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Abstract
The applications of ubiquitous computing have increased in recent years, especially due to the development
of technologies such as mobile computing and its integration with the real world. One of the challenges
in this area is the use of context sensitivity. In agriculture, this can be considered as the context related
to the environment, such as the chemical and physical aspects that characterize the different soil types. This
scenario periodically changes due to factors such as climate, type of cultivar and soil management technique
used, among other aspects. This article presents a systematic review on the research works that explore
ubiquitous computing in precision agriculture, including which technologies are being currently applied
and which gap scan still be researched. Nine scientific repositories were explored to find articles about
precision agriculture and ubiquitous computing. As a result of this search and filtering process, 32 works
were reviewed, analyzed and categorized between the years of 2009 and 2019. In general, the reviewed
articles concentrate on problems arising from the communication between sensors and the management
of context-sensitive data.
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Introduction

and extract data from the environment, which helps
users to perform their tasks (Satyanarayanan, 2001).

Precision agriculture is a suitable strategy
to increase productivity, which al-lows the rational
use of inputs and reduces the environmental
impacts caused by agricultural practices. Currently,
the inputs are used in a variable way to meet
the specific needs of each location, thus optimizing
the production process. However, it is necessary
to characterize the soil spatial variability to check
chemical and physical attributes through several
representative sampling (Costa, de Passos et al.,
2014; Bonfante et al., 2017).

Context-aware
applications
are
necessary
for this vision to become real-ity (Dey et al.,
2001). Context means any information that
allows the characterization of an entity situation
that is relevant to the interaction between a user
and an application, which includes information
about the situation, identity and lo-cation
of people, groups and physical or computational
objects. Through the knowledge of contextual
data, an application can adjust its own functioning
or even act proactively, such as by alerting users '
to a specific scenario or aiding them to develop
activities more efficiently. The generated
information will enable the construction
of a historical database for posterior decision
making (Hong et al., 2009; Ciaramella et al., 2010).

Generally, computing research has aimed to develop
techniques to integrate information technology
into people’s daily lives, so that they are proactively
assisted by technology while they execute their daily
activities (Weiser, 1999). Ubiquitous computing
seeks new forms of communication and interaction
that are distributed in the environment, either
in a perceptible or imperceptible way. Furthermore,
through the use of sensors, computers can detect

This article uses the systematic review methodology
developed by Petersen et al. (2008) to conduct
a review of the use of ubiquitous computing
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Research process

in agriculture. Guided by the search and two-phase
processing, this article concentrates on discovering
the main authors in this area. This article also
looks for the most relevant works, in addition
to the possible research gaps and their challenges.

Petersen et al. (2008) defined three stages
of a research process: specify the search string,
choose the databases to apply them and then get
the results. The first stage starts by identifying
the keywords and their related terms. In this
study, we chose the keywords “Ubiquitous”
and “Agriculture” and also other related terms,
as indicated in Table 2.

Materials and methods
This article uses a systematic review methodology
to” identify, analyze and interpret all the available
evidence related to a specific research question”
(Kitchenham & Charters, 2007), which in this
case are relevant to the application of ubiquitous
computing imprecision agriculture. This type
of methodology not only discusses the conclusion
but also examines all of the activities related
to the discovery. Hence, a systematic study
collects data when the activity occurs
and the media in which it was published,
and then maps this connection (Cooper, 2016).
The methodology consists in the execution
of the following steps: a) establish research
questions; b) design the process of the research
and c) define criteria for filtering results.

RQ1

Which technologies support precision
agriculture?

RQ2

Where are these technologies being applied
in precision agriculture?

RQ3

How is ubiquitous computing being used
to support precision agriculture?

RQ4

Which are the main clusters of research that
express the terms ubiquitous computing
and precision agriculture?

RQ5

What is the number of publications per database
and per year?

Context-aware OR Context-sensitive OR
Context awareness OR Pervasive OR
Internet-of-things OR IoT

Agriculture

Agronomy OR Soil
Table 2: Search terms.

These terms generated the following search string
to be used in the search databases:((ubiquitous OR
context-aware OR context-sensitive OR context
awareness OR pervasive OR internet-of-things OR
iot) AND (agriculture OR agronomy OR soil)).
The term “soil” was inserted in the search string
because the term “agriculture” covers other
sub-areas of application, such as aquaponic,
permaculture, indoors agriculture, organic,
subsistence, among others. This enabled this
study to filter only the works related to intensive
agriculture applied to the soil; that is, that have high
productivity, large extensions of land and the use
of modern techniques and mechanizations.

The research questions led this study to discover
works related to the theme. The goal of these
questions is to understand how ubiquitous
technologies are being used to help in precision
agriculture. It is also desirable to find how specific
technologies are applied between agriculture
and context awareness. Finally, clusters
of commonly used terms within selected articles
were generated to support the identification
of academic research interest trends. Therefore,
five questions were established and presented
in Table 1.
Questions

Related terms

Ubiquitous

Source: own processing

Research questions

References

Keyword

Once the search string was defined, we constructed
the research parameters to be used on the databases.
In the second step, we selected eight re-search
databases relevant to the area of computing,
including the ACM Digital Library, Semantic
Scholar (Citeseerx), Google Scholar, IEEE Xplore
Digital Library, Scopus, Science Direct, Springer
and Wiley Library. Research in the ACM Digital
Library required the use of advanced search
features, where each of our strings was inserted
in the “Edit Query” tool. Similarly, this practice
was applied in the Semantic Scholar (CiteSeerX),
Google Scholar, IEEE Xplore and Scopus databases.
Only in the Science Direct and Google Scholar base
was the string applied in a simple search box that is
available on the main page of these sites.
Filters application
To filter the most relevant works, we generated
the following Inclusion Criteria (IC) for this
selection:

Source: own processing
Table 1: Research questions.
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–IC1: The study must be published in a conference
proceeding or journal.

The next filter was based on the first two passes
of the three-pass approach introduced by Srinivasan
Keshav (Keshav, 2007). The first pass is a quick
sweep, consisting of: 1) reading the title, the abstract
and the introduction; 2) reading only the heading
of the section and subsection, but ignoring all
the rest; 3) looking the mathematical contents
(if there is any) to determine the underlaying
theoretical fundamentals; and 4) reading
the conclusions. The second pass consisted
of carefully analyzing the figures, diagrams
and any other illustrations in the article, giving
special attention to the graphics. Finally,
the remaining articles were filtered by the analysis
of the full text and the observation of the exclusion
criteria EC4.

–IC2: The study must be related to the context
of
use
of ubiquitous com-putting
in agriculture.
–IC3: The study must be a full paper.
In turn, the Excluding Criteria (EC) were also
defined, as follows:
–EC1: Studies published before 2009.
–EC2: Studies that are not written in English.
–EC3: Studies related to theses or dissertations.
–EC4: Studies that are not related to research
questions.

Figure 1 presents the filtering process, with IC
and EC applied at each stage, with the Scopus
and Science Direct databases bringing together
more assertive works related to the search string
with 46.4% of the filtered results. The Semantic
Scholar and Wiley databases presented many
unrelated works.

The inclusion and exclusion criteria helped
the filtering process to obtain the most relevant
studies and to eliminate any noise generated during
the search. The studies obtained in the search
process were filtered, and those that did not fit
in the inclusion criteria were removed. The articles
were stored in the Mendeley Desktop© program
and organized in specific folders to each database.
The next step was to analyze the works by title and
abstract, so that they could be later combined in the
same folder. Six articles were added by heuristic
because they are relevant for this study, even though
they were not found during the search process.

Figure 2 shows the result of this processing
before the article combination stage. The filtering
process also brought works related to subareas
of computation, such as hardware architecture
and networks applied to precision agriculture.

Source: Own processing
Figure 1: Stages of the filtering process.
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Threats to validity

& Ontology and, finally, Wireless Network
Sensor (WSN). Table 3 maps the works with their
categorization.

As in any work involving a systematic review,
this research presents some risks that can affect
the obtained results. These risks are directly related
to the data filtering process. To reduce the risk
margin, this research searched data in nine different
databases, selected from their relevance in the areas
of ubiquitous computing and agriculture.

Based on this question, most of articles focused
on WSN. There is a big difference between IoT
and WSN, which causes these terms to have
been categorized separately. In an IoT system, all
of the sensors directly send their information
to the Internet, such as soil temperature
and moisture. In this case, a direct connection
to the Internet will be open immediately
or periodically to synchronize data. Already
in a WSN, the various sensors connect to some
kind of router or central node. A large collection
of sensors, as in a mesh network, can be used
to individually gather data and send data through
a router to the Internet in an IoT system. In other
words, WSN is a subset of IoT.

The research string was constructed considering
the main terms and some related words to ensure
the greatest possible coverage of keywords
in the search, avoiding an ineffective search.

Technology

31.25%

Architecture
Model

(Steinberger, Rothmund
et al., 2009), (Cho, Moon et al.,
2011), (Kaloxylos, Groumas
et al., 2014), (Lopes, Souza
et al., 2014), (Gelogo, Un-Bae
et al., 2014), (Babou, Sane
et al., 2019), (Jearanaiwongkul,
Andres et al., 2019), (Cho,
2019)

25.00%

Semantic
and Ontology

(Sivamani, Bae et al., 2013),
(Schuster, Lee et al., 2011)

6.25%

WSN

(Lee, Hwang et al., 2010),
(Díaz, Pérez et al., 2011),
(Sabri, Aljunid et al., 2012),
(Kaloxylos, Eigenmann et al.,
2012), (Rawat, Singh et al.,
2014), (Shi, Li et al., 2014),
(Ndzi, Harun et al., 2014),
(Bhanu, Reddy et al., 2019),
(Simbeye, 2020), (Ali, Ming
et al., 2017), (Sivamani,
Choi et al., 2018), (Keswani,
Mohapatra et al., 2019)

37.50%

Figure 2: Databases where the researches were found before
the combination stage.

Results and discussion
This section details the survey results obtained
by reading and analyzing the 32 mapped studies.
In addition, the research questions were
answered and additional discussions and analysis
on the studies were presented.
RQ1 – Which technologies support precision
agriculture?

Percentual

IoT
and Sensors
Source: Own processing

The Petersen technique was used to mitigate
the risk that important works may have been
removed from the research (Petersen et al.,
2008). During this process, articles were analyzed
and selected without a reviewer. To reduce the risks
that the results may have been affected, we used
the review process already handled by other authors
(Díaz et al., 2011; Vianna & Barbosa, 2017), we also
used software that supports this selection process,
especially the Mendeley Desktop© program.

Articles
(Nash, Korduan et al., 2009),
(Córdoba, Bruno et al., 2013),
(Stojanovic, Falconer et al.,
2017), (Phillips, Newlands
et al., 2014), (Georgakopoulos
and Jayaraman, 2016),
(Tzounis, Katsoulas et al.,
2017), (Shao, Meng
et al., 2017), (Aswathy
and Malarvizhi, 2018),
(Dobrescu, Merezeanu et al.,
2019), (AlZu’bi, Hawashin
et al., 2019)

Source: Own processing
Table 3: Technologies that support precision agriculture.

The technologies that support precision agriculture
were analyzed and categorized as IoT & Sensors
Applications, Architecture Model, Semantic
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RQ2 – Where are these technologies being
applied in precision agriculture?

the information but instead solutions are available
to avoid the loss of data, to enable synchronization
and to improve sensor power efficiency.

Analyzing the results according to Table 4, most
technology applied in precision agriculture was
about improvements of communication between
sensors, in the same direction that RQ1 appointed.
network communication followed by the soil
analysis and context sensitive applications. In this
last case, the control centers collect and process
data in real time to help the farmers to make
the best decisions related to planting, fertilizing
and harvesting.
Technology

Articles

Improving
communication

(Nash, Korduan et al.,
2009), (Stojanovic,
Falconer et al., 2017),
(Shao, Meng et al., 2017),
(Aswathy and Malarvizhi,
2018), (Georgakopoulos
& Jayaraman, 2016),
(Steinberger, Rothmund
et al., 2009), (Babou, Sane
et al., 2019), (Schuster, Lee
et al., 2011), (Lee, Hwang
et al., 2010), (Díaz, Pérez
et al., 2011), (Sabri, Aljunid
et al., 2012), (Kaloxylos,
Eigenmann et al., 2012),
(Rawat, Singh et al., 2014),
(Shi, Li et al., 2014), (Ndzi,
Harun et al., 2014), (Bhanu,
Reddy et al., 2019), (Simbeye,
2020), (Ali, Ming et al., 2017)

Context
awareness

(Córdoba, Bruno et al., 2013),
(Phillips, Newlands et al.,
2014), (Tzounis, Katsoulas
et al., 2017), (AlZu’bi,
Hawashin et al., 2019),
(Dobrescu, Merezeanu et al.,
2019), (Cho, Moon et al.,
2011), (Kaloxylos, Groumas
et al., 2014), (Lopes, Souza
et al., 2014), (Gelogo, Un-Bae
et al., 2014), (Jearanaiwongkul,
Andres et al., 2019),
(Sivamani, Bae et al., 2013),
(Cho, 2019), (Sivamani,
Choi et al., 2018), (Keswani,
Mohapatra et al., 2019)

A total of 14 articles were identified that used
the contexts as defined by Dey et al. (2001).
The main goal of these researchers was to improve
the use of technology in favor of increased
production in the planted area. The major challenge
of ubiquitous computing is related to the need
of the applications be context-sensitive so that,
when appropriate, they respond through decision
making. All of these studies of context awareness
that were selected in the mapping are presented
in Table 5.

Percentual

RQ4 – Which are the main clusters of research
that express the terms ubiquitous computing
and precision agriculture?
Figure 3 presents the result of a bibliometric
mapping tool known as VOSViewer, which was
used to identify relevant works by publication year
(Van Eck & Waltman, 2009). It is also possible
to verify the common terms within publications
and interest relating to ubiquitous computing
and precision agriculture. All of the selected
studies focus on four terms, in order of relevance:
sensor network, context, sensor node and soil.
The WSN is one of the most promising technologies
for the agricultural sector. WSN enables
advancements in ubiquitous computing due to their
availability, small size and low price, resulting
in an easy and cost-effective implementation.

56.25%

RQ5 - What is the number of publications
per database and year?
Figure 4 presents the publications grouped
according to the year of publication. However,
it should be noted that the year of creation of this
article (2019) is still on going and other articles
could compose this statistic. In the last six
years, the number of publications on agriculture
and ubiquitous computing increased when
compared with the rest of the beginning period,
except 2015. This growth shows the interest
of researchers in improving agriculture, as well
as in improving the quality of products through
the better monitoring of production. The number
on the top of peaks indicates the total of publications,
excluding duplicates.

43.75%

Source: Own processing
Table 4: Applying technology in precision agriculture.

RQ3 – How is ubiquitous computing being used
to support precision agriculture?

Discussion

According with Table 4, there is currently
a big gap (56.25% of the articles) in improving
communication
between
the
distribution
of the sensors and the base. Technology such
as WSN has boosted agricultural research because
there is no longer a need for cables to receive

Only 10 studies or 31.25% of the articles used
IoT and Sensors to support precision agriculture
(Table 3). Among these, the most popular
technology was WSN with 12 articles.
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Reference

Objective

(Córdoba, Bruno et al., 2013)

This work proposed and illustrated the implementation of a new method for delineation of management
areas using satellite images to understand spatial variation within a field and to optimize the use
of agricultural inputs (seeds, agrochemicals and soil amendments).

(Phillips, Newlands et al., 2014)

This work discussed a series of key recommendations for monitoring the soil moisture dynamics
at a field scale to integrate with remote sensing and decision support models. It also concluded that
for integrated sensing to be utilized for long-term operational monitoring and decision support web
services, soft-ware tools and analysis tools need to be developed. Thus, data from multiple sources could
be analyzed and integrated with various models for crop production, food security and environ-mental
change.

(Tzounis, Katsoulas et al., 2017)

This work presented an overview of recent IoT technologies, their current penetration in the agricultural
sector, their potential value for future farmers and the challenges that IoT faces for its propagation
in order to optimize production by many ways, including distributed and pervasive computing

(Dobrescu, Merezeanu et al., 2019)

This work controlled and monitored an irrigation system connected to an IoT platform to promote
the integration of sensor networks and the Cloud. For these tasks, it was necessary to guarantee semantic
interoperability, develop context recognition middleware, implement a structure for real-time control
development, and maintain a monitoring management.

(AlZu’bi, Hawashin et al., 2019)

In this work, yellowing leaves and sprinkles in the soil have been observed using multimedia sensors
to detect the level of plant thirstiness in smart farming. The experimental results showed that the use
of deep learning proves to be superior in the Internet of Multimedia Things environment to optimize
the irrigation process.

(Cho, Moon et al., 2011)

This research used context-aware technologies and Web ser-vices technologies in agriculture
environments to make the working process of environments more autonomous and intelligent.
The suggested service model offers a smart service model based on a context-aware workflow through
an entity, an RDF-based constraint and rule-based operators

(Kaloxylos, Groumas et al., 2014)

This work developed an open architecture that embodies do-main independent, customizable work
environment through web. It also introduced a number of innovative concepts such as the notion
of a services’ marketplace, network awareness in order for the system to adapt in malfunctioning Internet
links and identification of malfunctioning sensor components

(Lopes, Souza et al., 2014)

This work approached an architecture for situational awareness called EXEHDA-SA (Execution
Environment for Highly Distributed Applications-Situation Awareness), which supports the acquisition,
processing and dissemination of contextual in-formation in a distributed way, independently
of the application, in a perspective based on rules and autonomy.

(Gelogo, Un-Bae et al., 2014)

This study proposed a design of u-farm mobile application framework performing environmental
(temperature, water level, humidity, plant growth and etc.) sensing capability. The main goal is real-time
monitoring, alerts and statistical analysis of crop conditions and environmental factors through
a generation of keywords. The keywords will then be sent to the knowledge expert system for analysis

(Jearanaiwongkul, Andres et al.,
2019)

This work recommends that disease treatments for farmers plants must be considered from a set
of related observations. Thus, it developed a theoretical framework for systems to man-age a farmer’s
observation data. It introduced the representation of observation data, called warn cons, based
on the user’s context information aiming to create a representation of the advice data

(Sivamani, Bae et al., 2013)

This work proposed a context model with OWL based ontology to aid the relationship between
the domain factors; that is, to define a pattern between system and services. The suggested model is
analyzed and derived with the set of concepts such as location, user, system, context, environmental
parameter, user and network. The basic concepts proposed in this work can be reused and extended
for agricultural-based smart environments

(Cho, 2019)

This study proposes a smart farming education service to disseminate solutions to the farmers to help
their decision-making in farm management. This work achieves an ubiquitous environment where
the farmers have interactive access to a variety of multimedia based materials to help develop their
management proficiency

(Sivamani, Choi et al., 2018)

This paper proposed a vertical farm ontology. The suggested context model uses OWL based ontology
to define common understanding and relationship between the system and services. With the proposed
model, the information from the Internet of Things is recomposed as context information and made
understandable for the other systems. The basic concepts proposed here can be reused and extended
for agricultural-based smart environments.

(Keswani, Mohapatra et al., 2019)

This work summarizes the optimum usage of irrigation by the precise management of a water valve
using neural network-based prediction of the soil’s water requirement. The irrigation valve control
commands were successfully generated with fuzzy logic weather model to fulfil uniform farm irrigation
requirement under almost all-weather conditions and in regions with water deficiency.

Source: Own processing
Table 5: Filtered works relation.

Table 4 shows that improving communication
with WSN was the most relevant theme in the last
10 years. In terms of context awareness, the use
of sensors to detect soil moisture for automated
irrigation was found in five articles (Gelogo et al.,

2014; Stojanovic et al., 2017; AlZu’bi et al., 2019;
Dobrescu et al., 2019; Keswani et al., 2019).
However, the use of images in agriculture was
found in only one article (Córdoba et al., 2013). This
technique is increasing recently through the use
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Source: Own processing
Figure 3: Density of research clusters by publication year.

Source: Own processing
Figure 4: Number of publications between 2009 and 2019.

of drones and also because the diversity
of information that can be obtained with this
equipment, such as detecting plant species, plant
size, fruit color and plant diseases (Parisi et al.,
2019).

survey but have a relatively high number when
compared to the total articles used in the mapping.
The least accurate database was Semantic Scholar of the 81 papers in the initial search, only one study
was used after the last filtering.

By analyzing the entire filtering process presented
in Figure 1 and the Research Question 1 (RQ 1),
which presents in which databases the articles were
published, it is possible to verify that the most
accurate databases that processed the query string
were Google Scholar and Science Direct because
they had a small number of articles in the initial

Conclusion
This
systematic
review
has
presented
the state-of-the-art in the application of ubiquitous
computing in precision agriculture. Furthermore,
it
also
presented
different
applications
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of technologies associated with computing
for better results in agricultural production.

2015) related to a whole plantation or areas of it.
This data could be analyzed to generate context
pre-dictions (da Rosa et al., 2016) of soil conditions.
Therefore, the right moment for agricultural inputs
distribution, such as pesticides and fertilizers,
could be determined, in addition to uniformity
in productivity.

Although many of the selected papers aim to solve
WSN problem, one of the gaps that was found
during the evaluation of this research corresponds
to the application of historical data in precision
agriculture. In particular, none of the articles
mentioned the use of a historical database
and how this collected data could effectively
improve production with the support of mobile
technology.
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Abstract
The main aim is a verification whether dairy cow breeders in the Czech Republic are able to compete
and have the same conditions for milk production as the state of European Union after the Czech Republic´s
accession to the European Union. This evaluation is above all in the main cost items for milk depending
on the amount of milk yield of cows. A partial aim is an evaluation of development of number of dairy cows
and milk production in the monitored period 2000 – 2015. This judgement is used for monitoring of effects
of quotas on the number and production part of dairy cows. Also the development of milk purchase prices
was evaluated in the original EU 15 states and the Czech Republic. Within the evaluation of the main aim,
four main cost items influencing the total dairy cow breeding were judged. The main items are costs for feed,
labour costs, costs for veterinary care, and cost for breeding services. This main cost items have an effect
beside the milk production on the health state of dairy cows and on reproduction because with the right
function of reproductive organs a new onset of lactation curve happens and thereby an induction of higher
milk yields with use of high-quality feeds. The used data are based on interview survey in milk producers.
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Introduction

of the Common Agricultural Policy (Novotníková,
2008). The Common Agricultural Policy represents
a complex of mutually connected principles
creating together a system enabling the Union
to manage agriculture of the whole common market
(Fiala, 2003).

Cattle breeding and milk production always
were and still are the irreplaceable part in human
nutrition all over the world. However, this branch
underwent many major structural and organizational
changes in the last years. Above all, it was dealt
with changes caused by the Czech Republic´s
accession in the European Union when within
the Common Agricultural Policy the cattle
breeding had to comply with the same rules
ad also other member states keep. It was deal mainly
with an intervention influencing a volume of milk
production by the help of production quotas.
The European Union
of agriculture and

supports
country

development
by means

In CAP conception, regulatory mechanisms
were introduced which the Commission could
use for an emergency intervention1 in case
of partial overproduction (Holman, 2004).
The CAP mechanism intervenes in circumstances
on the agricultural markets in a very elaborated
system of tools (Jakš, 1998). According to Baldwin
Intervention or action of economic authority in favour of aims which
it prefers in macroeconomic scale .
1
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(2004), the CAP is still very controversial. It doesn´t
stop to absorb approximately a half of EU budget
in spite of that most farmers complains about a lack
of support and many of them leave the agricultural
sector completely.

of an income that is able to keep a demanded
lifestyle and to cover the main costs for milk
production which are especially cost for feeding
(Tozer at al., 2003). According to Poděbradský
(1999), the economics of all manipulation
with milk is characterized by a product vertical.
It can be defined as a stream, a way of production
from its development, research, biological
and technical solution, through a mass agricultural
production, it processing in a final product
including its sale to the consumer. So, it is not dealt
with
organizational,
but
technological
interconnection (Peterová, 2008). According
to Kudrna (1998) it is necessary to consider
the production vertical, starting with production
of feeds and ending with sale of an animal product,
as unified when particular parts of the production
hand over gradually besides a natural amount also
costs expended for them till this time and this until
the moment when the whole production process is
terminated with a sale of the final product.

The milk quota system was cancelled
to the 31.3.2015. A dairy parcel elaborated
by the Commission and recommended to the EU
states for a realization in the period without quotas
influences the milk production problems minimally.
Therefore, particular states prepares for this
situation individually whereas the main producers
(Germany, France, Denmark, Ireland and other)
consider an increase in number of dairy cows
and milk production (Kvapilík, Růžička, Bucek,
2014). However, indicators of milk production will
not develop according to prognoses and calculations
after cancellation of quotas either in the EU
or in the CR, but on base of development of many
factors in the world, in the EU and in the CR
(Kvapilík, Růžička, Bucek, 2015). Nevertheless,
the
European
dairy
association
stresses
the profoundly favourable prospects for EU dairy
on the medium and long term demand and states
that milk is the while gold of the next ten years.
It is expected that dairy markets will be mainly
driven by Asia and Africa. Obviously, it is clear
that the milk quota system, which was introduced
on the 2nd April 1984 under the Dairy Produce
Quota Regulations, made sense at a time when EU
production far outstripped demand (Koeleman,
2015).

For the economics of the entire production vertical
it is decisive a consumer price on one hand and all
costs expended within the process of production,
processing, and trade activity on the other hand.
For an evaluation of economic impacts
of fluctuation of animal efficiency resulting
from various alternative strategies of genetic
selection it is necessary a complex multidisciplinary
system approach including effects on all main
components of agricultural enterprises, inclusive
of incomes from production as well as variable
and fix costs. The agricultural policy has main
consequences for development of production
systems (Mc Carthy, 2007).

Changes in conditions of cattle milk production
in the European Union in 2015 will substantially
influence a relative significance of milk production
characteristics in a breeding intention of Czech
milk cattle population. The milk price system is
the most important factor influencing a relative
weight of milk volume, per cent of fat and proteins,
occurrence of CM and SCS in breeding aim
(Wolfova, 2006).

Monitoring of production economics is the basic
element of farm management and a condition
for achievement of maximal yields from expended
incomes (Lawson et al., 2004).
Economic results of animal production are created
again by mutually interconnected characteristics:
a) average efficiency per 1 feeding ration
b) qualitative parameters of production
c) ratio of market production to the total
production – marketability of the branch
d) achieved realization price
e) costs connected with achievement of this
production.

Considering the fact that agricultural policy
of the European Union focused on market
liberalization
and
decrease
of
rewards
to agriculturists, incomes of producers from sale
of milk and meat, and economic profitability
decreased; enterprises with dairy or double-purpose
cows were more dependent on minimization
of production costs. An improvement of animals
for so called function characters is one of ways
to reduce costs (Miglior et al., 2005; Wolfova,
2006).

Milked cows are economically, labour intensive,
and organizationally the most demanding category
of farm animals raised in agricultural enterprises
(Kvapilík, 2008). I cattle profit can be gained only
at the time when all breeding factors, i.e. genetics,

The aim of every milk producer is to produce
a sufficient amount of milk for creation
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right nutrition, good management, and human
factor (nursing, zootechnical, and veterinary care)
and optimal breeding environment in a perfect
balance (Doležal and Staněk, 2015). Also the dairy
cow breeding has a close relationship to a heifer
rearing and a production of slaughter cattle; milk
production economic indicators can be improved
also in this area (Kvapilík, 2008).

with early diagnostics of pregnancy, a suitable
age at first calving, a quality herd management,
a purchase of quality insemination doses
and a correct insemination technique, use
of bio-technological methods and so on. (Kvapilík
and Burdych, 2012).
In Kvapilík´s point of view (2010), the main
production diseases in dairy cow breeding beside
mastitis are also fertility problems and diseases
of legs (limping). Economic loses are in most
of production diseases caused by lower efficiency,
shortening of production age, and costs
for medication and treatments.

The main factors of efficient milk production are
in EU conditions corresponding cow efficiency,
good fertility, adequate replacement of herd and
with it connected cow longevity, an economy
within expending of all cost items, high-quality
fodders, and in nutrition balanced feeding rations,
a high quality of market products, reliable animal
technicians, corresponding level of management
and labour organization (Škoda, 2006).

Peterová (2008) states that cow longevity should
enable to reach generally the most productive
lactation, i.e. the fourth to the fifth. In the Czech
Republic, about 15 % cows achieve this value.
The indicator is connected with a per cent level
of culled dairy cows. The reason for elimination
of a dairy cow from breeding can be its milk yields,
reproduction and health problems, and its age.
In our breeding the culling is still about 30%.
If the reason for elimination is the milk yields
lower than the breeding average, it will improve
the quality of the whole herd. In the Czech
Republic, there are still the most frequent reasons
problems with fertility, disease of mammary gland,
and difficult birth. Causes which leads to these are
the most frequently in the area of nutrition, above
all in high-production herds.

Incomes can be for milk producers hardly
predictable because milk and feed markets change
all the time and this is further worsened with still
changing prices of fuels, fertilizers, and seeds
of crops (Buza, 2014). Monitoring of IOFC
monthly can determine whether feeding costs are
in harmony with the actual milk production
or whether management strategies of feeds are
successful at present ( Maulfaid et al., 2011)
A nutrition of cows is directly linked with their
efficiency whereas fed costs are the highest
(c. 35 – 45 %) and the most hardly ascertainable item
of milk production With increase in cow milk yields
also demands for feed quality increase as well
as optimal composition of feeding rations
and a health state of cows (Kvapilík, 2010).

According to Poláčková at al. (2010), all costs
connected with feeding and treatment of cows,
costs for obtaining, storage and treatment of milk
including costs for calves until they are weaned,
and costs for breeding bull are included in the costs
for dairy cows. Also costs connected with cleaning
of manure inclusive its storing on manure heap are
calculated.

Correctly
compiled
feeding
ration
has
to correspond with the cow´s need, however, it
can be economically tolerable. It should be kept
in mind that at home produced feed is the cheapest
(Mudřík et al., 2006). According to Mach (2009)
it is essential to consider the amount of concentrated
feeds used for production of 1 kg of milk which
significantly influence the costs. Therefore,
a correct mutual combination will fulfil not only
the necessary physiological need of a dairy cow,
but it will be also cheap, so, economically right
(Mudřík et al., 2006).

Economic results of dairy cow breeding are
influenced besides milk price and input prices
(feeds, labour, veterinary activities, pharmaceuticals
and others) by production indicators they are
above all milk yields, content of milk components,
quality of milk, cow fertility, heard replacement,
and a number of weaned calves (Syrůček
and Burdych, 2015).

