meaning in the form of the
name(s) or possibly an extended textual description of the concept. Multiple alternative names (labels)
can be attached to one concept, allowing for the definition of synonyms and translations (e.g., soil has
synonyms ground and earth and has translations aarde in Dutch and suelo in Spanish). Different types
of relations can be defined, such as is-a relations providing for the creation of hierarchies (e.g., sandy
clay ‘is-a’ soil). Concepts are often identified by unique identifiers allowing for the disambiguation
between them (e.g. earth as in soil and Earth, the planet). If a question for an information source can be
expressed in these concepts, the question will be unambiguous. Any other relation between concepts
can be defined, such as soil is-part-f’ a farm. The network of relations determines the formal semantics
of the associated concepts, allowing applications to act in an informed and intelligent way.
The VALERIE domain ontology is created using the ROC+ tool (Koenderink et al. 2008). It provides
users who are unfamiliar with ontologies a simple tool to create the domain ontology that formalises
their expert knowledge. The ROC+-method consists of five steps: (i) entering of concepts into the
ontology, (ii) identifying synonyms, (iii) use existing ontologies to suggest per concept in the ontology
other possibly relevant concepts, (iv) create the hierarchy (skos:narrower/skos:broader) between the
concepts, (v) indicate skos:related relations between concepts.
In workshop sessions, domain experts and potential users of the ask-Valerie system are asked to
provide relevant concepts in the agronomics and forestry domains, place these concepts in a ‘is-a’
hierarchy using ROC+ and identify concepts that are related in another way. This ontology is expressed
in the SKOS language (W3C 2012), which provides relations such as skos:narrower, and
skos:broader for is-a relations, and skos:related. Literal properties such as skos:prefLabel (to
specify the preferred label to be used for each language considered) and skos:altLabel can be used to
specify alternative names for concepts, together with possible synonyms.
3.2. Document selection and annotation
Meanwhile, domain experts select a set of documents. The documents in this set are selected for
their potential to help farmers to find the innovations relevant to their problems and questions. These
documents are then automatically annotated using the domain ontology. This means that the documents
are parsed and their text is extracted. The text is then scanned for occurrences of the concepts from the
domain ontology (i.e., for all labels of all concepts), resulting in links from words in the text to
ontological concepts. It is important to realise that these automatic annotations are on the level of
individual words, or short sequences of words, and not on paragraph or higher levels.
These automatically annotated documents are then manually checked by the same domain experts
as those who selected the set of documents. Manual annotation involves the checking the correctness of
the automatic annotations (add annotations that were missed or delete erroneous annotations). It may
also involve adding annotations at the paragraph level, e.g., specifying that a paragraph covers a specific
concept.
Manual annotation is supported by the Annotative Authoring (AnnA) tool developed within the
VALERIE6 and COMMIT/eFoodLab7 projects. It allows the expert to view existing (automatically or

6

http://www.valerie.eu

7

http://commit-nl.nl/projects/e-foodlab
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manually created) annotations within a document as highlighted words, and to add and remove manual
annotations. The experts can use AnnA to select a piece of text in the document and then type the
relevant concept from the domain ontology in a separate text field (based on text-completion using the
labels in the ontology). They can select single words but also complete or multiple paragraphs. The
manual annotation is then added automatically to the selected text.
The steps outlined above (creation of the domain ontology, selection of the document set, automatic
and manual annotation, and creation of the semantic index) are all pre-processing steps conducted by
domain experts. These steps formalise the domain knowledge in terms of the ontology. This will allow
ask-Valerie to answer the farmer’s question.
3.3. Iterative question-and-answer
One important feature of ask-Valerie is to help the user (practitioner) to formulate his question as a
formal query to the ask-Valerie knowledge base. The query should capture the meaning of the question.
For the user to be able to express his question the following functionality is used.
Firstly, the search field tries to automatically complete the text entered by the user. The system uses
the labels for the different concepts in the ontology. When the user starts typing ‘soi’, the text completion
functionality proposes terms such as ‘soil’ and ‘soil management’. The user selects one of the
completions in a drop down box. Not only are terms suggested that start with the string typed by the
user, but also terms in which the string appears in another position are being suggested, though at the
end of the drop down list. Using the suggested terms and therefore the concepts associated with these
terms, the user is assisted in using ontological concepts in his question, which facilitates the translation
of the query to the language understood by ask-Valerie.
Secondly, to help the user in his query formulation even further, the system presents suggestions for
alternative search directions by showing slightly different concepts. These concepts link to the originally
selected concepts, either by is-a relations (broader or parent concepts) or by related-to relations. The
user can use these suggestions as inspiration for modifying his query.
Finally, the system expands the search query entered by the user with concepts that are implied by
the search terms. For example, if the user enters the string ‘ground’, the ask-Valerie systems recognises
the string as a synonym of the concept soil. Because we use a semantic index, also documents connected
to other synonyms of soil show up as results. It does not matter which synonym (or translation) the user
uses, as long as it is known in the ontology. This prevents problems related to different languages and
jargons used by the practitioner and the assistant-expert. This type of query expansion is not only limited
to synonyms but it also uses narrower concepts. Mite is, for instance, a narrower concept of pest insect.
The system will find documents or paragraphs containing ‘mite’ even if only ‘pest insect’ has been
mentioned in the search query.
3.4. Meta-annotation
Whereas the domain specific annotation as described above enables a dialogue between the
assistant-expert and the practitioner at the content level, it does not guide the problem-solving process
as such. We therefore have introduced the notion of meta-level annotation in our approach. The idea is
to have experts identify paragraphs in the documents that play a specific role in the different phases of
the dialogue. As a first step to exploit the feasibility of this approach and its effect on the results found,
we have defined the meta-level concepts ‘innovation challenge’ and ‘innovation’. They are closely
linked to the question asked by the practitioner respectively the answer given by the assistant-expert,
which are basic elements of any dialogue. We ask experts to manually annotate sections in the
documents with these terms. These meta-annotations then identify the most crucial parts of a document
with regard to possible questions and solutions for the practitioner’s problem.
We assume that by using these meta-level annotations, both the selection of fragments and the
ranking of documents will be improved using this kind of expert judgment. We rank documents with
domain-specific search terms inside ‘innovation (challenge)’ fragments highest. Next follow those
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documents that have domain terms and one or more ‘innovation (challenge)’ fragment (but with domain
terms occurring outside of these fragments). The lowest rank is given to documents without ‘innovation
(challenge)’ fragments. Otherwise, results are ranked using the occurrence of the domain terms.
Fragments that are meta-level annotated also show up differently in the result list that those that are
not. When the meta-annotation is not used, a predefined number of sentences before and after the search
term in the text is shown. This means that the cut-off may be rather arbitrary in the eye of the user.
However, when the meta-annotations are used, the entire fragments annotated with ‘innovation’ and
‘innovation challenge’ are presented to the user. These fragments will in general be more self-explaining
and complete than the machine-generated fragments.

4. Results
4.1. The creation of the ontology
The Valerie-ontology was successfully created by domain experts using the ROC+ ontology creation
tool [3]. For the considered domain, AGROVOC (Agrovoc 2015) and Eurovoc (Eurovoc 2011) are
relevant existing ontologies, so they were used as sources of inspiration in step (iii).
Sixteen teams of two experts each have systematically charted their own domain knowledge using
ROC+ in a workshop session of four hours (see Figure 1). In this way, expertise on the themes ‘crop
rotation’, ‘integrated pest management’, ‘eco-system services’, ‘soil management’, ‘water
management’, ‘sustainable integrated supply chain services’, ‘innovative farm management’ and
‘recycling of biomass and food waste’ has been covered, complemented with knowledge from ten
agronomy and forestry case studies distributed over Europe (Italy, UK, Spain, Finland, Poland, the
Netherlands, and France).
The result of this modelling activity is a detailed ontology consisting of 1726 terms (in April 2015),
which can be found as linked open data on FoodVoc (Valerie-ontology 2015). In the ontology, four
types of relations have been added: 524 synonyms (using skos:altLabel), hierarchical terms using
skos:narrower, skos:broader (max. depth is 11 levels, 761 top level concepts exist), and 3589 other
types of relations using skos:related. The time taken by the experts to create this ontology was
approximately 1 day per person in which the ROC+ workshop was given (1 hour per person) and the
ontology was constructed. Additionally, two experts have spent time to improve the structure of the
created ontology, each approximately two days. This amounts to a total time of approximately 150 hours.

Figure 1. A screenshot of the ROC+ tool in which part of the Valerie ontology is shown.
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4.2. The selection and annotation of documents
The experts who created the ontology have identified a start set of 728 PDF documents in which
answers to user questions are expected to be present. These documents include guideline documents,
fact sheets and scientific papers.
The first application of the Valerieontology is to automatically annotate
this set of potentially relevant
documents using the annotation tool
AnnA (see Figure 2). The annotation
relates individual terms and paragraphs
in these documents to domain
concepts. The automatic annotation
process was able to annotate 710
documents in the set. The remaining 18
documents contained images, often
scans of text. As the PDF parser does
not support text extraction (OCR),
these documents were not annotated
and are not included in the search
index.
Figure 2: A screenshot of AnnA, in which a document from the document

In
566
documents
manual
base is being annotated. Highlighted terms have automatically been found.
annotations were found, created by the
experts. Of the 1726 concepts in the
domain ontology, 174 were used in manual annotations, most only once. The domain concept that was
added most often was Subsurface irrigation with 22 annotations in 5 documents. The concept Soil
organic matter was used with 17 annotations in 16 documents.
With respect to meta-annotation, the concept Innovation has been added most often (1,490
annotations in 525 files), followed by Innovation challenge (766 annotations in 460 documents).
The manual and meta-annotation process combined took an average of 13 minutes per document,
which totals to approximately 123 hours of annotation time.
4.3. Ontology enrichment as result of the annotation process
The experts who annotated the 728 PDF documents noticed that terms occur in the documents that
are missing from the ontology. By adding these terms to the ontology, the content of the documents will
be covered better. Therefore in parallel to the manual annotation process, the experts created a list of
concepts that are to be added to the ontology.
This list consists of 1095 newly identified terms. Of these, 139 terms are synonyms of existing
concepts in the ontology. In total, 956 new concepts need to be added to the Valerie-ontology. The
annotation process allows experts to look beyond their top-of-mind knowledge and to recognise domain
terms that are relevant for the problem context.
4.4. Effect of meta-annotation on the quality of the search results
The meta-annotations of the document, where fragments of the document are indicated as
“innovation challenge” or “innovation” turned out to be very relevant for improving the quality of the
search results for the user.
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We have setup a test portal in askValerie, in which we compared search
results with and without meta-annotations.
In Figure 3, a schematic overview of this test
portal has been displayed. The metaannotations were used for ranking and for
presenting the results.
In a feedback session with 20 users
(divided in couples of 2 people), the ranking
and presentation of the documents with
meta-annotations
was
unanimously
preferred over the presentation without
Figure 3: A schematic overview of the test portal. On the left-hand
meta-annotation.

side results are ranked and presented using information from the
meta-annotations. On the right-hand side, no meta-annotations are
used.

