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Abstract
Information and communication technology determines not only the development of companies but also the
development of nations. Among other things, with the usage of eGovernment, the administrations can put
„digitally pressure“ on their citizens which can lead to the appreciation of the role of digital competence.
Based on data from the European Statistical Office, the digital competences of the EU Member States
were examined between 2015 and 2017. A significant relationship was found between the level of digital
knowledge and the level of unemployment. There is a strong positive correlation between the levels
of digital competence and corporates training. In the clustering of countries, three distinct groups were created.
The underdeveloped, developing and developed countries differed not only in the number of digitally
educated people but also in the distribution of the digitally qualified groups.
JEL Classification: D83, E24, M53
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Introduction

for employability in the digital age (Dubey
and Gunasekaran, 2015)”?

In our decade the main challenges for companies
are neither technological trends, disruptive
innovations, nor new customer behaviors.
Their aim is to adapt their throughway, culture,
and competencies to the new, digital way of working
(Accenture, 2016; Maedche, 2016). What kind
of change does this revolution cause
for the workforce (Murawski and Bick,
2017)? The publication of Frey and Osborne
generated the biggest attention (Frey and Osborne,
2013). They estimated that 47 % of current US
employment is at risk due to computerization.
Among other things, as a result of this alarming
article, several new reports on this topic have been
published recently (Autor, 2015; Miroudot et al.,
2016). The numerical results and conclusions
of these reports are not similar, but they agree that
the concept of work is going to change significantly
in the coming decades (Murawski and Bick, 2017).
The macroeconomic scientists are still focusing
on the numerical results and conclusions of their
reports, while the consequences for the individual
workers are often neglected (Wang and Haggerty,
2011). One of the most important questions
is “Which digital competencies are required

But what does digital competence exactly mean?
The concept of digital competence has not yet
been applied consistently (Vieru, 2015). There
are several ways to define it (Ferrari, 2012)
because the existing definitions are quite general
(Hoel and Holtkamp, 2012). Digital competence is
one of the eight key competencies that are essential
for lifelong learning within the European Union.
Anusca Ferrari determines it as the confident,
critical and creative use of Information
and Communications Technology to achieve goals
related to work, employability, learning, leisure,
inclusion and/or participation in society. It is also
a transversal key competence (Ferrari, 2013).
It means with the help of digital competence
possible to acquire other key competencies
(e.g. language, mathematics, learning to learn,
cultural awareness).
We can see the rapid change in computer software
and hardware, which can make learned skills
redundant (Lengyel et al., 2017). However, there
are fundamental and enduring concepts of digital
competencies that will be important for future
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Materials and methods

job seekers to master them (Hajkowicz et al.,
2016). Educational institutions, governments
and the players of the industry need to work
together to develop the right e-skills, which
increase competitiveness and productivity (Herdon
et al., 2015). Because of ICT, people have a large
digital footprint so the e-business and internet
marketing are now easily mass-customized. Fake
news is also often found on social sites, so it
is important to learn the basics of digital literacy
at a young age, including which source
or database we consider reliable. The introduction
of the blockchain could help to replace a trusted
third-party in the verification and authentication
of information. Although researchers have
great hopes for blockchain-based technologies,
while they are sufficiently transformative
and fundamental, it is really difficult to evaluate
its payback. Since 2010, Israeli schools have been
gradually implementing the National ICT Program
to align the education system to the digital era
(Albion et al., 2015). Of course, the skills, beliefs,
and attitudes of the teachers affect the effectiveness
of ICT integration (Blau and Peled, 2012). They
need to perceive the integration of technology
in education as an integral part of the development
of professional knowledge in order to maximize
the potential impact of technology on teaching
and learning (Wang et al., 2014). This could
among other things, reduce the digital gap that
causes more and more difficulties for university
teachers and companies (Várallyai et al., 2015).
The increased usage of digital technologies at work
raises the demand for new skills. The employees
need to acquire generic ICT skills to be able to use
new technologies in their daily work (Australian
Industry Group, 2018). However, technology
has blurred borders between work and non-work
activities (Reyt and Wiesenfeld, 2015). The use
of the Internet, e-mailing and the use of social
media is also an integral part of the work, but they
can also be easily used to communicate with family
and friends (Colbert et al., 2016). In spite of this
according to Beitz ICT skills and capabilities are
important for the whole workforce and not just
those engaged in specialist ICT roles (Beitz, 2015).

To analyze the context of digital competence
and human resources, a comprehensive dataset was
needed which consisting of variables measuring
ICT competences and some macroeconomics
indicators of several countries globally. National
statistical offices often estimate domestic values
in their own national currencies. That is why
they are not directly international comparable.
The data was compiled after reviewing
the databases of several international organizations.
The main sources of the database were the European
Statistical Office (Eurostat) and the OECD.
Due to the limited accessibility of ICTs data
for developing countries, only 28 members
of the European Union were analyzed, during
the period of 2015 - 2017. Cyprus and Malta did
not have enough data in the database of Eurostat
to be part of the research. The quantity of these data
and the period under review are not as big as, they
would be ideal, but it can be enough to illustrate
proportions and directions. The variables which
were used in this research are shown in Table 1.
The vast majority of terms in the table are clear,
but there are some definitions that need to be
clarified.
When the Eurostat classified the individuals,
according to their digital skills, it had
to compose digital skills indicators which are based
on selected activities related to internet or software
use performed by individuals aged 16-74 in four
specific areas (information, communication,
problem-solving, software skills). The participants
completed a self-assessment survey. In most
Member States the final sample size was between
3000 and 6000 elements.
When we summarize these results from the four
fields, we can divide the next four groups:
-

-

Mohammadyari and Singh have shown that
the digital competence of the workforce can
contribute to successful technology adoption
outcomes (Mohammadyari and Singh, 2015).

-

no skills: Digitally illiterate. He could not
solve any tasks, despite he used the internet
at least once during the last 3 months.
low: He could not pass minimum one,
maximum three tasks from the four areas.
basic: He could solve all of the tasks, and he
passed at least one at the “basic” level.
above basic: He passed all of the tasks
at the “above basic” level (Eurostat, 2019).

The database was analyzed with SPSS software.
In the first step, the relationships were examined
between the variables. The direction and strength
of the relationship between them are determined
by Pearson's correlation coefficient. During
the correlation analysis, the value range is between
1 and -1. If the absolute value of the coefficient

It is also important, that the companies need
to invest not only in the technologies but also
in people and skills. That is how they can enable
the workforce uses the technologies optimally.
With these acts the companies can reach, what
Soule et al. called „digital dexterity” (Soule et al.,
2016).
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Description

Variable

Individuals who have no overall
digital skills

ind

Individuals who have low overall
digital skills

ild

Individuals who have basic overall
digital skills

ibd

Individuals who have above basic
overall digital skills

iabd

The development of web solutions
is mainly performed by own
employees

dwe

The support for web solutions
is mainly performed by own
employees

swe

ICT functions are mainly
performed by own employees

fpe

Enterprise (SME) provided
training to their personnel
to develop/upgrade their ICT skills
(reduced comparability with 2007)

train

GDP/hour worked
GDP
Harmonized unemployment rate
Inflation

Value

Measurement

Data Source

% of the total number of individuals
aged 16 to 74

The standard deviation
should not exceed
2 % of the overall
proportions

Eurostat

% of enterprises

Based on a sample
of the population.
The results are
therefore subject
to the usual types
of errors associated
with random
sampling.

Eurostat

The OECD is
responsible
for collecting data
and calculating
the rates. (National
Statistical Offices
measure it.)

OECD

gdp/hour

USD (constant prices 2010 and PPPs)

gdp

USD, Per head, current prices,
current PPPs

uemp

In numbers of unemployed people
as a percentage of the labour force
and it is seasonally adjusted

infl

Total, Annual growth rate (%)

Source: own elaboration
Table 1: Descriptive of variables used in models.

is close to one, it means that there is a strong
relationship between the two studied variables
(co-movement). If the value is positive, they move
in the same direction (together), while in the case
of a negative value, they move in the opposite
direction (Field, 2013).

a predetermined number of groups (underdeveloped,
developing and developed) (Sajtos and Mitev,
2007). The K-Means clustering algorithm
uses k as a parameter, divide n objects
into k clusters. The objects from the same cluster
are similar to each other however differing
from the other objects which belong to the other
clusters. The algorithm tries to find the centers
of the clusters, (C1 ,C2, C3,…… Ck), such that
the sum of the squared distances of each data
point, xi, 1 ≤ i ≤ n, to its nearest cluster center
Cj, 1 ≤ j ≤ k, is minimized (Arpit et al., 2017).