Breeding performances achieving about 2 to 5 %
of costs for production of milk influence also
fertility of cows which is after the milk yields
the second economically the most important
character of milked cows. Therefore, their
responsibly compiled higher share can be regarded
as an intensification measure improving economic
results of milk production. it is dealt for example

A feed is generally the biggest cost for milk
production. With a volatility on feed and milk
markets, an Income Over Feed Cost (IOFC)
indicator is more advantageous for obtaining
a profit than only costs for feeding per cow (Buza,
2014). The indicator IOFC is used in advance
breeding countries. It calculates how much a breeder
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in an enterprise will have after payment of costs
for feeds from revenues from milk for payment
of other costs incurred and what profit will be
(Syrůček and Burdych, 2015). The milk production
is monitored often because higher milk production
equals to a higher income for milk. A monitoring
of only gross income from milk per cow doesn´t
provide a good estimation of financial flows
of profitability especially whether the costs for feed
are high. Wolfová (2010) showed that incomes
over feed costs (IOFC) should be monitoring
as jako primary indicator of efficiency in dairy
cow breeding (Buza et al., 2014; Namiotko
and Baležentis, 2017).

of the Czech Statistical Office (CzSO), yearbooks
of CMBA and Eurostat, and reports of the Ministry
of Agriculture of the CR. An intention of their use
is obtaining information about breeding of dairy
cows in particular years in the CR and the EU.

The main factors, which can improve economic
results of this important branch are animals´
performance corresponding with production
conditions, a good health state of animals
and with that connected a good fertility,
an adequate replacement of herd, low mortality
and necessary slaughters of animals, a high lifelong
production (longevity), a quality roughage, a low
consumption of grain feed and nutrition-balanced
feeding rations, a high quality of market products,
reliable technicians, appropriate management
and work organization, a maximal income of all
direct payments and subsidies (Kvapilík, Růžička
and Bucek, 2008).

For the evaluation of dairy cow breeding economics,
a method of regression and correlation analysis.
By the help of this method, regression functions are
expressed between a level of achieved performance
(an independent variable) and selected cost items
(a dependent variable). The dependent variables
are costs for feeds, wage costs, veterinary
and breeding service costs. The selected
dependencies are expressed both in numbers
and in figures.

A development of indicators of dairy cow
breeding is evaluated with use of time series
and their characteristics like basic and chain indexes
and the growth rate of appropriate indictor.
An amount and structure of costs in the dairy cow
breeding were found out for the CR in a collection
of agricultural enterprises and from ERF data
for the European Union.

For monitoring of influence of selected factors
on monitored indicators, methods of regression
and correlation analysis will be used. The aim
of regression analysis is to find a suitable
mathematical model that expresses the given
dependence. For a basic description, a simpler
mathematical functions, for example linear;
for searching for more complicated relations,
a multiple regression model is constructed.

An aim of the paper is an evaluation of dairy
cow breeding level in a delimited time period
in the Czech Republic and in the European Union.
Quantitative indicators of the dairy cow breeding
level are expressed by means of number of raised
dairy cows, achieved milk yields, and the total milk
production.

Parameters of function linear in parameters,
or in which linearizing transformation can be
realized, are determined by the least squares
method. This method results from an requirement
so that a sum of deviations of particular empirical
(monitored) values of a dependent variable
from the regression function, i.e. from theoretical
values obtained by installing the appropriate
value of independent variable into an equation
of regression function, was minimal.

Partial goals are (i) finding the most important cost
items that affect the total cost of milk production
as a key factor for the competitiveness of milk
producers in the Czech Republic and in the EU,
and (ii) assessing the development and dynamics
of key production indicators as number of heads
of dairy cattle, milk yields, milk sales and milk
prices developments in the Czech Republic
and the EU in the decade after 2007.
The dairy cow breeding economics is evaluated
with use of regression functions for decisive
variable components of costs in the dairy cow
breeding in relation to the achieved milk yields.

By annulation of partial derivation according
to particular parameters and subsequent adjustment,
a system of normal equations can be obtained.
It has a form for example for a line:

Materials and methods
A data source for a concrete evaluation of dairy
cow breeding level in the CR and the EU are data
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tightness as the determination index, however, it
has less explanatory power. The correlation index
which ranges from an interval ˂0; 1˃ is used for
measurement of dependence tightness for arbitrary
regression function parameters of which were
estimated by the last squares method.

Because the given relation can be interspersed
with many various functions, than it is important
to choose such which can describe the monitored
dependence the best. For the choice of suitable
function, various criteria are used. However,
in most cases, characteristics of correlation are
chosen. The correlation measures the dependence
tightness with appropriate measures and strengthens
the quality of regression function. The evaluated
relation is the strongest and regression function
the better the more the empiric values of explained
variable concentrated around the estimated
regression function, and vice versa the weaker
the more the empirical values are remote to balanced
values. To measure the strength of dependence
an determination index I2 is used. It is determined
as a share of theoretical dispersion (a dispersion
of balanced values) and a dispersion of empirical
(measured) values. The larger this share will be
the strongest the dependence between characteristics
will be.

However, the obtained results of regression
and correlation analysis are valid only
for the monitored sample. Therefore it is always
necessary to verify by means of tests whether there
is a dependence among the variables at all, it means
whether it is possible, simply said, to generalize
the given dependence to a basic set. Most hypothesis
suppose that the dependence among characteristics
doesn´t exist and that regression and correlation
parameters have a zero value in the basic set. In case
of rejection of a zero hypothesis it is than stated that
the given parameters are statistically significant.

Results and discussion
Analysis of state of dairy cows and milk
production
The European Union with its numbers of dairy
cows shares with 8.7 % in world numbers.
On the contrary to other countries the European
Union achieved a growth rate 98.87 %
in the monitored period till 2012. This decreasing
trend still persisted and the growth rate further fell
to a value 9.7 % till 2018 when from 2007 to 2018
number of cows decreased by 1.378 thousands
of pieces (Table 1). The decrease in number
was caused by ongoing quotas within the milk
production and increasing cow efficiency. This is
illustrated in Figure 1.

Determination index reaches values from an interval
˂0; 1˃. The more its value will approximate to one,
the more the dependence is considered strongest,
so well described by the chosen regression function.
To measure tightness of dependence, a root
of determination index is more often used. Its
name is a correlation index I. The correlation index
provides the same information about dependence

Numbers of cattle

2007

2008

2009

2010

2011

2012

2013

2014

2015

2016

2017

2018

EU 28

24 287

24 406

23 871

23 314

23 053

23 193

23 468

23 559

23 594

23 525

23 311

22 909

1

1.005

0.983

0.96

0.949

0.955

0.966

0.97

0.972

0.969

0.960

0.943

1.005

0.978

0.977

0.989

1.006

1.012

1.004

1.002

0.969

0.960

0.943

basic index (2007=1)
chain index
growth rate
EU 15
basic index (2007=1)

0.957
17 785

18 052

17 783

17 553

17 409

17 703

18 029

18 176

18 377

18 364

18 188

17 799

1

1.015

1

0.987

0.979

0.995

1.014

1.022

1.033

1.033

1.023

1.001

1.015

0.985

0.987

0.992

1.017

1.018

1.008

1.011

0.999

0.990

0.979

6 501

6 354

6 087

5 761

5 643

5 490

5 439

5 383

5 218

5 161

5 122

5 109

1

0.977

0.936

0.886

0.868

0.844

0.837

0.828

0.803

0.794

0.788

0.786

0.977

0.958

0.946

0.980

0.973

0.991

0.990

0.969

0.989

0.992

0.997

chain index
growth rate
EU 13
basic index (2007=1)
chain index

0.989

growth rate

0.993

Source: Eurostat
Table 1: Numbers of dairy cows in the European Union (thous. heads).
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Source: Eurostat
Figure 1: Numbers of dairy cows and milk yields in the European Union
(thous. heads – left axis; litres per head and year – right axis).

Analysis of numbers of dairy cows in the Czech
Republic

Development of production
in the Czech Republic

Development of numbers of dairy cows is shown
in the Figure 2. The higher numbers of dairy cows
within the monitored period were in 2007 when
in comparison with the year 2015 they were
by 38.3 thousand pieces higher. Since 2007
the number of dairy cows has shown decreasing
tendency till 2012 when within this period
the decrease was by 40.2 thousand pieces.
It represents 10 % fall against 2007. Only in 2013,
a slight increase in number of dairy cows was
recorded by 8.2 thousand pieces. Against 2012,
the increase represented by 2.2 % in comparison
with the year 2013.

Production of cow milk in the Czech Republic over
the monitored republic fluctuates. The lowest milk
production within this period was the production
by 3.5 % lower in 2010 against the foregoing year.
Since 2011 a turn has happened. The production
increased year-on-yearly at average by 2 %.
The highest milk production was reached in 2017
with a volume 2998 million litres of milk.
In comparison with 2007, in 2017 it was produced
by 314 million litres of cow milk more which
represents an increase by 11.7 % in the monitored
area. The average production growth rate of cow
milk in the Czech Republic was 100.9 % (Table 3).

Development of cow milk production in the EU

In the framework of monitored period, between
years 2007 to 2017, there was an increase
in an amount of sold milk by 279 million litres
of milk more. The most amount of sold milk was
in 2015 and 2016 with a year-on-year increase
by 3.3 %. The average growth rate amounted
to 10.9 % in the monitored period.

The milk production in the European Union still
increases. In 2018 the production amounted already
to 153 million l of milk. According to the Table 2
there is provable slight year-on-year increase
in milk production. Only in 2009 a slight decrease
of production happened against the foregoing
year by 1.1 % and the least produced amount
over the whole period in a volume 131 million lt.

of

cow

milk

A milk marketability over the monitored
period was the highest in 2007 when 97.58 %
from the total production volume was monetized.
The lowest marketability was recorded immediately
the next year 2008 when the marketability decreased
to 95.16 %. Since 2009 the marketability had
an increasing trend.

Small fluctuation in milk production are caused
by introduction of milk quotas regulating milk
production. Milk quotas were introduced in 1984
and this regulatory tool in milk was terminated
in 2015. The quotas and sanction connected
with milk overproduction resulted in milk production
without significant swings. In the monitored period,
the growth rate amounted to 102.3 %. This 2 % was
caused by annual slight increase of milk quotas.
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Source: CMBA, CzSO
Figure 2: Numbers of dairy cows and average milk yields in the Czech Republic.

Country
EU 28

2007

2008

2009

2010

2011

2012

2013

2014

2015

2016

2017

2018

119084

131234

131021

132463

135226

135990

137501

144127

147492

147842

151500

152721

1

1.102

1.100

1.112

1.136

1.142

1.155

1.210

1.239

1.241

1.272

1.282

1.102

0.998

1.011

1.021

1.006

1.011

1.048

1.023

1.002

1.025

1.008

101711

112195

112464

114361

116697

116624

118262

123699

126681

126450

129285

130113

1

1.103

1.106

1.124

1.147

1.147

1.163

1.216

1.245

1.243

1.271

1.279

1.103

1.002

1.017

1.020

0.999

1.014

1.046

1.024

0.998

1.022

1.006

17373

19039

18558

18102

18529

19367

19238

20428

20811

21391

22215

22607

1

1.096

1.068

1.042

1.067

1.115

1.107

1.176

1.198

1.231

1.279

1.301

1.096

0.975

0.975

1.024

1.045

0.993

1.062

1.019

1.028

1.039

1.018

basic index (2007=1)
chain index
growth rate
EU 15

1.023

basic index (2007=1)
chain index
growth rate
EU 13

1.023

basic index (2007=1)
chain index
growth rate

1.025

Source: Eurostat
Table 2: Milk production in the EU (mil. lt).

2007
Milk production
(mil.lt)
BI (2007=1)

2008

2009

2010

2011

2012

2013

2014

2015

2684

2728

2708

2612

2664

2741

2775

2856

2946

1

1.016

1.009

0.973

0.993

1.021

1.034

1.064

1.098

1.016

0.993

0.965

1.020

1.029

1.012

1.029

1.032

chain index

2016
2984

2017

152721

1.112

1.117

1.282

1.013

1.005

1.008

growth rate
Sale of milk (mil.lt)
BI (2007=1)

1.009
2619

2596

2585

2495

2555

2629

2666

2753

2844

2885

2898

130113

1

0.991

0.987

0.953

0.976

1.004

1.018

1.051

1.086

1.102

1.107

1.279

0.991

0.996

0.965

1.024

1.029

1.014

1.033

1.033

1.014

1.005

1.006

95.16

95.46

95.52

95.91

95.91

96.07

96.39

96.54

96.7

96.7

22607

chain index
growth rate
Marketability

2018

2998

1.009
97.58

Source: CMSCH, author´s procession
Table 3: Production and sale of milk in The Czech Republic.
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Cost function

Dependence among the total yearly milk production
and labour costs was proved also in producers
in the Czech Republic. According the R value, there
is a very tight dependence between these quantities.
In the CR, the relation between the milk production
and labour costs shows 70 % dependence and this
relation can be expresse by a regression equation
in form y = 17687.15 + 0.04x (Table 5).

Dependent variable labour costs (euro/year),
independent variability milk yields
Dependence between the total annual milk
production and the total labour costs per produced
milk on farms in the European Union is according
the value R considerably tight and directly
proportional (expressed by linear growing
regression function) (Figure 3). According
to the value R2, it can be estimated that changes
in the total annual milk production in the plant
are dependent of labour costs only from 75 %.
This relation can be expressed by an equation
y = 20090.49 + 0.06x (Table 4).

European Union
N = 1841

Results of regression with dependent variable: Total labour costs (euro/year)
R = .86635274
R2 = .75056707
Modified R2 = .75043144
F(1.1839) = 5533.7 p < 0.0000
b*

Stand.error from b*

absolute member
EU milk yield kg/year

On base of investigation, there is a notable
interconnection of remuneration of employees
in dependence on a volume of produced milk
on farms. Because increase in performance
invokes increase in labour input as e.g. increase
in a frequency of milking.

0.866353

b

Stand.error from b

t(1839)

p-value

20090.49

2019.112

9.95016

0.000000

0.06

0.001

74.38900

0.000000

0.011646

Source: EDF, author´s processing
Table 4: Dependence of milk yields (kg/year) on labour costs in the EU.

Source: interview survey, EDF, own processing
Figure 3: The relationship between milk yield and labour costs.

Czech Republic
N = 496

Results of regression with dependent variable: Labour costs (euro)
R = .83889235
R2 = .70374037
Modified R2 = .70314066
F(1.494) = 1173.5 p
b*

Stand.error from b*

absolute member
milk yield kg/year

0.838892

b

Stand.error from b

t(523)

p-value

17687.15

4006.418

4.41471

0.000012

0.04

0.001

34.25575

0.000000

0.024489

Source: interview survey, own processing
Table 5: Dependence of milk yields (kg/year) on labour costs in the CZ.
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Dependent variable cost for feeds (euro),
independent variable milk yields of dairy cows
(in
kg/year)
in
the
Czech
Republic
and the European Union

production and the total cost for feeds because
the correlation coefficient (R2) is 0.93.
Hardich (2015) anticipated that using a nutritionist
would change purchased feed costs because
they determine the ration mix and, in some
cases, purchase the feed and sometimes include
the nutritionist feed within the feed costs. However,
jointly this should increase milk production
and subsequently milk sales.

One of the largest expenses for dairy farms is
feed (USDA-ERS, 2007). Two options exist
for feed suources: purchased and homegrown
feed. Purchased feed is the expense performance
(Hadrich, 2015).
According to the regression function, 96 %
tightness was calculated in the total milk production
and the total cost for feeds in the Czech Republic
(Figure 4). The dependence between these indicators
is proved on base of a coefficient of determination
in amount 92.67 % in a form of regression equation
y = 6056.776 + 0.130 x (Table 6). According
to the correlation coefficient, a completely direct
dependence was proved between the annual milk

Czech Republic
N = 496

Results of regression with dependent variable: feed costs (euro/year)
R = .96263157
R2 = .92665954
Modified R2 = .92651108
F(1.494) = 6241.7
b*

Stand.error from b*

absolute member
milk yield kg/year

According to the regression function, a tightness
86 % was calculated in the total annual milk
production and the total annual csts for feeds
in the European Union (Figure 4). The dependence
between these indicators is proved on base
of the determination coefficient in amout of 74.77 %.
It is expressed in a form of regression equation
y = -32107.9 + 0.1 x (Table 7).

0.963632

0.012185

b

Stand.error from b

t(523)

p-value

6056.776

6162.552

0.98284

0.326169

0.130

0.002

79.0049

0.000000

t(523)

p-value

Source: interview survey, own processing
Table 6: Dependence of milk yields (kg/year) on costs for feed in the CR.

Source: interview survey, EDF, own processing
Figure 4: The relationship between milk yield and feed costs.

European Union
N = 1841

Results of regression with dependent variable: feed costs (euro/year)
R = .86471192
R2 = .74772671
Modified R2 = .74758953
F(1.1839) = 5450.7
b*

Stand.error from b*

0.864712

0.011712

absolute member
milk yield kg/year

b

Stand.error from b

-32107.9

4509.669

-7.11979

0.000000

0.1

0.002

73.82895

0.000000

Source: EDF, author´s processing
Table 7: Dependence of milk yields (kg/kus/year) on cost for feeds in the EU.
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In
comparison
the
Czech
Republic
with the European Union, a stronger dependency
was proved in the Czech Republic than
in the EU. This tightness can be caused
by difference in pricing of own feeds within
particular EU states. On base of calculation it can
be stated that the annual milk production of a plant
increases with a growth of annual costs for feeding.
Due to the focus on quality of feeds and investment
in purchased components affecting the production,
and with the help of nutrition consultatnts
and above all modern nutrition programmes,
Rations are maximally balanced. These rations
influence a high utilization of nutrients within
a sulibility in time, so subsequently also utilization
of genetic potential in dairy cows production.
Hadrich (2013) and Streimikiene et al. (2016)
states that feed cost management has been cited
as one of the most important input cost control
measures for dairy operations because it accounts
for the largest shre of total costs across gerd sizes
(USDA-ERS,2007). Dairy farmers have been
using various means of input quantity control
measures to manage this large input cost. According
to VandeHaar et al. (2016) The increeased
feed efficiency was the result of increased
milk production per cow achieved throuht genetic
selection, nutrition, and management with the desired
goal being greater profitability. Cabrera et al.
(2016) argues, when the economic efficiency
of dairy farms can be improved substantially
by adoptiong optimal nutritional grouping strategies
for lactating cows. These strategies promote
more precise feeding with increased productivity
and lowered feed costs. Thesefore, they promote
greater IOFC and an ultimately improved
profitability and economic efficiency.

and the veterinary care costs a tight dependence was
proved. The correlation coefficient amouts to 0.83.
On base of the determination coefficient, relations
between the milk production and veterinary care
cost are explained. Accordong to a regression
equation it can be stated that with raise in milk
production also cost for veterinary care increases.
This relation can be expressed by a regression
equation y = 440.41 + 0.0116x (Table 8).
In the framework of farms from the European
Union. with the help of a regression function.
A tightness of dependence 84 % was cvalculated
in the total annual milk production on a farm
and the total costs for veterinary care
(Figure 5). The dependence between these indicators
is proved on base of coefficient of determinantion
in amount 70.7 % in a form of regression equation
y = -2233.43 + 0.01x (Table 9). On base
of calculation. a connection was found out; costs
for veterinary care increase with increasing
performace because farmers pay attention
topreventive measures and in case of disease
to the veterinary care in stables. Investing
in the veterinary treatment of dairy cows is
profitable. at least whre a cow of average or high
production capatiy is concerned (Heikkila et al..
2008). According to Zwalda et al. (2006). the most
costly disease of dairy cows is mastitis because
these cost are connected with veterinary treatment.
elimination of waste milk from the market
one. a decrease in milk production. worsening
of reproduction indicators. and an increased risk
of spread among particular animals.
High-producing herds need appropriate management
during the rearing period to ensure that adult cows
will be healthy and strong (Krpálková et al. 2014).

Dependent
variable
veterinarian
costs
(euro/year), independent variable milk yields
of dairy cows (in kg/year) in the Czech Republic
and the European Union
Dependence between the total milk production
of dairy cow breeders in the Czech Republic

Czech Republic
N = 496

Results of regression with dependent variable: veterinary costs (euro/year)
R = .83920255
R2 = .70426091
Modified R2 = .70366225
F(1.494) = 1176.4
b*

Stand.error from b*

0.839203

0.024468

absolute member
milk yield kg/year

b

Stand.error from b

t(523)

p-value

440.4110
0.0116

1272.527

0.34609

0.729421

0.000

34.29856

0.00000

Source: interview survey, own processing
Table 8: Dependence of milk yields (kg/year) on costs for veterinary care in the CR.
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Source: interview survey, EDF, own processing
Figure 5: The relationship between milk yield and veterinary costs.

European Union
N = 1841

Results of regression with dependent variable: veterinary costs (euro/year)
R = .84088349
R2 = .70708504
Modified R2 = .70692577
F(1.1839) = 4439.3
b*

Stand.error from b*

0.864712

0.011712

absolute member
milk yield kg/year

b

Stand.error from b

t(523)

p-value

-2233.433
0.01

485.3975

-4.60125

0.000004

0.002

73.82895

0.000000

Source: EDF, author´s processing
Table 9: Dependence of milk yields (kg/piece/year) on costs for veterinary care in the EU.

Dependent variable breeding costs (euro/year).
independent variable milk yields of dairy cows
(year) in the Czech Republic and European Union

at present. concrete breeding (mation) plans
from breeding firms are realized in order to increase
genetic potential of dairy cows for production
and improvement of health state. Many plants also
invest in an inembryotransfer by means of which
breeders sucure a higher number of high-production
dairy cowns in they herd and a creation of the most
productive lines of offsprings of the best dairy
cows.

The dependence between the total annual milk
production on farm and the total annual costs
for insemination and embryotransfer in the Czech
Republic is according to the value R considerably
tight and directly
proportional (expressed
by a linear growing regression function) (Figure 6).
According to the value R2 it can be estimated
that changes in the total annual milk production
in the plant are from 80 % dependent
of the reproduction costs. This relation
can be expressed by a regression equation
y = 4118.35 + 0.006x (Table 10).

The level of reproductive performance directly
affects the economic performance of a dairy
herd (Lee and Kim, 2007) and its production.
Nonetheless. the group of high-producing herds was
the most profitable in the current study (Krpálková
et al., 2014).

Dependence between the total annual milk
production and the total costs for ensemination
and reproduction per produced milk in the European
Union is according to the value R considerably
tight and directly proportional (expressed
by a linear growing regression function) (Figure 6).
According to the value R2 it can be estimated
that changes of the total annual milk production
in the plant in costs for insemination
and reproduction are dependent from 66 %.
This relation can be expressed by an equation
y = 1182.16 + 0.006x (Table 11). The increase
of costs effects an increase in production because

According to Krpálková et al. (2014), the milk
yield is a very important factor for dairy farm
profitability. The group of farms having the highest
milk yield achieved the highest net profit despite
having greater fertility problems.
According to Byrne et al. (2016) and Nielsen
and Amer (2007). the use of various breeding
objectives that
tako into account farmers
preferences for improvenments in animal traits
are expected to maximize the uptake of genetics
selection tools.
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Results of regression with dependent variable: Insemination. embryotransfer (ct/kg)
R = .89469112
R2 = .80047221
Modified R2 = .80006831
F(1.494)=1981.8

Czech Republic
N = 496

b*

Stand.error from b*

absolute member
milk yield kg/year

0.894691

0.0200097

b

Stand.error from b

t(523)

p-value

4118.335

497.0745

8.28515

0.000000

0.006

0.0001

44.51792

0.000000

Source: interview survey, own processing
Table 10: Dependence of milk yields (kg/year) on cost for breeding services in the CR.

Source: interview survey, EDF, author´s processing
Figure 6: The relationship between milk yield and Inseminace and embryotransfer costs.

Results of regression with dependent variable: Insemination. embryotransfer (ct/kg)
R = = .81065710
R2 = .65716493
Modified R2 = .65697851
F(1.1839) = 3525.1

European Union
N = 1841

b*

Stand.error from b*

absolute member
milk yield kg/year

0.810657

0.013654

b

Stand.error from b

t(523)

p-value

1182.163

260.1397

4.54434

0.000006

0.006

0.0001

59.37251

0.000000

Source: EDF, author´s processing
Table 11: Dependence of milk yields (year) on costs for breeding services (euro/year) in the EU.

Price characteristics in the CR and the EU

.

The highest average price in the European Union
was achieved in 2014 when APP (agriculture
production price) of cow milk reached a price
37.11 EUR/100 kg. The lowest found out price
of cow milk was reached in 2009 at level
of 26.51 EUR/100 kg in a year-on-year price fall
by 32 %. The highest year-on-year increase in price
happened in 2017 when the price grew by 30%
(6.43 EUR/100kg). The average growth rate was
101 % in the monitored area with the average
price 32.68 EUR/100 kh over the monitored period
(Table 12).

EU 28 (Euro/100 kg)
basic index (2007 = 1)
chain index
growth rate
Source: AHDB
Table 12: Farm gate milk prices in the EU
(EUR/100 kg).

The highest average price in the Czech republic
was achieved in 2014 when APP (agriculture
production price) of cow milk reached a price
9.37 CZK/1lt. (36.04 EUR/100kg). The lowest
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2007

2008

2009

2010

2011

2012

2013

2014

2015

2016

2017

2018

Farm gate
milk prices

8.38

8.43

6.14

7.43

8.26

7.68

8.55

9.37

7.66

6.70

8.55

8.57

basic index
(2007=1)

1

1.006

0.733

0.886

0.986

0.916

1.020

1.118

0.914

0.8

1.02

1.023

1.006

0.729

1.209

1.112

0.929

1.114

1.096

0.817

0.875

1.276

1.002

chain index
growth rate

1.051

Source: CzSO. author´s procession
Table 15: Farm gate milk prices in the Czech Republic (CZK/l).

found out price of cow milk was reached in 2009
at level of 6.14 CZK/1lt. (23.61 EUR/100kg)
in a year-on-year price fall by 22.5 %. The highest
year-on-year increase in price happened in 2017
when the price grew by 40.1% (1.85 CZK/1l t
and 7.12 EUR/100 kg). The average growth rate
was 105 % in the monitored area. The average
price of cow milk amounts to 7.97 CZK/1 kg
(30.68 EUR/100 kg) over the monitored period
(Table 15). On base of the investigation thres is
an obvious difference in milk price because breeders
in the CR get by 2 EUR/100 kg of milk less than
in the EU.

of the dairy business. According to Krpálkové
et al. (2014), the milk yield is a very important factor
for dairy farm profitability. The group of farms
having the highest milk yield achieved the highest
net profit despite having greater fertility problems.
According to Hadrich (2015), milk revenue is
a function of many economic and production factors.
However. when a dairy farm sells its milk plays
a large role in the price received. Dairy cooperatives
are commonin many states and have been shown
to negotiate stable milk prices compared with other
milk sale options.
A tool influencing the future development of milk
production and number of dairy cows on farms is
a purchase price. The milk price secures a basic
regular income and output og dairy cattle breeders
and with connection with costs it is a profit potential
of the enterprise. On base of investigation of milk
price policy, the same year-on-year development
of milk price was found out, both in the Czech
Republic and in the European Union. Within
the monitoring, a lower milk purchase price was
proved in the Czech Republic in a comparison
with the Eurpean Union. The average price
in the EU over the whole monitored period
amounted to 32.68 EUR/100 kg and in the CR
the price was by 2 Euros lower per 100 kg
of milk which made 30.68 EUR/100 kg. It can be
stated that milk producers in the Czech Republic
will obtain less money for the same produced
volume of milk than EU producers. After
the termination of milk quotas, the purchase
milk price decreased in 2015 and 2016. However,
since 2017 a turover has happened in the price
policy and the price grew in both the EU and the CR.
According to Koelleman (2015), “to be successful
on the long term it is important to have insights
in the cost price. Reacting to milk price fluctuations
can be done better when you know what an extra
litre of milk costs”.

According to Koeleman (2015), as changes require
flexibility, the EU countries need to provide
a mechanism to deal with the milk price fluctuations
and more pressure will be placed on having
a competitive cost price. This can be done via
upcaling and product optimization.