5. Conclusion and Discussion
The ask-Valerie portal provides the functionality to easily search the set of documents selected by
domain experts to be relevant for the domain. Three key elements have been mentioned in this paper:
(i) the creation of the Valerie-ontology, (ii) the selection and annotation of the documents in the
document-base and (iii) the search functionality formed after the dialogue metaphor. Our work results
in the following six conclusions:


Conclusion 1: A dialogue is a useful metaphor for modelling the interaction between practitioner
and assistant-expert. The assistant-expert helps the practitioner in formulating the query. It helps
answering the question in interaction with the expert.



Conclusion 2: ROC+ is a good method to allow experts to build an ontology by themselves catered
to a specific domain and task.



Conclusion 3: The automatic annotation of documents with concepts from an ontology is an
important step in both getting better search results than with text-based search, but also in identifying
and filling knowledge gaps in the ontology.



Conclusion 4: Meta-annotation is a good way to present better results to the user.



Conclusion 5: The automatic annotation process performed by AnnA is a good method to perform
domain annotation; manual annotation to correct the automatic annotation is superfluous.



Conclusion 6: The meta-annotation process is a process where the specific capability of experts to
comprehend texts comes into play. By restricting the meta-annotation-ontology to few terms, the
process of meta-annotation is feasible, although in future work we will look for options of
supporting this process automatically.

In the next paragraphs, we discuss the observations and future areas of research for the three
mentioned key-elements.
The first pillar of our approach is the domain ontology. The creation of the ontology has been
described in this paper. The created ontology, though, is not a static entity. To stay relevant for answering
practitioners’ questions, it will continuously be expanded and enriched. To make this process as userfriendly as possible, we will allow users to suggest new ontological terms at any time using ask-Valerie.
These terms will in the future be processed by a ‘knowledge gardener’ who will add the terms in the
appropriate place in the ontology. Moreover, AnnA will be equipped with the possibility for experts to
suggest and add new terms to the ontology as well. In the near future, we will encapsulate the 956
concepts already found in the annotation process in the ontology and publish a new version on
http://www.foodvoc.org.
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The second pillar of the approach is the selection of documents for the document-base followed by
the automatic annotation and the manual annotation and meta-annotation. Up to now, the selection of
documents has been a manual process. With this initial set of relevant documents for the domain and
the Valerie-ontology, we will for the future develop a method to automatically find documents that have
a high probability of being relevant as well.
The manual annotation process consists at present of two tasks: (i) the correction of the automated
annotation and (ii) the task-specific meta-annotation where key paragraphs are indicated. The results of
the first task show that it hardly resulted in changes to the documents. This indicates that the automated
annotation process works quite well. In the meta-annotation process, experts tend to select complex
fragments -- one sentence or even a paragraph of text. This turned out to give very relevant information
for the ranking and presenting of results. For future annotations, we therefore choose to skip the first
task and only have the meta-annotation process performed by the experts. Ideally, even this metaannotation task would be conducted automatically using machine learning techniques, but it is difficult
to automatically identify fragments about a complex concept like ‘innovation’ in texts.
The third key-element in our approach is the dialogue metaphor. Future work lies in allowing
practitioners in posing questions in natural language, and in using the meta-annotated text fragments in
better understanding the needs of the practitioner. An overview of ‘innovation challenges’ in documents
with similar search terms as the query, may help in formulating the query even more precise. We will
make this part of our future research.
We conclude this paper with the remark that the work that we have presented here is a promising
step in making innovative research outputs accessible to end-users, so that they can be practically
applied. Feedback from those end-users clearly showed that answers to previously unanswered questions
are already being found. However, we have only taken the first steps in creating an interactive and
helpful assistant-expert. Our future work consists in refining the ontology, expanding the
(meta-)annotated document base and adding functionality to ask-Valerie. Moreover, for the long-term
existence of ask-Valerie, we will need to work on further minimising the input of the expert’s time while
at the same time keeping him involved in providing his essential domain knowledge.
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ABSTRACT
A Web-based image viewer for observing an omnidirectional image of fields is proposed.
Conventional monitoring systems are monitoring a narrow area of fields, and their image
viewers are not optimized for comparing accumulated images. We implemented two
functions of the viewer to compare images and conducted an experiment to evaluate their
performance. The experimental results showed that Time-travel mode, which partially
shows another image in a circular region on an omnidirectional image, had a high degree
of usability for extracting field events from accumulated images. The proposed system
can help farmers capture comprehensive, panoramic views of their farm for field
management.

1. Introduction
Farmers constantly watch their farms and quickly respond to problems such as accidents and
pathological change because high quality and consistency are required to increase the value of
agricultural products. To aid farmers, some researchers have investigated methods for automatically
collecting physiological and environmental data. Fukatsu (2005) and Hirafuji et al. (2005) developed a
field monitoring system using sensing nodes with web server functionality. Morais et al. (2008)
implemented a field data acquisition network based on a ZigBee network for precision viticulture. Sun
et al. (2009) presented a field experiment of their solar-powered wireless device that includes a water
content sensor, temperature sensors, an optical sensor, and a data logger. López Riquelme et al. (2009)
deployed sensor nodes using a wireless sensor network to measure soil characteristics such as
temperature, volumetric moisture content, and salinity, and successfully monitored a crop of ecological
cabbage. Matese et al. (2009) also developed a wireless sensor network system to remotely monitor and
collect micro-meteorological parameters in a vineyard. Honda et al. (2009) developed sensor data
middleware as a platform to receive data from sensor networks to integrate a field monitoring system
and Web GIS. Díaz et al. (2011) proposed an agricultural monitoring methodology using wireless sensor
networks. Garcia-Sanchez et al. (2011) proposed an integrated wireless sensor network solution for
precision agriculture to detect and identify intruders and to observe the production process. Related to
these studies, several researchers are working on extracting significant information about fields such as
a work log, or changes in the color or size of fruit. For example, Sugahara et al. (2008) developed a
work logging system, and Kobayashi et al. (2012) developed a high-definition plant image monitoring
system and Web-based image viewer to acquire plant status. Such information will be useful to identify
the proper time for harvesting, especially when used in conjunction with crop color data. Motonaga et
al. (2004) actually developed a digital fruit color chart using realistic fruit shapes to decide the growth
stages of grapes. Using these methods to extract meaningful events from accumulated field data may
lead to more efficient cultivation.
On the other hand, existing monitoring systems have several issues. First, since most of the existing
field monitoring systems use web cameras or digital cameras to capture images of the field, the
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monitored areas are extremely limited. Therefore, a method for acquiring panoramic field images is
required. Second, extracting meaningful events among accumulated images is both cumbersome and
time-consuming because farmers must repeatedly search through and compare several images. An easier
method of detecting and comparing field events is required.
In this paper, we propose a novel monitoring system that automatically collects omnidirectional
images of fields, which can be viewed as a 360-degree panoramic image on a custom-designed Webbased image viewer. This enables users to observe field images showing conditions of the ground, sky,
and workers' activities. The developed image viewer has a function to partially change the images to
past images, which allows users to easily search and compare events through accumulated images. In
this paper, we describe the architecture and ability of the developed monitoring system and discuss its
functionality from the experimental results with participants.

2. Omnidirectional Field Monitoring System
2.1. System Architecture
Figure 1 shows the architecture of the omnidirectional field monitoring system, which consists of a
360-degree spherical panoramic camera (Ricoh Theta), a single board computer (Raspberry Pi) and a
Web image viewer on a server computer. Theta captures a 360-degree image and automatically creates
panoramic images. It is controlled by Raspberry Pi to automatically capture and transfer images to a
cloud service. We use a Ruby script on Raspberry Pi and send a command to Theta to capture an image
at fixed intervals.

Figure 1. Architecture of omnidirectional field monitoring system
2.2. Web Omnidirectional Image Viewer
We developed an omnidirectional image viewer using HTML5, CSS3, JavaScript, and PHP to
smoothly view a 360-degree panoramic image and extract field events on a Web browser. The image
viewer was developed based on the JavaScript library, ThetaViewer, which is an open source software
distributed as a jQuery plugin under MIT License. The photo taken by Theta is saved as a rectangular
image (equirectangular projection), as shown in Figure 2. The viewer maps the texture on to a spherical
surface using a JavaScript 3D library, Three.js. This allows the user to pan around the image with drag
and drop and to zoom with the mouse wheel.
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Figure 2. Original image generated by Ricoh Theta

Figure 3 shows the user interface of the developed viewer. The header of the viewer contains buttons
to switch between modes that are described in a later section. The main screen shows a full panoramic
image, which can be manipulated with simple mouse operations, as mentioned above. The thumbnail
gallery at the bottom allows the user to select an image and change the texture to an image from a
different date or time with drag and drop operation. All of the thumbnail images in the gallery are
generated in the background process.

Figure 3. User interface of the Web-based omnidirectional viewer

2.3. View Modes
The omnidirectional image viewer has three view modes to compare field images and extract events:
Tiled-window mode, Time-travel mode, and Time-lapse mode. Time-travel mode provides a novel
interface to compare images. When this mode is activated, a circle appears in the middle of the screen
on the base image. This circle shows a part of an image from a different date and time, and a user can
freely move the circle around by dragging it. Although the screen shows one image, it actually is
composed of two image layers, as indicated in Figure 4. The front layer has been clipped into a circle
and an image from a different date is displayed inside. The layers share a viewpoint and zoom level so
that they always synchronize while the user is manipulating the viewer. Therefore, a user can simply
compare images within a single screen as they partially change the status of the environment.
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Figure 5 (left) shows the Tiled-window mode. The main screen of the Tiled-window mode is divided
into four windows and arranged side by side. The user can set any image from the thumbnail gallery in
the same manner as described above. This function differs from the conventional method in that it only
requires single manipulation to compare images. When the viewpoint is changed by dragging and
dropping, other tiled images move synchronously along with the manipulated window. It thus allows
users to compare images from multiple dates with minimal effort. Figure 5 (right) shows the Time-lapse
mode. To reduce the manipulation time for detecting meaningful events, we also developed another
function that displays raw images taken by Theta in the modal window. It shows animation as a frameby-frame play back. In this mode, a user can grasp the entire view of the field with a glance, which helps
the user specify areas to observe in detail.