The classification of the countries of the European
Union according to their level of development
was made by K-Mean Method. The classification
of similar things is called clustering, where
the alike items are placed into groups.
The basic purpose of this is to classify the
observed units into relatively homogeneous
groups, which are based on certain aspects.
Among the hierarchical clustering methods, the use
of Ward and the average chain method are quite
popular,
but
they
increasingly
become
"complementary" to non-hierarchical methods.
The best solution is to run a hierarchical
method first, to find out how much the ideal
number of clusters would be, and then to run
the non-hierarchical method, where we set that
value to the number of groups. In our case,
the singular use of the K-Mean Method
was sufficient, because our goal was to define

Results and discussion
The connection between the analyzed variables
In these countries where the percentage
of individuals with basic digital skills is higher,
there the harmonized unemployment rate is lower
(-0.273), than in those states where the individuals
have above-average digital skills (-0.242). It can see
in Figure 1. Although the correlation coefficients
are quite weak in both cases and the significant
level is only 95 %, it is obvious that in those places
where the citizens do not have a general digital
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Source: own elaboration
Figure 1: The relationship of different levels of digital competences to unemployment, productivity,
and training.

knowledge, the unemployment rate (0.383, at 95 %
significance level) is higher.

of productivity improvement. With the usage
of ICT, we can eliminate non-value-adding tasks
or make them more efficient. It gives (more)
time for the more important tasks. In their study,
the usage of ICT saved 19.5 minutes for one
person in a week (Miikka et al., 2013). According
to Cardona et al. ICT plays an important role
in everyday lives, and in productivity as well.
The authors say, the effect of the productivity is
not only significant and positive but also increasing
over time (Cardona et al., 2013), so the usage
of ICT will be even more important.

The result is not surprising. Today, even
the simplest tasks require some degree of digital
knowledge. Because of this, the employment
of digital illiterates is difficult.
Kashan and Fouzia had the same result. To own
digital skills like usage of computers, the internet
and the ability to use other technology are very
crucial for getting a job. There are also many other
factors like higher education and health, which
also affect employability, but these are rather
expected in the case of well-payed jobs (Kashan
and Fouzia, 2013). According to Bello et al.
(2013), ICT skills are one of the most important
requirements for employment. In addition,
the dynamic nature of the labour market
and the demand for new skills are the other
considerable factors identified by 21-century
studies.

This raises the question, whether companies
want to train their less skilled people to produce
higher value-added products, or do they promote
the already higher qualified people, to further
develop their high value-added productivity.
Based on the Figure 1., we can say that companies
provide further training to people with at least
basic digital competence. In the case of digitally
unqualified people, we did not get any significant
value, while the other correlation coefficients
depicted were measured at 99% significance level.

In the Figure 1, the correlation was checked
between the rate of productivity and the different
level of digital competences too. Apart from digital
illiterates, there are significant results for all three
groups. In the case of individuals with low digital
competence at 95%, in the case of basic and above
basic individuals at 99% significance level, we can
say that the higher digital competence means higher
productivity.

It is assumed that the training of unskilled people
requires a lot of time and money. It seems economy
to further develop the more skilled people. It is
logical, that from the "basic" level to „above”
level can be achieved by using fewer resources.
The "low” rated people (and the digitally unskilled)
would require much more effort to reach the "basic"
level.

This may be explained by the fact that higher-skilled
people produce higher value-added products. Thus,
they generate many more benefits at the same time,
or in less time they produce the same benefits.
Miikka et al. also think ICT is a potential source

We can interpret the publication of Khawaja
and Nadeem in the same way. According
to the authors, there are organizations that develop
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employees who apply their abilities and skills
for their organizations and with the training
improve their loyalty (Khawaja and Nadeem,
2013). We can assume from the word “develop”
that the above mentioned employees have at least
a basic qualification. In the case of unskilled labor,
they would use the word “train”, to teach them
the essential of the job.

three clusters were generated in the year 2015.
The final cluster centers are shown in Figure 2.
The chart above shows that there are fewer citizens
with digital competences in the underdeveloped
group than in the developing or in the developed
countries. Only 80% of people have any kind
of digital competences in the developing group,
however, in the developed group this percentage is
higher (94 %).

The work of Costen and Salazar takes the opposite
view. According to the results of their survey,
which made in the lodging industry, managers need
to ensure that all employees receive formal training
to help them learn the essential components
of their jobs and the company standards associated
with successfully performing their jobs (Costen
and Salazar 2011). It is important to emphasize that
the survey was conducted in the lodging industry,
where digital competence and digitization are not
so critical, and it is also important to note that
unskilled employment is also a feature of this field,
which makes it "obligatory " to train the employee.

It is interesting how the dimensions of the groups
in the developed countries look like. While
in the underdeveloped group we cannot speak
of graduality, the developing group already shows
that the goal is to expand higher-level groups.
This "developing" process is already appearing
in a relatively proportional way in developed
countries. People with low competencies make up
the smallest group (17%). Almost two times bigger
is the group of basic users (30%), than the lower
cluster. The group of "above" users is the widest.
Nearly one and a half times bigger (47%) than
the basic cluster. The most significant difference is
in the size of the "Individuals who have the above
basic overall digital skills" group.

Classification of countries
In this research, digital competence is in focus,
so for group creation, variables were defined
for SPSS such as individuals who have
low/basic/above basic digital skills. (It would be
more interesting the classification if I would
test the different levels of digital skills together
with productivity or GDP of the countries.
Unfortunately, there was data e.g. Luxembourg's
productivity / GDP, which would distort the sample
and the further investigation of this would be
meaningless.) Using the K-Mean Cluster method,

The Figure 3 shows the classification of countries
according to the examined indicators.
Surprisingly only Luxembourg and the Netherlands
belong to the group of developed countries
from the (EU) founding states. Finland‘s top ranking
is probably due to the excellent education system,
which is known for its openness and continuous
innovation worldwide (Williams et al., 2013).

Source: own elaboration
Figure 2: Underdeveloped, developing and developed clusters in 2015.
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Note: Missing: Cyprus, because it has not enough data to the classification
Source: own elaboration
Figure 3: The classification of EU members in the year of 2015.

Denmark's developed classification is also could be
connected with its education system and the high
standard of living, that even the wealthy Germans
are threatened by "brain drain" in Denmark.
Excluding Italy, - it is the only founding member who
belongs to the group of underdeveloped countries
- the other founding member countries are
members of the developing group. The otherwise
internationally dominant Italy (it is a member
of the G7), perhaps offers the locals a faster
and easier way to earn money with tourism, thus Italy
has individuals with fewer and lower levels of ICT
than other founding Member States. Interestingly,
Estonia which belongs to the developed Baltic
States's, and its administration is almost completely
digitalized, in spite of this, this country is not
enough developed to be part of the smartest's
cluster. Several countries of the underdeveloped
group (Hungary, Poland, Romania) are affected by
the emigration. In these countries, the unskilled
people -who did not move abroad- work in factories
that hardly create added value (Figure 4).

level increased), while individuals with low
digital competencies were not promoted to reach
the "basic" level. (The proportion of users with low
digital competence increased, while the proportion
of users with basic digital competence decreased)
(Figure 5).
When we compare the data of 2015 and 2017,
it is clear that the group of developing countries
was the largest in both years. During the period
under review, Greece and Hungary moved
forward from the cluster of underdeveloped
countries to the group of developing countries,
while Croatia fell to the underdeveloped countries
from the developing cluster. The setback of Croatia
explicable with its new EU membership. In the first
phase after accession (2013.07.01-2015.06.30),
13 EU member states restricted the employment
of Croatian citizens, in the second stage
(2015.07.01-2018.06.30) only 5 countries applied
restrictions against them. From 1 July 2018, only
Austria regulates the employment of Croatian
citizens (European Commission). Against this
background, we can assume that the more skilled
workforce emigrated from the country, which led
to a decrease in the proportion of digitally competent
residents. Sweden and the United Kingdom stepped
forward. They moved from developing countries
into clusters of developed countries.