Conclusion
According to investigation, a trend of moderate
fluctuation of number of dairy cows was found
out in the entire European Union. This is caused
by increasing performance of dairy cows
and a high level of breeding and nutrition. Along
the check of performance, yields of milk increased
by 962 kg per lactation in the European Union
in a 8-year period. In the Czech Republic, dairy
cows increased their production by 1453 kg
of milk per lactation in the same period. Since
the termination of milk quotas, the milk production
grows year-on-yearly at average by 27 %.
With this increase in milk production a sale
of milk and milk products will have to be secured
in the states outside the European Union.
According to Koelleman (2015), the potential
milk volume increase will have an effect
on the market situation, a scenario feared
by many, but it is difficult to predict what will really
happen in the coming years. Price fluctuations
and unknown factors have always been part

According to investigation of monitored milk
production costs, a strong dependence was found
out between these indicators both in the Czech
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Republic and the European Union. On base
of calculation it was proved that with increase
of input costs also the total milk production lineary
grows on farms. Along regression equations
calculated from data of the Czech Republic
and the European Union, quite similar increase
in production can be stated on base of the same

increase of monitored costs in the CR and the EU.
It is possible to state that it would be necessary
to secure the same milk prurchase price in the Czech
Republic as is the average price in the European
union. It is dealt with an unfavourable element
of Czech dairy cow breeders.
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Abstract
In the digital era, implementing an effective marketing strategy requires a more comprehensive view
of the marketing strategy than in the past. The concepts of older approaches are already ineffective today,
but we consider it important to mention them. Organizations focus on improving production, achieving
low cost and mass distribution. The product concept is based on the conviction of consumers who prefer
products with the highest quality or innovative characteristics. Managers focus on producing quality products
and subsequently improving them. The disadvantage is the disproportionate focus on the product (marketing
near-sightedness) as on consumption. The sales concept is characterized by a gradual increase in competition
and market saturation. With this characteristic, managers are using a more aggressive fixed sales strategy,
paying more attention to sales and building improved sales channels. The most modern approach is the holistic
marketing concept that came about with the advent of the digital era. It is a dynamic concept conditional
on electronic connectivity and interactivity between the agricultural company, its customers and collaborators.
It integrates value exploration, building and delivering activities for mutually satisfying relationships
and shared prosperity among stakeholders.
This paper summarizes the most important results of the questionnaire survey of selected companies
carried out under the title: Analysis of the current support of e-marketing activities in selected enterprises
of the wine sector in Slovakia. The results of the questionnaire survey are evaluated in the text based
on submitted scientific hypotheses.
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Introduction

production is linked to local history, traditions,
and lifestyle and contributes significantly to rural
development. The competitiveness of Slovak wines
focuses mainly on the production of high-quality
categories with an emphasis on improving feedstock
in the processing process. Slovak winemaking is not
able to compete with large producers from Southern
Europe (Italy, Spain) for its production size or yield
per hectare, but it has exceptional potential in terms
of originality and uniqueness of wines. To increase
the competitiveness of farms, regions or the whole
country, it is mainly marketing and innovation.
A well-adapted and effective marketing strategy
in today's strong competitive environment provides
the agricultural company with an understanding
of its production capabilities and the ability

Today, world wine producers are facing difficult
sales problems due to a lack of market space.
Structural changes in the wine market, the discovery
of multinational retail chains, the growing interest
of customers in cheap but quality wines have
brought new opportunities for “new world”
wineries to the detriment of traditional European
winemakers. Since the early 1980s, new markets
have been opened in China, Japan, and South
Korea, which are still helping hands (growing
and selling grapes) for traditional 'old world'
countries. The Slovak position of wine growing
and production is of marginal importance
for the national economy. In many cases, wine
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to influence consumer behaviour on the market.
The effective implementation of information
technology and digital tools enables the benefits
of the digital era to create a strong brand. The number
of enterprises using information communication
technologies is growing rapidly. New digital
tools and innovations have changed the way we
do business. Businesses can benefit from ICT
in many areas, such as marketing, networking,
and market engagement. However, the use
of modern technologies to communicate
with customers in the agricultural industry is
relatively less than in other sectors.

environment. Different networks and memberships
are at the forefront, with a significant impact
on social functions (Harrel et al., 2008).
Today, information and communication technologies
are an increasingly important factor in supporting
and achieving business goals (Hosťovecký et al.,
2015). Gradual evolution has shown that ICT helps
create value to support profitable business processes
(Kahraman et al., 2016). ICT is generally defined
as a set of technological tools and means used
to create, distribute, store and manage information.
According to Schembri et al. (2016); Vivek et al.,
(2012); Machado et al., (2016); Šilerová et al.,
(2008) several important attributes characterize
the role of ICT in modern marketing
and
development.
ICT
offers
instant
connectivity, improving the efficiency, accuracy,
and transparency of voice, data and visual
information. It is an effective substitute for other
means of communication and transactions. It cuts
costs and helps increase the productivity (Balashova
et al., 2015).

According to Raacke et al. (2008) over time,
marketing has evolved in response to advances
in global culture, technology, and entrepreneurship,
continually adapting its practices to the trends
of each era, and each adaptation has been
built on past developments. When examining
the development, we can classify the main
revolution in marketing practice into generalized
thought systems or different marketing philosophies.
The main philosophies are expressed in Table 1.
1.0
Marketing

2.0
Marketing

3.0
Marketing

Goal

Sell products

Retain
customers

Make
the world
a better place

Enabling
forces

Industrial
revolution

Information
technologies

The next
generation
of social
technologies

How
companies
see the
market

Mass buyers
with normal
physical
needs

Smart
consumers

Society
as a whole
with mind,
heart and spirit

Key market
concept

Product
development

Differentiation

Values

Marketing
direction in
society

Product
specification

Business
and product
placement

Corporate
mission, vision
and spirit

Value
proposal

Functional

Functional and
emotional

Functional,
emotional
and spiritual

Data and information are generated quickly
in all farm departments and their volumes are
truly enormous. Furthermore, there is almost
no data integration in the agri-food sector.
Data and information are stored in the modules
of the individual departments and are used
mainly for further processing exclusively in their
departments of origin, where they are also stored
(Schiederjans et al., 2013). Strauss et al., (2013)
confirms, that marketing analytics solutions are
currently expanding in organizations to benefit
from "big data" solutions, but Chen et al., (2007),
says, that most implementations have not yet
benefited from integrated big data marketing
solutions. Based on different usage perspectives
Weistein et al., (2013); Šimek et al., (2008) evaluate
the big data system only for businesses that are
set up to gain knowledge to support business
decisions. Data mining is the process of gathering
useful information to analyse customer behaviour
to improve service quality and profitability. Its
process is combined using statistical methods,
mathematics, machine learning, and scientific
methodologies (Westwood, 2011). Several basic
techniques that are used to describe customer
behaviour are classification, segmentation,
association and prediction (Festa et al., 2016).
Data mining techniques focus on obtaining highlevel knowledge from basic data. There are several
data mining algorithms, each with its advantages
(Freimer et al., 2012). For the specific use of mining

Source: Business News Publishing (2014)
Table 1: Dependence of marketing in companies and marketing
information system.

Currently, information technology has an important
role to play. We observe the emergence
of a global information infrastructure that
acquires and processes large amounts of data and
information (Tvrdíková, 2016). The revolution
of information technology gave the possibility
to create a new sphere in the economy
and transformed the traditional marketing
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data Giovannoni et al. (2018) classifies:
•

•

•
•

•

•
•

solution for the nomination of a multi-profession
team that will provide motivation and evaluation
of the results of gathering external and internal
information for MIS by all agricultural company
employees, solving problems related to authorizing
access to information stored in benchmarking
the performance of the agricultural company
with its main competitors and proposing measures
to update the strategy.

Market segmentation - identify common
characteristics of customers who buy
the same product from a company,
Customers - predicting which customers
are likely to leave the company and visit
a competitor,
Fraud detection: identifies which transactions
are most likely fraudulent,
Direct marketing - determines which
prospects should be included in the mailing
list to get the highest response rate,
Interactive Marketing - predicts what
everyone who accesses a website is most
likely to see,
Market analysis - understanding what
products or services are purchased together,
Trend analysis: reveal the difference between
a typical customer this month and the last.

Materials and methods
The paper is the output of internal specific research
conducted at the Department of Informatics,
Faculty of Economics and Management, SPU
in Nitra. The following hypotheses were defined
for the processed marketing research:
H1: The use of ICT solutions across marketing
areas is statistically significantly related
to the organization's growing revenue.
H2: The use of ICT solutions across marketing
areas is statistically significant to productivity.

The marketing activities of a modern enterprise
are closely related to information coming
from the internal and external environment, which
is the main source of information about marketing
databases. The environment in which businesses
operate contains a wealth of valuable information.
Most often, this information does not end up being
held by marketing specialists promptly, which
makes decisions taken more risk and uncertain
(Kaplan et al., 2010); (Vaněk et al., 2011).

A survey of enterprises was made up of 21 agrisector enterprises focused on wine producing
sector in Slovakia. Several scientific methods have
been used in the survey. The main method was
the analysis and comparison, which, based on the
questionnaire survey, identified the current situation
in the marketing of wine companies in Slovakia.
We used the synthesis method to process
the knowledge from the literature. We have applied
the induction method to formulate conclusions
based on the evaluation of the survey. Using the
deduction method, we have applied the lessons
learned from the literature to draw conclusions.
To find the data for our analysis, we chose
a questionnaire survey, which was distributed
to individual entities. Questionnaires were
collected and electronically processed in MS Excel,
where we processed most tables and charts
of the fourth and fifth chapters. Statistical
calculations were made by SPSS Statistics.
The questionnaire, through its results, was textured
to the reliability of its construct. Analysis of selected
parts of the survey was performed in the SPSS
IMB statistical software. Reliability was tested
by Cronbach's Alpha. Cronbach's Alpha is one
of the most frequently used indexes for investigating
the reliability of a measuring tool (questionnaire).
Based on the structure of the questionnaire
and the results obtained:

A marketing information system (MIS) is defined
as a set of procedures and methods for the regular
planning, collection, analysis and presentation
of information for use in making marketing
decisions (Lamb et al., 2011). Many companies
store electronic marketing data in databases
and data warehouses. These data warehouses
enable merchants to obtain valuable, appropriate
and customized information at any time. Marketing
specialists can receive database information
on websites and email on multiple devices (Strauss
et al., 2013).
Solutions to marketing and MIS problems that
are available in the literature, e.g. Tvrdíková
(2016) defines them as very complex
and systemic, but practically unusable for small
and medium-sized enterprises. A survey
of the organizational structures of SMEs enterprises
found that marketing is often delegated by only one
employee. It is organizationally located at the sales
department or CEO department and usually has
many other functions. Harrel (2008) sees a possible

α = (k/(k-1)* [1 – Σ (s2i)/ s2sum] , where
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Results and discussion

k – number of items (number of questions, quality
criteria)
s2i – variance for the items
s2sum – variance for the sum of items

The survey was focused on marketing in individual
companies, attention was paid especially to the use
of special software or outsourced services
in the provision of marketing information system,
for this area - 11 businesses. Some of them use sales
or sales departments to manage marketing activities
or combine e.g. their marketing department
and external specialized agricultural company.
In this context, it is worth noting that only
4 companies declare that marketing is done
intuitively; without a specific organizational chart
and specific marketing plans, which is certainly
a sign of the development of marketing management.

Several statistical methods have been used
for
statistical
evaluation.
Verification
of dependencies between the examined characters
was performed using the Chi-quadrate test (χ2),
respectively (χ2) - square contingency. For statistical
tests where the Chi-quadrate independence test
could not be used because the cell count assumption
in the contingency table was not followed, Fisher's
exact test was used. Fisher's exact test is based
on a contingency table and verifies the null
hypothesis of the equality of two shares,
i.e. the independence of the two binary variables.
This test is based on the assumption that all marginal
frequencies (row totals / columns) in the pivot table
are fixed. This assumption is rarely met. Typically,
only line counts or only total abundance are fixed.

The comparison of the way of providing marketing
and marketing information systems in individual
companies is certainly worth closer attention. Table 3
shows several basic trends:
•

The hypotheses were tested using standard statistical
methods, testing of the hypotheses was through
the Kruskal-Wallis test, which is an extension
of the Mann-Whitney U test for the use of more
than two variables. Analyses of the attribute group
indicate that the reliability of the data obtained
from the main survey is sufficient (the internal
consistency of the scale is considered appropriate,
even if the coefficient is greater than 0.7).
The values are given in Table 2.
Number
of examined
items

The value
of Cronbach's
alpha

All variable items

21

0.801

Variables to Hypothesis H1

12

0.785

Variables to Hypothesis H2

9

0.791

Scope of reliability analysis

In companies that have their marketing
department, the marketing information
system is also managed by internal resources
(regardless of whether it was developed
by its own or external staff),
Where marketing is managed intuitively,
usually no marketing information system is
implemented, as is the case in companies
where marketing activities fall under
the sales or sales department,
Enterprises in which only one employee
is engaged in marketing, because here
(as with companies with their marketing
department), the marketing information
system is managed by internal resources,
probably the only employee,
Although 6 companies said they did not use
any marketing information system support,
even 8 companies had already answered
a specific application/software question,

•

•

•

Source: own research and processing
Table 2: Overview of the introduction and use of management
methods and techniques.
Licensed
software (external
processing)

custom software

MIS

Hosted
applications

4

3

3

1

2

One employee

5

-

1

2

2

Intuitively

1

-

-

-

-

External firm

2

3

2

-

1

Intuitively

1

-

-

-

-

External firm

2

3

2

-

1

Implementation
of marketing

Licensed software

Internal marketing
department

Source: own research and processing
Table 3: Dependence of marketing in companies and marketing information system.
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It is also somewhat surprising to find that
the well-known SAP information system is
used by only 3 companies for their activities.
Most often companies choose their software
solutions (the most popular are solutions
based on CRM, respectively database
systems) and database systems in general.

respondents who answered yes to the question
of whether their organization supports marketing
or sales processes using specific IT solutions. This
means that at least one ICT marketing support
solution was present within their organization.
Frequency analysis has shown that organizations
that have established ICT solutions in at least one
of the marketing areas largely claim that marketing
digital tools have a positive impact on profit
growth. Thus, in hypothesis 1, we cannot confirm
the dependence between individual marketing
areas that have implemented ICT solutions
and the increase in profits.

If companies use external specialized companies
to manage marketing activities, they are most often
advertising - 7 companies and marketing research
- 8 companies, one agricultural company uses
the services of several external specialists
in different areas of marketing. Questions about
the use and impact of ICT solutions within each
marketing area:

In the area of productivity growth Hypothesis
2, which should be proportional to the increase
in e-marketing services. Companies are divided
according to whether or not they invested in ICT
during the previous year. When they have invested
and appear to have invested in product and service
demand forecasting technologies, these firms have
the most significant share of positive productivity
gains. If they did not invest, it is interesting that it is
precisely the inexpensive service of sales auctions
that dominates, and therefore companies using
this sales channel claim up to 91% that ICT has
a positive impact on productivity gains. This sales
channel is the most prominent in this statistical
expression. Based on the above results, we can
conclude that productivity is not affected by quantity
but by the quality of each solution.

Does your organization allow you to order and book
services online through a website or other computer
networks?
Does your organization use a CRM system that
is based on a specific customer relationship
management software solution?
Do you use IT solutions to lure suppliers for pricing
or submission?
Does your organization allow you to order and book
services online through a website or other computer
networks?
Hypothesis 1 was tested to find out whether there
is a statistically significant dependence between
the occurrence of ICT solutions supporting
individual marketing areas and increasing
the organization's revenues. Thus, the relationship
between the occurrence of ICT solutions within
each marketing area and the overall impact of ICT
solutions on profit growth was tested. Respondents
had to answer whether or not they have implemented
ICT solutions within individual areas of marketing.
It was, therefore, a variable that took values
of 1 - they do not have ICT solutions implemented,
2 - they have the ICT solutions implemented.
Respondents also had to answer the question: what
impact do they think, ICT solutions to increase
revenue (negative, none, positive). More than half
of the respondents, up to 89%, answered
the question about the impact of ICT solutions
on increasing profits and did not even have a single
marketing solution within the organization. This
implies that respondents do not have real experience
with the impact of ICT solutions to support
marketing on profit growth or have experience
with other ICT solutions. From the sample tested
so far, we chose only the answers of those

Conclusion
Marketing management is not just a management
of an organization's marketing activities, but also
includes the management of all activities whose
main focus and focus is customer satisfaction
and exploiting market opportunities. Based on our
research, the following questions were identified
for further research:
•
•
•

•
•
•
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What do companies mean by marketing
information system?
How is the marketing department managed?
Specification of the division of marketing
activities into internally and externally
managed,
Supplier relationship management as part
of CRM.
Implementing
customer
relationship
management in business processes,
Monitoring and analysis of the competition
and its importance for business activities.

Analysis of the Current Support of E-marketing Activities in Selected Enterprises of the Wine Sector
in Slovakia
•

Marketing management is not only
a management of the marketing activities
of an organization, but also includes
the management of all activities whose main
focus and focus is customer satisfaction
and exploiting market opportunities. specific
research of the relevant workplace.

carried out in 2016 by Kahraman et al., (2016)
and has some similar conclusions in our research:
•

•

Our research has also shown that most
of the companies surveyed have a lack of work
capacity, related in some cases to a lack of qualified
marketing staff. Companies are also struggling
with a lack of time (which is partly related)
and in many companies marketing is also
overlooked, it is not seen as the key factors
of success and competitiveness of the agricultural
company, it is not perceived as a source of sales
growth and thus profit. Companies often have no
marketing concept in place - some see this as their
weakness. However, many companies are unable
to answer the question of weaknesses in marketing
management at all, so it can be assumed that they
do not deal with marketing management. Several
companies also mention ineffective communication
within the organization itself or marketing
with other departments. A similar research was

•

Marketing management belongs to nonsystematic and intuitively solved business
processes,
In business practice, there is a global trend
towards customer orientation,
Businesses see product quality as their
greatest competitive advantage.

Given that the results of the research have not
shown a significant impact of other marketing
ICT solutions on the monitored indicators,
we can recommend investing in the specific
solutions mentioned above to effectively achieve
higher yields and productivity. These results
affect companies' investment decisions when
investing in e-commerce services with a focus
on sales channels. Especially in the digital era,
ICT investment is a critical component of increasing
the competitiveness of companies, and many
companies are starting to invest cautiously,
not investing in large business solutions,
but in selected the most effective solutions that
boost productivity and profitability the most.
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Abstract
Paper is aimed at dairy sector in the Slovak Republic with an emphasis on identifying the determinants
causing low demand for milk and dairy products. The primary objective is to identify consumer behavior
and the main factors affecting consumer choices in choosing milk and dairy products. The primary source
of information is created by the results of consumer survey proving the consumption of milk and dairy
products is widespread among consumers, with cheese and yoghurt as the most preferred ones. The results
of the consumer survey were confronted with a survey aimed at identifying the views of producers
and processors of milk and dairy products. We identified the main issues, particularly the low redemption
price of milk, lack of milk consumption and the absence of sales support.
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Introduction

1997-2017. At present, the consumption of milk
and dairy products is 176.1 kg per capita, which
represents lower consumption by 20.0% compared
to the recommended intake. Development
of consumption of milk is not proportional
to the total consumption of milk and dairy products
in the analyzed period 1997-2017 (Figure 1).
In the first reference year, consumption was 75.8 kg
per capita and in 2017 only 46.3 kg. Consumption
of drinking milk does not cover the recommended
intake and falls by almost 50%. Low milk
consumption contributes to increasing milk prices
and to constantly expanding supply of other dairy
products such as cheese and yoghurts (Kubicová
and Habánová, 2012).

Milk and dairy products take an irreplaceable
place in everyday food consumption (Nicklas,
2009). Milk consumption has a positive impact
on human health, growth and development
of the human body (Košičiarová et al., 2017),
strengthening of cognitive processes, health
protection and prevention of various diseases
(The Dairy Council, 2014). Despite the positive
effects, it is necessary to solve the problem due
to their inadequate consumption, which has been
below the recommended intake in recent years
(Nagyová et al., 2016). However, an individual
satisfaction in food consumption depends more
on the social and institutional context (Cecchini
et al., 2018). The EU exports approximately 12 %
of its dairy production in the form of various
dairy products (Mach et al., 2018), but the import
of agricultural and food products does not
regard only the domestic demand (Smutka et al.,
2016). The aim of the paper is to examine
the consumption of milk and dairy products
in Slovakia and the factors determining buying
and consumer behavior.

The consumption of cheese is directly proportional
to the total milk and dairy consumption.
In the monitored period, a gradual increase
in the consumption of cheese was recorded
(Figure 2). In 1997, consumption was 6.3 kg
and in the last analyzed year up to 11 kg, which
represented an increase in consumption by 74.6 %.
Consumption of sour-milk products is similar
to consumption of cheese. In the analyzed period
1997-2017 there was a gradual increase in the intake
of sour-milk products by Slovak consumers
(Figure 3). In connection with mentioned, it is

In Slovakia, the development of consumption
of milk and dairy products per capita was
accompanied by a fluctuating trend in the period
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Source: own processing according to SO SR, 2018
Figure 1: Average Consumption of Drinking Milk in kg per Inhabitant of the Slovak Republic.

Source: own processing according to SO SR, 2018
Figure 2: Average Consumption of Cheese in kg per Inhabitant of the Slovak Republic.

Source: own processing according to SO SR, 2018
Figure 3: Average Consumption of Sour-Milk Products in kg per Inhabitant of the Slovak Republic .

important to highlight the favorable consumption
growth of 212.5 % from 8.0 kg in 1997 to 17 kg
in the last reference year. Kubicová and Dobák
(2012) emphasize that the increase in consumption
of sour-milk products was mainly determined
by the increased and varied range of products
of domestic and foreign production associated
with marketing communication and a wider range
of price levels.

of the market, the intensity of international trade
or the individual consumer behavior (Skořepa,
2009; Namiotko and Baleženti, 2017). Consumer
behavior can be considered as one of the main
factors determining the consumption of milk
and dairy products (Polakevičová, 2015). Its essence
lies in the search, purchase and consumption
of selected foods, which satisfy the basic
physiological needs of each consumer (Horská et al.,
2009; Fogarassy et al., 2018). The article focuses
on demand factors for the consumption of milk
and dairy products, but one cannot ignore
the role of retails and their influence on shaping
this demand, e.g. through innovation (Ćuzović et
al., 2017; Śmigielska and Stefańska, 2017).

Demand for milk and dairy products, is relatively
low and is influenced by a large number of factors.
Influencing factors are the level of retail prices
in relation to the average income of the population
the gross domestic product and its distribution
among the population, the standard of living,
the structure of the market, the intensity
of international trade or the individual consumer
behavior (Matošková and Gálik, 2016), the gross
domestic product and its distribution among
the population, the standard of living, the structure

Materials and methods
The aim of the paper is to point out the consumption
of milk and dairy products in Slovakia,
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with an emphasis on the identification of factors
related to consumer behavior. This goal
was achieved by processing secondary data
from the Statistical Office of the Slovak Republic
(SO SR) and primary data which were obtained
through consumer survey and survey of dairy
producers and processors.

r – count of rows
c – count of columns
Oi,j – observed numbers of cases
Ei,j – expected numbers of cases

The questionnaire survey was conducted
on a sample of 516 respondents in Slovakia and was
implemented in an electronic version from April
to December 2018. Respondents participating
in the survey were diversified into 9 categories,
by gender (women 64.1 %, males 35.9 %), age
(up to 25 years 43.0 %, 26-35 years 23.3 %,
36-50 years 19.2 %, 51-60 years 8.5 %, more than
61 years 6.0 %), residence (countryside 48.6 %,
city 51.4) and monthly household income (less
than 1,000 Eur 19.8 %, 1,001-2,000 Eur 54.7 %,
2,001-3,500 Eur 23.1 %, 3,501-4,500 Eur 2.1 %,
more than 4,501 Eur 0.4 %).

--

Cramer's coefficient was used to examine
the power of correlations

χ2 – calculated test criterion
n – count of observations

The survey focused on milk and dairy producers
and processors was carried out between October
and December 2018 by personal and e-mail
communications and was attended by 23 companies
from Slovakia. Business entities were divided
according to legal form of business (cooperative
43.5 %, joint stock company 21.7%, limited
liability company 13%, self-employed farmer 13%,
self-employed person 8.7%), enterprise size (micro
enterprise 30.4%, small enterprise 21.7%, medium
enterprise 47.8%) and type of produced milk (cow
milk 91.3%, sheep milk 26.1%, goat milk 8.7%).
For a deeper analysis of the research objectives,
the following hypotheses were formulated:
Hypothesis 1: We expect that consumers assess
the importance of the individual criteria
for choosing milk and dairy products differently.

--

Friedman test as the non-parametric
alternative to the one-way ANOVA
with repeated measures was used to test
for differences between groups when
the dependent variable being measured
is ordinal. It can also be used for continuous
data that has violated the assumptions
necessary to run the one-way ANOVA
with repeated measures (e.g., data that
has marked deviations from normality).

--

Nemeny's method was used to determine
which random selections from the pooled
random selection differ considerably
provided that all selections are of the same
range (Matejková et al., 2013; Stehlíková,
2005)

All the above-mentioned tests have been calculated
in statistical software XL Stat. In hypothesis testing,
if the p-value is lower than significant level 0.05,
the null hypothesis is rejected, and the alternative
hypothesis is confirmed.

Hypothesis 2: We expect that there is a dependency
between average monthly expenditure on milk
and dairy products per household member
and the average monthly household income.
The formulated hypotheses were tested by applying
the following statistical tests:
-- Chi-square test for independence of two
variables was used a cross classification
table to examine the nature of the
relationship between these variables. This
statistical test assumes that there is no
relationship between the two variables
(Hypothesis 0). The alternative hypothesis
states that there is some relationship
between the two variables (Hypothesis 1).

Results and discussion
The results of the consumer survey (Figure 4)
proved that the respondents purchased all kinds
of dairy products, with milk and cheese
as the most preferred ones. This is confirmed
by the fact that milk (56.4 %), cheese (57.0 %),
butter (51.7 %) and yogurt (51.4 %) are most
commonly bought and consumed by consumers
in regular intervals. Kubelaková and Šugrová
(2017) have come to similar conclusions, that
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Source: Questionnaire survey, 2018
Figure 4: Types of Purchased Milk and Dairy Products.

more than 50% of consumers buy milk and dairy
products more than once a week. Kapsdorferová
and Nagyová (2005) identified milk, yoghurt
and cheese as the most commonly preferred dairy
food among consumers. On the other hand, other
sour-milk products are least preferred, which was
confirmed by their purchase by 70 % of respondents
in irregular intervals, followed by curd (66.3 %)
and cream (63.8%).

of consumers of milk and dairy products in their
research.
We found differences in the assessment of criteria
influencing the choice of milk and dairy products
among the respondents. Based on the Friedman
test, it is possible to identify differences in factor
evaluation confirmed by the statistical calculation
of the p-value (<0.0001), which is lower than
the alpha significance level (0.05). Using Nemeny's
method and based on the data, we conclude that
quality is the most important criterion when choosing
milk and dairy products (Group A), another group
of significant factors is created by price, durability
and composition (Group B), followed by a set
of criteria created by the nutrition data
and country of origin (Group C), the other group
of factors consisted from the country of origin,
the manufacturer and the package size (group D),
and the last group of factors is the appearance
of packaging and the promotion of the product
(Group E). By dividing the factors determining
consumer behavior when choosing milk and dairy
products into these groups, it is possible to point
to the differences in the assessment of individual
criteria (groups) by consumers. The country
of origin criterion is placed in two groups
(Group C and Group D), which can be explained
by the fact that there is no statistically significant
difference in their ratings among Group C
and Group D factors. However, between groups C
and D there is a difference in the assessment of factors
by consumers.

The survey was oriented where consumers most
often buy milk and dairy products. Results showed
that these products are most commonly purchased
by consumers in supermarkets and hypermarkets
(81.6 %), local stores (14.0 %), specialized stores
(2.1 %) and directly from producers (2.1 %).
However, some consumers start with livestock
farming and produce their own milk (0.2 %).
It follows that livestock farming and the subsequent
dairy production in the domestic environment
may in the future become an increasingly popular
alternative for households to provide quality fresh
milk and dairy products.
The questionnaire survey was also geared towards
the factors that consumers influence when
purchasing the analyzed foods. Based on the results
(Figure 5) it can be concluded that quality (98.8 %),
price (91.4%), composition (90.3%), durability
(89.3 %) and nutrition data (79.1 %) are the most
important factors for consumers. Kumar and Babu
(2014) confirm our results and identify quality
and price as the main factors determining
the purchase of milk and dairy products.
The GfK survey (2017) has shown that
for the Slovak consumer is a very important price
when deciding about purchasing chosen food,
including milk and dairy products, but the emphasis
on quality is clearly rising. Consumers are focusing
on quality, but they are looking for quality
for the best price. Senadisai et al. (2014) also
emphasize the price-quality ratio as the main
motivating factor affecting the purchasing behavior

In the following part we will evaluate the factors,
which are the key ones in terms of importance.
The quality is the most important factor. Given
the fact that price is the discussed criterion when
choosing the milk and dairy products, we found
out how consumers perceive their price. Based
on the results, 57 % of consumers consider price
of milk and dairy products as reasonable and almost
40 % consider these prices as high or very high,
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Source: Questionnaire survey, 2018
Figure 5: Importance of Individual Factors when Choosing Milk and Dairy Products.

which can be considered as one of the factors
of low consumption of milk and dairy products.
We also measured the average monthly expenditure
on milk and dairy products per household member.
The results showed that the largest number
of consumers spend an average of 11-15 Eur
(23.1 %), 16-20 Eur (22.5 %) and 21-25 Eur
(15.5 %) on milk and dairy products per month.
In relation to this issue, we assumed that
the average expenditure on milk and dairy products
per household member depends on the total
household income. On basis of applied Chisquare test for Independence, we can conclude
that was proved the statistically significant
dependence of expenditure on milk and dairy
and household incomes (p-value = 0.027) (Figure 6).
From the aspect of dependence tightness, there is
a weak dependence demonstrated by the calculation
of the Cramer coefficient (0.15).

(60.0%) characterized by a relatively long shelflife, a later date of consumption, a purchase
in larger quantities and a subsequent lower
purchasing frequency. This is confirmed by research
by Bousbia et al. (2008), the results of which showed
that consumers are the most commonly bought
durable milk and dairy products. Fresh products
are favored by almost 40% of respondents who are
looking for products produced in traditional ways
and are limited by shorter product durability.
The survey was also focused on the main reasons
for consumption of milk and dairy products.
The results showed (Figure 7) that milk is mainly
consumed due to its taste (50.0%), rational
diet (20.3 %), high nutritional values (14.0 %)
and addiction since childhood (12.6% %). Similar
results have also been found by Alwis et al.
(2009) and Kurajdová et al. (2015) who examined
the factors influencing the consumption of milk
and dairy products and found that the taste
and the nutritional content is a stimulating
motivation for consuming.

The next criterion, which consumers consider
important in choosing a particular dairy product,
is the composition. Based on the results, it can
be stated that consumers prefer semi-skimmed
milk products (37.6%) and whole milk products
(28.1%). Low-fat milk and dairy products are
purchased by 12.6% of consumers, which suggests
that respondents prefer low fat, mainly for health
reasons, which do not allow them to consume fullfat products. In the context of this, it is important
to note that 21.7% of respondents do not consider
it necessary to look at the fat content of milk
and dairy products and the other criteria are
important for them. Krešić et al. (2010) emphasize
that over 50% of consumers involved in their
research are looking for low-fat dairy products.
Preference for low-fat milk and dairy products may
be due to the age and gender of respondents as well
as to try to eat healthier (Hamilton et al., 2000).

The aim of the survey aimed at milk and dairy
producers and processors was to map out
the situation in the Slovak dairy market
with an emphasis on sales of milk and dairy
products. We have identified, who are target
customers, how they ensure product sales, what
issues they are dealing with in sales.
The entities are mainly oriented to final consumers
(78.3 %), as well as to the processing enterprises
(21.7 %). In the case of the largest group of their
customers, they mainly use direct sales
from the yard (61.1 %), company stores (38.9 %),
sales through the farmers´ markets (33.3 %)
and sales through distribution channels (55.6).
91.3 % of the interviewed producers sell their
products only on the Slovak market while 14.3 %
of them are not even able to sell the entire
production. At present, 8.7 % of surveyed subjects

The next important factor is the production process
(Džupina and Cifranič, 2013). The results showed
that consumers prefer durable dairy products
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Source: Questionnaire survey, 2018
Figure 6: Average Monthly Expenditure on Milk and Dairy Products according to the Average Monthly
Household Incomes.