Figure 4. Time-travel mode and its layered structure

Figure 5. Tiled-window mode (left) and Time-lapse mode (right)

3. Experiments
3.1. Experiment setting
An experiment was conducted to evaluate the performance of the Time-travel and Tiled-window
modes. We prepared two images for this experiment. One is a scenery image taken by Theta, and the
other is a similar image with 15 subtle changes made using photo retouch software. The types of changes
are classified into five categories: appearance or disappearance of an object, changes in color, changes
in size, and changes in position. For example, we added copies of a window on a building, as shown in
Figure 6.
We asked six participants in their early 20s to find the differences between two images within 10
min. Half of the participants used Time-travel mode and the other half used Tiled-window mode during
the experiment. In addition, participants were requested to record the areas and remaining time on a
piece of paper whenever they detected a difference.
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Figure 6. Example of difference between two images

3.2. Results
After the experiment, we calculated the average detection rate for both groups. The average detection
rate for the Time-travel group was 95%, which was 22 points higher than that of the Tiled-window group.
Moreover, when we compared the detection rate for each item, the Tiled-window group had several
items with a much lower detection rate than the Time-travel group. For instance, two items that the
Tiled-window group was not able to find are highlighted in Table 1.
Table 1. Average detection rate of the differences

4. Discussion
The experimental results showed that the Time-travel mode enabled participants to find a larger
number of areas in the image that had changed. Especially, the difference in the detection rate of subtle
position changes was significant. This would primarily be caused by differences in user eye movement
when comparing images. In the Tiled-window mode, a user needs to go back and forth between two
images to detect areas that have changed. In contrast, when a user compares images using the Timetravel mode, the user only has to move the circle over the area of interest. Therefore, the Time-travel
mode not only reduces a user's workload but also helps users grasp the details of changes more precisely
than the conventional method.
Additionally, the five categories that we have set up will be considered in direct relation to field
events; for instance, the appearance or disappearance of an object, such as a wild animal, changes in
color, such as the coloration of fruit or change of weather conditions, changes in the sizes of crops, and
changes in positions, such as a farmer’s activity. This information could be a great resource for making
decisions on agricultural production processes. For these reasons, we believe that our developed system
will help farmers extract valuable information from accumulated images and will contribute to making
field management more efficient.
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5. Conclusion
We proposed a Web-based image viewer for viewing 360-degree panoramic images of a field. We
implemented some view modes for comparison on the viewer and conducted an experiment to evaluate
the performance of the modes. Time-travel mode had a high degree of usability for extracting field
events from accumulated images. This suggests that the developed system can help farmers capture
comprehensive, panoramic views of their farm for field management.
As a next step, we will increase the number of participants to confirm the reliability of the results.
We also plan to modify the monitoring device for continuous operation in real fields because the camera
of the current system cannot be charged while in capture mode and the computer system has difficulty
automatically changing the modes.
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ABSTRACT
This study aimed to investigate the effect of an electronic sow feeder (ESF) on the
productivity of swine farms. The ESF is a specific component of the Internet of Things
(IoT)-based swine production management systems, which are prevalently used by
swine farms. Though the effect of weight sorter adoption, another component of swine
production management systems, have been clarified, the effect of ESF adoption has not
yet been understood. To accomplish the aim of study, data from 19 swine farms were
collected in Korea and a t-test was conducted. This study found that the ESF has a
positive effect on decreasing the number of farrowing accidents, the mean days to reservice, and increasing the average number of farrowing accidents. Though the findings
of this study are limited to the selected farms in Korea, the method of this study can be
generally applied to other swine farms that use IoT-based swine production management
systems. Future research will extend these results while considering productivity data
and environmental data simultaneously. Examining the effects of other components of
IoT-based production management systems is another possible direction to extend this
study.

1. Introduction
In Korea, swine production management systems were established and adopted in the livestock
raising industry in the late 1990s (Jang et al. 2012). Though other fields of agricultural industry, such
as horticulture industry, still aim to establish feasible production management systems to increase their
productivity, swine production management systems are used by more than 43.5% of the swine farms
(Park, Heo and Rim 2008). These days, the number of swine farms that adopt an Internet of Things
(IoT)-based production management system is also increasing (Jang, Lee and Choe 2014).
Internationally, IoT-based production management systems are prevalent in the livestock raising
industry. According to Wheeler (2007), wireless and sensor networks, radio-frequency identification
(RFID), and image processing technologies are already commercialized. Therefore, IoT-based
production management systems applying these technologies have been briskly adopted in the livestock
raising industry (Wheeler 2007).
Recently, researchers aimed to analyze gathered data from IoT-based swine production management
systems, along with the large number of gathered data. For example, Lee, Song, and Choe (2014)
investigated the effect of weight sorter adoption by comparing the carcass weight and backfat thickness
before and after weight sorter adoption. The result showed the standard deviation of carcass weight and
backfat thickness was decreased after weight sorter adoption (Lee, Song et al. 2014), which means the
weight sorter increased the predictability of productivity.
1

First author
Seoul National University
chunghan@snu.ac.kr
2
Second author
Seoul National University
3
Corresponding author, third author
Seoul National University
moonj@snu.ac.kr
doi: 10.17700/jai.2015.6.4.235
102
Chunghan Kang, Seoyoung Hwang, Junghoon Moon: An effect of IoT based Electronic Sow Feeder (ESF) on productivity of
swine farms

Journal of Agricultural Informatics (ISSN 2061-862X) 2015 Vol. 6, No. 4:102-107

A literature review found, however, that studies regarding the electronic sow feeder (ESF) have not
yet been conducted. In this regard, this study aims to examine the effect of the ESF on the productivity
of swine farms through comparing gathered data before and after ESF adoption.
In the following chapter, an explanation of the production process of swine farms and IoT-based
swine production management systems is offered. Then, the data collection method is stated and the
results of a statistical analysis to clarify the effect of ESF adoption on the productivity of swine farms
are revealed. The implications of the findings of this study and a recommendation for future studies are
also offered.

2. Production Process of Swine Farms
As shown in Figure 1, the production process of swine farms is complex. The manager of a swine
farm should manage not only mother sows and piglets but also numerous kinds of pigpens. The manager
of a swine farm should also make a decision at each stage of production.

Figure 1. Production process of swine farms
The production process starts with introducing a candidate pig. Considering the mother sows should
be culled after 4–6 pregnancies because of the decreased productivity, the swine farm manager should
decide a candidate pig introduction rate adequately. Once a candidate pig or weaning pig is successfully
impregnated in the breeding stall, it is moved to the conceiving stall. In the conceiving stall, pregnant
sows stay for 114 days until they procreate piglets. After procreating in the procreating stall, the
manager should choose the lactating sows among the mother sows that procreate piglets. The selected
mother sows are sent to the lactating stall to feed the suckling piglets over 28 days and the rest are sent
to the mother sow stall. The selected lactating sows are also sent back to the mother sow stall after 28
days. Re-estrus will take 5–8 days after the mother sows return to the mother sow stall.
The manager should identify the weak or ill piglets that are not profitable to cull right after the birth
to minimize the cost of feeding piglets. The remaining piglets, the suckling piglets, are sent to the
lactating stall and are fed by select lactating sows over 28 days. Once the suckling period is over,
suckling piglets are sent to the weaning stall. The piglets in the weaning stall are called weaning piglets
and they are fed in the weaning stall until they weigh 27 kg, which normally takes 60 to 70 days. The
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weaning piglets whose weights are 27 kg are sent to the growing stall and they are called growing pigs.
The growing pigs are sent to the fatting stall after three months if they weigh over 70 kg. The pigs in
the fatting stall are called fatting pigs. At this stage, the manager of the swine farm should determine
the slaughtering date. This is an important decision because the meat quality and the physicochemical
characteristics of the pork vary depending on the market weight of the fatting pig (Park et al. 2005).
It is also important for the manager of a swine farm to prevent and control infectious diseases, such
as porcine reproductive and respiratory syndrome (PRRS), because infectious disease outbreaks,
representatively PRRS, cause production and financial problems for swine farms (Lin et al. 2013). For
example, the United States swine industry annually loses $560 million owing to PRRS (Neumann et al.
2005).
IoT-based swine production management systems help swine farm managers in their decision
making at each stage of production by monitoring and controlling the pig farm in real time (Jang, Lee
and Choe 2014).

3. IoT-based swine production management systems
IoT-based swine production management systems consists of five components, including inside
environment condition management systems, ESF, weight sorter, closed-circuit television (CCTV), and
outside storage management systems (Jang, Lee and Choe 2014).

Figure 1. Diagram of IoT-based swine production management systems (Jang, Lee and Choe 2014)
In Figure 1, inside environment condition management systems are denoted as the inside sensor part,
outside sensor part, and environment condition control part. The inside sensor part and outside sensor
part sense the environment data, such as temperature and humidity. Based on the environment data
gathered by the inside sensor part and outside sensor part, the environment condition control part
automatically controls the environment of the pig barn. Radio frequency identification (RFID) tags are
attached to the ears of the pigs in the pig barn. The ESF identifies each pig in the pig barn through
sensing the attached RFID tags, controlling the amount of feed while considering the allocated daily
amount of feed to each pigs. The weight sorter is installed in the growing stall and the fatting stall’s
middle corridor on the feeder. When pigs pass through the corridor, the weight sorter measures the
weight of the pig and determines which gate should be opened. For example, if the growing pig
weighing 60 kg in the growing stall passes through the weight sorter, the gate to the feeder will be
opened. On the other hand, if the growing pig weighing over 70 kg in the growing stall passes through
the weight sorter, the gate to the fatting stall will be opened. Through the CCTV and video cassette
recorder (VCR), the manager of the pig farm can monitor inside of the pig barn.
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Each component of swine production management systems also gather various kinds of data, which
are listed in Table 1.
Table 1. The kinds of gathered data by five components (Jang, Lee and Choe 2014)
Sensor Data

Image Data

Audio Data

Environment
condition
management

temperature
(inside and outside),
humidity
(inside and outside),
CO2, blackout, fire

N/A

N/A

Electronic sow
feeder

contact, sow individual

N/A

N/A

Weight sorter

weight, sow individual

N/A

N/A

CCTV

N/A

photo, video, infrared
and thermal camera

inside of pig barn (pig’s
crying)

Feed storage,
Water tank

milk quantity, remaining

The gathered data listed in Table 1 are stored on the data base (DB) server in Figure 1. The manager
of the pig farm can utilize gathered data with the pig production management system and mobile
management applications.

4. Data Collection
To accomplish the aim of study, data was collected from 19 swine farms in Korea that adopted a
new IoT-based production management system, namely Pig Plan. The ESF is a specific component of
the entire production management system, which means adopting the ESF is optional. Considering the
seasonality of swine farms’ productivity, at least one year’s worth of data is required before and after
ESF adoption. In addition, mating frequency should not be statistically different before and after the
adoption. Of the 19 farms’ data, five farms’ data were adequate to analyze the effect of ESF adoption
properly.
For measuring the swine farm’s productivity, three indices were chosen; the number of farrowing
accidents, the mean days of re-service, and farrowing rates, which are widely used in the swine raising
industry to evaluate the swines’ productivity. The number of farrowing accident is the summation of
the number of mother sows that fail to get pregnant after breeding and that miscarry. Mean days to reservice means the average number of days to re-estrus of the mother sows after procreating or lactating.
The farrowing rate is defined as the ratio between the number of mother sows that succeed in procreating
piglets and the number of mother sows that successfully become pregnant. Thus, these three indices are
directly linked to the productivity of the swine farms. A t-test was conducted on the mean of three
indices before and after ESF adoption to clarify the effect of ESFs on the productivity of swine frams.