In accordance with previous correlation studies,
we can see from these pyramids that basic
users were trained to the above basic level
in the underdeveloped and developed countries
(the proportion of basic users decreased as much
as, the proportion of users with the above basic
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Source: own elaboration
Figure 4: Underdeveloped, developing and developed clusters in the year of 2017.

Note: Missing: Cyprus, because it has not enough data to the classification
Source: own elaboration
Figure 5: The classification of EU members in the year of 2017.

Conclusion

individuals have above-basic digital competence.
In the lower-skilled countries (where citizens do not
have any digital competence), the unemployment
rate is higher. Other authors (Kashan and Fouzia,
2013; Bello et al., 2013) also discuss a similar
relationship between employability and digital
knowledge.

A correlation was found between the level
of digital competence of the country's residents
and the harmonized unemployment rate. In these
countries where the citizens own basic digital
competence, there the harmonized unemployment
rate is lower, than in those countries where
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According to the result of this paper higher digital
competence means higher productivity. Higherskilled people generate many more benefits
at the same time, or in less time they produce
the same benefits. Miikka et al. also think ICT is
a potential source of productivity improvement
(Miikka et al., 2013). According to Cardona
the effect of productivity increasing over time
(Cardona et al., 2013). That is while important
to keep in mind that e-business and internet
marketing are key factors in the 21st century, which
could further boost the economy by engaging
less digitally skilled people. In agriculture,
the technology (especially GPS, RFDI, IoT)
is becoming an increasingly important factor.
With blockchain-based systems, this field can bring
a new kind of added value (food tracking) that
can further expand the economy as a whole, but
in the case of large-scale production and cultivation,
it also can make the digital competence useless
because of automatization.

the
local
population.
Taking
advantage
of the "training wave", in the long run, a wide
"above" layer can be created with fewer "average"
and or "low" digital competences. This can cause
(beyond the "reverse competency pyramid"
and developed status) the so-called "digital
dexterity" by Soule et al (Soule et al., 2016).
However not only certain companies can reach it,
but also whole sectors.
When the Member States of the European Union
were grouped, two interesting findings were made.
The biggest difference between the three groups
(underdeveloped, developing and developed)
was not only the proportion of people with above
basic digital competence but also in the proportion
of individuals with any digital competence.
In addition, in the group of developed countries,
we also can observe an interesting phenomenon,
the so-called "reverse competence pyramid". This
means that as the level of competence increases,
the number of individuals who own it increases
as well. This reverse pyramid is not observed
in underdeveloped countries, while in the developing
countries there are signs of „gradualness”.
The existence of a "reverse competency pyramid"
would also be worth examining in economic
areas, where the salaries of high value-added jobs
(ICT specialists) do not differ significantly between
the countries of the region. Because of the sense
of free labor flow within the European Union,
a "top" digitally competent programmer can move
abroad (by "brain drain") for higher salaries,
so instead of they would increase the income and
the number of well-educated people in their country
of origin, they do these in another country, what we
cannot track.

The openness of companies for training is
also influenced by the digital competence
of the inhabitants of that country. In these countries
where more skilled people live, companies offer
more opportunities for further training, than
in countries with less educated people.
A moderately strong negative correlation was found
between low digital competence and workplace
training. That means the companies do not offer
training in these countries, where low digital
educated people live. According to the above
statement, an EU country has to create its digitally
“educated” competent inhabitants, in order
for a company - to reduce the burden of the country
and increase its revenues - to further educate
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Abstract
This study develops a chat room and a Chat–Bot to discuss the prevailing issues related to farming
with peers and expertise and support farmers to make timely decision on farming. A standard set of questions
was identified through discussions and surveys with farmers, expertise and other stakeholders. Intents, which
the users might want to know, and examples, which the users use to explain a specific intent and entities that
are different objects referring to an intent were identified from the questions. Artificial Intelligence Markup
Language (AIML) was used to train a model, which predicts an intent based on the given example. The Chat-Bot
was implemented in a cloud platform and therefore, the client end does not require more computational
resources.
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Introduction

information, which implies that information is
a critical resource for socio-economic development
because it empowers people to make informed
choices for attaining better livelihoods.
Kalusopa (2005) revealed that the development
in the agriculture sector is required a well organized
functional integrated information delivery system,
supported by efficient national collaboration
programs. However, Burton (2002) noted that most
people in underdeveloped communities do not
know what information they lack, nor do they know
that information is available to help them solve
their problems. Also, Oladele (2011) observed
that lack of agricultural information is a key factor
that has greatly limited agricultural advancement
in developing countries. Thus, agricultural
information interacts with, and influences,
agricultural activities in a variety of ways. This
tends to imply that agricultural information can help
inform decision-making regarding land, labour,
livestock, capital and management. Interestingly,
agricultural information is not static but,
instead, needs updates through research
and development. Opara (2008) mentioned that
agricultural activities can arguably be improved
by relevant, reliable and useful information
and knowledge. Aina (1991), and Mooko

The agricultural sector has been the mainstay
of the Sri Lankan economy over the past centuries
and currently, the sector contributes 7.5%
for the national Gross Domestic Product (GDP)
of Sri Lanka and provides employments for 80%
of the rural community of Sri Lanka. Agriculture
by products are raw materials for the other
industries, which earns foreign exchange.
In Sri Lanka the agriculture industry is dominated
by small-scale farmers, whose farming range is
from 0.3 to 0.5 hectares. However, farming becomes
less profitable industry in Sri Lanka and there
is a trend that the small-scale farming community
is leaving from farming.
There are many reasons for less attraction
on farming. Among them lack of the knowledge
on modern technologies of farming is a major
problem faced by the rural community. Information
is key for knowledge gain on farming and hence,
information is a valuable resources for rural
development (Carter, 1999; Meyer, 2003; Morrow
et al., 2002) and can assist small-scale farmers
in making timely decisions and taking appropriate
actions. Marchionini (1995) emphasizes that people
need to change the state of their knowledge to access
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and Aina (2007) revealed in their research findings
that agricultural information is an essential recipe
for successful farming. Radhakrishna (2007) pointed
out the other externalities such as money, favorable
socio-political stability, and good governance that
have to be in place so that information can make
an impact. Invwieri (2007) opined that, rural
community who are mainly illiterate require access
to appropriate information to be able to make
decisions and participate fully in the national
development processes, including agriculture.
However, the literacy rate of the rural community
in Sri Lanka is higher compared to the other countries
in the region and hence, providing necessary
infrastructure will enable them to access the right
information at right time. Zhao (2008) pointed out
that the Internet adoption is required to empower
the rural society since the majority of the people
in developing countries belong to rural communities.
Galagedarage (2015) identified the relationship
between Internet adoption and infrastructural
facilities, the adopter characteristics of rural
communities, the characteristics of technology
and affordability. Further, she explored that
the issues such as lack of infrastructural facilities,
problems of affordability and low computer
and English language skills, negative attitudes,
relevancy, and a lack of knowledge about benefits
and usage of the Internet are negatively impact
on Internet adoption among rural communities
in Sri Lanka.

- wwww.goviya.lk - was built to facilitate
progressive dialogues on agricultural issues
(Agriforum) and establish public knowledge
repository called Agripedia. It also facilitates
distance learning in agriculture and ICTs
(e-learning). The e-SMS Service, which
the farmers can send messages to an expert team
called krushifm to discuss their maters in radio
programs or send messages to Call Centre team
requesting advice on their issues. All the above
methods do not provide real-time interaction
between farmers and experts.
Meeting with an agent of the Agricultural
Department to solve certain issues related
to farming is a traditional way of knowledge sharing
and it is still practicing in Sri Lanka. However, this
is very inconvenient to the farmers as the agent can
be met only on scheduled dates. All of the above
methods are not interactive and not real-time
and hence, they are not popular among the farming
community.
Jayarathna and Hettige (2013) developed a multiagent system, which represents farmers, sellers,
buyers and agricultural instructors and provided
facilities to communicate with each other. This
system used the multi-agent technology and is
somewhat similar to our system, but we used
the Chat-Bot technology, which received
wider attention recently and used for several
applications. The first Chat-Bot was the Eliza
program (Weizenbaum, 1966). Later, Richard
Wallace wrote A.L.I.C.E., the Artificial Linguistic
Internet Computer Entity, a new Chat-Bot program
(Wallace, 2003). It won the Loebner Award, which
is the first formal instantiation of a Turing Test.
A.L.I.C.E. was later updated by Dr. Wallace, Jon
Baer, and others and programmed in Java. They
later set up the Alice AI Foundation to promote
the programming of Alicebots and help direct the
new Artificial Intelligence Mark-up Language
(AIML). The open source platforms like
Dialogflow, IBM Watson can be used to build
the Chat-Bot. However, the Chat-Bot technology
has not been used in Agriculture domain very often.