Source: Questionnaire survey, 2018
Figure 7: Reasons for Consuming of Milk and Dairy Products.

export their products to the foreign markets,
especially to the Czech Republic, which ensures
the realization of the entire quantity of produced
production.

In order to keep sales volume of milk and dairy
products with a tendency for growth, businesses
use different forms of promotion, especially flyers
(39.1%), web pages 34.8% and social networks
(34.8%). To address the situation on the dairy
market, producers and processors have the possible
suggestions in the form of higher support
for domestic farmers by the state, creating
of suitable conditions for business entities,
reduction of imports of milk and dairy products,
or sales support for the Slovak dairy products with
an appeal to increase the consumption of milk
and dairy products. Vasylieva (2017) found
out that reducing retail prices and raising solvency
of population would be the option for supporting
the food industry, as well as effectively using quite
big amount of public subsidies from the Rural
Development Programme (Špička, 2015).

In the context of the analysis, it is important
to note the change in the sales volume in the last
5 years. The results showed that 65.2% of business
subjects experienced increased sales volumes
as a result of a change in consumer behavior
in the dairy market by focusing on local products
and higher quality, increased promotion,
or the introduction of new technologies and
increased production volumes. 13 % of surveyed
producers had reduced sales of their products due
to the high pressure of processing enterprises,
and retail chains at low redemption prices
accompanied by the reluctance of the producers
to sell their products at liquidation price, the low
purchasing power of demand, the offer of foreign
substitute products sold on our market at lower
price. 21.8% of the enterprises stated that the sales
volume of their products had not changed in the last
few years and remains at a constant level. Producers
and processors focused on the sales problems, such
as low milk prices and the pressure of the trade
chains to low prices of milk and dairy products,
lack of support for the sales, lack of consumption
of selected products. Zdráhal et al. (2018) found
out that foreign competition has negative impact
on dairy firms.

Conclusion
An analysis of milk and dairy consumption
shows that there has been a significant change
in nutrition in recent years. The paper was orientated
on the main factors determining the demand
for milk and dairy products. Consumer behavior
was identified on basis of a consumer survey,
the results of which showed regular purchases
and consumption of milk and dairy products.
We found out, that the most common places to buy
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are supermarkets and hypermarkets and that
the quality, price, composition, shelf life
and nutrient content are the main factors determining
the choice of the monitored food. The results
show that Slovak consumers prefer whole milk
and semi-skimmed milk and dairy products
and are looking for durable dairy products.
Consumers consume selected foods because
of their appetite and nutrients. We expect that
a rational way of life will be preferred
by consumers in the future and will influence
the consumption of milk and dairy products.
Therefore, we also examined the future of dairy
industry from the point of view of producers
and processors. We have identified the main
problems associated with sales of selected food
in Slovakia, which are manifested mainly in the low
redemption price of milk, the pressure of the trade
chains to low prices of milk and dairy products,
consumers' orientation towards cheaper foreign

dairy products, the lack of support for the sales
of quality Slovak dairy products and deepening
the consumer's lack of consumption of milk
and dairy products. We propose to increase
the support for domestic farmers and sales support
for the Slovak milk by the state in the form
of intensified projects with an appeal to increase
consumption. Implementing these measures
into practice in the dairy sector could be a tool
for maintaining the dairy industry in Slovakia
with a perspective for the future.
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Abstract
This study examines the macroeconomic determinants of exports, taking quality into account through vertical
differentiation and using data on Portuguese Douro wines. Based on a gravity model from 2006 to 2015
and covering a range of 192 potential trade partners, estimations show that quality influences export
performance. However, quality differences are not assimilated in the same way in all international markets,
resulting in an export surplus of the best categories of wine to some world regions (West Europe and AngloSaxon countries) and a correspondingly export deficit to other regions (Middle East, North Africa, East
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Introduction

a substantial amount of literature focusing
on the determinants of the international wine trade
(Dascal et al., 2002; Castillo et al., 2016; Dal
Bianco et al., 2016; Lombardi et al., 2016; Balogh
and Jámbor, 2018). However, most attention has
been focused on horizontal differentiation while
the influence of vertical differentiation on wine
exports has not been the subject of so much interest,
despite the recognition that quality differentials
exist in the wine industry (Cardebat and Figuet,
2004)1. Some studies (e.g., Schamel, 2006; Brentari
et al., 2011) explore this perspective estimating
the hedonic price function to support the idea that
wines with geographical indications (horizontal
differentiation) benefit from collective reputation
because they are commonly perceived as guarantees
of quality for which consumers are willing to pay
more. Other approaches attempting to study

In today’s globalized world, the economic
performance of a country is closely related
to the world market competitiveness of its key
products. Wine is a typical product of globalization
for which international trade started to increase
significantly in the 1970s (Castillo et al., 2016)
but has recently undergone a slowdown of growth
(Pomarici, 2016). Since the 1970s, new exporting
countries have emerged and demand for wine
has flourished worldwide, which has in turn,
led to diversification of the product, changes
in consumption patterns and increasing competition
between players at an international level.
Therefore,
having
an
understanding
of the determinants of exports is crucial
in the decision-making process of stakeholders.
Much of the debate over the factors influencing
international trade centres on the gravity model
formulated by Tinbergen (1962) and later
enriched by the contributions of Anderson
(1979), Helpman (1984, 1987), Helpman and
Krugman (1985), Bergstrand (1985, 1989),
Eaton and Kortum (2002), Anderson and van
Wincoop (2003), and Silva and Tenreyro (2006),
among others. From this perspective, there is

Comparing different varieties of a product equally priced, there
is horizontal differentiation if consumers have heterogeneous
preferences regarding the most preferred mix of different attributes.
If, on the contrary, most of the consumers unanimously agree
on a quality index then the product is vertically differentiated (Church
and Ware, 2000). Wine is a product horizontally differentiated
in the sense that consumers do not have the same willingness to pay
for some attributes (e.g., colour, alcohol content, place of origin
or grape varietal composition), but it is also vertically differentiated
in the sense that these attributes can together generate quality
differentials, usually reflected in the prices (Boccard, 2010).
1
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Materials and methods

the impact of quality on wine exports are presented
by Agostino and Trivieri (2014, 2016) and Crozet
et al. (2012), the former using the gravity model
to estimate an export surplus for the wines
of France, Spain and Italy with geographical
indications, and the latter matching firm-level export
data with expert assessments of quality to suggest
that, for champagne producers, quality increases
firm-level prices, the probability of market entry,
and export values.

Product quality
an overview

and

international

trade:

Product quality was introduced to the literature
on international trade by the seminal work
of Linder (1961), where it was proposed that
higher quality products are more likely to be
traded between rich countries and the more similar
the demand structures of countries, the more
they will trade with one another. Since then,
the relationship between product quality and trade
has been the subject of research using different
approaches, which can be divided into two main
strands: one studying the attributes of exporting
and importing countries (e.g., Hummels and Skiba,
2004; Schott, 2004; Hummels and Klenow, 2005;
Khandelwal, 2010; Agostino and Trivieri, 2014);
and the other, inspired by the seminal paper of Melitz
(2003), exploring models with firms heterogeneity
and firm-level data (e.g., Verhoogen, 2008; Crozet
et al., 2012; Manova and Zhang, 2012).

This study aims to contribute to the debate
on the impact of quality on international trade
by means of testing if an increment of quality
within a Protected Designation of Origin (PDO)
generates an export surplus. Additionally,
it is also a goal of this study to determine whether
quality differences are homogeneously interpreted
across world regions. To do this, PDO Douro wine
(henceforth Douro wine) is used as an example
of a differentiated product with recent success
in international markets. Considering 192 partner
countries divided into nine world regions,
an expanded gravity equation for the period
2006-2015 is estimated through Bonus Vetus OLS
(BVOLS). This estimator allows for repeated time
values within the panel, as well as controlling
for multilateral resistance (MR) terms.

Among the first strand, Hummels and Skiba
(2004) generalize the Alchian and Allen’s (1972)
conjecture2 and show empirically that the relative
price of high-quality products decreases when
transaction cost is applied per unit, which leads
to a positive co-variation between high quality
and transaction costs. Schott (2004), Hummels
and Klenow (2005) and Khandelwal (2010) suggest
that quality increase along with higher per capita
income of exporting countries due to endowment
advantage can, in turn, be used to add further
quality to products. Additionally, Hummels
and Klenow (2005) highlight the relevance
of quality by estimating that a 9 percent difference
in real income per worker between countries may
ultimately be a reflection of differences in quality
between those countries. The study of Khandelwal
(2010) has the particularity of inferring quality
based on value and quantity information, following
the intuition that, conditional on price, higher
quality is assigned to products with higher market
shares. The author also states that it is misleading
to use price alone as a proxy of quality since price
also reflects production costs. Agostino and Trivieri
(2014), using a gravity equation for wine exports
of France, Italy and Spain, find there is a positive
pay-off for quality wines produced in specified
regions (QWPSR) in terms of greater export value

The contribution of this paper is threefold. First,
it provides a new perspective to the debate about
the relationship between quality and international
trade by considering the exports of different
categories within a PDO. Second, this study brings
to the discussion the role of market segmentation
in highly competitive markets and how quality
is apprehended by distinct world regions. Third, this
paper presents a different methodology from most
of the wine trade literature (recently inclined
to the Poisson pseudo-maximum likelihood)
whilst fitting in well with the question under study,
as BVOLS is an estimator capable of considering
the trade flows of several categories between
two trade partners in each year, while controlling
for MR terms.
The rest of the paper is organized as follows.
The section Material and Methods provides
an overview of the literature about the relationship
between product quality and international trade,
describes the empirical approach and present
the data. The section Results and Discussion
shows and analyses the results. Finally, the section
Conclusion summarizes the main findings.

Due to transportation costs, goods of higher quality are exported,
while the ones with lower quality are for domestic consumption.
2
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compared to all other still wines3. They conclude
that, despite this designation generating additional
costs of compliance, it produces benefit
from
collective
reputation,
which
acts
as a certification of quality.

studies (e.g., Castillo et al., 2016; Dal Bianco et al.,
2016, 2017; Lombardi et al., 2016). Cultural
and historical proximity can benefit the trade
relationship between two countries and contiguity
and common language are two typical proxies
for it; the positive impact of sharing the same
language on wine trade having been proved
in some studies (e.g. Castillo et al., 2016; Dal Bianco
et al., 2016; Lombardi et al., 2016; Gouveia et al.,
2018). Trade agreements, generally, are designed
to create better trading opportunities and reduce
costs, thus, such an agreement being established
between two countries is expected to enhance
trade. In wine trade literature, it is common to test
the effect on trade of two trade partners being
members of specific regional trade agreements
(e.g., Dascal et al., 2002; Castillo et al., 2016)
and/or sharing the same currency (e.g., Agostino
and Trivieri, 2014, 2016; Castillo et al., 2016).

In the second strand of the literature, Verhoogen
(2008) investigates Mexican manufacturing plants
and argues that an increase in exports leads to wage
inequality through quality upgrading4. The study
of Manova and Zhang (2012) using data on Chinese
trading firms concludes that trade reforms may lead
firms to vary product quality within and across
markets5. Ultimately, a common limitation of this
strand of the literature is the difficulty in quantifying
quality and Crozet et al. (2012) solve this by using
experts’ ratings for champagne producers, which
lead to the finding that an improvement in quality
increases not only firm-level prices, but also
the probability of market entry, as well as export
values.

To identify the main factors influencing Douro wine
exports, the following gravity equation is estimated
with continuous variables log-transformed:

The gravity equation of wine exports
In the literature, gravity models have established
themselves as key tools for the analysis
of international trade. This is also true for wine
trade studies, which have highlighted the influence
on trade between two countries of factors such
as gross domestic product (GDP) per capita,
distance, contiguity, common language, common
currency and trade agreements (e.g. Dascal et al.,
2002; Olper et al., 2012; Castillo et al., 2016;
Dal Bianco et al., 2016; Lombardi et al., 2016;
Dal Bianco et al., 2017; Gouveia et al., 2018).
GDP per capita represents purchasing power,
therefore it is expected that countries with higher
purchasing power should import more Douro wine
as happens with other wines (e.g., Dascal et al.,
2002; Gouveia et al., 2018). Distance between trade
partners is a common proxy variable for transport
costs and has a negative impact on trade in several

ln exportsijkt = β0 + β1 ln gdppcjt + β2 ln distij
+ β3 langij + β4 currijt + β5 rtaijt + β6 contij
+ β7 reservekt + β8 grandkt + ∑tγt Tt + uijt

Agostino and Trivieri (2016) corroborate with this result providing
also empirical evidence on the performance of geographically
designated and indicated wines in emerging economies.
4
In the model of Verhoogen (2008) with heterogeneous plants
and quality differentiation, more productive plants produce higherquality goods than less productive plants, and they pay higher
wages to maintain a higher-quality workforce. Only the most
productive plants enter the export market, so if there is any bilateral
reduction in trade costs (e.g., trade agreement, declining transport
cost or exchange-rate devaluation) it will increase the differential
in the export share as well as the within industry differentials
in quality and, consequently, wages.
5
The research of Manova and Zhang (2012) has two main
implications: i) successful exporters have products of better quality
because they use higher-quality inputs, and; ii) by using different
levels of quality in inputs, firms can export products with different
quality across destinations.
3
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(1)

Equation (1) is based on Agostino and Trivieri
(2014, 2016), so that the main difference in this
work is that the dependent variable exportsijkt stands
only for the exports of one country i (Portugal)
to several countries j over time t. Another
particularity of this model is that k distinguishes
three qualities of Douro wine, but all with PDO:
standard, reserve and grand reserve. Regarding
the explanatory variables: gdppc is the GDP
per capita of the importing country; dist is
the distance between exporting and importing
countries; lang is equal to 1 if the official language
is common to both trade partners, and 0 otherwise;
curr is 1 if the same currency is shared by both
trade partners, and 0 otherwise; rta is 1 if both
trade partners are members of the same RTA,
and 0 otherwise; cont is 1 if there is contiguity
between the importer and the exporter, and 0
otherwise; reserve is equal to 1 if the export flow
of line k and time t is a wine with reserve category;
grand is equal to 1 if the export flow of line k
and time t is a wine with grand reserve category.
Finally, a set of time fixed effects is considered
through T and u is the error term.
Regarding
the
econometric
methodology,
the BVOLS is used following Baier and Bergstrand
(2009). Based upon the model of Anderson
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and van Wincoop (2003), trade between countries
i and j is not only determined by their own trade
barriers, but also by the relative trade costs of these
countries with the rest-of-the-world. Baier
and Bergstrand (2009) introduce these theoreticallymotivated exogenous multilateral resistance terms
in a simple reduced-form gravity equation that can
be estimated with OLS. This estimator seems to be
the most appropriate for this study because, besides
controlling for MR terms, it allows for repeated
time values within a panel, that is, it can consider
the three export flows in the study (standard, reserve
and grand reserve Douro wines) between Portugal
and its trade partners in each year t. To approximate
MR terms, Baier and Bergstrand (2009) suggest
a first-order log-linear Taylor-series expansion
of the system of nonlinear price equations terms
in Anderson and van Wincoop (2003), as follows:

which fits the typical terroir model and is the largest
and the most heterogeneous wine mountain region
in the world (Rebelo and Muhr, 2012). Different
from Port wine, also produced in the DDR and
with more than two centuries of having been sold
in external markets, Douro wine started to leave its
mark on international markets only at the beginning
of the 21st century (which explains why there
is no record of exports before 2006). From 2006
to 2015, exports have grown rapidly at an average
annual rate of 12% and 10% in value and volume,
respectively. A contributory factor to this success
has been a strategy of searching for market niches
and focusing on differentiation through product
and process innovation, and marketing (Rebelo
and Muhr, 2012).
The Port and Douro Wines Institute (IVDP) is
the regulator responsible for the quality control
of Douro wine, recognizing three main categories
with the following ascending order of quality:
standard, reserve and grand reserve (see Gouveia
and Macedo, 2017). The regulator assigns wines
into these respective categories by organoleptic
evaluation and sensorial analysis through
expert wine tasting (Regulations n.º 242/2010
and n.º 82/2010, IVDP).

(2)
where X are proxies of bilateral trade costs and k
and m are trade partners of i and j, respectively.
Therefore, the gravity equation (1) can be estimated
through OLS if dist, lang, curr, rta and cont are
transformed by subtracting the exogenous terms
(2).

Figure 1 shows the continuous growth of total Douro
wine exports in value between 2006 and 2015.
The standard category exports remained stable
until 2010. However, in the following five years
they more than doubled. Regarding the evolution
of exports of the reserve and grand reserve
categories, these have been positive since 2006:

Data
In order to estimate the determinants of wine exports
and the impact of quality, this paper considers
the Douro wine as an example. Douro wine is
produced in the Demarcated Douro Region (DDR)

Source: Own computation based on IVDP data (www.ivdp.pt)
Figure 1: Evolution of Douro wine exports by category, in value, 2006-2015.
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the average annual rates of growth being 16%
and 25%, both of which are higher than
for the standard category (10%). This has led
to a growing awareness of the importance
of the reserve and grand reserve categories.
From 2006 to 2015, their shares in total Douro wine
exports increased 6 percentage points each.

between trade partners is based on bilateral distance
between the biggest cities of those countries
and weighted by the share of population of that city
in terms of the country’s overall population.
The dataset used in the next section covers
192 partner countries over the period 2006-20156.
Around 65% of the export flows are zeros, which
leads to the loss of several observations due
to the undefined logarithm of zero. Therefore,
adding a constant of 1 to the value/volume
of exports before transforming them into log form
allows for an increase in the number of observations.

The main destinations of Douro wine exports are
most high-income countries (e.g. Belgium, Canada,
France, Germany, Poland, Switzerland, United
Kingdom and United States of America), economies
with advanced development (Brazil and China)
or former Portuguese colonies (Angola and Macao).
In Table 1 it can be observed that most of the main
importing countries are common for each Douro
wine category, despite presenting a different order.
The ten main importers of Douro wine represented
80% of total exports in value (in volume the share
was 81%) in 2015 (in 2006 it was 82% in value).
This means that Douro wine exports have a high
level of concentration toward a small number
of destinations, which is also a sign of dependence
on these markets.

Results and discussion
Table 2 presents the results estimated for the exports
of Douro wine, in value and volume. Columns (1)
and (3) refer to estimations using as dependent
variables the log form of exports in euro and litres,
respectively, while in columns (2) and (4) a constant
of 1 is added to exports before transforming
them into log form. In order to achieve robust
standard errors, i.e. heteroscedasticity consistent,
and to allow for the correlation of the idiosyncratic
error terms of the same country-pairs over time,
the models are estimated considering clusters
at the country-pair level (Agostino and Trivieri,
2014, 2016). Moreover, the graphical analysis
of the distribution of residuals suggests that there
are no problems of normality (see the Figure A1
of Appendix). In addition, time effects were globally

Data on exports of bottled Douro wine was extracted
in value (euro) and volume (litres) from the website
of IVDP, while all the data for GDP per capita,
distance, language, RTA’s, common currency
and contiguity was collected from the CEPII Gravity
Dataset (descriptive statistics of all the variables
are presented in Table A1 of Appendix). GDP
per capita from the CEPII dataset is presented
in US dollars, so a conversion to euro is done using
the official exchange rates from World Bank’s
dataset World Development Indicators. The distance
Total Douro
Country

Only 5589 of 5760 potential observations (= 192 countries,
* 10 years, * 3 categories of wine), are available for estimations
because of missing data in CEPII dataset.
6

Standard (64%)

1 000 €

%

Country

Reserve (27%)

1 000 €

%

Country

Grand Reserve (9%)

1 000 €

%

Country

1 000 €

%

1

Canada

7666

15

Canada

5977

18

Switz.

1826

13

USA

663

14

2

Angola

5627

11

Angola

3630

11

USA

1615

12

Brazil

637

13

3

USA

5513

11

Brazil

3319

10

Angola

1496

11

Switz.

576

12

4

Brazil

5037

10

USA

3234

10

Canada

1465

10

Angola

500

10

5

Switz.

4815

9

Germany

2752

8

UK

1157

8

Germany

276

6

6

Germany

3856

7

Switz.

2409

7

Brazil

1078

8

Macao

273

6

7

UK

3142

6

UK

1751

5

Germany

827

6

China

252

5

8

France

2390

5

France

1705

5

Belgium

599

4

UK

231

5

9

Belgium

2166

4

Belgium

1409

4

France

544

4

Canada

223

5

10

China

1270

2

Poland

1058

3

China

462

3

Belgium

158

3

Top 10

41481

80

Top 10

27243

82

Top 10

11069

79

Top 10

3932

81

World

51865

100

World

33033

100

World

13978

100

World

4827

100

Notes: Switz.= Switzerland; UK = United Kingdom; USA = United States of America
Source: IVDP (www.ivdp.pt)
Table 1: Top 10 destinations of Douro wine exports, by category, in 2015.
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significant in (2) and (4) and therefore included
in all regressions via dummy variables for each year,
but have been omitted due to space considerations.
(1)

(2)

(3)

(4)

VARIABLES

Value (€)

Value (€)

Volume (l)

Volume (l)

GDPpc (ln)

1.188***

1.507***

1.225***

1.248***

(0.183)

(0.190)

(0.192)

(0.162)

-0.623

-0.533

-0.694

-0.538

Distance (ln)
Common language
Common currency
RTA
Contiguity

(0.712)

(0.582)

(0.746)

(0.506)

2.768***

4.708***

2.961***

3.973***

(0.581)

(0.816)

(0.602)

(0.716)

0.362

3.906***

0.343

3.174***

(0.776)

(1.102)

(0.845)

(0.999)

-0.819

-0.588

-0.999

-0.574

(0.742)

(0.779)

(0.753)

(0.647)

-2.447

-4.667

-2.812

-4.439

(2.451)

(4.791)

(2.540)

(4.207)

-0.385***

-0.440***

-0.910***

-0.602***

(0.075)

(0.060)

(0.082)

(0.060)

-1.137***

-1.521***

-2.293***

-1.652***

(0.158)

(0.140)

(0.167)

(0.141)

1.18

2.59***

1.23

2.28**

[0.311]

[0.008]

[0.285]

[0.019]

Observations

1,964

5,589

2,006

5,589

R-squared

0.344

0.443

0.372

0.447

Reserve
Grand Reserve
Time effects’
significance

the determinants of the wine trade (Dascal et al.,
2002; Dal Bianco et al., 2016, 2017).
The positive effect of common language on exports
is in line with other works (Castillo et al., 2016;
Dal Bianco et al., 2017) and this effect fits
Portuguese wine well because Portugal maintains
a good commercial relationship with former
colonies such as Angola9, Brazil and Mozambique.
Remaining gravity variables do not have statistically
significant effects on exports.
The effect of quality on Douro wine exports
is observed through the coefficients estimated
for dummy variables assigned to reserve or grand
reserve categories. Since the base category is
standard, the results suggest that higher categories
of Douro wine perform worse in the international
market (in value, -36% for reserve and -78%
for grand reserve, and, in volume, -45% for reserve
and -81% for grand reserve). An explanation
for this phenomenon could be the difficulty of these
markets in interpreting the differences in quality
for Portuguese wines and, in particular, Douro
wines.
In order to determine whether the quality
differences of Douro wine are homogeneously
assimilated by international markets, nine world
regions are distinguished through dummy variables
in the next estimations. This categorization is
based on the World Bank’s list of economies:
West Europe, Anglo-Saxon (AS) outside Europe,
Latin America and Caribbean (LAC), East Asia
and Pacific with high income (EAP-HI), East Asia
and Pacific excluding high income countries (EAP
ex. HI), East Europe and Central Asia (EECA),
Sub-Saharan Africa (SSA), Middle East and North
Africa (MENA) and South Asia (SA). Additionally,
to simplify the analysis of the disparity
in assimilation of quality differences of Douro
wines among these regions, only two categories
are considered in Tables 3 and 4: standard
and an aggregate of reserve and grand reserve
(R/GR). In West Europe (the control category)
the influence of a reserve or grand reserve
classification on exports of wines is the estimated
coefficient of R/GR, whilst for other regions
it is necessary to sum the coefficient of R/GR
with the coefficient of the relative interaction.

Notes: Standard errors in parentheses; *** p<0.01, ** p<0.05,
* p<0.1; Figures in [ ] indicate p-values
Source: Author´s computation
Table 2: BVOLS estimations of export determinants
of Douro wine, 2006-2015.

The results suggest the expected sign for gravity
variables in value and volume7. Columns (2)
and (4) present higher R2 than columns (1)
and (3), suggesting some benefits of using
more observations in estimations. Nevertheless,
the results are similar and the main exception
is the statistically significant effect of common
currency when the number of observations is
higher. Common currency is a facilitator of trade
and its positive effect was already highlighted
by Agostino and Trivieri (2014, 2016).
GDP per capita has a positive and statistically
significant impact on Douro wine exports, so
that countries with higher income per capita
display a greater ability to import Douro wine8.
This is consistent with the results of other studies
employing the gravity model to investigate
Contiguity and RTA present unexpected negative signs. They are,
however, without statistical significance.
8
Income elasticity being higher than one indicates that Douro wine
exports share some characteristics of luxury goods.
7

In fact, Portuguese wine represents almost all of Angola wine
imports.
9
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(5)

(6)

VARIABLES

Value (€)

Volume(€)

GDPpc (ln)

1.581***

1.374***

(0.175)

(0.155)

Distance
Common language
Common currency
RTA
Contiguity
R/GR
R/GR*AS
R/GR*LAC
R/GR*EAP-HI
R/GR*EAP ex. HI
R/GR*EECA
R/GR*SSA
R/GR*MENA
R/GR*SA

-0.867

-0.835

(0.587)

(0.536)

5.660***

4.933***

(0.746)

(0.682)

2.867**

2.412**

(1.121)

(1.056)

-0.236

-0.270

(0.762)

(0.643)

VARIABLES

-5.056

-5.007

(4.328)

(4.023)

Anglo-Saxon (outside Europe): R/GR + R/
GR*AS

1.190**

0.567

(0.538)

(0.466)

4.752***

4.220***

(1.233)

(1.209)

-1.896**

-1.515**

(0.775)

(0.651)

0.265

0.252

(1.705)

(1.425)

-1.148

-0.671

(0.723)

(0.619)

-2.939***

-2.364***

(0.884)

(0.731)

-0.883

-0.438

(0.709)

(0.604)

-4.336***

-3.494***

(0.883)

(0.732)

-2.129**

-1.471**

(0.821)

(0.720)

1.95**

1.62

[0.047]

[0.111]

Observations

3,726

3,726

R-squared

0.501

0.502

Time effects’ significance

interpreted across world regions. Anglo-Saxon
and West European countries are the world regions
where the quality of Douro wine is a greater influence
on exports. On the other hand, it is possible
to observe that the negative influence of quality
estimated in Table 2 is mainly due to two regions:
Middle East and North Africa, and East Europe
and Central Asia. These results show that these two
markets do not differentiate the quality of Douro
wine.

Latin America and Caribbean: R/GR + R/
GR*LAC
East Asia and Pacific with high income: R/GR
+ R/GR*EAP-HI
East Asia and Pacific excl. high income: R/GR
+ R/GR*EAP ex. HI
East Europe and Central Asia: R/GR + R/
GR*EECA
Sub-Saharan Africa: R/GR + R/GR*SSA
Middle East and North Africa: R/GR + R/
GR*MENA
South Asia: R/GR + R/GR*SA

(5)

(6)

Value (€)

Volume(€)

5.943***

4.786***

(1.130)

(1.128)

-0.706

-0.948**

(0.486)

(0.389)

1.455

0.819

(1.607)

(1.340)

0.042

-0.105

(0.522)

(0.449)

-1.748***

-1.797***

(0.577)

(0.461)

0.307

0.129

(0.368)

(0.306)

-3.145***

-2.927***

(0.621)

(0.508)

-0.939

-0.904

(0.642)

(0.574)

Notes: Standard errors in parentheses; The standard errors are
calculated using the formula

Notes: Standard errors in parentheses; *** p<0.01, ** p<0.05, *
p<0.1; Figures in [ ] indicate p-values; The categorization
for world regions follows World Bank list of economies, except
for three new regions proposed by Agostino and Trivieri (2014):
Anglo-Saxon outside Europe (Australia, Canada, New Zealand
and USA), East Asia and Pacific with high income (Hong Kong,
Japan, Korea Rep., Macao and Singapore) and West Europe (Austria, Belgium, Croatia, Cyprus, the Czech Republic, Denmark,
Estonia, Finland, France, Germany, Greece, Greenland, Hungary,
Iceland, Ireland, Italy, Luxembourg, Malta, the Netherlands,
Norway, Poland, San Marino, Slovak Republic, Slovenia, Spain,
Sweden, Switzerland, United Kingdom).
Source: Author´s computation
Table 3: BVOLS estimations of export determinants of Douro
wine and the disparity in assimilation of its quality differences
among world regions, 2006-2015.

*** p<0.01, ** p<0.05, * p<0.1.
Source: Author´s computation
Table 4: Influence of quality on Douro wine exports by world
regions, 2006-2015.

The results in Table 4 suggest that quality
differences of Douro wine are not homogeneously

Conclusion
Vertical differentiation is of fundamental
importance for a large number of products,
of which wine is a typical case. For that reason this
study considers the performance of three different
categories of Douro wine in international trade
over time and world regions. To accomplish this,
a gravity model considering 192 of Portugal’s
trading partners between 2006 and 2015 is estimated
using the BVOLS estimator.
The results of this study suggest that only some
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world regions reward quality when they choose
between distinct categories of Douro wines.
West Europe and Anglo-Saxon countries (outside
Europe) are two world regions associated
with significant value premiums for reserve
and grand reserve categories of Douro wine.
However, the Middle East and North Africa,
and East Europe and Central Asia are two world
regions where the value premium is associated
to the standard category, illustrating the difficulties
of Douro wine in imposing quality differentiation
in some markets.

market trends. This is especially true for the wine
industry.
For future research, it would be fruitful to extend
this analysis to other industries characterised
by both vertical and horizontal differentiation.
Moreover, the use of longer time series – currently
not available for Douro wine – in such analyses
would allow macroeconomic shocks to be studied.
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Appendix
Variables

Obs.