5. Statistical Analysis and Results
The data of five farms included in the analysis were aggregated and a t-test was conducted. The
results of the t-test are listed in Table 2, showing the average number of farrowing accidents was
significantly decreased (mean before adoption = 21.89, mean after adoption = 17.85, t = 2.7112, p<0.05)
but the mean days to re-service (mean before adoption = 7.28, mean after adoption = 7.82, t = -.6682,
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p>0.05) and the average farrowing rates (mean before adoption = 82.25, mean after adoption = 82.08, t
= .0884, p>0.05) were not influenced by the ESF.

Table 2. The results of t-test (aggregate case)
Average number of
farrowing accidents

Total
Means

Mean days to re-service

Average farrowing rate

Before
adoption

After
adoption

t-value

Before
adoption

After
adoption

t-value

Before
adoption

After
adoption

t-value

21.89

17.85

2.7112*

7.28

7.82

-.6682

82.25

82.08

.0884

* p<.05

To investigate the differences in the effects of the ESF across the farms, a t-test was conducted five
times on the each of the five farms’ data separately. According to the results in Table 3, farm A, which
had the best performance after the adoption of ESFs, showed significant decreases in the average
number of farrowing accidents (mean before adoption = 26.44, mean after adoption = 16.25, t = 2.5227,
p<0.05) and the mean days to re-service (mean before adoption = 9.45, mean after adoption = 6.05, t =
2.2099, p<0.05), as well as significant increases in the average farrowing rates (mean before adoption
= 76.76, mean after adoption = 86.99, t = -3.5205, p<0.05). Farm B showed significant decreases in
mean days to re-service (mean before adoption = 8.32, mean after adoption = 6.87, t = 3.0692, p<0.05)
and farm C showed significant decreases in the average number of farrowing accidents (mean before
adoption = 22.06, mean after adoption = 12.82, t = 2.5155, p<0.05) and increases in the average
farrowing rates (mean before adoption = 88.92, mean after adoption = 93.34, t = -2.5471, p<0.05).
Alternatively, farm D and E showed insignificant effects of ESF adoption.
Table 3. The results of the t-test
Average number of
farrowing accident

Mean days to re-service

Average farrowing rate

Before
adoption

After
adoption

t-value

Before
adoption

After
adoption

t-value

Before
adoption

After
adoption

t-value

Farm A

26.44

16.25

2.5227*

9.45

6.05

2.2099*

76.76

86.99

3.5205*

Farm B

12.29

16.39

-2.0446

8.32

6.87

3.0692*

90.14

86.49

2.4396

Farm C

22.06

12.82

2.5155*

5.49

5.71

-.9697

88.92

93.34

-2.5471*

Farm D

8.06

9.88

-1.2166

5.56

6.4

-.9094

77.72

87.07

-1.2898

Farm E

24.71

24.89

-.182

6.51

7.25

-1.7919

86.16

83.25

.7826

* p<.05

According to the results, the ESF is helpful to decrease the average number of farrowing accidents
and mean days to re-service, and ESF is also helpful to increase average farrowing rate, which are
directly related to the productivity of swine farms. Thus, IoT-based production management systems,
especially with ESFs, have a positive effect on the productivity of swine farms.

6. Conclusion
To satisfy farmers’ increased demands for scientific and automated production management
systems, academic efforts should be made to identify IoT-based production management systems that
generate positive effects on productivity. In this regard, this study contributes to establishing a feasible
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and generalizable method to identify the effect of IoT-based production management systems on swine
farm productivity.
Though the results of this study are limited to the selected swine farms in Korea, the method of this
study is easily applied to other swine farms that have adopted IoT-based production management
systems. Future research will extend the results of this study in two ways. First, other factors that have
an effect on the productivity of farms (e.g., environmental data) must be considered simultaneously
with the effects of the ESF. Second, examining the effects of other components of IoT-based production
management systems, such as environment condition management systems, is also needed.
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ABSTRACT
The e-government portal is a service that provides integrated agrifood information. Its
purpose is to integrate vast amounts of agrifood data and to provide user-customized
information on agrifood. Public agrifood data were collected from the Korean
government, while private agrifood data were collected from Social Network Services
and blogs. We analyzed the data and classified consumer purchasing behavior into five
types. We then analyzed agrifood preference by type and weather conditions. Based on
the results of these analyses, we developed recommendations for appropriate menus and
agrifood and provided price information of recommended agrifood to consumers.

1. Introduction
“The age of Big Data has begun.” Recently, vast amounts of data have been generated from various
sources, such as the Internet, cloud systems, and mobile devices (Dumbill 2013). Due to technological
advances, the data can be gathered and analyzed through computers and algorithms. In this context,
discussions on how to organize and use this enormous amount of data have continued in the academic
world and in practical areas (Waller and Fawcett 2013).
In Korea, the Ministry of Agriculture, Food, and Rural Affairs (MAFRA) and government-affiliated
organizations have accumulated vast amount of agrifood data. MAFRA, for example, has collected
agrifood data related to agrifood businesses, and the National Agricultural Products Quality
Management Service has collected agrifood certification data. Furthermore, various organizations,
including firms and nonprofit organizations, have accumulated agrifood data. Even though the agrifood
data is valuable for farmers, agribusinessmen, and consumers, these data have been scattered in many
different databases and there has been no integration so that the data are not utilized effectively. In this
light, MAFRA has identified the need to integrate the agrifood data, and thus the e-Government portal
has been developed for this purpose.
The aim of this study is to introduce the recently developed e-Government portal in the area of
agrifood in Korea and present the process of portal development. The services of the e-Government
portal include 1) providing integrated agrifood data and 2) providing user-customized information on
agrifood.

2. Methods
2.1. Data collection
Agrifood data for the e-Government portal were collected from government organizations, Korean
households, and the private sector. Public agrifood data were collected from MAFRA and government1
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affiliated organizations through a database. The database of each organization was connected to the eGovernment portal using the Enterprise Service Bus (ESB) software, which integrates a service-oriented
architecture and provides new services (Schmidt et al. 2005). Currently, it is widely used by the Korean
government. Through this process, the agrifood public data were collected automatically and saved in
the e-Government portal database. Figure 1 illustrates the process of collecting the public agrifood data.

Figure 1. Process of collecting public agrifood data
Consumers’ purchasing agrifood data were collected from 640 Korean households. The data include
the actual agrifood purchasing data and the data on consumers’ food-related lifestyles (FRLs). The actual
purchasing data were obtained from Korean households’ food purchase receipts, which include
information on the name of the product, the amount purchased, the date, and the price. The data of
consumers’ FRLs were collected through surveys. The FRL is measured by five items: method of
shopping, quality aspects of food, cooking method, consumption situation, and purchase motive
(Grunert et al. 2011).
Private agrifood data were collected from blogs, online shopping malls, news articles, and Social
Network Services (SNS) using the crawling technique. Raw agrifood data from private sectors were
collected by crawling software. The crawling software, Talkro CIMS developed by Daum Soft, enables
filtering of unnecessary data and effective collection of data on crucial key words of user interest. The
collected agrifood data were saved in Hadoop, which is a system that saves vast amounts of data
dispersively and effectively. Figure 2 illustrates the process of collecting the private agrifood data.

Figure 2. Process of collecting private agrifood data
2.2. Data analysis
The collected agrifood data were organized and analyzed for developing the e-Government portal.
First, consumer purchasing behavior was classified by using cluster analysis. We used factor analysis
and extracted 10 factors from the data of consumers’ FRLs. By analyzing these factors, we found five
significant factors that we defined as consumer’s purchasing behavior. These were: considering health,
considering safety, considering price, seeking unique taste, and preferring local food.
Second, a consumer’s preference for agrifood by the five types of purchasing behavior was obtained
by analyzing the private agrifood data and the consumer’s actual purchasing data. From the actual
purchasing data, we listed and then standardized the purchased agrifood items. We then investigated the
high-frequency items by each type of purchasing behavior. The private agrifood data were analyzed by
using the opinion-mining technique using the opinion-mining software Social Metrics. In this technique,
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we input the key words for each type of purchasing behavior and found the related data. In a similar
way, we investigated high-frequency items by each type. Figure 3 presents the process of analyzing
preferences for agrifood.

Figure 3. Process of analyzing preferences for agrifood
Lastly, the information of preference for agrifood with respect to weather and seasonality was
obtained by analyzing consumer purchasing data and climate data collected from the Korea
Meteorological Administration. The reason why we collected the weather data is that recommendation
systems considering seasonality and weather is more preferred by users (Lee and Lee 2006). The process
was the same as above and is shown in Figure 4.
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Figure 4. Process of analyzing preference for agrifood in regard to weather

3. e-Government Portal
3.1. Organizing the public agrifood information
The collected public agrifood data were organized and effectively presented on the e-Government
portal. The scattered public agrifood data were collected by the process described in Section 2.1.
However, the database was unstructured and a user-friendly organization was needed. To address this,
the agrifood data were arranged according to three standards—types, themes, organizations—and the
data were provided in various forms, such as document files, grids, and links, so that users could easily
find and identify the appropriate data.
3.2. Consumer recommendation systems
In order to develop recommendation system, we refer to previous research about foodrecommendation system. In general, the purpose of food-recommendation system is to provide healthy
diet list (Phanich, Pholkul and Phimoltares 2010) and to increase consumer’s satisfaction by helping the
decision making process of diet choice (Ueta, Iwakami and Ito 2011). Because we identified the type of
consumer, the e-Government portal can accomplish the both purpose.
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The e-Government portal provides recommendations on the appropriate agrifood for each type of
consumer. Consumers can get information on a recommended menu and agrifood, restaurant, and market.
Figure 5 illustrates an entity relationship diagram of a recommendation system.