All the above research findings revealed that
the development in the agriculture field needs
crucial information to be made easily accessible,
particularly to the small-scale farmers. Also,
it reveals that productivity of farming can be
improved by providing right type of information
and at the right time, using the right channels
and with all other necessary infrastructure in place,
like telecommunication facilities, access roads,
education, agricultural policies.
The state institutions of Sri Lanka and the private
sector have taken several measurements to improve
the IT infrastructure as well as the IT literacy
in rural areas. Further, they have taken some
initiatives to disseminate information through
Information Technology. To that end the Department
of Agriculture of Sri Lanka has developed several
systems to provide information and disseminate
knowledge among the rural farming community.
The official website of the Department
of Agriculture - www.doa.gov.lk - has been started
since 2005 in English medium but later it was
revamped and developed in all local languages
Sinhala and Tamil. The web portal Wikigoviya

Hence, this project aims on developing a web
based interactive and intelligent Chat-Bot
for farmers to discuss their issues. Further, this
project implements a chat forum to interact
with peers and share their knowledge
and experiences. As the Internet infrastructure
and mobile technology are rapidly developing
in the rural areas, the rural community can access
these systems at anywhere, anytime and from any
device.
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Materials and methods

The chat-room is mainly comprised of messagebox,
send button and the view of the other group
members. The interface is made considering
the standard features such as clarity, consistency,
feedback, assistance and guidance, and user centric.

WebSocket
Websocket exchanges text and binary data with client
and server. It opens up interactive communication
sessions between user and server that user can send
messages to server and get an event driven response
without poll the server to reply. Unlike http it is
full-duplex and real time data flow.

Google Translation API is used to translate
messages between English and Sinhala. This is
a simple tool to interact with other people
and share their knowledge and experiences in their
own language.

On the request of client the server gives access
to chat application through opening a websocket
between client and server. All the connected clients
have separate websocket connections toward
the server. When a client sends message to the server
through the chat application, server sends that
message to the other connected clients through
the websocket. So the others can display
the message in their chat. The communication
channel can be secured by applying Transport
Level Security (TLS).

AI Chat-Bot
Chat-Bot is a latest technology to duplicate
human conversation. Artificial Intelligence (AI)
technologies and natural language processing
techniques are integrated into the Chat-Bot.
The Chat-bot can be trained to convers with human
in any domain.

Socket.io
Socket.io is an event based emulation of websocket.
It is a javascript library that can use for real-time
web application. It is build on the top of Engine.IO.
It primarily uses protocol of websocket and AJAX
long polling for transport. It has two parts clientside and server-side libraries. It has cross browser
and is working for all browsers now.

Source: Stoner, 2004

The chat room is integrated into E-Agro platform
server, which is working on node server. It uses
Socket io and express js. We installed the required
libraries; express, socket.io and http and set
the paths for the front-end and the server.
The front-end of the application is implemented
by using angular js as shown in the Figure 1
and the bootstrap framework is used to develop
the chat application.

Figure 2: Chat-Bot Components.

As in the Figure 2 the Chat-Bot has three major
components: Responder, Classifier, and Graphmaster. Through the user interface user send
response to the responder. The responder transfers
data from user to classifier and the other side.
Classifier filters and normalizes inputs and passes
them to the Graph-master. Graph-master is the brain

Source: own processing
Figure 1: Chat room interface.
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of the Chat-Bot. It matches the patterns
with the stored information and sends them
to the classifier. Then classifier also process
the output respond.

words. Then important words are checked against
key words and corrected them if necessary.
The word pattern is passed into graphmaster to retrieve the corresponding pattern
from the knowledge base.

Artificial Intelligence Markup Language (AIML)
is used to encored the graph master representing
examples and their corresponding intents.
Following is a sample code of AIML.

The open source platforms like Dialogflow,
IBM Watson can be used to build the Chat-Bot
as it allows both text and voice and also, a user
can create their own intents, entities and context,
and train the Chat-Bot easily.

<?xml version="1.0" encoding="ISO-8859-1"?>
<aiml>
<category>
<pattern>HELLO *</pattern>
<template>Hi.</template>
</category>
</aiml>

Results and discussion
Translation Chat-Room
The Figure-3 shows the user interface of the chat
room. The conversation is in the local language
Sinhala. The user interface was developed
considering the properties such as guidance,
user-in-control, consistency, prevent errors,
feedback, and simplicity. Also, the interface should
provide facilities for the illiterate farmers. The task
analysis was conducted with farmers, expertise
in the field of agriculture and the expertize
group of academics in User Interface designing
at our university to identify and trace the tasks
and subtasks, which the user requires to accomplish
in order to successfully interact with the interface
as mentioned by (Johnson, 1992). The initial
version of the interface was designed
with the help of the UI design group of our university
accommodating all the requirements of the users.
The initial version of the interface was presented
to 40 farmers selecting from different areas in Sri
Lanka. Mostly, they agreed on the objects presented
in the interface however, they found difficulties
in identifying the objects. Also, the majority did
not agree on the organization of the objects. Hence,
we changed the appearance of the objects as well

The above example code generates the intent
response “Hi” for the input example “Hello”.
When generating intents the sub categories
of intents are also generated. For an example
if a user example describe a location with an image
then the intent response is an image of the location.
Adding more examples, which describe the same
intent, can increase the accuracy of the Chat-Bot.
In this project the intents and the examples were
collected through questionnaires, interviews
with farmers, expertise and other stakeholders
in the agricultural domain. The intents
and the examples are the data used to train the ChatBot. The Chat-Bot is trained to predict an intent
for the given example.
The user input text that is an example, is split
into words and labeled according to their positions.
Next according to different disciplines of grammar
the words are chunk while omitting the unwanted

Source: own processing
Figure 3: User interface of the chat room.
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as the organization of the objects and finalized
the interface as shown in Figure 3. The usability
test of the interface was conducted in the laboratory
with the help of the UI group at our university.
The test was successful and subsequently,
the usability test was conducted with real users
in the field. This time we selected different set
of farmers, who did not involve in the feedback
session conducted at UI design stage.
The majority of farmers successfully used the chat
room without a difficulty and they impressed
about the system. However, they found
somewhat difficulty in the keyboard layout
and hence, a user-friendly keyboard layout is
required to design specially targeting the farmers.

sentences are not combined with logical connectors;
AND and OR. The Chat-Bot failed to answer
the questions 6 and 7 as they are not atomic
questions. Also, the Chat-Bot did not answer
for the question 8 as the required information
is not stored in the knowledge base. The intents
for the examples from 9 to 13 were identified in our
previous research (Tharindu and Ekanayake, 2018)
and the provided intents by the Chat-Bot
for the given examples are correct. The system
developed by Jayarathna and Hettige (2013)
is somewhat similar to our system. They used
multi-agent technology while we used Chat-Bot
technology, which is widely used in applications
like question-answering systems in many areas.
Also, our system is interactive and the farmers’
feedbacks indicated that it is user-friendly
and a useful tool, which can assist for decisionmaking and information delivery in real-time.
The web portal wwww.goviya.lk managed
by the Department of Agriculture in Sri Lanka is
not a truly question-answering system and hence,
the farmers want to spend more time to search
information. Also, the e-SMS service is not real-time
system and hence, it is not popular among
the farming community.

Chat-Bot
Figure 4 shows the interface of the Chat-Bot.
The interface was designed using the same
procedure as above. The test was conducted
in the laboratory and subsequently in the field. Test
samples were selected from the frequently asked
questions. Most of the test samples were drawn
from the examples used to train the Chat-Bot.
However, the test examples were slightly revised
so that the Chat-Bot was tested with new queries,
which are not seen by the Chat-Bot during
the training. Some of the examples are included
for greeting based on the time and some examples
introduce the Chat-Bot itself to the users. Table 1
shows 13 test samples of user inputs and the Chat-Bot
responses out of more than 50 test cases.
The first three test cases are for the greeting
and the introduction. The Chat-Bot is trained with
examples, which are atomic sentences. The atomic

In general, the Chat-Bot provides reasonably
correct answers for the given quires. Further,
the farmers, who involved for the evaluation
process accepted the Chat-Bot as a user-friendly
and helpful tool for their farming industry. Hence,
they are willing to use it in future farming activities.
However, the Chat-Bot is required to train
with the composite examples, which two or more

Source: own processing
Figure 4: Interface of the Chat-Bot.
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examples are connected using logical operators.
Further, the Chat-Bot does not provide answers
if the required information is not encoded into its
knowledge base. Therefore, the knowledge base
of the Chat-Bot is required to populate with more
examples and intents.
User’s Inputs

Chat-Bot Response

1

Hi

Hello

2

How are you?