Mean

Std. Dev.

Min

exports (euro)

5589

59678.7

0.0

293215.1

0.0

5977109.0

Standard

1863

109569.5

0.0

451585.7

0.0

5977109.0

Reserve

1863

54020.3

0.0

213610.3

0.0

2156674.0

Grand reserve

1863

15446.4

0.0

63075.8

0.0

663436.0

5589

14823.9

0.0

84157.4

0.0

1637610.0

Standard

1863

33385.1

0.0

138287.0

0.0

1637610.0

Reserve

1863

9719.9

0.0

39380.5

0.0

608127.0

Grand reserve

1863

1366.7

0.0

5377.2

0.0

59222.0

gdppc (euro)

5589

10449.0

3659.9

14960.2

124.8

91887.9

dist (km)

5589

6503.1

5926.0

3918.6

680.0

19539.0

lang

5589

0.0

0.0

0.0

1.0

curr

5589

0.1

0.0

0.0

1.0

rta

5589

0.3

0.0

0.0

1.0

cont

5589

0.0

0.0

0.0

1.0

exports (litres)

Med.

Max

Notes: For the binary variables lang, curr, rta and cont the mean represents the percentage of observations equal to one
Source: Authors’ computation
Table A1: Descriptive statistics.

Source: Authors’ computation
Figure A1: Distribution of the residuals of BVOLS estimations of export determinants of Douro wine.
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The European Union (EU) produces 15% of its agricultural production in the dairy industry. The article focuses
on the European Union and Visegrad Group’s (VG) dairy export and analyses it with Balassa’s (Revealed
Comparative Advantage, RCA) index. Our aim is to explore the foundations of EU's competitiveness
and the role and opportunities of the dairy sector in VG countries.
The analysis is based on EU dairy export data for the period 2000-2017. The main result of the analysis
is that the most competitive countries in terms of export performance (Denmark, France, Ireland
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(Germany, France, the United Kingdom, the Netherlands) or the largest dairy exporters (Germany,
the Netherlands, France and Belgium). We have discovered that some EU countries have a really strong,
dominant competitive advantage. The reason for this is that the highest customer value can be achieved
through the production of highly processed products, and the most competitive countries specialize
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Introduction

influencing the competitiveness in dairy industry.

170 million tons of milk is produced in the EU
annually, and 45 tons of processed dairy product is
sold to consumers. 87% of dairy products produced
in the EU are delivered to consumers within
the EU (Lemoine, 2016; Bojnec and Ferto, 2014).
In world trade, dairy products represent a low
proportion, as typically produced and processed
goods are consumed within the country, but their
share of consumption is steadily increasing
with the expansion of a healthy lifestyle and their
role is expected to continue to grow further.
The biggest annual growth is expected
in developing countries, India and China (4-5%),
while the developed world expects only 0.8-1%
growth in the coming decades (OECD-FAO, 2018).
In order to increase EU competitiveness, achieving
economies of scale, high value-added products
and innovation, as well as knowledge accumulation
play key roles (Poppe, 2008). Since the paper
analyses the competitiveness of dairy trade, it is
important to discuss the concept of competitiveness,
the specifications of dairy trade and the factors

1. Interpretation of competitiveness
There are several approaches and definitions
for interpreting competitiveness. The levels
of competitiveness are most often interpreted
as micro, mezo and macro competitiveness.
The
micro-level
interpretation
examines
competitiveness at the level of the corporate
sphere, which can be defined as: "the ability
of a company to produce products or services that
customers prefer more to buy than those of their
competitors’" (Wijnands et al., 2008, 3). According
to Domazet (2012, 294-295), competitiveness is
the ability of a company to "produce products
that meet the requirements of the open market
in a continuous and profitable manner, with prices,
quality, etc. respect".
Mezo-level competitiveness can be interpreted
at a regional level, according to Kitson et al.
(2004, 992). Gorton et al. (2013, 4) use a different
approach to understand the competitiveness
of a region because they believe that its task is
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to "provide an attractive and sustainable
environment for companies and residents
in both life and work". Therefore, mezo-level
competitiveness is located between the micro
and the macro level, but it can be determined neither
by the aggregate competitiveness of companies
operating in a particular geographical area nor
by dividing a country's competitiveness (Budd
and Hirmis, 2004). According to the latter authors,
regional competitiveness is a complex concept
that includes the labour market situation, transport
costs, the size of companies operating there,
the intensity of research and development,
innovation capacity and export capacity. Bristow
(2005) argues that it is not enough to examine
the prosperity of a region in order to judge
the competitiveness of it but to understand the factors
that determine the sustainable macroeconomic
performance of the region.

The first economists who dealt with the theory
of commerce at the national level sought
to answer why the different nations were trading
with each other. Among the answers to this
question, the most cited is Ricardo’s (1817) theory
of comparative advantages which says that
countries should focus on producing goods
with comparative advantages.
Based on the theory of comparative advantages
of Ricardo, Balassa created an index (Balassa
index) (1965), which is used to measure
comparative advantages. However, there are many
different methods to measure competitiveness,
just to mention the indices of the World Economic
Forum and the World Bank. As the study focuses
on trade-based macro-competitiveness, we have
chosen the Balassa index, which is able to capture
competitiveness through commercial processes.
Many researches use the theory of comparative
advantage to characterize international trade
in various industries: Saricoban and Kaya (2017)
in seafood, Leishman et al. (2000) in wool
and Torok et al. (2018) in coffee export, and now
we apply it to dairy industry.

Macro-level competitiveness, i.e. the competitiveness
of nations, according to Chikán (2008), denotes
the ability of a national economy to ensure
and increase the well-being of its citizens
in the course of its operations, with the sustainable
growth of production factors. This ability
is manifested in creating an environment
for companies and other institutions that can
create, use, and sell products and services that meet
the
requirements
of
global
competition
and changing social standards.

2. Dairy industry in EU and Visegrad Group
countries
The food industry is a significant sector
in VG, representing 3.8 % of GDP combined
with agriculture as well as employing 12.5 %
workers. EU accession has had a positive
impact on the foreign trade of all four countries.
Polish agricultural exports have doubled, Czech
and Slovakian have increased by 83 %
and the Hungarian by 23 % between 2003 and 2006.
Milk products ranked high among the main export
products of Poland and the Czech Republic, and they
accounted for 20 per cent of Slovakian agricultural
exports. Hungary is rather a net importer of dairy
products (Kiss, 2007).

According to Porter (1990), the competitiveness
of a nation is based on four interrelated factors
(diamond model): factor (input) conditions, demand
conditions, supporting and related industries,
and corporate strategy, structure and competition.
Factor conditions include the available workforce,
the quality and quantity of local ingredients,
and all the factors that are essential for efficient
production.
Demand
conditions
refer
to the peculiarities of the demand of the local
market for the final product, which may
be so complex that companies have to rise
to the standard. Supporting and related industries
that are globally competitive provide a stable
and reliable background for manufacturing
industries, which can also be a source of costeffectiveness, high-quality inputs and innovative
ideas. Corporate strategy, structure and competition
can also affect a nation's competitiveness. National
circumstances determine how the company is
founded, traditions define the style of leadership,
and domestic rivalry suggests that companies need
to be cost-effective, innovative and customeroriented. Domestic competition can be even greater
if the geographical concentration is high.

In Europe, 170 million tons of milk is produced
annually and 45 million tons of fresh dairy products
are consumed (Lemoine, 2016). According
to Eurostat data, in 2016, one-fifth of the milk
produced came from Germany, another 16 %
from France, 10 % to 10 % from the UK
and the Netherlands (Eurostat, 2017).
Forecasts say that a 1 % annual growth in production
was expected in Europe in the medium term.
The market is heavily influenced by the preferences
of the consumers, i.e. the preferences of processed
products (the consumption of milk is constantly
decreasing), structural changes (e.g. organic
production, environmental aspects), but these
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often pose a challenge to producers (European
Commission, 2017 and 2018).

(2015) consider vertical integration, innovation,
and technological improvement as the main
focuses of development of the sector. The industry
structure is oligopolistic, slightly concentrated
with relatively low entry barriers, which allows
to small producers to enter a local market and sell
their milk and processed products there (Spicka,
2013).

The EU accounts for one quarter of the world's
dairy production and 30% of its commercial
growth, mainly with highly processed products
(cheese, milk powder, butter) (OECD-FAO, 2018).
Behind this, the main competitors have been able
to increase their production to a greater extent,
so European countries are entering the market
with highly processed products: nearly half
of the world's cheese is made in Europe. In addition,
marketing and product innovation opportunities
are important: new products, new flavours,
new ingredients appear on the market (Tacken
et al., 2009; Lemoine, 2016 and Jansik et al., 2014).

Kubicova et al. (2014) report on concentration
in Slovak dairy industry. Plenty of foreign
companies entered the market and carried
out modernization and economically stabilized
the dairy sector. Food expenditure is at the top
of household consumption which of dairy is
the second one. However, Slovakia significantly lags
the other EU member states in dairy consumption.

In Visegrad Group regional dairy sector faces
many difficulties. One of these is the abolition
of the milk quota system, which favours more
efficient and competitive farming. As Salou (2017)
points out, an elementary pillar of the Common
Agricultural Policy was abolished on 1st April 2015.
The measure expects growth in competitiveness
and market orientation of the industry. In addition
to the increase in domestic supply due to the end
of the quota system, the introduction of the Russian
embargo and the appearance of cheap imported
dairy products also had a negative effect: prices
dropped significantly (Zdráhal et al., 2016; Zdráhal
et al., 2018 Hanisch et al., 2013). The industry is
also significantly influenced by local consumer
habits, the rapidly deteriorating, difficult-totransport products are therefore mainly consumed
locally. Another critical issue is the development
of technology to reduce production costs.

Bakucs et al. (2012) described the Polish dairy
industry as a successful sector within the food
industry. 95% of milk is produced by family
farms and concentration is very low. The share
of foreign companies on the market is also low
(10%) in comparison with the regional standard.
Modernization has been carried out, not only
in product assortment and production technology
but also in marketing channels (Fałkowski, 2012).
3. Competitiveness in dairy industry
The dairy industry is a significant sector
of the manufacturing industry, with strong
competition between players on both national
and international markets. The competitiveness
of the dairy industry in a country is largely
determined by the structure of the industry,
the number, size and geographical distribution
of competitors, the level of ownership structure
and the cost of production resources (Jansik
et al., 2014; Viira et al., 2015 and Zdráhal et al.,
2018), which is almost identical to Porter’s (1990)
theory. The competitiveness of the dairy industry
can also be measured through market performance,
which should be distinguished in two directions:
domestic demand and exports (Bojnec and Ferto,
2014). The stability of market positions occupied
by companies in the domestic market predicts
the ability to compete with imports in both price
and product range. Generally speaking, the larger
internal market allows companies to achieve
economies of scale and financial stability, which
increases the likelihood of foreign market success
(Jansik et al., 2014). Smaller dairy companies
in smaller countries are constantly struggling
to achieve economies of scale, which either
intensify competition and lead to high concentration
on the market or force operators to export.

The dairy industry in Hungary can be characterized
as oligopsonistic (Čehura et al., 2015). It is
moderately concentrated, the sector is dominated
by small individual and large industrial dairy
farms (Bakucs et al., 2012). In general, the sector's
strategic focus is to increase competitiveness
and efficiency, and to halt and stabilize the decline
in current livestock, and to increase the value
of milk content (particularly fat). Another important
goal is to get more raw milk for processing
in Hungary and not to export as a low value-added
product. The dairy trade is characterized by exports
of raw milk and imports of processed products,
but the proportions are improving (Perekhozhuk
et al., 2013).
In the Czech Republic, the dairy industry is
responsible for the 17 % of sales and 10 %
of employers in the food industry. Czech dairy
producers face with low profitability and a high
debt-to-equity ratio (Spicka, 2013). Spicka et al.
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Many studies have already dealt with comparative
advantages in the dairy industry, but focusing
on specific countries or regions and having
a different interest. Jansik et al. (2014) investigated
the dairy chains in Northern Europe and found that
the region has had a positive foreign trade balance
for its products for a long time, due to the significant
modernization and the shift to high value-added
products from mass production. With the expansion
of the EU (with the Baltic States), consumption
in the region also increased significantly. In 2009,
Jansik compared the Finnish and Baltic dairy
industry with the Balassa index. The four countries
have shown a lot of similarities, all of them are
net dairy exporters, but the ownership structure
of the dairy chain determines the performance
of a country. Examining the competitiveness
of the Estonian dairy industry, Viira et al. (2015)
found that its keys are the high milk yield
and the large farm size, which makes it possible
to reduce transportation costs. At the same time,
attention was drawn to the fact that a small country
specializes in a product and its strong dependence
on the markets of the neighbouring countries,
is a big risk. Tacken et al. (2009) found that
the region is a significant, innovative player
on the world market when they examined
the competitiveness of the EU dairy industry,
but the market is growing faster than the region's
exports and therefore it is losing ground.

industry. We also provide description on the data
we used and descriptive statistics to highlight
tendencies.
The Revealed Comparative Advantage Index
The focus of our current study is related
to the revealed comparative advantage index (RCA)
which was elaborated and reported primarily
by Balassa in 1965. The RCA index is to be
understood as follows:
(1)
where X indicates export, i means a given country,
j is a given product, t is a group of products
and n is for a group of countries. According to this,
the index can be calculated by dividing a given
country’s export share of its total exports
with the export share in total exports of a reference
group of countries. After this calculation the result
is to be interpreted as follows. The RCA index
higher than 1 means that the examined country has
a comparative advantage compared to the reference
countries and in case the RCA index is equal or less
than 1, a revealed comparative disadvantage exists.
The original index is criticised for various
reasons. One of the reasons is that in the case
of many products, a country can be exporter
and importer as well (Buckley et al., 1988).
Another reason is the index’s asymmetry to zero.
The problem of asymmetric values comes
from the fact that RCA index implies revealed
comparative disadvantage between 0 and 1
and advantage above 1, respectively, thereby
overestimating a sector’s relative weight (Vollrath,
1991; Laursen, 2015). The index neglects the various
effects of economic policies, however government
intervention, and especially protectionist policies
highly affect international trade and associated
markets, the impact of which is not measured
by the RCA index.

The article aims to contribute to the development
of literature in three ways. On the one hand,
the RCA model is applied to a regionally
and globally important sector. On the other hand,
due to the spread of healthy lifestyles, the products
analysed are of great importance in developed
economies and dynamic growth is expected
in developing regions. Third, the study intends
to identify the factors behind the comparative
advantage of countries.
The article is structured according to the following
structure. After introducing the relevant literature,
we reveal the methodology we used to analyse
the competitiveness of dairy industry. Then we show
the most important results obtained by statistical
analysis of dairy trade data. This is followed
by an evaluation of the comparative advantage
patterns. Finally, the final conclusions and possible
directions for future research will be formulated.

Researchers tried to handle the above-mentioned
problems, mainly the symmetry of the index.
Vollrath (1991) proposed three different
specifications of comparative advantage. First,
he created the revealed import advantage index
(RMA), replacing export values with import ones
in the original index as follows:
(2)

Materials and methods

Compared to the RCA index, RMA values below
one mean comparative advantage, thereby clearing
up the problem of asymmetry. The second index

In this chapter, we introduce the theoretical
model we have used for the analysis measuring
the competitiveness of VG countries in dairy
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suggested by Vollrath (1991) is the revealed
trade advantage index (RTA), which is a simple
conversion of the first and the second equations
(in this case, RXAij is the same as the original RCA
index of Balassa, since it contains only export data):
RTAij = RXAij – RMAij

for all dairy products. The next sections uncover
our results.
Descriptive statistics
In order to find the top performers within EU28,
average export values have been calculated
between 2000 and 2017 for three time periods
for all EU members. Note that the so-called
intra-export trade values have been calculated,
the export values of a given country within EU
borders. It is also important to see that the selected
time periods do not follow the exact accession
years of the EU members. As visible on Table 1,
the Top 10 exporter countries of the EU28
within the dairy industry have together a high
concentration ratio (90.5%, 87.2% and 91%
in the three time periods). The top performers are
traditionally Germany, Netherlands and France,
these three EU members own more than 50% from
the intra-export shares within the dairy industry.
VG occupies a solid position with less than 8 %
export value performance between 2012 and 2017
(Table 2). From the below list it is worth mentioning
Poland, the only one being VG country and
occupying a place within the Top 10 performers.
Based on above-mentioned export concentration
results, we decided to study the competitiveness
of the Top 10 EU exporter countries plus VG
in more details.

(3)

Positive values here mean comparative advantage,
while negatives mean disadvantage. Third,
Vollrath (1991) also implemented the revealed
competitiveness index (RC) by taking the natural
log of the RXA and RMA indices as follows:
RCij = ln RXAij – ln RMAij

(4)

The RC index is symmetric to zero and positive
values mean revealed competitiveness.
Dalum at al., (1998) also tried to solve
the asymmetric value problem of the original
Balassa-index and created the Revealed Symmetric
Comparative Advantage (RSCA) index:
(5)

RSCA = (B-1)/(B+1)

The RSCA takes values between -1 and 1,
where positive values indicate a comparative
export advantage, and values between -1 and 0,
a comparative export disadvantage. According
to Laursen (2015) RSCA is better than RCA and RC
because it can be defined even if the export is
0 in case of a product or a sector.

On product level it is observable that four products
are leading the export market shares within the EU
(Figure 1): cheese (40690, with almost one third
of the total export volume), fresh cheese
(40610, with 11%), butter (40500, with 10.7%)
and milk (40120, with 10.5%). The distribution
of the products seems to maintain a quite constant
position however, the total export volume is
showing an increasing tendency. The detailed
description of the product codes can be found
in the Appendix 1.

According to existing literature (Hinloopen
and Marrewijk, 2001; Saricoban and Kaya, 2017)
RCA indices can be classified into four different
groups to measure the strength of comparative
advantage of a given country. These four groups are
as follows (Table 1):
Classification

RCA index

Description

Group 1

0 < RCA ≤ 1

Comparative disadvantage
of given country exists.

Group 2

1 < RCA ≤ 2

Weak comparative advantage
of given country exists.

Group 3

2 < RCA ≤ 4

Medium level comparative
advantage of given country
exists.

Group 4

4 < RCA

High level comparative
advantage of given country
exists.

As to EU dairy industry imports, a lower
concentration ration can be observed (82.5 %, 77.2 %
and 80.1 %) in the three consecutive periods.
As visible on Table 4 the concentration
of import values within the top importers is more
balanced, Germany and Italy occupy the first
two places, Belgium, Netherlands, the United
Kingdom and France own similar import volumes
within the EU. VG is again obtaining a solid place
with around 6.4% import volume, as it can be seen
in Table 5.

Source: based on Hinloopen and Marrewijk, 2001
and Saricoban and Kaya, 2017
Table 1: Classification of RCA indices.

The research was performed based on the European
Union dairy trade data, downloaded from the World
Bank’s World Integrated Trade Solution (WITS)
database. Data were retrieved from the HS-6 level
for above-mentioned countries from 2000 to 2017

Regarding the export and import data of VG
countries, one can see that Poland and the Czech
Republic are net exporters, while Slovakia
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2000 - 2005

Country

EX value

2006 – 2011
%

EX value

2012 – 2017
%.

EX value

%

Germany

4 353 299

24.1 %

7 544 942

23.6 %

8 250 854

24.0 %

Netherlands

2 727 854

15.1 %

4 358 132

13.6 %

5 479 209

15.9 %

France

3 165 138

17.5 %

5 227 206

16.3 %

5 298 903

15.4 %

Belgium

1 686 882

9.3 %

2 556 782

8.0 %

2 907 799

8.4 %

Italy

836 030

4.6 %

1 636 039

5.1 %

2 233 209

6.5 %

Ireland

904 080

5.0 %

1 522 021

4.8 %

1 655 563

4.8 %

Denmark

980 409

5.4 %

1 569 584

4.9 %

1 587 249

4.6 %

Poland

287 549

1.6 %

1 164 796

3.6 %

1 388 714

4.0 %

United Kingdom

759 368

4.2 %

1 172 683

3.7 %

1 380 236

4.0 %

Austria

643 477

3.6 %

1 146 324

3.6 %

1 160 190

3.4 %

18 066 667

100.0 %

31 983 333

100.0 %

34 433 333

100.0 %

EU28 total
Concentration
(of the top 10)

90.5 %

87.2 %

91.0 %

Note: Countries are listed in decreasing order based on their 2012-2017 averages
Source: Based on own calculations on WITS (2018)
Table 2: Top 10 exporter countries of the EU between 2000 and 2017 (Export values in 1000 US$) in dairy industry.
2000 - 2005

Country

EX value

2006 – 2011

2012 – 2017

%

EX value

%.

EX value

%

Poland

287549

1.6%

1164796

3.6%

1388714

4.0%

Czech Republic

163663

0.9%

649578

2.0%

738366

2.1%

Slovakia

99599

0.6%

332085

1.0%

335814

1.0%

Hungary

35705

0.2%

166060

0.5%

244366

0.7%

586516

3.2%

2312519

7.2%

2707260

7.9%

VG total and
concentration
(of the VG)

Note: Countries are listed in decreasing order based on their 2012-2017 averages
Source: Based on own calculations on WITS (2018)
Table 3: VG countries between 2000 and 2017 (Export values in 1000 US$) in dairy industry.

Note: See detailed product codes and its descriptions in the Appendix.
Source: Own calculations based on WITS (2018) data
Figure 1. Export distribution of dairy products within EU between 2000-2017.
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Country

2000 - 2005
IM value

2006 – 2011
%

IM value

2012 – 2017
%

IM value

%

Germany

3 390 992

18.6 %

5 849 751

18.4 %

6 520 851

18.8 %

Italy

2 723 832

14.9 %

4 249 990

13.4 %

4 207 822

12.1 %

Belgium

2 156 478

11.8 %

3 171 240

10.0 %

3 605 880

10.4 %

Netherlands

1 853 440

10.1 %

2 884 482

9.1 %

3 600 988

10.4 %

United Kingdom

2 017 794

11.0 %

3 288 210

10.4 %

3 591 909

10.4 %

France

1 920 886

10.5 %

3 046 680

9.6 %

3 486 555

10.1 %

Austria

376 914

2.1 %

686 184

2.2 %

821 716

2.4 %

Poland

58 477

0.3 %

388 868

1.2 %

817 209

2.4 %

296 359

1.6 %

493 270

1.6 %

589 913

1.7 %

Denmark
Ireland
EU28 total

283 905

1.6 %

451 969

1.4 %

524 214

1.5 %

18 266 667

100.0 %

31 766 667

100.0 %

34 683 333

100.0 %

Concentration
(of the top 10)

82.5 %

77.2%

80.1 %

Note: Countries are listed in decreasing order based on their 2012-2017 averages
Source: Based on own calculations on WITS (2018)
Table 4. Top 10 importer countries of the EU between 2000 and 2017 (Import values in 1000 US$) in dairy industry.

Country

2000 - 2005

2006 – 2011

IM value

2012 – 2017

%

IM value

%.

IM value

%

Poland

287549

1.6 %

1164796

3.6 %

1388714

4.0 %

Czech Republic

163663

0.9 %

649578

2.0 %

738366

2.1 %

Slovakia

99599

0.6 %

332085

1.0 %

335814

1.0 %

Hungary

35705

0.2 %

166060

0.5 %

244366

0.7 %

586516

3.2 %

2312519

7.2%

2707260

7.9 %

VG total and
concentration
(of the VG)

Note: Countries are listed in decreasing order based on their 2012-2017 averages
Source: Based on own calculations on WITS (2018)
Table 5. VG countries between 2000 and 2017 (Import values in 1000 US$) in dairy industry.

and Hungary are rather net importers. It is also
interesting, that although the Czech Republic,
Slovakia and Hungary are similar size countries
in terms of area, GDP/capita and population,
the Czech’s export and import is almost double
of the latter two countries’ performance.

the highest revealed comparative advantages,
compared to other countries, but Belgium, Austria,
Netherlands and Poland also possess comparative
advantages. On the other side, Germany, United
Kingdom, Italy, Czech Republic, Slovak Republic
have
revealed
comparative
disadvantages,
and so has Hungary with a lowest Balassa index
(0.29) result. Comparing the VG countries,
only Poland possesses comparative advantage
within the members for the given time period.

Results and discussion
Analysis of comparative advantages
After the descriptive statistics, in this section,
the different comparative advantage indices
calculated for the selected 9+4 EU members will
be presented for the same time period comparing
their results.

Applying Hinloopen and Marrwijk’s (2001)
and Saricoban and Kaya’s (2017 classification,
in our analysis, none of the analysed countries
has a high-level comparative advantage and only
Denmark achieved a medium level comparative
advantage. Some other countries (France, Ireland,
Belgium, Austria, Netherlands and Poland) have
weak comparative advantages.

Table 6 is showing the original Balassa indices
for the selected 13 countries (top 10 EU
dairy product exporters and VG) calculated
for the period between 2000-2017. As visible
on the table, Denmark, France and Ireland have

To get a whole picture, the following indices also
have been calculated: revealed trade advantages
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Country

2000-2005

2006-2011

2012-2017

2000-2017

Germany

0.98

0.93

0.88

0.93

Netherlands

1.21

1.08

1.29

1.19

France

1.48

1.67

1.73

1.62

Belgium

1.39

1.21

1.35

1.32

Italy

0.46

0.52

0.64

0.54

Denmark

2.56

2.13

2.02

2.2

Poland

0.72

1.24

1.03

1.00

Ireland

1.25

1.54

1.43

1.41

United Kingdom

0.56

0.55

0.55

0.55

Austria

1.33

1.15

1.09

1.20

Czech Republic

0.93

0.85

0.82

0.87

Slovakia

0.82

0.80

0.56

0.72

Hungary

0.12

0.36

0.38

0.29

Source: Own calculations based on WITS (2018) data
Table 6: The original Balassa indices calculated for Top 10 EU dairy product exporters
and VG for 2000-2017.

(RTA), revealed competitiveness (RC), LnRCA
and RSCA indices. As the correlation between
the indices show, there are medium or strong
relationships between them (see Table 7),
consequently we focus mainly on the detailed
analysis of RCA.
RCA

RTA

LnRCA

RC

RCA

1

RTA

0.54

1

LnRCA

0.66

0.29

1

RC

0.58

0.61

0.85

1

RSCA

0.79

0.38

0.92

0.79

of milk and cream in solid form products, having
medium RCA results. For the rest of the countries
it is valid that a given product has a relatively high
comparative advantage (for example Belgium
and Netherlands for sweetened milk and cream,
or France and the UK for milk and cream in solid
form > 1.5%), but for the rest of the products have
a weak comparative advantage or even comparative
disadvantage.

RSCA

In case of low processed products, we can conclude
that Balassa index results are quite different
and the results are independent of the fact if a given
country pertains to Top 10 performers or Visegrad
Group. If we examine only VG, we can conclude
that Hungary has the weakest position, Slovakia
has a stronger position with several comparative
advantage results and finally Poland and the
Czech Republic have the strongest positions in the
region, having medium (in case of Poland for milk
and cream in solid forms of ≤ 1.5% fat, in case
of Czech Republic for milk and cream of > 1 %
but ≤ 6 % fat, not concentrated) or weak Balassa
index results for several product groups.

1

Source: Own calculations based on WITS (2018) data
Table 7: Correlation results of the indices.

After analysing the country level comparative
advantage of selected group of the EU members,
we have also examined the revealed comparative
advantage of the countries on a product group level
(Table 8 and 9). According to WITS database’s
HS6 level classification, 18 different dairy product
codes belong to dairy industry. The different
products have been classified into two groups based
on the level of processing (low level and high level
of processing).

Regarding highly processed dairy products,
the picture is more colourful, Table 9 is showing
the details. One outstanding result is the very
high performance of Denmark in terms of many
highly processed dairy products, especially fresh
cheese (6.75) and blue cheese (10.76). Ireland
possesses also a very high comparative advantage
(6.52) in terms of butter. Comparing the highly
processed dairy products’ results, it is visible that
from the examined countries within this sector
only the United Kingdom and Hungary have only
comparative disadvantages, all other countries

Regarding the low processed products, we
can conclude that Italy is the only country
within the examined countries, which has only
comparative disadvantage. Hungary performs also
poorly, having a weak comparative advantage in terms
of milk and cream production (= < 1 % fat and,
1 % <, but = < 6 % fat products), in contrast,
Austria have high (RCA=5.36) and medium (2.66)
comparative advantage in terms of both products.
Ireland is also performing similarly in terms
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Milk and
cream
of >1% but
=<6% fat,
not conc.

Milk and
cream
of >6%
fat,
not conc.

Milk and
cream in
solid forms
of=<1.5%
fat

Milk and
cream
in solid
forms
of>1.5%
fat, uns

Milk and
cream
in solid
forms
of>1.5%
fat, swe

Concentrated
milk
and cream, uns

Sweetened
milk
and cream

Country

RCA

Milk and
cream
of =<1%
fat,
not conc.

Germany

0.93

1.08

1.26

0.87

1.36

0.80

0.23

1.60

0.54

Netherlands

1.19

0.70

0.74

1.43

0.85

1.08

0.60

1.90

3.00

France

1.62

1.47

1.09

1.14

1.42

1.80

3.03

1.34

0.33

Belgium

1.32

1.68

1.33

1.60

1.18

1.50

0.49

1.12

4.18

Italy

0.54

0.06

0.02

0.09

0.12

0.04

0.03

0.05

0.07

Denmark

2.24

0.51

1.27

1.04

1.06

1.50

2.23

0.48

0.16

Poland

1.00

0.40

0.67

1.90

2.64

1.39

1.40

0.49

0.30

Ireland

1.41

0.56

0.48

0.25

2.13

3.80

0.88

0.01

0.12

United
Kingdom

0.55

0.13

0.66

1.07

0.44

0.49

3.22

0.33

0.15

Austria

1.20

5.37

2.66

0.96

0.26

1.04

0.64

0.07

0.15

Czech
Republic

0.87

0.63

2.12

0.71

1.80

2.26

1.24

0.44

1.22

Slovakia

0.72

1.24

1.61

1.06

0.87

1.00

0.08

0.02

1.22

Hungary

0.29

1.63

1.30

0.16

0.12

0.13

0.04

0.00

0.01

Source: Own calculations based on WITS (2018) data
Table 8: The original Balassa indices calculated for low processed dairy products for EU Top10 and VG, for 2000-2017.