Figure 5. Entity relationship diagram of the recommendation system
For more specificity, consumers can obtain information on their type of purchasing behavior through
a brief survey. Based on the information, consumers can receive a recommendation of the appropriate
agrifood by type. For example, consumers who are concerned with health can get a menu and agrifood
recommendation along with detailed information for health. The recommended menu and agrifood have
information on price change, seasonality, and preference for agrifood for particular weather conditions.
Consumers can then know which agrifood is cheap and appropriate for the current weather.
In the case of a menu, the system provides information on ingredients and restaurants for a
recommended menu. The restaurant information includes a list of the top 10 restaurants and frequency
and content of mentions on SNS.
In the case of agrifood, the recommendation system provides daily online and offline price
information for each agrifood. Furthermore, information on retail and wholesale agrifood markets is
indicated, including information on price fluctuations, the price floor, and the location of markets.
Figures 6 and 7 illustrate the recommendation system on the e-Government portal.

doi: 10.17700/jai.2015.6.4.236
112
Euijoo Yeo, Sunggoo Yoo, Yunhwa Koh, Junghoon Moon: e-Government portal for providing integrated agrifood information
based on Big Data Analysis

Journal of Agricultural Informatics (ISSN 2061-862X) 2015 Vol. 6, No. 4:108-114

Figure 6. Recommendation system on the e-Government portal

Figure 7. Recommendation system on the e-Government portal

4. Conclusion
In discussing the implications of the e-Government portal, we determined that the e-Government
portal creates social value. First, it provides appropriate information regarding agrifood so that
consumers can make a rational purchasing decision; this may result in improving consumers’ health.
Second, the e-Government portal can provide farmers and producers with new business opportunities
by offering vast amounts of organized data. Last, the price fluctuation of agrifood can be stabilized
because the price of agrifood is declining. Because consumers can easily notice the low price of agrifood,
demand for the product will increase, which may help stabilize price fluctuations.
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ABSTRACT
One of the central problems in creating information management solutions for precision
dairy farming is integration and interpretation of heterogeneous data coming from
different equipment and data sources. Establishing a unifying data model is recognized
as a cornerstone to such solutions. Here, the challenge lies both in agreeing on a common
information context, and in selecting appropriate model representations, model query and
update techniques, which guarantee model extensibility. While already existing
ISOagriNET Data Dictionaries capture broad variety of the livestock and dairy farming
concepts, the existing model representation technics cannot support efficient model
extension. In this paper, we present our experience with using the representation and
query standards and tools of the Semantic Web, endorsed by the World Wide Web
Consortium (W3C), in particular the Resource Description Framework (RDF), the Web
Ontology Language (OWL), and the SPARQL query standard, to encode and manipulate
the dairy farming domain knowledge in a form of the Dairy Farming Ontology (DFO).
Within the research project agriOpenLink the DFO has been created in two phases. The
first phase focused on using the Semantic Web tools to facilitate easy encoding and
manipulation of the dairy farming domain knowledge and the platform operational data
models. The second phase focused on translating ISOagriNET Data Dictionaries into
their semantic representations. Resulting DFO is maintained in a semantic repository,
and it presents a knowledge graph and as integration backbone for the agriOpenLink
decision support platform.

1. Introduction
1.1. Data Integration Problems in Precision Dairy Farming
Precision dairy farming stands for the data-centric dairy farm management, with tools and procedures
that extensively rely on a variety of novel data and data processing techniques (Bewley 2013). In the
state-of-the-art experimental and commercial dairy barns valuable data is generated by modern farm
equipment, such as automated milking and feeding systems, milking robots and parlors, feed mixers,
concentrate feeders, animal health monitoring systems such as pedometers, active ear-tags or rumination
collars, weather monitoring systems or specialized environment sensors, and not the least, farmers. Data
are also available from specialized sources of the dairying knowledge such as information systems of
the control organizations and associations, including the animal breeding registers, milk quality
databases, or specialized decision support applications providing advices related to different aspects of
dairying, e.g., breeding and feeding.
1

Dana Tomic
FTW, Donau-City-Straße 1/3, 1220 Vienna, Austria
tomic@ftw.at
2
Domagoj Drenjanac
FTW, Donau-City-Straße 1/3, 1220 Vienna, Austria
drenjanac@ftw.at
3
Sandra Hoermann
Josephinum Research, Rottenhauser Straße 1, 3250 Wieselburg, Austria
sandra.hoermann@josephinum.at
4
Wolfgang Auer
MKW electronics GmbH, 4675 Weibern, Jutogasse 3, Austria
wolfgang.auer@smartbow.at
doi: 10.17700/jai.2015.6.4.213
115
Dana Tomic, Domagoj Drenjanac, Sandra Hoermann, Wolfgang Auer: Experiences with creating a Precision Dairy Farming
Ontology (DFO) and a Knowledge Graph for the Data Integration Platform in agriOpenLink

Journal of Agricultural Informatics (ISSN 2061-862X) 2015 Vol. 6, No. 4:115-126

The adoption of Precision Dairy Farming technology is strongly motivated with the models
discovered and verified within the dairy farming research studies that reveal correlations between
parameters of the environment, herds, and individual animals, including animal health parameters,
fertility, nutrition needs and milk yield and quality, However a study about the sensor systems for the
health monitoring on dairy farms (Rutten et al. 2013) identified low maturity of existing solutions. The
existing functionalities are analyzed along a 4-Level functional model, that integrates the measurement
level (Level 1), where the individual parameters are assessed, e.g., activity measurement; the
interpretation level (Level 2) , where sensor data is translated into status information, e.g., estrus; the
integration level (Level 3), at which sensor information is to be integrated with other systems’
information to produce advice, e.g., whether to inseminate a cow or not; and the automation / the
decision support level (Level 4) where farmers make decisions based on the system output or the system
makes the decision autonomously, e.g., to call the inseminator. A review of 126 publications describing
139 sensor systems, revealed that none of the studies reports about the sensor systems that can be used
at Levels 3 and Level 4. These results indicate that considerable additional efforts are needed to
transition sensor technology together with models exploiting sensor readings into decision support
systems (Level 3 and Level 4 systems) that can be used on commercial farms.
On the other hand, the dairy producers already need to interact with an increasing number of data
sources on a regular daily, weekly or monthly bases. This is often perceived as having a negative effect
on productivity. For example, the time that farmers spend in inserting, accessing and interpreting
information, i.e., in interacting with their systems over many different interfaces, is often perceived as
too extensive. Furthermore, in multi-vendor production environments where different product lines
support different aspects of the dairy production and the herd and animal monitoring management, the
information is often available only for visual inspection and manual integration. Manual interaction is
prone to errors, as often the same information has to be entered into several different systems.
Consequently, farmers often perceive information overload, and use only a small fraction of the
available data (Bewley 2013). For example, from a huge variety of possible reports, only a small number
is regularly being checked. The option to manually save reports of interest in formats suitable for further
processing, such as comma separated value format (CSV), in order to share them with advisers or
process them in the standard spread sheet tools is rarely used.
There is therefore a pressing need to automatically integrate available data within a decision support
(Level 4) system that can then provide holistic advices to farmers leading to more efficient herd
management, including production and workforce organization, time saving, improving precision of
insemination, detection and prevention of health problems, feed rationing adjustment to the reproduction
cycle and animal need, and compliance with the milk quality standards and the animal and medication
tracking regulations.
The Herd Management Systems aim at reducing the information overload, by providing the farmers
with a single point of access to the farm information, typically over a unified graphical user interface
(GUI), of a browser- or a desktop-application, or of an App for a Smart Phone a Tablet, or even Google
Glasses (Elite 2014). However, there is a huge potential and need for improvement of Herd Management
Systems in respect to 1) how they approach integration of different devices and external databases, 2)
how they support integration of new knowledge, and 3) what level of customization of the provided
advice to the farmer, do they offer. To integrate different systems and knowledge, the HMSs often use
a “hard-wiring” approach: here the interfaces of different systems are integrated based on a proprietary
data model, and the knowledge, such as management practices, advices, rules, etc., are fix programmed
within the software. The practice of “hard wiring” is partially a result of the fact that the existing
standards for data exchange on farms are not well adopted.
Indeed, while International Standardization Organization (ISO) offers standards for data exchange at
livestock farms, which are currently being also endorsed and popularized by the ISOagriNET5 industrial
association, there are still very few existing implementations. The standards commonly referred to as
ADIS/ADED cover both the communication protocol, the syntax and the semantics of the information
component. The Data Dictionaries reflect the relational model between the knowledge modelling
5
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concepts, which encoding is optimized for the efficiency of transmission. It therefore does not account
for the need to use unique knowledge representations in order to guarantee reliable disambiguation of
the used terms. Further standard ambiguities lead to an unsatisfying level of interoperability of existing
implementations. Another important problem is related to the extensibility of the standard knowledge
model. In the rapidly growing market for dairy farming equipment, considerable time needed to extend
Data Dictionaries with new terms hinders innovation adoption. In case of a new equipment, e.g., a new
sensor-based monitoring system, a necessary update to the standard typically takes several years to be
accepted. To avoid this, the integration is attempted based on proprietary models and interfaces.
Moreover, even the equipment which data model is already accounted for within the current Data
Dictionary, often does not implement standardized protocol on its interface. This is typically the case
for the equipment integrated within single-vendor monolithic solutions.
The project agriOpenLink (Adaptive Agricultural Processes via Open Interfaces and Linked
Services) addresses the problems mentioned here by attempting to close the gap between the
implementation-agnostic transmission-centric information representation of the existing ISOagriNET
standards (ADIS/ADED), and a vision of a dairy farming data integration platform based on broadly
adopted Web standards, capable to support life-cycle management of the common data integration
model including its continuous dynamic extension and adaptation. To this end, agriOpenLink exploits
the benefits of the semantic extension of the Web, the so called Semantic Web, which common data
formats and exchange protocols, transform the Web in a broadly available information management
platform (Jepsen 2009). Accordingly we use the standardized model representation techniques,
information management paradigms, and existing tools and stacks of the Semantic Web to efficiently
cover all aspects of data and knowledge integration, interlinking and sharing in the precision dairy
farming. This approach should permit us to translate, extend, enhance and dynamically maintain the
domain knowledge already accrued and structured within the ISOagriNET Data Dictionaries, by using
the representation techniques and tools of the Semantic Web.
Semantic Web technologies have reached considerable maturity, and have been already successfully
demonstrated in different sectors, such as tourism, e-health, production and agriculture (Auer 2014).
The World Wide Web Consortium (W3C) offers Semantic Web standards for representing data and
knowledge in uniquely referenceable, linked data format with high expressivity, thus accelerating the
development of expert services and opening the sector for new data and knowledge providers (Cardoso
2007).
The agriOpenLink project uses semantic and service technology to provide decision support
functionality on the top of the ontology-based data integration and interpretation platform (Tomic et al,
2014). It uses existing dairy farming domain knowledge represented as semantic linked data, and extends
and enhances it with additional relevant information. This facilitates integration of data from various
sources, and encoding of the expert knowledge for decision support applications.
1.2. The Structure of the Paper
Section 2 deals with challenges and approaches towards efficient and flexible data integration. It
briefly presents the ISOagriNET standardization framework, introduces the Semantic Web
representation and query standards, and provides references to some existing work that adopts ontologybased modelling in agriculture and in particular dairy farming. It also discusses the role of the Dairy
Farming Ontology (DFO) within the agriOpenLink platform. Section 3 describes the process of DFO
creation in agriOpenLink. Section 4 provides conclusions and future work.
2. Challenges and Approaches towards Flexible Data Exchange and Integration on the Farms
2.1. The ISOagriNET Framework for Data Exchange in Livestock and Dairy Farming
To resolve the need for standardized data exchange on the livestock and dairy farms, the working
group ISO/TC 23/SC 19/WG 2 of the International Standardization Organization (ISO) created a
collection of specifications also referred to as ISOagriNET ADIS/ADED standardization framework.
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These standards specify electronic exchange based on the transmission of ASCI files. The
ADIS/ADED interface applies to all systems at the farm including the systems for process control and
the automatic or manual data entry (e.g., the milking and feeding systems), systems for farm
management and data processing (e.g., programs for herd management and feed calculation) and
systems of providers of services (e.g. control associations, breeding organizations and veterinary
services).
ADIS – the Agricultural Data Interchange Syntax - describes how data is transmitted; ADED – the
Agricultural Data Element Dictionary, describes what data is transferred. The ADIS syntax is defined
in the international standard ISO 11787 (1995). The general structure of the ADED database is defined
in ISO 11788-1 (1997). The Data Dictionaries for Beef, ISO 11788-2 (2000) and DIN 11800 (1999)
have also been elaborated. The communication protocol is defined in ISO 17532 (2007).
In order to stimulate adoption of ADIS/ADED standards the organizations involved in ISOagriNET
industrial association, and in particular the German milk control association (LKV-NRW) set up a
specialized portal (LKV 2015), which offers information and API interfaces for developers who are
implementing applications that integrate ADIS/ADED data exchanges. The portal provides access to a
database with yearly published ADED Dictionaries, comprising the General International and German
national dictionaries for cattle production, dairy production, pig production, and new extensions. The
dictionaries can be queried (via GUI or a web service) and the ADED Data Dictionary files for any
specific year can be obtained. Alternatively the description of any specific data element can also be
obtained. Currently, the presentation of the data elements is also made available in HTML format,
however the HTML documents are created automatically and have dynamic URLs.
The ADED data model uses following data modelling artifacts: (1) data objects (Entities) (2) data
elements (Items), and (3) codes (Code Sets). Each of the defined Entities, Items and Code Sets is
identified with a unique six-digit ADED number and is described in the corresponding section of the
Data Dictionary.
ADED Items describe atomic data properties which values are exchanged (e.g., a unique ID number
of the cow, or the milk protein content). An Item can be of a numeric, alphanumeric or of a specific
value-restricted datatype described with a specific Code Set. A set of Items form an Entity, which is a
data object for exchange. An example of an entity is a “Animal Master Data”. An Entity consists of
mandatory Items and other optional Items. Each Item, Entity and Code Set is specified with specific
features. For the Items these include e.g., name, field length, precision, type, etc. Each Entity is described
with its key Items and its optional Items. Each Code Set is specified with a set of acceptable values. The
Items, Entities and Code Sets can be either ISO-standardized, nationally defined, or manufacturerspecific, and respectively belong to a specific interval of ADED Numbers. The available ADED
numbers are divided in intervals within which different Code Sets, Items and Entities pertaining to
different Areas such as Beef production, Milk Quality, Pig production, etc., are defined, are dimensioned
so as to guarantee that they are sufficiently large for further extensions. Manufacturers apply for a
registered number, to replace manufacturer-specific number. New data elements are included in the
national data dictionary, if they cannot be represented by other data elements according to their
definition. For example an additional state variable can characterize computation or measurement
methods. ADED dictionaries are updated and published on a yearly bases. The partners in ADIS/ADED
exchange have to use the same dictionary.
To illustrate the Entity/ Item / Code Set Structure we can examine the Entity “Animal Master Data”
(unique ADED ID 880005). The key Item is the “Cattle ID” (900080). It is described as “offical (in law)
Identification Number on national or regional level”. It is of the numeric data type (N) with 15 characters
length. There is 32 possible Items that can be used to describe this Entity. For example “Coat color”
(810026) which is described with the CodeSet (810026) with the individual values “other” (0), black
(1), brown (2), etc. The Item “Race” (800030) uses the CodeSet with the ADED ID 2. The race is coded
in ADR-2 where “Holstein” is identified with the value “01”, “Red Holestein” “02”, “Simmental” “11”,
etc.
While ADED provides the semantics for the exchanged data, the ADIS describes syntax of the file
which encodes data. An ADIS file consists of ASCII characters and is structured in lines. Each line in
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the ADIS file belongs to a specific type which is encoded in the first character of the line. The most
important line types are the Definition (D), and Value (V) types, where one D line describes the format
of all the V lines that directly follow it. The D line starts with the Entity number followed by a number
of triples <Item number, field length, resolution>, one for each Item describing the Entity. The V lines
contain the concrete values formatted as specified in the D line. Each ADIS file begins with the header
lines (DH, VH) that describe the dictionaries used, the file itself, parties in transmission, checksum etc.
The header is important for the decryption of the data of the ADIS file. Here both the sender and the
recipient of the ADIS file must use the same version of the data dictionary, which is not transmitted with
the data file. The header is followed by normal lines, most importantly (1 x DN, n x VN) blocks.
For the transmission, the Data Dictionary is also described in the ADIS syntax. The Dictionary ADIS
file contains the detailed description of the features of all the Items, Entities and Code Sets contained
within the dictionary. On the other hand, a Data File in ADIS format includes a number of (1xDN,
nxVN) blocks, a block for each Entity including arbitrary number of instances with respective Item
values. With its compact format the content of the ADIS/ADED file is optimized for the text-based
transmission and exchange between the systems.
For illustration purposes a DN line for the Entity 800050 (already mentioned Animal Master Data)
and one corresponding VN line from an ADIS data file are included in Figure 1.
DN88000500900080150009000701500080003002000900053080008000351500080003215000800094150008000950
2000800042010008001110100080011201000800114010008001130200080002601000800096030008000970200083
00011500083011515000900045240
VN880005|.40000033205422|???????????????|11|20120614|.40000202042816|???????????????|276000940
100513|??|?|2|1|?|??|?|???|??|???????????????|???????????????|HERTA