Doing great, thanks

3

Who are you?

I’m a bot that can help
you to get knowledge
about farming,
and economic status
of plants

4

Crops suitable for grown
in Monaragala district

tomato, maize.

5

Crops suitable for Badulla district

potatoes

6

Crops suitable for rainy season
in Monaragala and Badulla?

?

7

Different soils existing in Monaragala
and Badulla area?

?

8

Cost for growing tomato

?

9

Best time period to grow green gram

April, May, June, July

10

Best time period to grow maize

November, December

11

Best time period to grow potato

June, July, August,
November, December

12

Best time period to grow red onion

January

13

Best time period to grow tomato

June, July, November,
December

industry and hence, there is an inclined trend that
the rural community keeps away from agriculture.
There are many reasons for this development.
Among them accessing information at right time
about agriculture is a major issue.
Hence, the aims of this project are to network
farmers and provide solutions to farmers’ issues
at right time. To that end, we developed a chat room
to share the farmers’ experiences and knowledge.
Further, we developed an intelligent Chat-Bot,
which provides solutions for certain issues
of farmers through an online system.
The intents and examples were extracted through
questionnaires and interviews with farmers
and expertise. The knowledge base of the ChatBot is programed using the Artificial Intelligent
Markup Language (AIML). The Chat-Bot is trained
using the atomic examples to predict the intents.
The user interacts with the Chat-Bot through a User
Interface.
The chat room and the Chat-Bot were evaluated
in the laboratory and with farmers. The farmers
accepted the tools and they are willing to use them
for their farming activities.
As the Chat-Bot is trained using atomic examples,
it does not provide answers for composite
examples. Further, the Chat-Bot is trained in a small
domain and hence, it’s capabilities are limited.
As a pilot project the data is collected only on two
districts in Sri Lanka, but in future, it will be covered
the whole country. The Chat-Bot is designed
and implemented in cloud platform and hence,
the client end is not required more computing
power.

Source: own processing
Table 1: Sample test cases.

Conclusion
Agriculture is the main industry in the rural areas
of Sri Lanka and the agriculture contributes
a significant amount to the economy of Sri Lanka.
However, the agriculture is becoming less profitable
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Abstract
This paper aims to determine the effect of demographic and socio-economic factors and household responses
to household changes in prices and income against the demand for household animal-sourced food in West Java
Province. The study used cross-section data sourced from the National Socio-Economic Survey (SUSENAS)
of West Java Province in 2017 analyzed through the Quadratic Almost Ideal Demand System (QUAIDS).
The results showed that the demand for household animal-sourced food in West Java was influenced by price,
income, and social demographic factors. All groups of animal-sourced food were categorized as normal
goods, as characterized by an income elasticity value of more than zero. The income elasticity established
meat commodities as the highest with eggs being the lowest. The nature of the commodity determined that
all animal-sourced food groups except eggs are luxury goods. Luxury goods are categorized as such due
to their above one value of the demand response against changes in income- which in this paper refers
to the commodities of fish, meat, poultry, and milk. The own-price elasticity also showed meat as the most
responsive commodity to price increases compared to fish, poultry milk, and eggs. The five groups
of commodities achieved a negative elasticity value, as reflected by the reduced share when the decreasing
demand responds to the commodity price increase. The cross-price elasticity of most animal-sourced food
commodity groups achieved negative elasticity values, which indicated that the related animal-sourced
food commodity groups were complementary, whereas positive elasticity values indicate the related food
commodities group as a substitute.
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Introduction

rate with a GHI value of 22.0, only better than
Cambodia, Laos, and Myanmar. Besides the Global
Hunger Index (GHI), the overall food consumption
can be seen from the Nutrient Adequacy Score
(NAS). The Central Statistics Agency (BPS) data
in 2017 showed that for the first time, the average
consumption of calories and protein of Indonesian
people have met nutritional adequacy standards,
as seen in Table 1 below.

Protein, as an essential nutrient in the food and
to the body, can be obtained from plant-sourced
foods (vegetable protein) and animal-sourced
foods (animal protein). However, animal protein
has a complete amino acid composition and better
digestibility when compared to vegetable protein.
According to Soehadji (1993) in Ariningsih (2004),
animal protein is an agent for the development
of a nation and has indispensable properties.
Meanwhile, Pakpahan (2018) stated that the low
consumption of animal-sourced food is a significant
factor in the high Global Hunger Index (GHI)
in Indonesia. IFPRI (2016) stated that Indonesia
is categorized as a country with a severe hunger

Table 1 shows that the Indonesian nutrient
consumption has achieved sufficient standards
for calories and protein, albeit still dominated
by plant-sourced foods. The calory consumption
derived from animals is 128.17 kcal or 6 % of total
caloric intake, while protein derived from animals
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Food Group

Calories (kcal)

Protein (gram)

2016

2017

2016

2017

Non-Animal sourced food

1877.36

1975.28

42.81

46.41

Animal sourced food

1 60.03

177.34

13.86

15.78

- fish

42.88

49.17

7.17

8.23

- Meat

56.02

67.70

3.35

4.2 0

- Eggs and Milk

61.13

60.47

3.34

3.35

2037.39

2152.62

56.67

62.19

total
Source: Susenas, 2017

Table 1: Average daily consumption of calories and protein per capita according to the food group 2016-2017.

was 7.55 g/capita/day, which is 12.1% of the total
protein intake. Meanwhile, when compared
with the Food and Agriculture Organization (FAO)
data in Balance livestock in 2009, the average
animal-sourced calory and protein intake
of countries in the world is 388.2 kcal
and 23.9 gr/capita/day with each share of total
intake being 12.9% and 27.9% respectively.
The low consumption of animal-sourced
food may discourage the quality improvement
of Indonesian labor. Therefore, increasing
consumption of animal protein is necessary
for increasing the health and productivity
of Indonesians, which consequently can
improve the competitiveness of Indonesian labor
in the international arena (Ministry of Health,
2015).

of human resources is parallel to the population
increase. Thus, comprehensive efforts are needed
to prevent these obstacles from interfering
with future development in West Java Province.
The government continuously conducts programs
to improve the quality of human resources, among
others, by improving and increasing the nutritional
status of the community. Therefore, an exhaustive
analysis of the food demand, especially animalsourced food, is required, in terms of factors
the demand, as well as consumer responses towards
changing prices and income.
Some previous studies of food demand state
that there is a relationship between income,
own prices and other food prices on household
consumption of food. Burger et al (2017) in their
research find substantial variation in the price and
income elasticities of demand for items across
the income distribution, with the bottom quartile
being extremely sensitive to increases in the price
of food and clothing items, and the top quartile
being as sensitive as households in developed
countries. Hoang and Glewwe (2011) investigated
the impact of an increase in food prices
on welfare and poverty rates in Vietnam. The results
showed that a 20% price increase in all products,
assuming that consumer and producer prices rise
proportionally, resulted in an increase in household
expenditure by up to 3.4%. If the producer’s price
is higher than the consumer’s price, the agricultural
household’s welfare will improve. Pangaribowo
and Tsegai (2011) found a high income
or expenditure elasticity for milk, meat and fish
food goups, especially in poor households.
Ravallion and Van der Walle (1991) indicated
that a 10% increase in food prices had an impact
on severe poverty in Indonesia. Bopape
and Myers (2007) on household-level food demand
in South Africa, presented differences in households
consumption patterns in the rural and urban
areas as well as households at each income level.