Whey &
modified
whey,
concentrated
or not

Products
consisting
of natural
milk
constituent

Butter
& other
fats and
oils
derived
from
milk

Fresh
(unripened
or
uncured)
cheese

Grated or
powdered
cheese

Processed
cheese,
not
grated or
powdered

Blueveined
cheese

Cheese,
n.e.s.

Country

RCA

Yogurt

Buttermilk,
curdled
milk and
cream

Germany

0.93

1.31

1.08

1.17

1.24

0.47

1.12

0.25

0.94

0.65

0.77

Netherlands

1.19

0.09

0.47

1.32

0.98

2.26

0.17

2.80

0.16

0.16

2.64

France

1.62

2.28

2.01

1.69

2.28

0.69

1.61

1.54

1.75

2.07

1.66

Belgium

1.32

0.69

2.94

0.35

0.43

1.91

0.39

0.78

2.52

0.15

0.45

Italy

0.54

0.04

0.07

0.72

0.41

0.17

1.42

2.70

0.17

2.79

0.78

Denmark

2.24

0.52

0.31

0.28

3.21

2.98

6.75

3.86

0.61

10.76

2.72

Poland

1.00

0.86

1.67

1.33

0.68

0.95

0.98

0.14

1.32

0.10

0.73

Ireland

1.41

0.52

0.44

2.47

1.52

6.52

0.51

0.82

2.40

0.05

1.84

United
Kingdom

0.55

0.34

0.21

0.49

0.17

0.50

0.55

0.12

0.71

0.19

0.20

Austria

1.20

3.64

0.54

1.37

0.64

0.16

0.78

0.26

1.97

0.11

0.92

Czech
Republic

0.87

1.24

0.46

1.01

0.35

0.61

0.49

0.04

0.29

0.23

0.35

Slovakia

0.72

0.94

0.48

0.36

0.23

0.29

0.86

0.03

1.31

0.39

0.50

Hungary

0.29

0.15

0.21

0.27

0.45

0.04

0.08

0.01

0.48

0.00

0.08

Source: Own calculations based on WITS (2018) data
Table 9: The original Balassa indices calculated for highly processed dairy products for EU Top 10 and VG, for 2000-2017.

have at least one product where the country
has the highest comparative advantage result.
The other three VG countries (Poland, Czech
Republic and Slovakia) are also performing
modestly having only 3-2-1 weak comparative
advantages in case of highly processed dairy
products respectively.

It is also visible that for given product types only
a few countries have relatively high comparative
advantages (for example sweetened milk and cream,
blue cheese or butter), but for the performance
for rest of the countries is showing comparative
disadvantage.
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Discussion

ownership do not impede export success. However,
in Slovakia and Hungary the dominance of foreignowned milk production and processing, the more
concentrated industry and the FDI flowed
into the sector during the transition period do not
result in export success. The geographically close,
big markets (e.g. Germany) are advantageous
for the Polish and Czech dairy producers, as it can
be seen in their export volume.

The comparative advantages of the European
Union and the Visegrad Group have revealed a
number of important phenomena already discussed
in the literature.
The European Union supplies one-quarter
of the world's dairy production and adds 30 %
of its commercial growth, mainly with highly
processed products (cheese, milk powder, butter).
Behind this, the main competitors have been able
to increase their production to a greater extent,
so European countries are entering the market
with highly processed products. In addition,
they can devote significant resources to product
innovation and technology development (Tacken
et al., 2009; Lemoine, 2016; Jansik et al., 2014).
A significant part of EU dairy production is realized
in Germany and in the Baltic Sea countries,
with a production volume of 37.4 %, and 31.4 %
of sales in 2012 (Jansik et al., 2014). 42 %
to 43 % of the world's cheese production is linked
to the European Union, which is the market
leader in the world, as it was proved by the strong
comparative advantage indices in Denmark, Italy
and the Netherlands. The share of EU products
in other segments is declining due to the dynamically
growing dairy production in developing countries
(Tacken et al., 2009). The ending of the milk
quota system favoured the more competitive
countries because they could export their surplus
on a good price. In VG countries the elimination
of milk quotas together with the Russian embargo
and the cheap import products, resulted in price
drop and decreasing competitiveness (Zdráhal
et al. 2016; Hanisch et al. 2013). In contrast, Polish
dairy sector was able to develop the technology
and increase the milk production per animal
as well as its effectiveness. The results of analyses
based on statistical data are also consistent
with the literature.

To be able to save or improve market positions,
VG countries need to develop their competitiveness
and join forces (Zdráhal et al., 2018). It might
worth to study and benchmark such success stories
like those of the Baltic countries which were able
to build up comparative advantages, as well as make
deep market analyses to understand the specialities,
needs and customer expectation of VG region.

Conclusions
In order to ensure the stable development
of milk processing in the coming years and to serve
the higher growth in developing countries, dairy
companies should be prepared to increase their
capacities. Increasing customer expectations
on the market also mean that products are highly
processed, and our results show that highly
processed products are key to competitiveness.
The study can be concluded with a number of useful,
forward-looking, thought-provoking conclusions.
On the one hand, when examining the export
of milk and dairy products in the European Union,
it was found that large quantities of milk production
did not clearly lead to the export market success
of the country concerned. Germany, France
and the United Kingdom have been identified
as the largest milk producing countries in the EU,
but Denmark, Ireland and France have been the most
successful in exports, based on the Balassa index
calculations. Even more surprisingly, large dairy
countries do not have a really strong comparative
advantage in the export of dairy products,
only either weak or medium. On the other hand,
we have discovered that some countries have a really
strong, dominant competitive advantage for highly
processed products, which confirms the literature's
view that the industry is developing towards
these products, which can be the key of success
in international trade. Thirdly, we have shown
that there are not any strong, dominant country
in the export of low-processed dairy products, such
as, for example in the case of highly processed
products (Denmark - blue cheese, fresh cheese;
Ireland - butter). This suggests that countries

Jansik et al., (2014) and Viira et al. (2015)
identified industry structure, the number, size
and geographical distribution of competitors,
the level of ownership structure and the cost
of production resources as main determinants
of competitiveness in the dairy sector.
The examples of France, Germany and Poland prove
that strong internal demand for the dairy products
can be a basis of export success. Poland, however
contradicts the above-mentioned competitiveness
factors: its dairy sector is fragmented, 95 %
of milk is produced in family farms, concentration
is low, while technology is developing. In Poland’s
case, low level of concentration and fragmented
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specialize for the production of a product which
is then admitted by the market. For the Visegrad
Group, which is able to make a small contribution
to European milk production and exports (except
Poland), this pattern can be followed. In this
context, we can outline further research directions
in which we plan to continue our research
activities. One direction can be the identification
of products which on comparative advantage could
be built in the different VG countries. Another
direction could be the discovery of the possibilities
of digital technologies in increasing production
and processing efficiency.

destination might not match. The second limitation
of the research is that cleaning of the database could
cause the loss of useful information. The third
limitation is that the calculated competitiveness
indices are sensitive to zero and extreme values.
The fourth limitation is that due to correlation results
of the calculated indices and extent of the paper we
focus on the analysis of the original Balassa index.
In spite of all these limitations, a useful analysis has
been carried out with meaningful results.
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Appendix
Product code

Descriptions

40110

Milk and cream of =<1% fat, not concentrated

40120

Milk and cream of >1% but =<6% fat, not concentrated

40130

Milk and cream of >6% fat, not concentrated

40210

Milk and cream in solid forms of =<1.5% fat

40221

Milk and cream in solid forms of>1.5% fat, unsweetened

40229

Milk and cream in solid forms of>1.5% fat, sweetened

40291

Concentrated milk and cream, unsweetened

40299

Sweetened milk and cream (excl. in solid form)

40310

Yogurt

40390

Buttermilk, curdled milk and cream

40410

Whey & modified whey concentrated or not

40490

Products consisting of natural milk constituent

40500

Butter & other fats and oils derived from milk

40610

Fresh (unripened or uncured) cheese

40620

Grated or powdered cheese

40630

Processed cheese not grated or powdered

40640

Blue-veined cheese

40690

Cheese (not elsewhere specified)
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Abstract
The paper focuses on the analysis of the applicability of usability and UX methods in the development
of applications intended for use in the agrarian sector. In addition to an overview of methods and approaches
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Introduction

from ordering coffee to consumption to exiting
the establishment leaves a pleasant feeling
in the customer (Pauls, 2013). A bad user experience
can be associated with unpleasant and unnecessary
bureaucracy and inconvenient processes when
visiting the office. In a similar way, a user can
take away any user experience, for example
from a software product, whether positive, when
the product does exactly what the user expects
without unnecessary hurdles and intuitively helps
him achieve the goal (Ceccacci and Giraldi,
2016). Or, on the contrary, an application can be
remembered due to its painful logic even years
after its last use. In all these cases we can talk
about user experience. However, in order to be
able to effectively monitor, measure and effectively
apply this information to product development
and subsequent iterations, many specialized
disciplines are required. It is these different
disciplines that are covered by one overarching
term, called UX (Sivaji, et al., 2016).

User Experience
User Experience (UX) is a phenomenon currently
emerging in connection with any product intended
for consumption and control by users (Hassenzahl
and Tractinsky, 2006). The term UX and its use
does not have a long history, but the true core
of this new scientific discipline dates back
to times when there were no computers, let alone
the sophisticated software products that UX is
currently dealing with (Getto, et al., 2013). Now,
this term is primarily related to the optimization
of application development, specifically their
user interface (Saavedra, et al., 2019). Thanks
to this connection, UX now stands for application
development, which greatly limits the domain of this
industry. At the core, UX deals with everything that
somehow affects users during product interaction,
especially at the emotional level (Kuusinen,
et al., 2012). It does not have to be just a software
product interface. For example, a coffee shop may
also have a good UX where the entire process

Basically, UX combines the fields of information
architecture, psychology, analytics, design,
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Usability and UX in agriculture

and testing (Rosenberg, 2018). Variable aspects
of these disciplines are utilized across the UX
process cycle, which has the most general form
of discovery - identifying needs, facts and additional
information, followed by a design process using
various design methods, completing the process
with testing of created designs and validating
hypotheses. This process is repeated in iterations
until an ideal result is obtained as a seamlessly
usable product (Hartson and Pyla, 2012). The UX
process is shown in Figure 1.

In recent years, the usability of products as well
as the focus of companies on UX has greatly
improved and this trend of adaptation to product
quality and usability has been increasing (Šimek,
et al., 2015). The evolution of interest over ten
years is shown in Figure 2. However, agriculture
and agricultural software products, in particular,
are still lagging behind in terms of usability
and quality compared to other specialized products,
mainly due to the lack of acceptance of modern SW
and UX developments the industry (Ranasinghe,
et al., 2019).
In order to satisfy the high interest in UX, it is
necessary to define various methodologies, which
will help to anchor UX and allow for the associated
higher product quality. As already illustrated
in Figure 1, the UX process has many phases, with
a plethora of methods applicable in each phase.
The list below captures the commonly used method
groups including both old and modern methods:

Source: theblog.adobe.com
Figure1: UX process.

Usability

--

One of the building blocks of UX is usability,
which is often confused with UX. However,
the fact remains that usability is only one aspect
of UX (Tullis and Albert, 2013). Usability describes
how well, intuitively the product can be used, while
usability also monitors how the product interaction
side meets the standards and requirements
of disabled users (Finstad, 2010) (Pétrie and Bevan,
2009). The overall rememberability and teachability
of the interface is also strongly influenced
by the overall usability of the product (Rusu, et al.,
2015).

--

--

Questionnaire surveys. The fastest, cheapest,
and the most convenient way to receive
feedback. In the agricultural sector, due
to the geographical size of the user group, this
method is very suitable for the initialization
of development bases (Hinderks, et al., 2019).
Deep-dive interviews. A method that relies
heavily on psychology. The main task is not
to test but to identify the needs of the user
that are not obvious at first sight (Wilson,
2014).
Laboratory testing. Specific application
test data is best obtained from laboratory

Source: Authors @ GoogleTrends
Figure 2: Development of UX and usability interest between 2009-2019.
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--

testing. The laboratory alternative is
an adequately equipped PC. From this kind
of testing, data is obtained primarily through
eye movement, eye and click heatmap, user's
facial expressions and different biometric
indicators (Wittenberg, et al., 2019).
Design Systems. A method of creating AI
that excels in achieving perfect consistency
of the user interface and thus strongly
supports the usability of the whole product
(Churchill, 2019).

--

These technologies lead to an ideal usability
scenario. Thus, to an interface that the user is not
even aware of, the interface intuitively transmits
value to it in the form of readily available relevant
information. Testing of these devices relies heavily
on monitoring eye movement and gyroscopic
movement indicators of the user (Barricelli, et al.,
2018).

Materials and methods

Poor product usability in agriculture often results
in confusing information for businesses, inefficient
production, and resource management, and finally,
a strong negative financial impact (Hussein, et al.,
2014). Smaller firms of any kind are also facing
this problem. These problems are greatly reduced
thanks to newly applied methods and procedures
that support UX adaptation and the associated
higher product quality. Moreover, by keeping UX
application costs low and usable, they make them
more accessible and, above all, better graspable
(Kujala, et al., 2011). UX in agriculture currently
works well, for example, with physical controls
and instruments (Trivelli, et al., 2019). However,
agricultural software solutions lack UX. This
is mainly due to the very narrow focus of this
direction, the target user group and the resources
allocated to the development of these products
(Witteveen, et al., 2017). For example, automation
of development processes or open and accessible
libraries containing ready-made components
and proven solutions to problematic aspects
of agricultural system AIs can help improve this
situation. One option could be to create an agrarian
design system.

The article focuses on the analysis of methods
and procedures in the field of using UX
for the development of agrarian sector SW products
and relies heavily on existing long-term research
of the Department of Information Technologies
of the CULS Prague in areas of testing, automation
and creation of usability support systems. The aim
of this article is to identify appropriate methods,
describe the prerequisites for the creation
of a high quality UX product page, and also
to define a methodology that would allow the rapid
and efficient deployment of UX and SW usability
as a common part of agricultural solutions.
Consequently, the agricultural sector could also
reach the level of others in application usability,
and it would be possible to develop application
interfaces in a cost-effective and high-quality
environment in any farm size environment.
The article builds upon the knowledge obtained
from scientific literature and the study
of behavioural patterns of the agrarian user
base. Furthermore, the methods of user needs
determination and rapid verification of hypotheses
were used. The article serves as an introductory
study for the future methodology of creating
an agrarian design system.

Development possibilities for usability and UX
in agriculture
In addition to conventional applications,
the agricultural sector can also benefit
from virtual and augmented reality technologies.
Cases where an agricultural worker can receive
relevant information in real time through smart
glasses allow for new applications and with them
new challenges in the usability testing
and development of these solutions (Huuskonen
and Oksanen, 2018).

The research analysed data from the following
methods and procedures:
----

--

Methods
of
testing
the
usability
of applications focusing on agriculture
Demographic investigation of behaviour
and requirements
Concept and creation of design systems

Usability testing

Prominent areas of augmented reality in agriculture:
--

Virtual tours without the use of physical
agricultural equipment

As part of the long-term research activity of DIT
in the creation of various agrarian applications,
the target group was presented with various
scenarios and versions of agrarian-oriented portals
with different levels of usability. This means

Field monitoring and detection of pests and
insects
Soil analysis, recommendation of specific
crops for specific parts of the field
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that users have interacted with portals that have
notoriously poor usability, as well as with portals
that have been rated as very good in the past. During
the interactions and completion of the scenario's
steps, several reaction indicators were recorded:
----

----

possibility of designing a system and its application
within the model interface of a generic application
is also examined in this article.
Demographic investigation
and requirements

Eye tracking
Heatmaps
Monitoring of emotions and facial
expressions (worse readability, frowning
etc.)
Mouse movement
Heart rate
Reaction speed

of

behaviour

In order to effectively evaluate and prepare
a quality usability page, it is crucial to know the
basic structure of the target user group. Selected
statistics and demographic indicators were
analysed. It is well known that older populations
approach software products differently and have
specific requirements.

Results and discussion

Thanks to this research it was possible to evaluate
the hypotheses of usability in the agrarian sector,
as well as to calibrate the methods used and to
modify them to suit the sector.

Ensuring usability standards
In the case of applications for the agrarian sector,
the target group of users is primarily agricultural
workers. In order to get a basic overview,
a demographic map can be used to identify
which kinds of users need to focus primarily
on in the next stages. Figure 3 shows
the
demographics
of
agrarian
workers
with an outline of development in time.

Concept and creation of design systems
Knowledge of the specifics of agrarian sector
users together with the described procedures can
be used to develop a design system that, thanks
to proven concepts, allows to create UI of agrarian
software products without the need for dedicated
research and design teams. With the future
potential of automated front-end page compositions
and rough sketch coding, the components of the final
system design can be built into an interactive
and immediately usable part of the product. This

Men over the age of 50 have the largest
representation in the target group. This finding
lays the foundations for the next phase, which
is identifying the specifics and patterns of this
group. The specific requirements of older users

Source: Statistics Canada, Census of Agriculture
Figure 3: Distribution of workers in agriculture based on age and gender.
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in terms of application usability are the contrast
of interface elements, the size and readability
of the elements, the clarity of actions,
and compatibility with web usability assistants.
The availability and knowledge of technologies is
also specific within this user group. Most of these
users use technology primarily for office purposes
and advanced information technology knowledge
is average to below average (Vaněk, et al., 2016).
Moreover, the places where these users are located
often have a worse and slower Internet connection,
which must be considered when optimizing
applications while adapting remote testing
capabilities (Vaněk, et al., 2009).

of agrarian applications. The knowledge obtained
served as a basic building block for the next phases
of research.
Remote usability testing
A method that made it possible to collect very
important information through specific scenarios
and application interactions. Because the method is
based on two-way video transmission, the demands
on the Internet connection and the performance
of the device was higher than the questionnaire.
The average time consumption per user in this case
was 30-40 minutes, which is a noticeable difference
compared to 5 minutes for the questionnaire.
For this reason, only 70% of the addressed users
were willing to undergo this testing method.
The benefits were very high, as users were able
to comment on their feelings and frustrations
in interaction as they went through specific
situations. In addition to the classic scenario,
a 5-second test, a first-click test and a blank test
were also included in this kind of testing.

Evaluation of methods suitable for agriculture
All the above requirements must be considered
when designing the UX testing procedure and then
selecting the method for product creation. Table 1
shows a list of selected research methods suitable
for testing the needs of users of agrarian applications,
including the degree of their acceptance
and the benefits of the findings.
Level
of acceptance

Benefit
of results

Questionnaire Surveys

90%

6/10

Remote usability testing

70%

8/10

Deepdive interviews

55%

7/10

Laboratory usability testing

35%

9/10

Method

Deep-dive interviews
Usability testing was complemented by deep-dive
interviews that helped identify the inner
motivations of this user group and other hidden
contexts and problems related to interactions within
the agrarian sector. Like remote usability testing,
this method was more time-consuming, and it could
be annoying to certain users due to more detailed
questions. Nevertheless, thanks to 55% attendance,
this method brought very valuable insights
into the daily routines and problems of the agrarian
target group.

Source: Authors
Table 1: Selected UX research methods for agriculture.

The first column of Table 1 contains selected
methods that were evaluated as the most suitable
and are further evaluated against each other.
The second column of the table describes
the acceptance rate of the individual methods,
i.e. how many surveyed users are willing
to undertake research using this method. The last
column with the benefit values declares a score
indicating how much the results obtained
by the method are beneficial for design, iteration,
and overall development with respect to the time
costs associated with the method.

Laboratory usability testing
The least accepted but most beneficial method.
Because this method requires the physical
presence of the user in a special laboratory and
the time-consuming logistics of getting multiple
users involved, the willingness to undergo this
method is only 35%. KIT research shows that this
is significantly lower than other groups (such
as office workers). The benefit of this testing was
by far the biggest, because the special technique was
used to capture detailed properties of interactions
compared to remote testing. This included eye
movement, positioning and visual elements through
nonverbal reactions.

Questionnaire surveys
Among the users the most accepted method
of information discovery. Thanks to its low
time-consumption and resources required, this
method suited all users. Since there is no need
for a powerful device, fast internet or physical
presence, 90% of the addressed users participated
in this research. The benefit of this method
was mainly to identify surface needs, problems
and specifics from situations associated with the use

Based on these values, it was possible to determine
which elements and in what form best suited
to users in different scenarios. The testing also
revealed the expected composition of generic
information structures, interactions, and the overall
nature of interface semantics. All this information is
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by default used to design the application interface
and iterate to reach the final form. However,
in order to facilitate and accelerate the creation
of agrarian applications, it might also be necessary
to create an agricultural design system that will
ensure the required level of usability.

on user research and together they form a harmonious
tool for creating usable agrarian applications.
Composition of model application using Design
system
From the synthesized design of the system
it is possible to create the user interface
of the application, which should have smooth
usability. Since in addition to the components,
the system also includes location recommendations
and ways of using individual elements, initial user
research is not necessary. To illustrate efficiency,
a second version of the application was created
using a standard process. The new version uses
the generic design system. Figure 5 shows
a comparison of the time required for each stage
of development using a standard procedure
and development using a proposed agrarian design
system.

Concept of possible design system solution
One of the main parts of the design system are
UI components, which are enriched in the design
system by other aspects such as recommendations
for use and taxonomy, colour combinations,
behaviour and more. The architecture of the system
design is shown in Figure 4.
The proposed UX agrarian design system has
the following structure:
--

--

--

Visual layer. Basic description of typography,
recommended contrasts, offset, colour
combinations and their place of usage. This
site is variable to be easily customizable
for the brand and needs of individual entities.
Component Library. It contains finished
interface elements in both visual and code
form. These include tables, navigation bars,
tabs, buttons, and more. These elements
can be used to create the structure of any
application and visualize the architecture
depending on given brand.
Additional rules. For example, taxonomy
and other information about when and where
it is appropriate to use what elements. What
to avoid and in which cases to give preference
to a certain component.

Source: Authors
Figure 5: Time resources by development phases.

The table shows noticeable differences in time
demands of individual phases. Because the system

All this information in the created system is based

Source: Authors
Figure 4: Agricultural Design System Architecture.
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design is based on the lessons learned from verifying
usability hypotheses, there is no need to spend any
time in the phases associated with testing and initial
conception. Thanks to the finished components,
the implementation phases of the design system
process are also significantly shorter. In this
case, the most demanding is the composition
of the interface and the coding of the additional
functions. Subsequent adjustments such as interface
colouring are very fast due to usage of variables.
In the traditional procedure, the components must
first be drawn and coded from scratch. Creating
a model interface using a design system took
less than 8 hours, while the traditional process
took almost 60 hours. The application of this
procedure can therefore, thanks to its low resource
requirements, help to develop more and better
usable applications for the agrarian sector.

interfaces with very good UX very effectively.
The strong point is that this system can be used
by anyone without the necessary expertise
in the field of usability and UX. The combination
of
time
efficiency,
ease
of
grasping,
and the foundations of proven hypotheses make
this tool a force that has the potential to stir
the applicability of agrarian sector applications
in the right direction.
The potential future combination of this
agrarian design system together with the
automated composition of UI interfaces could be
a breakthrough in creating not only interfaces
of agrarian applications. The detailed impact
on the perceived quality of usability of the interfaces
created this way, together with the economic
implications in more complex scenarios, will be
the subject of future research. The main benefit
should be to simplify the creation of agrarian
applications in any environment while achieving
high usability and quality.

Conclusion
Research has shown that the most suitable methods
for testing UX and usability in the agrarian sector
are questionnaire survey, remote usability testing,
deep-dive interviews, and laboratory usability
testing. Using these methods, it is possible not
only to create good quality agrarian applications,
but also to build the foundations of an agrarian
design system, which in the future has the potential
to elevate the development of these applications
to a higher level. Mainly thanks to the potential
of system design based on the usability standards
of the agrarian sector, it is possible to create user
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Abstract
The paper deals with using commercial WiFi solutions that provide wireless connection to computer networks
to monitor the movement of devices within that network. Current technologies, in particular in the IoT area,
make it possible to place a battery sensory device on individual objects used on the farm. These sensors,
in addition to their primary ability to provide connectivity, can also be used to monitor the movement
of the devices they are attached to. Indirectly, it is therefore possible to monitor the movement of objects,
people and animals that are associated with this WiFi or Bluetooth device. An example could be the monitoring
of the feed wagon's movement on the farm, while obtaining information about the actual amount of cargo.
This allows for optimizing logistics operations or track the movement of employees with fitness bracelets.
The aim of the paper is to verify the possibilities of currently available commercial wifi systems and their use
for monitoring movement on the farm.
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Introduction

or still in development need to be categorized based
on their usage, type, internet connection, place
of implementation etc. One of the important
places of usage is agrarian sector and countryside
in general. It belongs to one of the more “traditional”
areas of IoT implementation, but there is still a lot
of room for further development (Stočes et al.,
2016).

Farms are increasingly starting to build
a communication infrastructure for wireless
Internet access (WiFi). This paper acknowledges
that fact and tries to find further possible uses
for such networks and determine potential
negative implications resulting from building
these networks. For example, farmers can ensure
better monitoring of the environment by using
IoT sensors, offering better tools for employee
collaboration, or helping to save lives and property.
Mainly thanks to localization and monitoring
of movement of specific objects, assuming that
the objects in question are tied to a specific WiFi
or Bluetooth device.

Underground mine locomotive monitoring
and tracking management system expands mining
rail net existing capacity, to increase traffic
density of mining locomotive, real-time provide
the position information, avoid traffic accidents
and greatly enhance the transportation safety
and production efficiency (Song and Liu, 2011).
Experimental results show that location system has
accuracy about of 96% within 2.5 metres. However,
this is only when three access point are available
for establishing the position; in other cases,
the accuracy is reduced. It is possible to combine
the triangulation method with probability
distributions of received signal strength to improve
these results as shown by (Sanchez et al., 2006).

One of the core technologies for disaster
management is the indoor positioning system, which
can help rescue more people and prevent property
loss due to the accurate and rapid localization
of people and assets at the beginning of a disaster
(Li et al., 2019; Kola-Bezka et al., 2016).
Internet of Things (IoT) issues are increasingly more
important and experience dramatic development
in many areas. Such development brings many new
technological innovations as well as generates new
problems. Vast quantities of IoT devices in use

(Vasisht et al., 2016) presents Chronos, a system
that measures sub-nanosecond time-of-flight
on commercial WiFi radios. Chronos uses these
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measurements to enable WiFi device-to-device
positioning at state-of-the-art accuracy, without
support of additional WiFi infrastructure
or non-WiFi sensors. By doing so, Chronos opens
up WiFi-based positioning to new applications
where additional infrastructure and sensors may be
unavailable or inaccessible, e.g., geo-fencing, home
occupancy measurements, finding lost devices,
maintaining robotic formations, etc.

Algorithms based on matching and signal-to
distance functions are unable to capture the myriad
of effects on signal propagation in an indoor
environment. While many of the algorithms can
explore the space of this uncertainty in useful
ways, e.g., by returning likely areas and rooms,
they cannot provide precise position. Still,
the localization accuracy is significant and useful,
as showed when mapping the objects into rooms
(Elnahrawy et al., 2004).

Most authors are more concerned with the issue
from the perspective of the technological
possibilities, and most solutions presented use
proprietary systems, for example (Longo et al.,
2019; Jermolajeva et al., 2017; Zelazny, 2017).
While the aim of this article is to verify the
possibilities of currently available commercial
systems, or to compare them with each other.

2. Fingerprinting
A different technique for localization called
fingerprinting uses in-advance mapped properties
of the environment for position estimation.
For example, the received signal strength
of a WLAN signal is measured at as many different
locations as possible within the target area. This
information is saved including its spatial mapping.
A sensor that wants to locate itself measures its
current signal strength pattern and compares it
to the pre-generated signal map. The closest match
in the map is then assumed as the actual position.

Materials and methods
The following principles, methods and technologies
were used in the research at the Faculty
of Economics and Management at Czech University
of Life Sciences Prague. We focused on methods
of monitoring the movement of logistic elements
within the farm using commercial solutions
for management of WiFi networks.

The disadvantage of this method is the high
initial effort that is caused by the mapping
of the attributes of the environment. Consequently,
this technique is not suited for unknown sites as there
is no information available on the property used
for the pattern matching. For this reason,
fingerprinting does not comply to the requirements
for the intended use case in mission-critical
scenarios, because it requires a site-specific training
and doesn’t provide consistent results when
structural changes happen in the environment.
Tracking systems that use this technique can
therefore be excluded from further consideration
for the use in mission critical networking (Fuchs
et al., 2011). However, combining fingerprinting
methods with RSSI using machine learning
AI (artificial intelligence) has the potential to yield
good results.

1. Signal attenuation (RSSI method)
RSSI was considered as a metric in most
of the distance measurement algorithms. Even
though the ineffectiveness of RSSI is mentioned
in the literature, not many attempts were made
to implement it in a practical environment
and verify it. (Elnahrawy et al., 2004; Parameswaran
et al., 2009) have explored the idea of using RSSI
in localization algorithms conducted in indoor
environments and determined that more complex
models and algorithms are required to improve
accuracy of RSSI based methods when used
indoors.
The advantage of using the signal attenuation
is that no specialized hardware is required
as the transmitter module measures the signal
strength anyway. Imprecision in the distance
estimation can occur though, caused by signal
attenuation that is introduced by obstacles
or reflections. This raises a major problem
for indoor environments, where no simple signal
propagation model can be applied unlike in a free
space environment. For this reason, in indoor
setups the signal attenuation is usually only used
as an attribute for the subsequently described
fingerprinting technique where the signal strength
is measured in advance at different locations
of the site (Fuchs et al., 2011).

Given our large training sets, it is unlikely that
additional sampling will increase accuracy. Adding
additional hardware and altering the model are
the only alternatives. For example, ray-tracing
models that account for walls and other obstacles
have been employed. Pursuing the modelling
strategy, however, we are left with a trade-off
in model complexity vs. accuracy, and such
questions are not easily answered. For example,
it is unclear if building models at the level of detail
where one must model all items impacting signal
propagation (walls, large bookshelves, etc.) would
be worth the improvements in localization accuracy
(Elnahrawy et al., 2004; Schaubach et al., 1992).
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Some of these localization methods are now used
in commercially available solutions. With regards
to the availability of technologies, two
representatives from traditional manufacturers
with long-term experience in the field were chosen
for the purposes of our research.

and deep domain experience. The result is
a consistent, reliable, and timely flow of information
about the RF environment, that helps IT work
smarter to deliver an optimal WiFi experience,
despite increasing demands and the complexity that
a growing network often brings. Presence Analytics
offers a value added service for Instant AP based
networks to get an insight into user presence
and loyalty. The Presence Analytics dashboard
allows you to view the presence of users
at a specific site and the frequency of user visits
at a given location or site. Using this data, you
can make business decisions to improve customer
engagement (HPE-Aruba, 2019).