Figure 1. An example of a DN and its corresponding VN line from an ADIS data file
The DN line lists all Items (marked bold) which values are included in the VN line. The length and
precision of the data representation is also included. Based on that we can interpret the VN line (we
inserted vertical bars “|” between the values of different items for easier reading). The VN line describes
a cow (800111=sex, value=0, female) of the race Simmental (800030=race, value=11, Simmental), with
date of birth June 14, 2012 (900053=date of birth, value=20120614). Where the values are not known
the VN line contains “?” characters.
To illustrate the problems with data exchange based on ADIS/ADED concepts, we show in Figure 2
a hypothetical exchange scenario where the ADIS/ADED interfaces to the milking robot and to the milk
control organization are implemented at the farm computer.

Figure 2. Data Exchange and Interpretation based on ADIS/ADED
In this scenario, the central farm computer interprets the ADIS Data files coming from two sources
using the ADED Dictionary file obtained via the Data Dictionary portal. The central application is
interpreting data and generating reports. The Data Dictionary provides necessary descriptions of the
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Code Sets, Items and Entities and can be used to create a local database in the farm computer with the
ADED relational schema. In this scenario, a data integration application running on the farm computer
might still encounter problems in respect with data interpretation and integration. Firstly, the
ADIS/ADED standards do not provide query logic to filter out entities based on the values of different
Items, and therefore data processing or interpretation applications need to save the data in the local
database and then query the local database (e.g., with SQL queries). The implementation is therefore
vulnerable to changes in the Data Dictionary, as these must be reflected in the database schema, i.e.,
they lead to the change of the database schema. Secondly, the ADED Dictionary represents an
information island as it does not explicitly and uniquely reference descriptions of the used concepts. For
example, as we have previously shown, the race is encoded with two characters, and the reference to the
unique race description is included only implicitly in the name of the race included in the Data
Dictionary. An internal application cannot thus e.g., reach the Web Page describing the Simental Race,
based only and directly on the information in the database. These two problems can be efficiently
addressed by using the standards of the Semantic Web.
2.2. Semantic Web Technology for Flexible Data Exchange and Integration
The Semantic Web extends the “Web of documents” with the meaning (semantics) through standards
that promote common data formats and exchange protocols. The Semantic Web expresses resources and
relationships between them in a formalized and structured way, in the so called linked data set, i.e., a
knowledge graph. The atomic unit of this graph is a triple which describes the relationship between two
resources in the form (subject, predicate, object). Semantic Web uses 1) the Hypertext Transfer Protocol
(HTTP) and unified resource identifiers (URIs) for resource identification and access, 2) the Extensible
Markup Language (XML) and XML-Schema as a syntax and a content structure of the documents, 3)
the Resource Description Framework (RDF) and RDF-Schema for expressing the data objects, their
relationships, properties and classes, 4) the Web Ontology Language (OWL) for formal hierarchical
knowledge representation based on description logic, and 5) the SPARQL query language and protocol
for structured queries on linked data sets over HTTP (W3C SW 2015), (W3C SPARQL 2015).
The Semantic Web standards and tools currently support the whole lifecycle of creating and
maintaining large linked data sets that combine both schema (ontologies, vocabularies, …) and data.
The available Semantic Web stack include tools for 1) extraction of structured data from unstructured
sources, such as text, 2) linked data authoring or creation via “triplification”, enrichment, interlinking
and fusing and 3) data maintenance in a semantic repository – the triplestore (Auer 2014).
A linked data set can be open or freely accessible over the Web, which is referred to as Open Linked
Data, or closed, thus accessible only for registered users, e.g., enterprise Linked Data (Mezaour et al.
2014). The enterprise systems that do not open their data can still benefit from the linked data concepts
by re-using established semantic descriptions and uniquely defined resources, making it easier to further
interlink external and internal information based on the shared semantics. Semantic Web technology
thus lowers the entrance barrier for data publishers and users in both open and closed scenarios. So far,
the benefits of the Semantic Web technology have already been demonstrated in numerous domains.
The result of the Linked Data Community is Open Linked Data Cloud 6 which today include enormous
number of data sets (ontologies, vocabularies, and real data) with geographic information, publications,
user generated content, government, life sciences, and cross-domain.
The semantic technology has been tested in applications requiring knowledge management in
numerous domains such as open government solutions, but also for corporate information systems in
eHealth, tourism, media publishing, smart energy (Auer, 2014). Within the agricultural domain the
Semantic Web approach already inspired a number of solutions in the research spectrum, e.g., (Eckartz
et al. 2013; Chaplinskyy et al. 2013; Gao 2005; Athanasiadis et al. 2009; Grimnes et al. 2012) and is
also embraced by the Food and Agriculture Organization of the United Nations (FAO;
http://aims.fao.org) in their global initiatives for agricultural information management systems (AIMS),
AGROVOC vocabulary, and agricultural ontology service (Lauser et al. 2006).

6

http://lod-cloud.net/
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Two problems in the data integration that have been identified as related to the ADIS/ADED based
exchange and have been described previously in Section 2.1, can be efficiently solved by the Semantic
Web approach. The first problem of the fixed data schema, and querying of the local database can be
solved by using the RDF/XML linked data format and by expressing the schema in the ontology (OWL)
format. The flexibility in schema description is the most significant feature that distinguishes semantic
technology from the traditional relational database schema modelling. While the relational approaches,
e.g., as one for dairy farming presented in (Schulze et al. 2007) can exploit schema-centric optimizations,
they are difficult to extend and interconnect. In the RDF knowledge graph, on the other hand, both
schema and data are represented as nodes and links in the graph, and accordingly the schema can be
flexibly extended by linking new classes and establishing new relationships between them. In addition,
the SPARQL based query can be customized to filter specific data and this information is available over
the HTTP interface. The second problem of the information island is solved by representations in which
each resource is assigned a unique identifier based on URI. In the same time the RDF schema and OWL
enable linking of the similar or identical objects together. SPARQL can query both internal and external
interlinked data. This way any concept used in describing the data can be uniquely identified and
disambiguated. Accordingly the SPARQL query can easily find out external Web Page describing the
Simental Race within the query on the local knowledge graph.
2.3. The Role of the Ontology in the agriOpenLink Platform for Dairy Farming
The agriOpenLink project uses Semantic Web technology to provide a data integration and decision
support platform for adaptive process control in agriculture. The layered architecture of the platform
corresponds to the 4-Level functional model that we introduced in Section 1.1, and is illustrated in Figure
3.