West Java Province is the largest consumer base
in Indonesia; however, food remains a prevalent
issue. BPS (2017) disclosed that the average
calory consumption per capita in West Java was
2230.92 kcal/day, and per capita, protein
consumption
reached
65.59
grams/day;
the numbers categorized the consumption
as reaching standards. However, plant-sourced
protein still dominated that consumption, making
the quality of food consumption low as indicated
by the low score of Desirable Dietary Pattern
(DDP), which is below the national DDP of 85.2%.
The Election Organization Ethics Council (DKPP,
2018) has argued that one cause of the low score
of DDP in West Java is due to the community's high
dependence on staple foods and the low consumption
of animal-sourced foods. Until now, the Energy
Adequacy Level (EAL) is still dominated by rice
food groups, with grains amounting to 58.9%
which is above the 50% ideal level when based
on the ideal standard of DDP 100. The ricedominated consumption patterns of society may
cause a high contribution of rice EAL.
The government's burden in improving the quality
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The research identified meat and fish as luxury
items in all household income level groups. Thus,
the purpose of this study, in particular, is to identify
the socioeconomic, demographic factors influencing
the demand for animal-sourced food in West Java
Province and determining the income elasticity,
own price elasticity and cross-price elasticity
of demand for animal-sourced food in West Java.

in biased measurements. To overcome this problem,
the price variable in this study utilized the unit
values corrected by the price differential method
as done by Majumder, Ray and Kompal (2012).
The unit value is corrected by adding the district/
city middle value and estimated residual regression
difference in the middle value of each district/
city with social demographic factors. This method
assumes households in the same district/city to face
the same commodity prices. Mathematically, it can
be written as follows:

This research provides important empirical
contributions, where previous studies on food
demand are more concerned as food as a whole
in a national scope. Meanwhile, this study will
be more specific and analyze animal sourced food
and protein and divide it into five food groups,
namely fish, meat, poultry, eggs and milk
at the provincial level, namely West Java
with the Quadratic Almost Ideal Demand System
(QUAIDS) model.

vi - vmedian = α0 + α1dloci + α2hsizei + α3dgenderi
+ α4educi + α5inci + εi
(1)
correction prices are formed from the sum
of the average value per unit of commodity group
at the commodity and residual level:
(pi)median = (vi)median + (êi )median

Materials and methods

(2)

The generated price assumes that every household
in one district/city experience the same market
price for each item. The price is not affected
by the endogeneity problem caused by different
quality factors among households in a group
(Majumder, Ray and Kompal, 2012). The equation
for estimation in this study is the model developed
by Ray (1983) and Poi (2012), where the QUAIDS
equation becomes:

This study will use secondary data collected
by the Central Statistics Agency (BPS), namely
KOR and Expenditure Consumption (KP)
in the socio-economic survey (SUSENAS)
and applying the Quadratic Almost Ideal Demand
System (QUAIDS) model. For data processing,
Stata 14.2 is used to estimate the models. This model
can maintain consistency with the Engel curve
and the effect of relative prices in utility
maximization. Additionally, this model allows
more parameters to be predicted compared
to previous models such as LA/AIDS (Aepli,
2014). This model requires all sample households
to consume all the studied commodities.
Anticipating zero consumption can be done
by incorporating groups of commodities or food
into a larger group should there still be zero
consumption, the Inverse Mills Ratio (IMR)
variable is added as an independent variable.
The IMR variable is obtained by performing
a two-step estimation from the Heckman test
(Widarjono and Rubcha, 2016; Mayasari, Satria
and Noor, 2018)).

+ αi1dloci + αi2hsizei + αi3dgenderi + αi4educi
+ αi5inci + ai6IMR+ εi
(3)
where:
wi = expenditure share from animal sourced food
groups to i
lnpj = the aggregate price of the j-animal sourced
food commodity group
x = household expenditure for animal sourced
food consumption
ln (a/p) = price index
b(p) = price aggregator
dloc = location (urban = 1)
hsize = household size
dsex = head of household sex (male = 1)
educ = years of schooling
Inc = income group (low income group = 1 as
reference category, middle income group = 2,
high income group = 3)
IMR = inverse mills ratio

The disadvantage of using household survey data
is its lack of price for the commodities consumed.
Price (unit value) is obtained by dividing the value
issued by the quantity purchased. This method
can be used for research in small areas with more
homogeneous demographic factors. According
to Zheng and Hennebery (2010), should
the research be conducted in large areas with varying
demographic factors, the unit value approach will
contain several errors, one of which will result
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There are three types of demand elasticity that can
be derived from the QUAIDS model. The three
elasticities are as follows:

a majority of non-food groups, as seen in Figure 1.

1. Income elasticity
(4)
2. Marshallian price elasticity (Uncompensated
price elasticity)

Source: Own calculation based on data from Susenas, 2017

(5)

Figure 1: The share of household expenditures in West Java
province (%).

3. Compensated price elasticity

The difference in the share of expenditure between
urban and rural areas was based on income,
i.e., the income in urban areas tend to be relatively
higher than rural areas. Previous studies also
supported the research of Bopape (2007) and Mittal
(2010) which stated of a substantial difference
in rural and urban household’s consumption
patterns; urban households had higher expenditure
budgets than rural households.

(6)
where:
εij = price elasticity
γij = parameter of animal-sourced food prices
βi, λi = linear and quadratic parameters of income
Wi = average share of animal-sourced food
expenditure
δij = the delta kronecker is zero for the own price
(i = j) and worth 1 for the cross price (i ≠ j)

In addition to regional differences, the education
level of the head of the household influenced
the household expenditure priority. Head
of household (HoH) with less than or equal
to 9 years of age (basic education) allocated
58.35% of their expenditure for food, and 41.65%
for non-food items. In contrast, the head
of households with more than nine years
of education allocated greater expenditure
for non-food items; 57.41%, while food was
only allocated with 42.59%, as shown in Table 2.
This is in line with the research conducted
by Mayasari, Satria & Noor (2018), which stated
that the education of the head of the household
plays an essential role in determining the share
of household food expenditure. This study also
mentioned that the higher the education of the head
of the household, the more the head of the household
is concerned about food quality consumed
by the household.

Results and discussion
Allocation of household expenditures in West
Java province
The demand level for food and non-food
consumption is highly dependent on the socioeconomic characteristics of each region. The urban
and rural classification identified a difference
of share in the average monthly expenditure
for food and non-food households. The average
food expenditure share (food share) in rural
and urban areas households was 60% and 49%
of the total household expenditure, respectively.
The result showed that the expenditure majority
in rural areas were food, while urban areas had

Years of Schooling
of Head of Household

Expenditure Group
Food

Non-food

Value (rupiah)

%

Value (rupiah)

%

<= 9

1,651,303

58.35

1,178,829

41.65

>9

2,578,218

42.59

3,475,034

57.41

Source: Own calculation based on data from Susenas, 2017
Table 2: Household expenditures by education level in West Java province 2017.
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Meanwhile, the level of income significantly
impacted the allocation of household expenditure.
The higher the level of household income,
the lower the share of food expenditure; inversely
the expenditure share on non-food items will
increase along with the increase in income.
Households in the low and middle-income
groups spent over 50% of expenditures for food,
on the other hand, households in the high-income
groups spent more than 50% of expenditure
for non-food items, as seen in Table 3. Similar
results were found in Abdulai's research (2002),
which argued that future increase in income
would shift the consumption pattern towards
non-food items. This research is in line with Zheng
and Henneberry (2010), which stated of different
expenditure patterns of food demand in each income
and distribution level of a community in a region.

Urban households spent 17.69% of the total food
expenditure for animal-sourced food, while rural
households only spent 14.24%, as seen in Table 4.
This showed that households in urban areas
have more means to consume animal-sourced
food than rural households. This result is in line
with the Molina and Gil (2005) which stated that
the influence of residential locations provides
a positive response to the expenditure share, they
also stated that urban areas households tend to have
higher incomes than people in rural areas.
Additionally, animal-sourced food expenditures
in households in West Java showed that the higher
the level of education, the higher the expenditure
on animal-sourced food. Households with HoH
of over nine years of schooling will spend almost
20% of their food expenditure on animal-sourced
food, as seen in Table 5. This result is in line
with Molina and Gil (2005) which stated that
demand by consumers is not only influenced
by price and income but also by other variables, one
of which is perception/information of the product
quality.

Furthermore, food consumption was categorized
into the consumption of animal-sourced food
and non-animal-sourced food. Figure 2 shows that
the expenditure share of the animal-sourced food
is highest in the fish commodity group, amounting
to 36% while the lowest is the meat commodity
group with 7%.