3. Cisco Meraki
In the Meraki architecture, there is only one
hardware component: the access points. All control,
configuration,
optimization,
and
mobility
controls are centralized and delivered as service
by the Meraki Cloud Controller (MCC)
from Meraki’s data centres. By eliminating separate
controllers, and moving intelligence into the cloud,
hosted wireless LANs reduce deployment time
and complexity while enabling multi-site, scalable
wireless LANs. In this configuration administrator
logs into the controller system through web browser
and provide access to wireless network of his
account. All management is done remotely through
a Web browser. The bottleneck due to centralized
approach is avoided in case of Meraki Cloud
Controller. Meraki’s cloud-based architecture
provides significant advantages over legacy
hardware-based solutions. This configuration
provides opportunity for cost reduction for WLAN
management (Dalvi et al., 2011).

5. WiFi client
The IoT device associated with a particular logistics
element can be any electronics that is using WiFi
or Bluetooth technology. Representatives of these
technologies were chosen for the experiment:
Bluetooth beacon EMBC01 (Subhan et al.,
2019) (Figure 1) and the development module
ESP-8266 (IEEE Electron Devices Society et al.,
2019) (Figure 2).

Cisco Meraki Access Points generate a presence
signature from any WiFi-enabled device
by detecting probe requests and 802.11 data
frames from any device that is associated
to the network. WiFi devices typically emit
a probe request at regular intervals based
on the device state. Smartphones send probe requests
to discover surrounding wireless networks, so that
they can make the networks available to the user.
Meraki cloud aggregates raw client location data
reported and provides a real-time estimate
on the location of WiFi (associated and nonassociated) and Bluetooth Low Energy (BLE)
devices in real-time. The Scanning API delivers
this data to your real-time location application,
data warehouse, or business intelligence systems
(Cisco Meraki, 2018).

Source: own processing
Figure 1: EMBC01.

4. Aruba central
Aruba Central is a unified cloud-based network
operations, assurance and security platform
that simplifies the deployment, management,
and optimization of wireless, wired and WAN
environments. With continuous monitoring,
AI-based analytics provide real-time visibility
and insight into what is happening in the WiFi
network. The insights utilize machine learning
that leverage a growing pool of network data,

Source: own processing
Figure 2: ESP-8266.
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6. Experimental method

For the basic function of the ESP-8266 module,
it was necessary to load the appropriate firmware
into the processor. The following program
(ESP8266 Community Forum, 2019) (Figure 3)
was used:

The aim of the experiment is to verify the ability
of WiFi systems to provide positional information
even under restricted entry conditions. First,
the layout of the AP was proposed. With respect
to the floor plan in which the experiment was carried
out and in combination with the limited possibility
of connection to LAN infrastructure. The space
selected and the limited number of APs did not
allow optimal conditions to be achieved. The loadbearing parts of the building are made of reinforced
concrete construction, the partitions separating
individual rooms are built of burnt bricks.
The experiment focused only on associated devices.
Two ESP8266 modules with WiFi were selected
for the experiment. Within one measurement,
the devices were always placed at a predefined
location and subsequently a positional information
query was sent. This measurement was repeated
four times. This resulted in a sample of eight testing
positions.
For the experiment, space was selected in only one
part of the floor with the layout shown in Figure 4.
The drawing is completed with coordinate rulers,
the origin of the coordinate system is the upper left
corner of the drawing of the entire floor. The APs
were deployed according to Table 1.

Source: own processing
Figure 3: ESP-8266 source code.

Source: own processing
Figure 4: Test building plan.
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AP
position

AP1

AP2

AP3

AP4

X [m]

29.92

50.07

44.77

36.20

Y [m]

21.00

10.61

21.64

7.79

obtained externally. External data can be used
from public open data databases or purchased
(Stočes et al., 2018).
An example of reading data from Aruba Central
using the GET API is shown in Figure 5.

Source: own processing
Table 1: AP deployment coordinates

Results and discussion
Based on the experience gained in the experiment,
we provide a comparison of HPE and CISCO
systems in terms of quality parameters. Four
operating parameters were chosen as criteria
for evaluation of WiFi solution, considering
(Perez-Castillo et al., 2018):
1. Security
From the security point of view, the solutions are
very similar. The factor most significantly affecting
security is the technological solution, where
the configuration of the AP is carried out through
the cloud platform, so any compromise of this
platform can endanger the networks themselves.
Both external access solutions provide a secure
API.

Source: own processing
Figure 5: Aruba Central API.

The result of this experiment aimed at verifying
the possibility of using commercially available
APs to monitor the movement of the WiFi client is
shown in Table 2. It shows the different locations
of the WiFi client (blue and red dots in the plan)
versus to which APs were associated.

The security of WiFi technology itself and its
physical effect in the 2.4GHz band was for example
elaborated by (Fernández et al., 2019).
2. Usability
Cisco Meraki is more usable, especially due
to the complexity of the offered solution that works
better with individual clients' location, providing
approximate location information in the form
of a geographic coordinate with a sufficient number
of APs. The second solution is only able to provide
information about presence / absence of an object.

Device

Position

Blue point

Red point

3. Sustainability
The sustainability of both solutions is very
good, thanks to the cloud centralized message.
In addition, Meraki's solution offers a better
graphical representation of the location of each
AP in the form of a map. And both the web portal
and the API offer more configuration options.

A

B

C

D

Meraki AP
Presence info

AP1

AP3

AP4

AP2

Aruba AP
Presence info

AP1

AP2

AP2

AP2

Meraki AP
Presence info

AP2

AP1

AP2

AP2

Aruba AP
Presence info

AP2

AP1

AP2

AP1

Source: own processing
Table 2: AP positioning experiment results.

These results show that Meraki AP was able
to better determine the location of client devices.
Both solutions provided a basic orientation
about the movement of objects.

4. Interoperability
The Meraki API is more extensive and provides
more information. This makes it easier to connect
this system to other systems. Important factor is
also the format and complexity of the data itself.
Data sources in the farm environment can be
divided between the data acquired by the farm
from its own internal, private data source and data

Conclusion
Even though the Aruba solution performed
generally worse in our comparison, it offers
sufficient functionality. The intention to monitor
the movement of objects, especially in agricultural
enterprises, was sufficiently addressed by both
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investigated solutions. However, we recommend
choosing the CISCO Meraki solution. If there
is already a WiFi solution installed within
the agricultural enterprise, there should be no
problem monitoring the movement of WiFi clients
on other systems in a similar way as described
in this article.

or time-dependent. Annually linked factors
may include anomalies in planting, emergence,
or weather conditions. Seasonally linked factors can
include plant diseases, weed development, severe
climatic events, or irrigation system malfunctions
(Bégué et al., 2008; Kumhálová and Matějková,
2017).

Any commonly used devices that communicate via
WiFi, such as mobile phones, computers, sensors,
etc., can be used as client devices. In the experiment,
the development device ESP8266 (Syed Ali et al.,
2016) was used, its added value is that it is possible
to create a sensory / control device on this platform.
All that at low cost of tens of dollars or so. Other
possible devices that can be used are those
with Bluetooth technology, especially Bluetooth
beacon, which is primarily intended for these
purposes. Even with its small size it can operate
on batteries for a long time, at a low purchase price
of about 5-10 $. For Bluetooth solutions however,
it is necessary to have the appropriate infrastructure
technology. Based on the research, it can be
concluded that the currently available Wifi Systems
can be used to monitor movement on the farm.

Another possible direction of research is the area
of presenting the data obtained to employees
of an agricultural enterprise. Alternatively,
with the support of artificial intelligence, the data
can be used to optimize logistics processes.
Another usage would be in BIM (building
information
modelling)
which
promises
significantly
advancing
the
architecture,
engineering, and construction (AEC) market
worldwide, however the low spread and adoption
of BIM is still an issue. From a technology
diffusion perspective, this paper proposes a game
theory-based model including two firms who
both are potential BIM adopters under support
from the government (Yuan and Yang, 2020).
Application of this research can be, for example,
monitoring of storage boxes and pallets, monitoring
of machines and tools, employees, breeding animals
such as cows, horses, etc.

It is necessary securing the appropriate workforce
for the task. If a subject does not employ the proper
workers already, it is unfeasible to hire an entire
team just for this task alone. Therefore, it is most
efficient to hire the employees for a short time from
a specialized agency or to outsource the whole
project to a company that already has the required
employees (Stočes et al., 2018).
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Abstract
This empirical study aims to shed light on the dynamic linkages among investments, technical efficiency
and productivity of food processing at a sectoral level. We use data obtained from meat and milk processing
firms operating in the Czech Republic. The data set covers a period from 2011 to 2015. Being based
on a production function frontier framework and the Divisia index our study is focuses on the estimation
of technical efficiency and productivity of Czech Food processing firms in connection with the received
investments. The results of the conducted analysis have shown that investments, directed to a production
process of meat and milk processing firms operating in the Czech Republic, do have a positive effect on their
technical efficiency. Moreover, it provides an opportunity to increase the capacity of raw milk processing.
Higher TFP in food processing industry may result in higher TFP in agriculture.
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Introduction

They found that investment subsidies per livestock
unit are slightly higher in regions with a negative
change in the production efficiency. Thus, such
investment subsidies continuously helped them
to mitigate the decline in their technical efficiency.
The impact of Rural Development Program (RDP)
subsidies on food industry was analysed by Mezera
and Špicka (2013). According to their results,
subsidies positively affect not just financial stability,
but also increase labour productivity. According
to Ferto et al. (2012) subsidized producers can
invest in farm development and achieve higher
technical progress since they are less credit
constrained. Ratinger et al. (2014) analysed
factors of Czech farm participation in investment
support scheme. They found significant positive
effects of investment support on gross value added
and improvement of labour productivity.

Recent years a growing interest have been observed
in empirical studies aimed at analysing productivity
and efficiency of firms that can be increased thanks
to investment support. The most frequently used
methodology for impact assessment is based
on the Data Envelopment Analysis (DEA)
and Stochastic Frontier Analysis (SFA).
Difficulties with the estimation of effects stemming
from
investment
support
on
efficiency
and productivity of firms in EU Member States
were discussed by Bergschmidt et al. (2006), Coelli
et al. (2006), Bergschmidt (2009), Forstner et al.
(2009), Bernini a Pellegrini (2011) and others.
Beck and Dogot (2006) proposed the impact
indicators of investment support for assessment
possible effects. They found that in the short run
there were no connections between investments
and firms’ income growth. However, in the long
run investments did have a positive effect on both
farm’s competitiveness and sustainability. Špicka
and Machek (2015) analysed changes in efficiency
resulted from investment activity and allocation
of subsidies to firms specializing on milk processing
in 100 EU regions over the period 2007 to 2011.

Most studies analysed investment impact through
the analysis of the subsidies effect, which was
substituted by investment support policies
granted under the EU RDP (Ciaian et al., 2015;
Hurňáková et al., 2016). However, the subsidies
on investment do not cover all sources of investment.
Besides these subsidies themselves, investments
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may be funded by a firm’s own sources. In this
paper we assume to analyse the total investment
without separation of financing sources.
CZ-NACE group

Share
in turnover, %

Share in number
of employees, %

10.1

23.2

24.4

10.2

0.9

0.9

10.3

3.0

3.5

10.4

4.8

1.0

10.5

14.4

9.6

10.6

4.3

3.2

10.7

13.3

34.4

10.8

20.8

17.7

10.9

15.3

5.4

later it was declining. This fact has appeared
interesting for us, which eventually motivated us
to analyse the impact of investments on technical
efficiency of food processing companies.
Food processing efficiency and total-factor
productivity (TFP) growth in Czech food
processing industry was investigated, for instance
by Čechura and Hockmann (2017), Čechura
and Malá (2014). These authors concluded that
the most important and distinguish characteristic
of Czech food processing is heterogeneity among
firms as well as among sectors. Moreover,
the differences in intra-sectoral heterogeneity
suggest that the food processing industry will
be the subject of accelerated structural change
in the future. Another research that was conducted
by Rudinskaya and Náglová (2018) was aimed
at the analysis of the effects produced by subsidies
of the EU Rural Development Programme (RDP)
on meat processing firms. The results indicate
a positive impact of subsidies on technical efficiency
of meat processing firms, which, however, decreases
over time.

Note: NACE (Nomenclature des Activités Économiques dans
la Communauté Européenne) is a European industry
standard classification system similar in function to Standard
Industry Classification (SIC) and North American Industry
Classification System (NAICS) for classifying business activities.
CZ-NACE 10.1- Preserved meat and meat products, CZ-NACE
10.2 – Preserved fish and fish products, CZ-NACE 10.3- Processed
and preserved fruit and vegetables, CZ-NACE 10.4- Vegetable
and animal oils and fats, CZ-NACE 10.5- Dairy products,
CZ-NACE 10.6- Grain mill products, starches and starch
products, CZ-NACE 10.7- Bakery and farinaceous products,
CZ-NACE 10.8 -Other food products, CZ-NACE 10.9- Prepared
animal feeds
Source: authors’ processing based on “Panorama of Food
Processing Industry” (2017)

Considering the lack of empirical studies focusing
on the impact of subsidies on technical efficiency
namely in the Czech Republic, the main objective
of this paper is to assess the effect of investments
on productivity and technical efficiency of Czech
food processing companies, specifically, that
focus on Preserved meat and meat products along
with Dairy products.

Table 1: The share of the groups of NACE in the total sector
turnover and total number of employees in 2016.

According to the numbers provided in Table 1,
the highest shares in total turnover had the following
NACE groups: Preserved meat and meat products,
Dairy products, Other food products and Prepared
animal feeds. For further analysis the following
two groups of NACE were chosen: Preserved meat
and meat products and Dairy products (Table 2).

Materials and methods
Stochastic Frontier Analysis (SFA)
Following Farrell (1957) many different
methods have been considered for the estimation
of efficiency. The two widely used approaches
are the Data Envelopment Analysis (DEA),
which is nonparametric and deterministic,
and the Stochastic Frontier Analysis (SFA), which
is, on the contrary, parametric and stochastic.
The great advantage of SFA is the possibility

In the last years the chosen sectors obtained
a substantial financial investment support
(from EU). The amount of investments to NACE
10.1 had been growing during the considered
period, i.e. from 2011 to 2016. The investments
to NACE 10.5 were increasing until 2014, however,
Sector

2011

2012

2013

2014

2015

2016

Preserved meat
and meat products

1 997 863

1 508 190

2 462 674

1 654 850

2 405 313

2 412 208

Dairy products

1 051 070

1 058 409

1 341 208

1 632 203

1 554 808

1 393 530

Note: CZ-NACE 10.1- Preserved meat and meat products, CZ-NACE 10.2 – Preserved fish and fish products, CZ-NACE
10.3- Processed and preserved fruit and vegetables, CZ-NACE 10.4- Vegetable and animal oils and fats, CZ-NACE
10.5- Dairy products, CZ-NACE 10.6- Grain mill products, starches and starch products, CZ-NACE 10.7- Bakery
and farinaceous products, CZ-NACE 10.8 -Other food products, CZ-NACE 10.9- Prepared animal feeds
Source: authors’ processing based on “Panorama of the food industry” (2017).
Table 2: Total investments in food processing industry in the Czech Republic in CZK.
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that it offers of decomposing productivity change
into parts that have straightforward economic
interpretation. The focus of SFA is to obtain
an estimator for one of the components of TFP,
the degree of technical efficiency (Pires
and Garcia, 2012).

(3)
where ϕ(∙) represent the standard normal density
and Φ(∙) the standard normal cumulative density
functions;
and
for half
normal distribution of inefficiency term;

To study the determinants of technical efficiency
we used the SFA methodology developed
by Aigner et al. (1977). The SFA method is based
on an econometric (i.e. parametric) specification
of a production frontier. Using a generalized
production function and panel data this method
can be formalized by the following general
mathematical notation:

and

for truncated-

normal distribution of inefficiency term.
Thus, the TE measure for each farm is equal to
TEi = exp(-E[ui|εi])
(4)
SFA and heterogeneity

(1)

It is possible to take heterogeneity factors
into account by including these effects (management
level, access to investments etc.) in the mean
and/or variance of the distribution of inefficiency
(observed heterogeneity) or by randomizing
of the parameters of the stochastic frontier model
(unobserved heterogeneity).

where y represents output, x is a vector of inputs,
β is a vector of unknown parameters, and ε is
the error term. The subscripts i and j denote the firm
and inputs, respectively, t stands for time.
In this specific formulation, the error term is farm
specific and is composed of two independent
components, εit = vit - uit. The first element,
vit is a random variable reflecting noise and other
stochastic shocks entering into the definition
of the frontier, such as shocks manifested in various
unpredictable circumstances, such as employees’
strikes, deteriorations of weather conditions,
natural disasters etc. This term is assumed to be
an independent and identically distributed normal
random variable with zero mean and constant
variance iid [N~(0,σv2 )].

Unobserved heterogeneity
During the past two decades various forms
of econometric methods were developed that
enable, especially using panel data, identify
the unobserved heterogeneity. Unobserved
heterogeneity can be taken into account
by randomising some parameters of a model;
in this case it is assumed that such a randomisation
captures
all
time
invariant
unobserved
heterogeneity. For example, the listed below models
are models that able to introduce unobserved
heterogeneity: True Fixed and Random Effects
Model (Greene, 2005), Random Parameters Model
(Greene, 2005) and Fixed-Management Model
(Alvarez et al., 2006).

The second component, uit, captures technical
inefficiency relative to the stochastic frontier.
The inefficiency term uit is nonnegative and it is
assumed to follow a half-normal, truncated-normal,
gamma or exponential distribution (Kumbhakar
and Lovell, 2000).

Observed heterogeneity

An index for technical efficiency (TE) can be
defined as the ratio of the observed output (y)
and maximum feasible output (y*):

Observed heterogeneity can be introduced
into a model specification by several methods.
A common approach deals with incorporating
a vector of variables zi that contains the information
about heterogeneity directly into a model. In this
case zi appears to be a goal function itself.

(2)

yi = β' xi + α' zi + vi - ui

Because y ≤ y*, the TE index is bounded between
0 and 1; TE achieves its upper bound when a firm
is producing the maximum output feasible level
(i.e., y = y*), given the input quantities. Jondrow
et al. (1982) demonstrated that firm-level TE can
be calculated from the error term εi as the expected
value of −ui conditional on εi, which is given by

(5)

Two other methods of examining the heterogeneity
factors impact to technical inefficiency is
the capturing heterogeneity factors by the variance
parameter and the mean of the technical inefficiency
term.
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The model for empirical study is based on Battese
and Coelli (1995). It is supposed that the inefficiency
terms u_it are non-negative random variables
capturing firm-specific and time-specific deviations
from the frontier, associated with technical
inefficiency. In equation (5) u_it is specified as:
uit = zitδ + wit

where δ is a vector of unknown parameters, wit
is a random term defined by truncated-normal
distribution, zit' - is a transposed vector of data upon
amortization.
The latter variable is used in the present analysis
as a proxy of investments to a production process.
It is done the following way: having collected
data upon amortization per each firm, we
considered an increase in this time series (between
two neighbouring observations) as a presence
of investment. On the contrary, if the difference
between the two neighbouring observations
is negative, it is considered as its absence.
In the further analysis instead of zit' variable we
used a dummy variable (1 stands for investment;
0 – no investment).

(6)

where zit is a vector of firm-specific time-variant
variables (exogenous factors or variables explaining
inefficiency) exogenous to the production process,
and δ is an unknown vector of J parameters to be
estimated. The error term wit~N(0,σw2 ) is truncated
by the variable truncation point -zitδ.
Battese and Coelli model (1995) allows
for estimation of impact of different factors
on technical inefficiency. Therefore, technical
efficiency corresponding to the production frontier
and inefficiency effects is defined as:
TEit = exp(-uit) = exp{-zitδ - wit}

(9)

uit = zit' δ + wit

TFP decomposition
The ways of measuring the growth in total factor
productivity (TFP) along with its decomposition
have been a matter of concern for a number
of researchers in various empirical studies
on industrial productivity (Jorgenson, 1995,
Kumbhakar and Knox Lovell, 2000). The main
contribution of Pires and Garcia paper (2012)
consisted in showing that a suitable decomposition
of TFP can be applied to a fairly large sample
for an extensive period of time in order to evaluate
not just the role of technical progress and technical
efficiency change, but also scale and allocative
efficiency change as determinants of long-term
growth. “The Divisia index has been widely used
as a convenient measure of TFP growth over time
and space” (Kumbhakar and Knox Lovell, 2000).
Productivity change, when there are multiple
inputs, is measured by, what is popularly known as,
TFP change and is defined as:

(7)

According to Färe (1975), for estimation
a production function in the translogarithmic
(transcendental logarithmic) form we used three
production factors and a time variable. This
translogarithmic production function can be written
as follows:
ln(Yit) = ln(A) + αKln(Kit) + αLln(Lit) + αMln(Mit) +
+ αT T + 0.5βKKln(Kit)ln(Kit) +
+ 0.5βLLln(Lit)ln(Lit) + 0.5βMMln(Mit)ln(Mit) +
+ 0.5αTTTT + BKLln(Kit)ln(Lit) +
+ βKMln(Kit)ln(Mit) + βLM ln(Lit)ln(Mit) +
+ αKTln(Kit)T + αLT ln(Lit)T + αMTln(Mit)T + vit - uit
(8)
where A is total factor productivity, L is a labour
variable, K is a capital variable, M is a material
variable, Y is an output variable, T is a time trend
variable representing technical change.

(10)

The difference in technical efficiency among firms
can be explained by different factors. These factors
are exogenous variables that are neither inputs
to the production process nor outputs of the firm.
Nonetheless, these factors can influence farm’s
performance. In this research it is assumed that
exogenous variables impact technical efficiency
and hence these factors are modelled
in the inefficiency term. Empirical model
for the research is based on Battese and Coelli
(1995) model.

where sja = wjxj/Ca and Ca = ∑jwjxj, with wj being
the price of input xj.
Having differentiated
(equation (1)) totally
and using the definition of TFP change in equation
(10), we obtain:

(11)

Specification developed by Battese and Coelli
(1995) incorporates vector of explanatory variables
zit', which influences technical efficiency of a firm i
at time t:

where
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is the measure of returns to scale and εj are input
elasticities defined at the production frontier, f(x, t).
At the same time λj = {fjxj/∑kfkxk} = εj/RTS when fj
is the marginal product of input xj.

processing Czech companies.
The following variables were used in the analysis:
Output, Labour, Capital and Material. Output
is represented by the total sales of goods, products
and services of the food processing company.
In order to avoid price changes, Output was deflated
by the price index of food processing companies
according to the branch (2015 = 100). The Labour
input is used in the form of total personnel costs
per company, divided by the average annual
wage. The data on annual wages were taken
from the Czech Statistical Office. The Capital
variable is represented by the value of tangible
assets. Material variable is represented by total
costs of material and energy consumption
per company. Capital and Material variables were
deflated by the price index of industrial sector
(2015=100). Output, Capital, Material variables
are measured in thousand CZK. Since Labour
variable is a coefficient (above-mentioned Labour
variable definition), there is no necessity to deflate
the variable to eliminate price changes.

The ratio in (11), thus, decomposes TFP change
into several components:
- scale component (RTS-1)
- technical change (TC) =
- technical efficiency change (TEC)
- allocative component ∑j{λj - sja , which capture
either deviations of input prices from the value
of their marginal rate of technical substitution
from the ration of input prices (fj/fk ≠ wj/wk).
Having done the decomposition, we thus can study
the impact of each of the components of TFP.
In the expressions that follow, εK and εL are
output elasticities, RTS denotes returns to scale
with RTS = εK + εL, sK and sK are the shares
of capital and material in aggregate income, gK is
the growth rate of capital
and gL is the growth
rate of labor
; λK = εK/RTS and λL = εL/RTS
are defined as normalized shares of capital
and labor in income. TFP change then can be
estimated as follows (Kumbhakar and Knox Lovell
(2000)):
gTFP = TP - + (RTS - 1)∙[λK∙gK + λL∙gL]
+ [(λK - sK)∙gK + (λL - sL )∙gL]

According to the purpose of the study,
an Investment variable was chosen for the analysis
of investments value on technical efficiency.
The variable is represented by the following
way: having collected data upon amortization
per each firm, we considered an increase
in this time series (between two neighbouring
observations) as a presence of investment
(dummy “1”). On the contrary, if the difference
between the two neighbouring observations
is negative, it is considered as its absence
(dummy “0”).

(12)

That is, total factor productivity growth can be split
into four elements:
-----

technical
progress,
measured
by
TP = ∂ ln f (t, K, L)/∂t;
change in technical efficiency, denoted by - ;
change in the scale of production, given by
(RTS - 1)∙[λK∙gK + λL∙gL ]
change in allocative efficiency, measured by
[(λK - sK )∙gK + (λL - sL )∙gL ].

Results and discussion
Technical efficiency estimation
Table 3 and Table 4 provide an estimate
of parameters of the production function for meat
and milk processing firms correspondingly.
The first-order estimated parameters are significant
at 1% level of significance under z-test (see Table 3).
The assumption of monotonicity and quasiconcavity is fulfilled for all production factors
except for the Labour variable. Since the values
of production factors were normalised by their
arithmetic means after logarithmic transformation,
in translogarithmic model these coefficients
denote the variation or possible percentage change
in aggregate output as a result of one per cent
change in the input, that is, production elasticities.

Data set
The panel data set was collected from the Albertina
database. For the analysis we used the information
from the final accounts of companies, the main
activity of which is food processing. Study covers
the period from 2011 till 2015. The whole database
represents 9 branches of food processing industries.
For the present analysis two of them (meat
and milk) were chosen. After excluding
the
companies
with
numerous
missing
observations, the unbalanced panel data set
contains 2 854 observations received from 607 food

All production elasticities are positive (βK,βL,βM > 0);
the highest elasticity displays production factor
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Parameters

First-order parameters

Second-order parameters

Coef.

Std. Err.

βK

0.0591

0.0181

βL

0.1761

βM

0.7699

βT

P>z
0.001

0.0481

9.72

0.000

0.0132

58.40

0.000

-0.0532

0.0119

-4.46

0.000

Constant

0.0058

0.0152

0.38

0.704

βKK

0.0334

0.0190

1.76

0.079

βLL

0.1730

0.0426

4.06

0.000

βMM

0.1472

0.0122

12.10

0.000

βTT

0.0863

0.0147

5.87

0.000

βLK

-0.0293

0.0219

-1.34

0.180

βKM

0.0094

0.0072

1.30

0.193

βLM

-0.1577

0.0218

-7.22

0.000

βKT

0.0025

0.0112

0.22

0.824

βLT

0.0258

0.0127

2.03

0.042

-0.0331

0.0092

-3.61

0.000

Investment

-91.6040

33.452

-2.74

0.006

Constant

-92.8100

31.859

-2.91

0.004

70.1560

0.6790

103.31

0.000

βMT
Parameters of variance (mean) in uit

z
3.26

lambda
Source: authors’ elaboration in STATA

Table 3: The estimation of production function parameters for meat processing firms (preserved meat and meat products).
Parameters

First-order parameters

Second-order parameters

Parameters of variance (mean) in uit

Coef.

Std. Err.

z

P>z

βK

0.0284

βL

0.1879

0.0098

2.88

0.004

0.0173

10.87

βM

0.000

0.7577

0.0129

58.56

0.000

βT

0.0049

0.0144

0.34

0.735

Constant

0.2122

0.0205

10.34

0.000

βKK

0.0273

0.0070

3.88

0.000

βLL

0.1763

0.0177

9.94

0.000

βMM

0.1752

0.0108

16.29

0.000

βTT

-0.0003

0.0196

-0.01

0.989

βLK

-0.0373

0.0112

-3.11

0.002

βKM

-0.0151

0.0075

-2.02

0.043

βLM

-0.1229

0.0067

-18.23

0.000

βKT

0.0078

0.0073

1.07

0.287

βLT

-0.0240

0.0130

-1.84

0.066

βMT

0.0127

0.0095

1.34

0.181

Investment

-65.262

19.7500

-3.30

0.001

Constant

-93.970

25.2500

-3.72

0.000

45.94

0.000

lambda

26.19462

0.570143

Source: authors’ elaboration in STATA
Table 4: The estimation of production function parameters for milk processing firms (Dairy product).

Material (0.7699). The production factor Capital,
in opposite, has low impact on firms’ output
(0.0591). Curvature assumption (quasi-concavity
in inputs) is fulfilled in the case of all production
factors, except Labour. The parameter λ is

the relation between the variance of uit and vit. Thus,
the parameter indicates the significance of technical
inefficiency in the residual variation. A value larger
than one suggests that variation in uit prevails
the variation in the random component vit. Technical
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Efficiency, technology and productivity change

change has negative impact on production. It is
characterised by Material-saving, and Capitaland Labour-intensive behaviour. The analysis
determined slightly increasing, rather constant
returns to scale in the case of meat processing
industry. The results of parameters estimation,
representing the sources of technical inefficiency
(investments), show positive and significant,
at 1% level of significance, impact of subsidies
on investment on technical inefficiency.

Figure 1 and Figure 2 summarise the results
for the change in efficiency, technical change
and change in total factor productivity (TFP)
for the investigated period (2011–2015).
Investments in fixed assets and technology could
increase productivity by shifting out the firm’s
production frontier (altering the production
technology) or by increasing technical efficiency
(allowing producers to combine inputs so as
to produce closer to the feasible frontier). Hence,
the estimated parameters for the inefficiency part
of the frontier model with respect to investment can
be interpreted as efficiency effects by investment
activities at a firm’s level.

The parameters of the model, given in Table 4, are
statistically significant at 1% level of significance,
except for Capital, that is significant at 5% level.
The slopes of the coefficients are positive, that
is consistent with economic theory. The quasiconcavity assumption (diminishing marginal
productivity) is fulfilled in the case of all production
factors, except for Capital and Labour. The highest
elasticity belongs to the Material production factor
(0.7577). The other factors have lower impact
on production output (0.1879 for Labour
and 0.0284 for Capital). Estimated parameters
of production factors satisfy the curvature
assumption of quasi-concavity in inputs.
The parameter λ that is more than one indicates
the presence of inefficiency. Technical change is
characterised by positive impact on production,
and Labour-saving, but Capital- and Materialintensive features. The sector demonstrates slightly
decreasing returns to scale, that is the 1% change
in inputs will lead to less than 1% change in output.