Figure 3. agriOpenLink 4-Layer Architecture
The Dairy Farming Ontology (DFO) is a unifying domain knowledge, including the artefacts
modeled within the ISOagriNET framework, represented in the form of an extensible knowledge graph
that has been created by using RDF and OWL modeling standards. DFO is therefore a central component
of the Data Integration Layer (Layer 3). As illustrated in Figure 3, it is used both by the Measurement
and Interpretation Layer (Layer 1 and Layer 2) and the Decision Support Layer (Layer 4). The Layer 1
and 2 are implemented by the means of the so called Plugins. A Plugin is a software components that
wraps the data-exchange interfaces between the agriOpenLink platform and a farm device (e.g., a
milking robot in Figure 3) or an external data source (e.g., a milk quality organization in Figure 3). The
equipment publishes specific data on demand (on the query). The data is expressed in a semantically
unified format (RDF/OWL) and are semantically aligned with the DFO. More specifically, each Plugin
implements specific Semantic Web Services - HTTP REST services - that return data in the RDF
Format. These Plugin Services translate the equipment data from the equipment-internal proprietary data
format into data instances of the corresponding DFO Classes encoded in the RDF/OWL format. The
Plugin Services are therefore the corner stone of the Interpretation Layer (Layer 2). At the Decision
Support Layer (Layer 4) the knowledge about the relevant correlations between the heterogeneous data
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properties (e.g., the knowledge that a cow in heat has higher activity, lower feed intake) is encoded into
complex SPARQL queries. These queries define search and filtering patterns over linked data objects
where the linking structure is provided by the standardized classes and properties of DFO. DFO specifies
also the so-called defined classes –specified with restrictions on various properties - for the purpose of
automatic classification of data by means of automated reasoning. Hence, each complex SPARQL query
is resolved within the platform by successively collecting data from identified Plugin Service, reasoning
on the collected data, filtering results by simple SPARQL queries, invoking further Plugin Services, and
so on until the final result is obtained. The final result satisfy the initial complex SPARQL query
constraints. The example of the query is a search of a lame cows among all the cows in the second
lactation with a specific milk yield. The complex query resolves the definitions of the “lame cow”, and
the “2nd lactation” cow and filters the instances of these cows based on the milk yield data.
The major benefit of the DFO-based data exchange and integration approach is in the extensibility
of the DFO as a knowledge graph. In Figure 3 we depicted sources of the data that can continuously
enhance the DFO. First of all, the existing domain knowledge (e.g. ADIS/ADED Data Dictionary) can
be made a part of DFO by means of triplification (as we describe later in Section 3) Secondly, external
knowledge graphs (e.g., already mentioned AGOVOC dictionary of FAO) can be inter-linked with DFO.
Thirdly, the necessary extensions to the data model which potentially comes with new equipment that
produces new data can be authored by the interested vendors, who can insert new descriptions in DFO,
and use them to implement their corresponding Plugins. The life-cycle management of DFO starts with
the initial engineering and making the decisions on which concepts shall be included within the
ontology. The next step is establishing the tools for the DFO life-cycle management and identifying the
clear roles of all possible DFO editors in this process. Section 3 describes the experiences with the DFO
engineering that we obtained within the agriOpenLink project.

3. Experience with the DFO Engineering
3.1. 1st Phase - Domain Analysis and Operation Support
The creation of the Dairy Farming Ontology in the agriOpeLink project was performed in two
phased. The 1st phase focused on the benefits of using the ontology editing tools, in particular the OWL
ontology editor Protégé (Protégé 2015) in facilitating the analysis of the dairy farming domain models,
and in encoding of the domain knowledge. The goal of this phase was to include all relevant concepts
into DFO so as to be able to collect initial repository of the animal master data for the farm. Accordingly
this initial DFO provides the basis for collecting data from the herd management applications, or animal
registers. We further concentrated on the scenario where this initial knowledge graph is constantly
extended with the data obtained from different farm equipment and external information sources via
Plugin services. These data describing the milk quality, feed quality and quantity, activity, fertility, and
health information. We started with a small set of OWL classes including Animal, Farm, Farmer,
Equipment, Organization and with the object properties that reflected specific relationships such as
parent-child relationship between Animals, similar to the approaches (Gao 2005; Seamless 2015).
In the process of DFO engineering for the domains of milk quality, feeding, breeding, fertility, both
the ADED Dictionaries and the schemas of the milking robots, concentrate feeder, and heat and activity
monitoring equipment have been analyzed. Consequently for the included properties the annotations
about which equipment or external data sources created data – an information missing in the ADED
model- was added in form of specific annotations. In addition, the classes and data properties that were
included in DFO based on their existence in the ADED dictionary were annotated referencing the
definitions in the ADED data portal. Figure 4 (a) show a screen shot of DFO in Protégé Editor.

doi: 10.17700/jai.2015.6.4.213
122
Dana Tomic, Domagoj Drenjanac, Sandra Hoermann, Wolfgang Auer: Experiences with creating a Precision Dairy Farming
Ontology (DFO) and a Knowledge Graph for the Data Integration Platform in agriOpenLink

Journal of Agricultural Informatics (ISSN 2061-862X) 2015 Vol. 6, No. 4:115-126

Figure 4. 1st phase DFO a) including comments to reference ADED, b) focus on defined classes for
Plugin Services (Protégé Editor)
The property “hasDiagnose” is annotated with the link to a specific HTML page defining this
property in already mentioned LVW Portal. However, the problem with this approach to referencing
arises due to the fact that these HTML pages do not have unique URI but are periodically re-generated
and new URIs are created in this process. Accordingly it became clear that ADED Dictionaries need to
be available in the linked data format in order to reference ADED concepts in a formal way.
Consequently, we defined ADED “triplification” as a goal for the 2nd phase of the DFO Engineering.
Finalizing the 1st phase we revisited the requirements of our initial scenario of a growing knowledge
graph. This scenario still presents a large number of challenging issues related to an unclear business
model of the data storage on the farm. Consequently we re-focused the DFO engineering on the scenario
in which SPARQL queries coming from Decision Support Systems (DSS) trigger search, access,
interlinking and filtering of semantic data available via Plugin Services. The resulting DFO is a minimal
collection of properties that belong to the animal master data set that can be extracted from equipment
and external sources.
DFO is also extended with a number of defined classes that are used by Plugin Services. More
precisely, each Plugin Service consumes a property of a specific defined Input Class and creates an
Instance of a specific defined Output Class. While the input class is for example the Animal Class
identified with the “unique animal number”, the Output Class describes properties that can be extracted
from the equipment by means of the Plugin Services. Figure 4 (b) shows a screen shot of DFO in the
Protégé Editor with a set of defined Output Classes of the milking robot Plugin. The selected Output
Class of one Plugin Service is defined as including the properties “unique animal number” and four
“milk conductivity” properties for each of the cow’s tits. In this phase DFO is hence extended with the
properties and classes that support the platform operation, particularly in our demonstrator that included
Plugins of two milking robots, of a concentrate feeder and of an animal monitoring system.
3.2. 2nd Phase - Triplification of the ADED Data Dictionary
Triplification stands for translating the data from some external format into the RFD data graph.
Atoms of this graph are triples comprising the subject, the object and the relation. A triple can describe
schema, e.g. linking two classes with their relationship, or can include data, where subject is a data
instance, the object is a specific value, and they are linked by a specific data property of the instance
that holds this value. We developed a triplifier tool that translates an ADED Dictionary into Linked Data
using RDF/OWL standards. We followed the best practices for creating the linked data (Mezaour 2014),
and automatically created HTML documents to support publishing of the newly defined URI. Our
triplifier tool also transforms ADIS Data Files into linked data.
The triplification of the ADED schema is illustrated in Figure 5.
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Figure 5. Mapping of ADED Entities, Items and CodeSets into DFO in OWL
First the OWL Classes ADED_CodeSet, and ADED_Entity are defined. The features of CodeSet,
Entity and Item (e.g., NAME, IDENTIFIER, SYNOMYME, BESCHREIBUNG, KOMMENTAR,…)
are mapped into OWL AnnotationProperties. Additional AnnotationProperties are defined to capture
ADED Number for easy search, ADED Dictionary name, and area (Cattle, Milk, General,…). Each
ADED Code Set is translated into a subclass of the ADED_CodeSet. For each specified value of the
CodeSet a unique OWL NamedIndividual of this Class is created. The Class and the NamedIndividuals
are annotated based on respective CodeSet features. Each ADED Item is translated into a unique OWL
DatatypeProperty, and is annotated based on the values of the defining features using respective OWL
AnnotationProperties. Each ADED Entity is translated into a unique subclass of the ADED_Entity
Class. It is annotated based on the values of the defining features using respective OWL
AnnotationProperties. The relationship among an Entity and its defining Items is captured in a respective
AnnotationProperty. Each Code Set, Item or Entity is annotated with its ADED Number, and ADED
Dictionary Name. A Named Individual is created to represent an ADED Dictionary, for easy search.
Finally, to translate the ADIS Data File into linked data, the values of all the Items captured in VN lines
for particular Entities are processed in the following way: An Entity VN line translates into an OWL
NamedIndividual with all the datatype properties (for corresponding Items) initialized with the
respective values. To test the procedure we triplified all dictionaries available via http://ian.lkv-nrw.de
as well as exemplary ADIS Data File.
Figure 6 shows a set of owl data properties, classes, and code set values in the triplified ADED
Dictionary for 2016 in Protégé. The selected OWL Class Animal (Figure 6, b) is annotated with the
ADED Number of its originating ADED Entity (990002), with an ADED identifier “Animal”, which is
also used as an OWL Class Name. A selected OWL data property “Udder Health” (Figure 6, a) is
annotated with the ADED features including the CodeSet (8270) which defines all possible values of
this property. Figure 6 (c) shows how the CodeSet 8270 is mapped into the OWL Class labeled with
“Udder Health Status” and its keys into OWL Named Individuals. For example, a selected OWL Named
Individual that belongs to the CodeSet “Udder Health Status” is labeled with “The rate of new infections
in the lactation period”. This OWL Named Individual, as well as all other resources contained in DFO,
have unique URL which can be used as global references. By means of further annotations any of these
resources can be interlinked with an additional information that can be useful in searching in the
knowledge graph.
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Figure 6. ADED Dictionary (2016) in Protégé Ontology Editor: (a) OWL data property “Udder
health”, (b) OWL Class Animal, (c) OWL Named Individuals for the values of the CodeSet “Udder
Health status)