Household income also affected the expenditure
of animal-sourced food. The Susenas data
in 2017 showed that the low and middle-income
households only spent 13-14% of total food
expenditure for animal-sourced food, while highincome households used 20%, as shown in Table 6.
This comparison means that the higher the level
of income, the higher the expenditure on animalsourced food. This is also in line with the research
conducted by Pangaribowo and Tsegai (2011)
regarding consumption patterns in Indonesia.
The research stated that households with the lowest
income had the highest expenditure for staple
foods and a small possibility for consuming dairy
products, whole relatively high-income households
allocated most of their food expenditure for food
other than staple foods, namely plant-sourced food,
meat and fish and dairy products.

36%

24%
21%

12%
7%

West Java

w_fish

w_meat

w_poultry

w_egg

w_milk

36%

7%

21%

24%

12%

Source: Own calculation based on data from Susenas, 2017
Figure 2: Share of household animal sourced food expenditures
in West Java (%)

Animal-sourced food expenditures in urban
and rural households in West Java were different.

Expenditure Group
Income Level

Food

Non-food

Value (rupiah)

%

Value (rupiah)

%

Low

1,206,015

65.68

630,060

34.32

Medium

2,098,544

57.00

1,583,400

43.00

High

3,138,808

37.81

5,161,773

62.19

Source: Own calculation based on data from Susenas, 2017
Table 3: Household expenditures by income level and household animal sourced food consumption
in West Java province 2017 (%)
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Food Expenditures

Regional
Classification

Animal sourced food

Non-Animal sourced food

Total Food

Value (rupiah)

%

Value (rupiah)

%

Value (rupiah)

Urban

374,489

17.69

1,741,950

82.31

2,116,439

Rural area

233,623

14.24

1,407,288

85.76

1,640,911

Source: Own calculation based on data from Susenas, 2017
Table 4: Food expenditures as classified by regions in West Java province 2017.
Food Expenditures
Years of Schooling

Animal sourced food
Value (rupiah)

%

<= 9

239,370

>9

505,660

Non-Animal sourced food
Value (rupiah)

%

14.50

1,411,933

85.50

19.61

2,072,558

80.39

Source: Own calculation based on data from Susenas, 2017
Table 5: Food expenditures according to education of the head of household in West Java province.
Food Expenditures
Income level

Animal sourced food

Non-Animal sourced food

Total Food

Value (rupiah)

%

Value (rupiah)

%

Low

128,142

13.19

843,014

86.81

Value (rupiah)
971,155

Middle class

302,698

14.97

1,719,066

85.03

2,021,764

High

763,747

20.30

2,998,798

79.70

3,762,545

Source: Own calculation based on data from Susenas, 2017
Table 6: Food Expenditures According to Household Income Levels in West Java.

Estimating parameters of the animal sourced
food demand system model

Households with higher income tend to consume
animal-sourced
foods,
consequently
more
expensive, than those with lower income. Lowincome groups consumed more fish, followed
by eggs and poultry, and consumed very little
meat and milk. In contrast to households
with high income, albeit being dominated by fish,
the expenditure of poultry, eggs, and milk is evenly
distributed. This is in line with Abdulai's (2002)
research which stated that the demand for meat
and fish would increase along with the increase
in consumer income, the research also expresses
similar results by Hayat, Hussain and Yousaf (2016)
which stated that higher household income would
lead to an increase in household demand for dairy
and meat products. The findings above are also
in line with Bennet's Law stated that increasing
income results in decreasing consumption
of staple food. The consumption pattern is
influenced by income, the wealthier a society is,
the more varied its food consumption; initially
dominated by simple starchy plants and later
diversifying to plant-sourced food, fruit, dairy
products, and especially meat.

Overcoming endogeneity required an instrumental
variable, i.e., the total household income against
the total household expenditure by adding food
and non- food expenditures. According to Bopape
(2006) and Fashogbon et al. (2012), the total income
is a useful instrumental variable as it is correlated
with the instructed variables and did not correlate
with errors in the main equation. The disregard
of blank data or zero consumption will lead
to selectivity bias that will affect the estimation
results. This study overcame it by adding
the Inverse Mills Ratio (IMR) variable
to the equation.
The effect of the own-price variable on each group
of animal-sourced food commodities suggested
a positive and significant for the group's expenditure
share. The coefficient prices showed that should
price increase by 1%; the expenditure share
would also be felt by the food groups; fish groups
with 0.236% followed by eggs with 0.192%,
poultry with 0.172%, milk with 0.091%,
and the lowest was the meat with 0.053%, assuming
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ceteris paribus. This is in line with Abdulai's
(2002) research, which stated that the own-price
variable significantly influenced the increase
of the expenditure share of the food commodity
group, and prices affected all food commodities
demand. Thus price policy as an agricultural policy
instrument is fundamental.

The size of the household (the number of household
members) had a significant influence on the level
of 1-10% in the egg commodity group, which
means that the size of the household influences
the demand for eggs. This study indicated a negative
effect between household size and share of egg
expenditure. This negative effect indicated that
the bigger the household, the smaller the expenditure
for eggs. According to Mittal (2010), food is
a private item that is difficult to substitute, especially
for poor households. With per capita resources
as constant, food consumption per capita should
rise as household size increases. In fact, the more
the family members, the less the food consumption.
This phenomenon is called the Deaton-Paxson
paradox proposed by Deaton and Paxson (1998).
The study conducted by Deaton and Paxson (1998)
in several countries: The United States, the United
Kingdom, France, Taiwan, Thailand, Pakistan,
and South Africa, indicated the negative
correlation between the number of family members
and the demand for food. This is because food
consumed by people cannot be substituted
with cheaper public goods, particularly in lowincome countries. This result is different for rice;
a household with more infants and adults consumes
more rice. This implies that a household with more
household members spends a higher proportion
on various at-home foods such as rice. Abdulai
(2010) also stated that parameters related
to household size affect consumption patterns; large
families are often forced to adjust their consumption
patterns to buy the relatively cheaper commodity,
as indicated by the low egg consumption in West
Java province of 10kg/capita/year. Meanwhile,
the consumption of chicken meat and eggs
in Asian countries has now reached 15 kg/capita,
and some have even reached 20 kg/capita
(West Java Provincial Government, 2015).

Income variables demonstrate a positive relation
with expenditure share. Thus, an increase in income
will be followed by an increase in expenditure
share. The coefficients for meat, egg, and milk
commodity groups have a positive influence;
an increase in income increase will be followed
by an increase in group share. This finding is
in line with Hayat, Hussain and Yousaf (2016),
which stated that an increased household income
would lead to increased demand for dairy
and meat commodities. However, fish and poultry
commodity groups have a negative coefficient;
an increase in income will be followed by a decrease
in the expenditure share of the dairy and meat
commodities. This relation is likely to occur
as an increase in household income will shift
the demand towards more expensive animalsourced food like meat and milk. These phenomena
demonstrated the application of Bennet's Law
in West Java Province, namely the high income
would shift the consumption pattern towards better
quality food.
Regional dummy variables indicated that fish groups
had a positive relation; household expenditure share
for animal-sourced food commodities is higher
in households living in urban areas compared
to rural areas. Conversely, the expenditure share
of milk commodity is lower for households living
in urban areas compared to those living in rural
areas. The comparison reflects the significant role
that milk plays to fulfill the nutritional adequacy
of children in rural areas, and the non-substitutable
characteristic of milk, especially baby formula.

The sex of the head of household is significant
at the 1-5% real level for poultry and egg groups.
Eggs have a positive effect if the sex of the head
of the household is male, and poultry has a negative
effect. A positive effect means that households
with a male head of household consume 0.011%
more eggs compared to households with a female
household; whereas female head of household will
rely on poultry to meet animal-sourced food needs.
Pangaribowo and Tsegai (2011) examined the same
thing for the sex dummy of the head of household
(male), which gave a positive and negative relation.
Usually, a positive relation is shown on higher
quality and more expensive foods such as meat.
The implication is that the difference in sex

The years of schooling variables show that
the years of schooling provides significance
at the level of 1-10% of the poultry and milk
groups. The years of schooling have a positive
relation with the share of poultry expenditure
but have a negative effect against the share
of milk expenditure. Research conducted by Capps
and Smith (1991) in Nugroho (2015) on the effect
of health and nutritional factors in the analysis
of food demand, described that demand
by consumers is not only influenced by prices
and income but also by other variables such
as perceptions and product information.
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of the head of household leads to differences
in consumers’ behavior. This condition indicates
that food policies should take the difference
in sex of the head of household characteristics
into consideration.

of selectivity bias sample. This problem was
overcome by adding the IMR variable to unbias
the estimation parameters in the equation. Thus,
the insignificant IMR variables with a 40%
coefficient show that the selectivity bias problem
does not occur for these commodity groups
(Table 7).