Having decomposed the TFP, it now appears
that though TFP has been decreasing it was
driven primarily by negative technical efficiency
and technical change. Scale and allocative
efficiency has only minor effect on TFP change.
Whereas milk processing firms have experienced
a steady increase in technical change during
this period, the change in efficiency appears
to be stagnating. Hence, the change in total factor
productivity on average increases by 0.5 per cent
per year. The highest contribution to TFP was
done by allocative efficiency and technical change.
The effect of scale efficiency and technical
efficiency was minor.
The results of the analysis are consistent
with the results of a research done by Rudinskaya
and Náglová (2018) dealt with the effect of subsidies

The results of estimation display positive
and significant at 1% significance level impact
of subsidies on investment on technical inefficiency.
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Figure 1: Development of TFP and its components: Preserved meat and meat products.
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Figure 2: Development of TFP and its components: Dairy products.

from EU Rural Development Programme (RDP).
The results indicate positive impact of subsidies
on meat processors’ technical efficiency, which,
though, decreases over time.
In general, we can say, that subsidies have a positive
impact on technical efficiency. Nevertheless,
the development of TFP in meat processing industry
is decreasing with negative impact of technical
efficiency. Apparently, meat processors did not
use inputs effectively. The explanation of the
reasons is discussible. Firms could increase their
inputs through the higher cost due to investments,
but their outputs remain the same. Submitted
project and the implementation of investment did
not reach adequate outputs. This was also found
by Bergström (1998) and Rudinskaya and Naglova
(2018). Subsidies can make firms less productive,
because they give firms an inducement to change
the mix of capital and labour and it can lead
to inefficiencies. The subsidised firms might be
over-invested in capital. According to Bergström
(1998), subsidisation is positively correlated
with growth of value added, and productivity
of the subsidised firms seems to increase in the first
year. However, after first year, the more subsidies
a farm receives, the less productivity growths
development was observed.

Conclusion
The present analysis makes use of a panel dataset
to investigate empirically the impact of investments
on productivity and efficiency of food processing
firms in the Czech Republic. The two NACE groups
with the highest share in total food processing

sector revenue were chosen for the present
analysis, namely, preserved meat and meat products
and dairy products.
The empirical analysis was based on the estimation
of production function using stochastic frontier
approach. Thereafter using TFP decomposition
based on Divisia index the change in efficiency,
technical change and change in total factor
productivity was calculated for the investigated
period from 2011 till 2015. The empirical results
made evident that investments in fixed assets
increase technical efficiency of meat and milk
processing companies.
In the case of meat processing companies TFP
has been decreasing, driven primarily by negative
technical efficiency and technical change. Scale
and allocative efficiency has only minor effect
on TFP change.
Milk processing firms have experienced an increase
in technical change within the considered period,
their technical efficiency was stagnating. Hence,
the change in total factor productivity on average
increased by 0.5 per cent per year. The allocative
efficiency and technical change have contributed
to TFP most of all. The effect of scale efficiency
and technical efficiency was minor.
A number of studies of studies done by Špička
and Machek (2015), Mezera and Špička (2013),
Rudinskaya and Naglova (2018) evidenced that
subsidies supporting investment and innovation
activities have positive effect to overall
competitiveness of subsidised companies in food
processing sector.
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Investments, that induce the modernization of food
industry
production,
positively
contribute
to the growth of technical efficiency. According
to recent surveys (see Boudný and Janotová,
2015), higher labour productivity in Western EU
countries is due to a higher level of organization,
modernization and automation, which is associated
with a relatively high investment intensity.
In the Czech Republic, labour productivity is
relatively low compared to other Member States.
In this context, subsidies to modernization
of food industry production are an important
source of growth in technical efficiency. Moreover,
it provides the opportunity to increase the processed
capacity of raw milk. This implies that increased

TFP in food processing may trigger positive change
in agricultural TFP.
This finding is an important message for policy
makers with respect to the setting of CAP subsidies
for the next programming period. However,
more attention must be paid to effectiveness
of investment facilities utilization.

Acknowledgements
The paper is a part of the solution of project
QK1920398
supported
by
the
Ministry
of Agriculture of the Czech Republic – NAZV
- program ZEMĚ.

Corresponding authors
Mgr. Elena Kuzmenko, Ph.D.
Department of Economics, Faculty of Economics and Management
Czech University of Life Sciences in Prague
Kamýcká 129, 165 00 Prague - Suchdol, Czech Republic
E-mail: kuzmenko@pef.czu.cz

References
[1]

Aigner, D., Lovell, C. K. and Schmidt, P. (1977) "Formulation and estimation of stochastic frontier
production function models“, Journal of Econometrics, Vol. 6, No. 1, pp. 21-37. ISSN 0304-4076.
DOI 10.1016/0304-4076(77)90052-5.

[2]

Alvarez A., Arias C. and Greene W. (2003) "Fixed Management and time invariant technical
efficiency in a random coefficient model“, Working Paper, Department of Economics, Stern School
of Business, New York University

[3]

Battese, G. E. and Coelli, T. J. (1995) "A model for technical inefficiency effects in a stochastic
frontier production function for panel data“, Empirical Economics, Vol. 20, No. 2, pp. 325-332.
E-ISSN 1435-8921, ISSN 0377-7332. DOI 10.1007/BF01205442.

[4]

Beck, M. and Dogot, T. (2006) "The Use of Impact Indicators for the Evaluation of Farm
Investment Support – A Case Study Based on the Rural Development Programme for Wallonia
2000 – 2006“, Working Papers in Agricultural Economics, No. 3, pp. 69-77.

[5]

Bergschmidt, A. Dirksmeyer, W., Efken J, Forstner, B. and Uetrecht, I. (2006) "Proceedings
of the European Workshop on the Evaluation of Farm Investment Support, Investment Support for
Improvement of Processing and Marketing of Agricultural Products", Braunschweig: FAL, 266 p,
Working Paper Agric Econ 2006/03

[6]

Bergschmidt, A. (2009) “Powerless Evaluation”, EuroChoices, No. 8, pp. 37–42. ISSN 1746-692X.
DOI 10.1111/j.1746-692X.2009.00137.x.

[7]

Bergström, F. (1998) “Capital subsidies and the performance of firm”, SSE/EFI Working Paper
Series in Economics and Finance, No. 258.

[8]

Bernini, C. and Pellegrini, G. (2011) “How are growth and productivity in private firms affected
by public subsidy? Evidence from a regional policy”, Regional Science and Urban Economics,
Vol. 41, No 3, pp. 253-265. ISSN: 0166-0462. DOI 10.1016/j.regsciurbeco.2011.01.005.

[9]

Boudný, J. and Janotová, B. (2015) “Ekonomika výroby vepřového masa – postavení ČR v Evropě”
(In Czech), Náš chov, Vol. 75, pp. 73-78. ISSN 0027-8068.

[10]

Ciaian, P., Kancs, d'A., Michalek, J. (2015) “Investment Crowding-Out: Firm-Level Evidence
from Germany (July 2015)”, LICOS Discussion Paper 370/2015. DOI 10.2139/ssrn.2634922.

[101]

Investments, Technical Change and Efficiency: Empirical Evidence from Czech Food Processing
[11]

Coelli, T., Perelman, S. and Van Lierde, D. (2006) “CAP Reforms and Total Factor Productivity
Growth in Belgian Agriculture: A Malmquist Index Approach”, International Association
of Agricultural Economists (IAAE), Annual Meeting, Queensland, Australia.

[12]

Čechura L. and Hockmann H. (2017) “Heterogeneity in Production Structures and Efficiency:
An Analysis of the Czech Food Processing Industry”, Pacific Economic Review, Vol. 22, No. 4,
pp. 702-719. ISSN 1468-0106. DOI 10.1111/1468-0106.12217.

[13]

Čechura, L. and Malá, Z. (2014) “Technology and Efficiency Comparison of Czech and Slovak
Processing Companies”, Procedia Economics and Finance, Vol. 12, pp. 93-102, ISSN 2212-5671.
DOI 10.1016/S2212-5671(14)00324-4.

[14]

Färe, R. (1975) "Efficiency and the production function“, Journal of Economics, Vol. 35, No. 3,
pp. 317-324. E-ISSN 1617-7134, ISSN 0931-8658. DOI 10.1007/BF01284619.

[15]

Farrell, M. J. (1957) "The measurement of productive efficiency“, Journal of the Royal Statistical
Society. Series A (General), Vol. 120, No. 3, pp. 253-290. DOI 10.2307/2343100.

[16]

Ferto, I., Bakucz, Z., Bojnec, S. and Latruffe, L. (2012) "Investment and Financial Constraints
in European Agriculture: Evidence from France, Hungary and Slovenia“, IEHAS Discussion Papers
1213. [Online]. Available: https://ideas.repec.org/p/ags/eaae11/114357.html [Accessed: 15 August,
2019].

[17]

Forstner, B., Bergschmidt, A., Dirksmeyer, W., Ebers, H., Fitschen-Lischewski A., Margarian,
A. and Heuer, J. (2009) "Ex-post evaluation of the German farm-investment support programme
from 2000–2006“, Länderübergreifender Bericht 98, Thünen Institut, Braunschweig

[18]

Greene, W. (2005) "Reconsidering heterogeneity in panel data estimators of the stochastic
frontier mode“, Journal of Econometrics, Vol. 126, No. 2, pp. 269-303. ISSN 0304-4076.
DOI 10.1016/j.jeconom.2004.05.003.

[19]

Hurňáková, J., Bartová, L. and Fandel, P. (2016) “Efficiency and productivity of the Slovak
agricultural investment support beneficiaries”, International Scientific Days 2016, The Agri-Food
Value Chain: Challenges for Natural Resources Management and Society, June, 2016, pp. 923-930.
ISBN 978-80-552-1503-7. DOI 10.15414/isd2016.s12.03.

[20]

Jondrow, J., Lovell, C. K., Materov, I. S. and Schmidt, P. (1982) "On the estimation of technical
inefficiency in the stochastic frontier production function model“, Journal of Econometrics, Vol. 19,
No, 2-3, pp. 233-238. ISSN 0304-4076. DOI 10.1016/0304-4076(82)90004-5.

[21]

Jorgenson, D. (1995) “Productivity: Postwar U.S. Economic Growth“. Cambridge: MIT Press.
ISBN 9780262512893.

[22]

Kumbhakar, S. C. and Knox Lovell, C.A. (2000) "Stochastic Frontier Analysis", Cambridge
University Press, Cambridge. ISBN 978-0521666633. DOI 10.1017/CBO9781139174411.

[23]

Mezera, J. and Špička, J. (2013) “Economic Effects of Investment Support of Adding Value
to Food”, Agris on-line Papers in Economics and Informatics, Vol. 5, No.1, pp. 39-49.
ISSN 1804-1930. DOI 10.22004/ag.econ.148102.

[24]

Ministry of Industry and Trade Czech Republic (2017) "Panorama of the food industry". [Online].
Available:
https://www.mpo.cz/assets/en/industry/manufacturing-industry/panorama-of-themanufacturing-industry/2018/9/Panorama-2017-en.pdf [Accessed: 10 Julz, 2019].

[25]

Pires, J. O. and Garcia, F. (2012) "Productivity of nations: a stochastic frontier approach to TFP
decomposition", Economics Research International, Vol. 2012, 19 p. DOI 10.1155/2012/584869.

[26]

Ratinger, T., Medonos, T. and Hruska, M. (2014) "The Assessment of the effects
of the investment support scheme in the Czech Republic“, Poster paper prepared
for presentation at the EAAE 2014 Congress Agri-Food and Rural Innovations for Healthier
Societies.

[102]

Investments, Technical Change and Efficiency: Empirical Evidence from Czech Food Processing
[27]

Rudinskaya, T. and Náglová, Z. (2018) “Impact of Subsidies on Technical Efficiency of Meat
Processing Companies”, AGRIS on-line Papers in Economics and Informatics, Vol. 10, No. 1,
pp. 61-70. ISSN 1804-1930. DOI 10.7160/aol.2018.100106.

[28]

Špička, J. and Machek, O. (2015) “Change in the production efficiency of European specialized milk
farming”, Agricultural Economics, Vol. 61, No 1, pp. 1-13. E-ISSN 1805-9295, ISSN 0139-570X.
DOI 10.17221/112/2014-AGRICECON.

[103]

Agris on-line Papers in Economics and Informatics

[104]

Agris on-line Papers in Economics and Informatics
Volume XI

Number 4, 2019

Measuring the Similarities of Twitter Hashtags for Agriculture
in the Czech Language
John Phillip Sabou1, Petr Cihelka1, Miloš Ulman1, Dana Klimešová2
Department of Information Technology, Faculty of Economics and Management, Czech University of Life
Sciences, Prague, Czech Republic
2
Department of Information Engineering, Faculty of Economics and Management, Czech University of Life
Sciences in Prague, Czech Republic
1

Abstract
Our paper presents first analysis of Czech Twitter content within the agriculture context. We deployed textual
analysis of more than 240,000 tweets over 2014-2019 hashtags that were, according to Google Trends, most
trending and related to Czech agriculture such as #dotace, #repka, or #bionafta – both in Czech and English
language. Besides descriptive statistics of the tweet dataset, we visualized keyword correlations which
revealed strong focus of the discourse on rapeseed, biofuel and the prime minister Andrej Babiš. Owing
to inherent political context of the given hashtags, we found spikes in topics which followed the public
attention to the topics in mass media. We also found several accounts that produces high traffic for certain
hashtags in Czech, yet those accounts were located abroad. Consistent with other studies, a high proportion
of tweets was generated by unverified accounts that might be bots – automated accounts. We propose
to conduct semantic analysis of a broader dataset over the main social media platforms in the Czech Republic.
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Introduction
This paper explores the semantic similarity
of Czech Twitter messages by using Descriptive
Statistics to calculate the number of times
a hashtag is repeated in a Twitter corpus
in the Czech language. These are classically
reduced to their frequency of co-occurrence
in language: the more frequently two words appears
together, the higher is their similarity. The goal
of this paper is to discern which topics in the Czech
language seem to be artificially diffused via Twitter.
We will do this by computing the similarity
and co-occurrence data in a large corpus using
descriptive statistical analysis.
Online news is a well-researched ﬁeld,
with many good reasons why artificial intelligence
(AI) techniques have the potential to improve
the way we consume news online (Orhan, 2017;
Mazurek et al., 2019). At the same time, news
is a biased form of media that is increasingly
driven by content that can sell advertising. Some

stories that may be of interest often get buried,
while other content may receive greater exposure
in seemingly artificial ways. For example, Google
News is a topically segregated mashup of feeds,
with automatic ranking strategies based on user
interactions (click-histories).
There is considerable research attention being
paid to Twitter and the internet in general. These
services provide access to new types of information
and the real-time nature of these data streams
provide as many opportunities as they do challenges.
In addition, companies like Twitter have adopted
a very open approach to making their data available
and Twitter’s developer API provides researchers
with access to a huge volume of information.
Studies on large corpora have given examples
of words that have strong associations
with one another, although they never co-occur
in paragraphs. For instance, Lund & Burgess (1996)
mentioned the two words road and street that almost
never cooccur in together. However, both words
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are strongly associated. The correlation between
co-occurrence and similarity has been found
by several researchers (Spence and Owens, 1990).
This relation can be viewed as a simplification
of Miller and Charles’ (1991) hypothesis: “Two
words are semantically similar to the extent that
their contextual representations are identical”.
Czech Agricultural Sector
The emergence of social media has generated
renewed attention to rhetoric via online tweets,
blogs, and comments on public issues. Social
media users are not demographically representative
and diverse social media platforms undoubtedly
develop local cultures of expressive style that
influence the character of what people choose
to say. Nonetheless digital contents are an important,
instantiation of public opinion (Watrobski et al.,
2016). We are interested in how this instantiation
plays out with the Czech Agricultural Sector.
Researchers at the Czech University of Life
Sciences have been forming a multifunctional
understanding of the Czech agricultural sector
and its relationship to the EU Common Agricultural
Policy, which is focused on keeping farmers in rural
areas with cost-efficient technology adaptations
((Svatoš and Smutka, 2009; Vaněk et al., 2010;
Kołodziejczak and Kossowski, 2011; Věžník, Král,
and Svobodová, 2013; Reiff et al., 2016). In this
respect, it is important to understand the underlying
issues that form around Czech agricultural issues.
That includes any influences, whether internal
or external, that affect how the various stakeholders
of the sector interact with one another and engage
the public in general.
Problem Statement
We explore whether Twitter hashtags have a high
order of co-occurrences, and whether that plays
an important role in the construction of word
similarities in the Czech language via Twitter.
The work of this paper follows on previous research
regarding the flow of information on platforms
such as Facebook and Twitter. These dealt with
how information proliferates through networks
and how topics artificially dominate the discourse
space (Wald et al., 2013; Xu et al., 2011; Ozdikis
et al., 2012; Jansen et al., 2009). Our key questions
include:
RQ1: Which hashtags occur the most frequently
in the Czech agricultural sector?
RQ2: What proportion of Twitter accounts
are verified versus non-verified in the Czech
agricultural discourse?

Materials and methods
Descriptive statistics are brief coefficients
that summarize a given data set, which can be
either a representation of the entire or a sample
of a population. All descriptive statistics are
either measures of central tendency or measures
of variability, also known as measures of dispersion.
For our analytical framework we will measure
the spread or dispersion of the data points.
Estimating Word Occurrences
Turney (2001) defines a method for estimating
word similarity based on Church and Hanks’
(1990) pointwise mutual information. The mutual
information between x and y is defined
as the comparison between the probability
of observing x and y together and observing them
independently:
I(x,y) = log(p(x,y) / p(x).p(y)).
By extension, this model provides a way
to measure the degree of co-occurrence of two
words by comparing the number of co-occurrences
to the number of individual occurrences (Bordag,
2018). In our case, a Twitter hashtag in the Czech
language is accompanied with similar hashtags
that supposedly have different meanings, yet lead
to the same information, then we may deduce what
topics users are clustering around related to Czech
agriculture.
A central question in text mining and natural
language processing is how to quantify what
a document is about. One measure of how important
a word may be is its term frequency (tf), how
frequently a word occurs in a document. Another
approach is to look at a term’s inverse document
frequency (idf), which decreases the weight
for commonly used words and increases
the weight for words that are not used very much
in a collection of documents (Chaudari et al., 2011).
We can use this approach to the analysis to quantify
how important various terms are in a document that
is part of a collection.
Input Criteria
The Twitter dataset was collected from an archive
of hashtags between December 1st, 2014
to November 1st, 2019. All tweets had at least
one of the selected hashtags: #babis, #agrofert,
#capihnizdo, #dotace, #repka. The English
equivalents of those selected hashtags were
also used. In total, 10 hashtags were monitored
and 194,716 tweets were retrieved from Twitter.
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Hashtags

Results and discussion

Total count of tweets retriever

#babis

51,348

#agrofert

6,677

#bionafta #biodiesel

71,110

#capihnizdo

4,774

#dotace

36,971

#repka #rapeseed

23,836

Source: Own processing
Table 1: Number of Tweets for each hashtag.

After the data retrieval, a descriptive analysis
was performed on the dataset using an in-house
developed algorithm. Each dataset for the selected
hashtags were compiled and analyzed according
to how many tweets was published, favorited,
quoted, and replied. In this way we could see
how many individual, public accounts published
the tweets versus verified accounts. We also
achieved an overview of these accounts according
to the number of published tweets, favorited tweets,
retweets, replies and quotes. These were also
compiled according to the accounts’ country, city,
language and user origin.
After the descriptive analysis, a textual analysis was
performed on the text of the tweets and hashtags.
The target of this analysis was to show a relationship
between used keywords and correlations between
the terms used in the tweets. This was performed
with an analysis of the hashtags followed
by an analysis of the keywords used from the whole
dataset that was extracted from Twitter.

Analysis of the hashtags consisted of a detection
threshold for published tweets and the reply by
users via another tweet, a retweet or a quoted tweet
by someone else if it was favorited. For each of these
metrics we were able to get a count. If a tweet was
in reply to another tweet, then an analysis of that
relationship was given. However, due to limitations
of the data set concerning the timeframe collection
(2014-2019), we were not always able to find
the original tweet linked to the hashtag if it was not
already in the dataset. Table 2 shows us the number
of hashtags that appeared to have moderate to high
levels of word occurrence and cooccurrence. Table 3
augments this information with the total number
of accounts and their tweets.
From the collected dataset we were able to find out
how many accounts were validated, and how many
were not. We can assume that the verified accounts
should be more trustworthy than the accounts that
are not verified. There is also the possibility that
non-verified account could be bots, however we
did not have the means to detect this. But in our
case, it does mean that there was a disproportionate
number of tweets that came from unverified users
rather than verified users, indicating a behavior
of anonymity in the activity of reusing tweets,
e.g. #babis or #bionafta. This is not necessarily
uncommon, as most Twitter users are unverified.
However, it is unusual in this case considering
that the tweets are specifically about the Czech

Hashtag

Total

Quoted

#agrofert

6,677

147

1,611

#babis

51,348

1,459

#bionafta

71,110

1,114

4,774

#dotace
#repka

#capihnizdo

Favorited

Retweeted

Replied

761

665

10,492

5,584

4,309

12,317

11,986

2,047

191

1,168

580

504

36,971

604

6,022

5,120

2,069

23,836

417

4,475

3,348

1,060

Source: Own processing
Table 2: Number of hashtags that cooccur with other topics.

Hashtag
#agrofert

Total number of accounts

Verified accounts

Tweets by verified accounts

2,746

50

218

#babis

16,464

366

1,706

#bionafta

21,912

619

1,821

1,922

23

105

#dotace

21,573

601

1,719

#repka

9,962

139

384

#capihnizdo

Source: Own processing
Table 3: Total number of accounts, verified accounts and tweets.
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agricultural issues whose contexts are inherently
political topics.
There is a strong indication that at certain points
between 2014 – 2019, there were significant
spikes in reused Twitter material in support
of certain hashtags. Figure 1 shows the trends
of each hashtag, where we can see spikes in public
interest via Twitter for the topics such as #babis
#bionafta and #dotace. The largest spike was
between July and October 2017, which can be
attributed to the parliamentary elections in October
2017. At that time, the political party ANO won
with Andrej Babiš as their chairman, and he was
appointed as the Prime Minister (Pehe, 2018).

After the descriptive analysis of these,
a textual analysis was performed on the content
of the tweets. The target of this analysis was
to show a relationship between used keywords
and to find out whether there was a correlation
between the terms used in the tweets. This was done
by performing an analysis of the keyword pairs that
commonly occur most often. All keywords were
converted to uppercase to eliminate difference
between letter casing, as well as removing diacritics
and accents.
Figure 2 offers a map of these relationships
in which 184,834 keywords show strong

Source: Own processing
Figure 1: Trends per hashtag between 2014-2019.

Source: Own processing
Figure 2: Map of keyword correlations.
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correlations that are used in Twitter hashtags. These
keywords essentially denote the most popular
topics concerning Czech agriculture around which
users cluster. The blue lines indicate the strength
of the relationship, whereby users are pushing those
hashtags to bring attention to the topic(s). In this
case, the strongest relationship is apparent between
the keyword’s “rapeseed”, “canola” and “soymeal”.
For the graphic output we displayed only keyword
pairs with occurrence over 500 counts. Detailed
figures on the top 20 keyword pair occurrences are
presented in Table 4.
#

Keyword pair

No of occurrences

1

RAPESEED - CANOLA

4,731

2

BABIS - ZEMAN

3,381

3

BIOFUEL - BIODIESEL

2,962

4

RAPESEED - MATIF

2,822

5

BIOFUELS - BIODIESEL

2,811

6

SOYOIL - SOYMEAL

2,750

7

RAPESEED - SOYMEAL

2,725

8

RAPESEED - SOYOIL

2,724

9

CANOLA - SOYOIL

2,723

10

CANOLA - SOYMEAL

2,717

11

BIODIESEL - ETHANOL

2,475

12

MATIF - SOYMEAL

2,386

13

CANOLA - MATIF

2,385

14

SOYOIL - MATIF

2,385

15

ANO - BABIS

2,133

16

RAPESEED - WHEAT

2,033

17

BIODIESEL - RFS

2,030

18

LPG - SUBSIDY

1,882

19

BIODIESEL - HEMP

1,683

20

BABIS - CAPIHNIZDO

1,419

election in 2016. Yet these same accounts have
been observed to become active during highly
publicized issues important to his administration.
In short, there is now a widespread belief that bots
constitute a signiﬁcant part of the social media
world - and that many of them can be identified
by the frequency of how often they reuse content
through word occurrence. While this is only a piece
of the puzzle, measuring word occurrence allows
a glimpse of what is happening at a surface level.
A further semantic analysis of the actual tweets
would be needed to triangulate the veracity
of suspicious accounts.
In relation to our results, it would seem that there
was significant public discussion around rapeseed,
which is a principal agricultural export in the Czech
Republic (Carré, 2014). Social media represents
one of the most important informational mediums
that rural communities in the Czech Republic utilize
to engage in public discussions (Červenková et al.,
2008). It is not a surprise that rapeseed production,
especially if subsidized by the EU Commission,
would account for significant Twitter activity. Our
analysis shows which keywords are more likely
to occur together with other topics in Twitter
concerning Czech agriculture.

Source: Own processing
Table 4: Top 20 keyword pair occurrences.

In contrast to the past work there has been interest
in the detection of fake users from both online social
networks and computer networking communities
(Dickerson et al., 2014). The openness of Twitter’s
platform allows for, and even promotes, programs
called “bots” that automatically post content. These
bots post content ranging from helpful (e.g." recent
news stories or public service announcements)
to malicious spam or phishing links. Such bots
on Twitter have become a nuisance, even triggering
a long diatribe, particularly around political figures
such as Andrej Babiš.
Similarly, Campoy (2019) reported that 60%,
33 million followers on Twitter were suspiciously
inactive for longer than 120 days following his

What is unusual, is that we also found that several
accounts producing high-level traffic for #dotace
and #babis originated from other countries,
such as Italy and India. Following this trend, we
reframed our utility to include the “user verified”
attribute, which details the reliability of the user
as a consistent account. The Levenstein distance
for each tweet was computed to find potential
duplicates from the originating accounts. In the
case of #babis, some duplicates were found,
however those originated from multiple sources and
it was difficult to discern an original source. None
of the analyzed tweets appeared to be duplicates,
however there was strong indication that other
users reused the content material from older tweets
concerning #babis, #dotace, #repka.
What the data tells us, is that the majority
of Twitter traffic in the Czech agricultural sector is
significantly oriented around rapeseed or related
biofuel topics and the prime minister, Andrej Babiš
(see Table 5). Also, there is a loose correlation
with topics concerning government subsidies
(#dotace) for rapeseed production, presumably
from the European Union. With this in mind,
we can refine our understanding of the Czech
agricultural sector and the most relevant issues
concerning rural communities and agricultural
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Hashtag
#agrofert

Total number
of accounts

Verified
accounts

Tweets by verified accounts
Total

Quoted

Favorited

Retweeted

Replied

2,746

50

218

32

121

102

77

#babis

16,464

366

1,706

185

665

554

393

#bionafta

21,912

619

1,821

184

811

868

251

#capihnizdo

1,922

23

105

18

47

41

34

#dotace

21,573

601

1,719

172

823

794

358

#repka

9,962

139

384

26

268

241

69

Source: Own processing
Table 5: Total number of accounts, verified accounts and tweets.

Tweets by unverified accounts

Hashtag

Unverified
accounts

Total

#agrofert

2,696

6,459

115

#babis

16,098

49,642

1,274

#bionafta

21,293

69,289

930

1,899

4,669

173

#dotace

20,972

35,252

#repka

9,823

23,452

#capihnizdo

Quoted

Favorited
1,49

Retweeted

Replied

659

588

9,827

5,03

3,916

11,506

11,118

1,796

1,121

539

470

432

5,199

4,326

1,711

391

4,207

3,107

991

Source: Own processing
Table 6: Total number of unverified accounts and tweets.

stakeholders. Furthermore, we did find several
outliers concerning the proportion of verified users
versus unverified users that utilize the hashtags
for their own twitter content.
From the collected dataset we were able to find out
how many accounts were validated, and how many
were not. We can assume that the verified accounts
should be more trustworthy than the accounts that
are not verified (see Table 6).
There is the possibility that some non-verified
accounts could be bots, however we did not
have the means to detect this. In our case, it does
mean that there was a disproportionate number
'of tweets that came from unverified users rather than
verified users, indicating a behavior of anonymity
in the activity of reusing tweets, e.g.: #babis
or #bionafta. This is not necessarily uncommon,
as most Twitter users are unverified. However, it is
unusual in this case considering that the unverified
tweets are specifically oriented around #bionafta,
#dotace, #repka and #Babis. These topics seem
to be commented on disproportionately
by unverified users in contrast to verified users.

Conclusion
Our paper presents first analysis of Czech Twitter
content within the agriculture context. We now

know which topics are important to the Czech
agricultural sector in terms of social media
dispersion. However, considering we only were
able to capture 240,000 tweets over a five-year
period, we cannot say that Twitter is an important
medium for capturing the complete range
of stakeholders. Nonetheless, if even the proportion
of tweets analyzed is indicative of social media
activity surrounding Czech agriculture, then we
can assume that the hashtags were correct as far
as the general pulse of the sector is concerned.
A follow up will include a semantic analysis
of the tweets and exploration of other social media
platforms utilized in the Czech Republic for a larger
sample size. At this stage, we cannot say what
number of unverified accounts are bots, as that will
require new analytical techniques such as Latent
Dirichlet Allocation and dynamic topic modelling.
However, we are in a better position to follow up
with a second stage of analysis that will include
the aforementioned methods and techniques.
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Ing. Pavel Šimek, Ph.D., Czech University of Life Sciences Prague
Ing. Jiří Vaněk, Ph.D., Czech University of Life Sciences Prague
Prof. Krzysztof Wach, PhD., Cracow University of Economics
Agris on-line Papers in Economics and Informatics
The international reviewed scientific journal issued by the Faculty of Economics and Management
of the Czech University of Life Sciences Prague.

http://online.agris.cz
ISSN 1804-1930