4. Conclusions and Outlook
In this paper we presented a motivation for, and the two phases of the ontology engineering process
in which the Dairy Farming Ontology (DFO) has been created in the project agriOpenLink. The
agriOpenLink platform uses DFO as a unifying description of the heterogeneous dairy farm data for
efficient data interpretation and integration. DFO is a knowledge graph which can be further enhanced
with links to an external body of agricultural knowledge which already exists in the linked data format,
making it assessable for the decision support applications. To use the existing livestock and dairy
farming knowledge we proposed the mapping of the ADIS/ADED model into an ontology and we
implemented a translation tool – a triplifier. We are currently preparing a SPARQL-endpoint for
experimental accessing and manipulation of the DFO. Accounting for the fact that the DFO is not a
static structure, agriOpenLink platform also integrates ontology editing and maintenance tools. The next
steps will focus on data enrichment and interlinking and in exploiting their benefits in the design of the
decision support tools.
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ABSTRACT
The aim of the AgroFE project (www.agrofe.eu) is to develop vocational training in the
field of agroforestry in 6 countries: United Kingdom, Belgium, Czech Republic,
Hungary, Romania and France. Several levels of training are targeted by the project,
levels N3-N4 relate to farmers and future farmers, levels N5 + / N6 affect (future)
advisors, trainers, teachers, technicians who are working in the domain. In the context of
ICT related to the AgroFE project there are four components, the collaborative tools
(OTC-CWS), the Knowledge Data Bank (KDB-BDC), the tools for training and a portal
that integrates the tools. The knowledge data bank is a component of the project training
system. It aims to gather and share a set of documents, resources that partners can use
and which will have been accessed by learners and the public users. The project focuses
to the newest innovative ICT solutions and trends. The knowledge data bank is to enable
the sharing, access and consultation in the use of certain resources for training. These
resources are under different forms: Mono document object (like a photo, a text, a
diagram) and Composite materials (for example a html web page with images, a pdf file
with pictures and diagrams, a video clip with images and sounds ...). The prototype of
the AgroFE project is based on a software, RUBEDO, developed in PHP and RUBEDO
is built on different components: a data base management software (DBMS-SGBD), type
'NoSQL', MongoDB, and the user interface uses the ElasticSearch search engine. The
paper describes the prototype system and the used ICT tools in the project, such as LMS
and the collaborative working environment.

1. Introduction
Depending on the countries, states or professional organizations and training actors try to reintroduce
agroforestry in the course of training and qualification in initial training and adult education. Based on
the results of scientific research, development structures and those of the "farmer-researchers",
experimental courses were conducted in different countries, including BE, FR, in the UK on a small
scale as resources, trainers and available skills are scarce. The partners have identified training needs in
the short term. These needs are on the one hand operators and future operators, adults and
pupils/students, teachers and counsellors, tutors. In the short term, the project will address these to public
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through a system established by the partners (Herdon at al. 2011) based on innovative teaching practices
training, occupational situations providing access to recognized qualifications (NQF, EQF, ECVET and
ECTS). Fortunately the ICT tools have been developed increasingly nowadays, so there are tools and
methods for e-learning and e-collaboration (Bustos et al. 2007; Lengyel 2009; Herdon and Lengyel
2013; Herdon and Rózsa 2012). European partners from 6 countries participate in the project. One of
the important parts of the project is to apply innovative solutions for building and using the web site
(http://www.agrofe.eu/) and knowledge repositories for teaching and learning agroforestry.

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

3. Results
Based on our analysis related to main e-learning trends we have to state that the technology and
methods are developing continuously. Of the $4.1 trillion spent on education and training, approximately
25% is in Europe, making it the 2nd largest market to North America. In the schools market, Europe
boasts 27% more teachers than the US, with 4.6 million teachers as compared to 3.6 million in the US
(IBIS Capital 2013). The European e-Learning market is a highly fragmented market comprising up to
3,000 predominantly small entrepreneurial companies. The fragmentation represents in part the early
stage nature of the industry and the market difference within Europe. The spent on academic education
and learning outweighs the spent on corporate training by about 18x. There is also a regional split
between northern and southern Europe where for example in the Nordics workers are 4x more likely to
be receiving training than in southern Europe. The perspective can be seen on the Hype Cycle (Figure
1.)
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Figure 1. A European perspective on e-Learning (IBIS Capital 2013)
3.1. Moodle Learning Management System as collaborative tools for project virtual space and elearning
For the collaborative working in the project we plan to use existing open source and free services.
One of the essential solutions was the Moodle system which was used earlier in a similar project (Burriel
2007). One selection criterion was based on that we have more than 7 years’ experience in using this
popular system which can give every function that we need for collaborative working during the project.
The ICT system of the project will be based on a knowledge databank service and for mobility (field)
work we will use tablets with Android, IoS, Windows platforms, using the central services and apps.
We just would like to highlight some new feature which will be useful in the project.
 Responsive Design, Learning on the Go.
 Power up the Cloud.
 Big Data.
 Mobile Notifications.
Moodle are continually improving their responsive themes, this will allow Moodle to be used for
learning on tablets, phones and other mobile devices. The core Moodle theme is based on Bootstrap and
Webanywhere recommends all users migrate to a responsive theme to allow learners to access Moodle
on the go. The Moodle Bootstrap theme is now the default for any new installation of Moodle. This
feature is using the logging framework, and this will allow the Moodle community to build on top of the
framework to enable better reports to be gathered. The Mobile Notifications is possibly the most exciting
new feature to enable ‘push’ learning to users on the go.
The Moodle server is used as virtual collaboration space and e-learning system. The system
implemented in 2014. We created the initial structure for collaborative work and starting the e-learning
courses. This time 136 users are registered (enrolled) in the system from project partners and there are
70 enrolled students in agroforestry subject at University of Debrecen.

3.2. Vidyo, Mooc and Videotorium
Other ICT support tools have been introduced into the project. The VidyoDesktop system extends
high-quality video conferencing to different platforms of computers, allowing users on these systems to
participate at their office or from home. With support encoding at resolutions up to full HD and dualscreen multipoint video, VidyoDesktop delivers a first-class conferencing experience to any workspace.
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VidyoDesktop extends high quality conferencing and collaboration to virtual desktop and thin client
environments.
The benefits of the VidyoDesktop system are the following:
 Host conferences in a virtual conference room with simple click-to-connect access for both
administered users and guests.
 No need for an expensive dedicated appliances.
 Multiple user-selectable layouts for active speaker, and shared content.
 In-conference public and private text chat.
 Far-end camera control of Vidyo and third-party group solutions.
Another concept in the project to use the MOOC model. A massive open online course (MOOC) is
an online course aimed at unlimited participation and open access via the web. In addition to traditional
course materials such as videos, readings, and problem sets, MOOCs provide interactive user forums
that help build a community for students, professors, and teaching assistants. MOOCs are a recent
development in distance education which began to emerge in 2012. Early MOOCs often emphasized
open access features, such as connectivism and open licensing of content, structure and learning goals,
to promote the reuse and remixing of resources. Some later MOOCs use closed licenses for their course
materials while maintaining free access for students. On the Figure 2. can be seen the evolution of
MOOC.

Figure 2. Evolution of MOOC (Hill 2012; Gaebel 2013)
The next tool (service) what is used in the project the Videotorium repository and service. The
Videotorium would like to meet special requirements of higher-education, research and public
collections community, which would be rather difficult to satisfy by a general video sharing portal.
Major features briefly:
 Sharing of audio- and video recordings.
 Uploading and synchronize slides to the recording of your speech.
 Organisational micro sites: present all recordings of your institution through an own
Videotorium site with individual URL, design and news.
 Flexible metadata scheme meeting requirements of scientific publication.
 Flash based playback, compatibility with all popular browsers.
 eduID federative authentication and authorization.
 Live streaming: broadcast your event live through Videotorium to deliver your event to
thousands of users through our high capacity servers.
We are testing this system for storing and streaming videoconferences on-line lectures (on-line
learning, Figure 3.).
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Figure 3. Playing the video from the auditorium
3.3. Building the community on Agroforestry
One of our task in the project are the dissemination and building a knowledge databank. We are
trying to promote the project. The official project website is the following URL:
http://www.agroforestry.eu. From end of the last year has been working a social network site on the
Facebook (https://www.facebook.com/Agrofe) (Figure 4.).
A knowledge base or knowledge bank is a special kind of database for knowledge management. A
knowledge base is an information repository that provides a means for information to be collected,
organized, shared, searched and utilized. It can be either machine-readable or intended for human use.
Behind a Knowledge Data Bank (KDB) there is, at least, a back-end which is a DBMS. The developed
system architecture can be seen on the Figure 5.
In the context of the AgroFE project related to ICT includes four components, the collaborative tools
(OTC-CWS), the Knowledge Data Bank (KDB-BDC), the tools for training (and archiving) and a portal
that integrates the tools (Figure 5.).
 The KDB is to enable the sharing, access and consultation in the use of certain resources for
training. These resources are under different forms:
 Mono document object, like a photo, a text, a diagram,
 Composite materials, for example a html web page with images, a “pdf” file with pictures and
diagrams, a video clip, with images and sounds etc.
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Figure 4. The Agroforestry project common network site on the Facebook

Figure 5. Knowledge Base System architecture
Under the project documents are identified, selected, proposed by partners and included into the KDB
for the evaluation of their potential use in training by one or more partners. A fact sheet originally written
by the proposer, the institution, who proposed it to project partners. At the end of the evaluation phase,
the KDB can be extended to other contributors for other uses, such as exchange supports between
different actors of Agroforestry.
In computing, a database is gathering highly structured data, a well-defined organization, based on
different types of structures: relational, hierarchical. This is absolutely not the case in a databank in
which we store structured tables of numbers as well as illustrated text or video or emails, external
knowledge or those from the project in their various forms. But it should be noted that the knowledge
data bank in the prototype of the AgroFE project is based on a software, RUBEDO developed in PHP
and RUBEDO is built on different components:
 a database management software (DBMS), type 'NoSQL', MongoDB,
 the user interface uses the ElasticSearch search engine.
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4. Conclusion
The agroforestry will be important for rural areas and farms according to more aspects.
Environmental, economic, agricultural production, rural living is very important issues. The project
participants are involved in to developing curricula for more training levels. The latest version of the
Moodle system has been implemented for collaborative space and we carried out more virtual meetings
by the new videoconference systems, which have been tested and used more times. All the virtual
meetings have been recorded in the Videotorium system. We are convinced that using the innovative
technologies and solutions the system will serve and support to achieve the project goals. Analysing the
open source tools we have created the architecture of the knowledge base and service system for
harvesting materials, building knowledge base and information service, implement e-learning service in
agroforestry. The Knowledge Data Bank and service system is developing and will be finished in this
year.
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