The Inverse Mills Ratio (IMR) is significant
at the 60% coefficient, reflecting the problem
Fish Share

Meat Share

Poultry Share

Eggs Share

1

2

3

4

5

Fish Prices

0.236 ***

-0.036 ***

-0.054 ***

-0.057 ***

-0.087 ***

(0.017)

(0.009)

(0.012)

(0.011)

(0.011)

Meal Price

-0.036 ***

0.053 ***

-0.049 ***

-0.026 ***

0.059 ***

(0.009)

(0.011)

(0.011)

(0.009)

(0.008)

Poultry Price

-0.054 ***

-0.049 ***

0.172 ***

-0.056 ***

-0.012

(0.012)

(0.011)

(0.019)

(0.014)

(0.010)

-0.057 ***

-0.026 ***

-0.056 ***

0.192 ***

-0.051 ***

(0.011)

(0.009)

(0.014)

(0.014)

(0.009)

Milk Price

-0.087 ***

0.059 ***

-0.012

-0.051 ***

0.091 ***

(0.011)

(0.008)

(0.010)

(0.009)

(0.011)

Income

-0.644 ***

0.201 ***

-0.325 ***

0.446 ***

0.322 ***

(0.044)

(0.021)

(0.042)

(0.048)

(0.029)

Quadratic Income

-0.023 ***

0.019 ***

-0.037 ***

0.029 ***

0.011 ***

(0.001)

(0.000)

(0.001)

(0.000)

(0.001)

-0.000

0.000

0.001 *

-0.000

-0.001 **

Variables

Egg Price

Years of Schooling (years)

Location (urban = 1)

Sex (male = 1)

Household Size

Milk Share

(0.000)

(0.000)

(0.000)

(0.000)

(0.000)

0.009 ***

-0.001

0.004

-0.003

-0.009 ***

(0.002)

(0.001)

(0.003)

(0.003)

(0.002)

-0.001

0.001

-0.011 ***

0.011 ***

0.000

(0.002)

(0.001)

(0.002)

(0.002)

(0.001)

0.002

0.001

0.002

-0.005 ***

-0.000

(0.001)

(0.000)

(0.001)

(0.001)

(0.001)

0.015 **

0.007 **

-0.013 *

0.005

-0.015 ***

(0.006)

(0.003)

(0.007)

(0.007)

(0.004)

High Income Group

0.035 **

0.012 **

-0.026 **

0.008

-0.030 ***

(0.011)

(0.005)

(0.012)

(0.013)

(0.007)

Instrumental Variable

0.030 ***

-0.005 ***

0.014 ***

-0.030 ***

-0.009 ***

Middle Income Group

(0.002)

(0.000)

(0.002)

(0.002)

(0.001)

Mills_Fish

0. 075 ***

-0.017 **

-0.021

-0.170 ***

-0.093 ***

(0.010)

(0.008)

(0.017)

(0.020)

(0.011)

Mills_Meat

0.088 ***

0.003

-0.053 ***

0.040 **

-0.078 ***

(0.016)

(0.009)

(0.018)

(0.017)

(0.013)

0.026

-0.005

-0.027 ***

0.049 **

-0.015

(0.018)

(0.008)

(0.0 09)

(0.024)

(0.012)

0.006

-0.022

0.222 ***

-0.145***

-0.028

(0.041)

(0.020)

(0.047)

(0.010)

(0.028)

-0.132 ***

0.019

0.061 **

-0.027

0. 151 ***

(0.023)

(0.012)

(0.027)

(0.029)

(0.011)

0.242 ***

0.205 ***

-0.063

0.581 ***

0.032

(0.036)

(0.035)

(0.046)

(0.044)

(0.030)

Mills_Poultry

Mills_Eggs

Mills_Milk

Constant

Note: *** p <0.01, ** p <0.05, * p <0.1. Standard errors in parentheses
Source: Own calculation based on data from Susenas, 2017
Table 7: The result from QUAIDS model of West Java province.
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Income Elasticity

than changes in income. The HoH with less than
or equal to 9 years of schooling is more responsive
than HoH with more than nine years of schooling.
The lower elasticity value of poultry compared
to meat indicated that poultry is one of the mainstays
of the community in meeting animal protein
needs in West Java. DKPP West Java Province
(2018) stated that 65% of West Java households
still rely on poultry such as chickens and ducks
as the main protein intake. Presently,
the consumption of protein sources other than
poultry food, both fish and meat, is still low,
changing it will be difficult and will require a long
process.

The result showed that the demand income
elasticity for household animal-sourced food
in West Java had a positive relation; all groups
of animal-sourced foods were categorized as normal
goods, and there were no inferior goods. The value
of income elasticity is shown in Table 8 below.
In general, income elasticity for animal-sourced
food in urban areas is lower tha in rural areas.
This comparison indicated that from an economic
standpoint, foods commodity are more affordable
for urban households than rural households
as the income of urban households on average is
higher than rural households.

Eggs were one of the most consumed commodities
by all levels of households because they contain
high-quality, practical proteins, are easy to prepare,
and are the cheapest among other animal-sourced
food commodities. The value of income elasticity
for egg commodities is positive, indicating eggs
as normal goods. Thus, any increase in household
income will cause the share of egg expenditure
to increase. The income elasticity for eggs is
the lowest compared to other animal-sourced food
groups and is worth less than one.

Income elasticity for meat is very responsive,
even in rural areas the value is more than 2. Thus,
a 1% income increase will cause a consumption
increase of this food group, assuming ceteris
paribus. The high value of meat elasticity can be
caused by meat's high prices, making meat a food
group as the first choice should an income increase
happen. On the other hand, urban areas have
a smaller value as urban areas as it tends to have
a higher increase in income.
For meat demand, the income elasticity will become
smaller as income increases. This finding in line
with the research conducted by Bopape (2007)
and Faharudin et al. (2015) which stated that meat
and fish are luxury goods in all household groups.
Expenditure on meat and fish is more elastic among
rural and low-income households than among urban
households and high-income households. The
same findings are found in the research conducted
by Akinwumi et al. (2011) in Alimi (2013) which
stated that beef and chicken are the most preferred
meat and the level of household income strongly
influenced the demand.

Milk has complete nutritional content and is very
beneficial for the health and human body. The value
of milk's income elasticity is positive; this indicated
that an increase in household income would cause
the share of milk expenditure to increase. Milk is
categorized as luxury goods which contrasted with
other animal-sourced food groups. Thus, the higher
the income, the more responsive to the demand
it is, which means that high-income household
will prioritize demand for milk if there is
an increase in income. This finding is in line with
Fabiosa (2005) which stated that the increasing
consumption levels of animal-sourced protein
are dairy products and poultry, this increased
demand for animal-sourced food products is in line
with increasing economic growth and urbanization.

Meanwhile, the high-income households’ groups
have a 0.889 high-income elasticity for poultry,
which means that changes in demand will be lower
Region

Education

Income

Animal Sourced
food

City

Village

<= 9 years

> 9 years

Low

Middle class

High

Fish

1.073

1.036

1.050

1.086

1.084

1.054

1.032

Meat

1.748

2.210

1.998

1.681

1.944

1.968

1.631

Poultry

1.116

1.310

1.275

1.005

1.464

1.117

0.889

Egg

0.341

0.425

0.410

0.260

0.436

0.352

0.126

Milk

1.236

1.306

1.310

1.186

1.240

1.247

1.250

Source: Own calculation based on data from Susenas, 2017
Table 8: Income elasticity.
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Own-price elasticity

commodities, assuming ceteris paribus.

The value of the own-price elasticity for animalsourced food commodities is shown in Table 9.
The elasticity value showed that all groups
are negative, which means that the increase
in commodity prices would cause a decrease
in the consumption demand of the commodity,
assuming ceteris paribus.

Meat and milk are more responsive in urban areas
compared to rural areas. Thus, the higher the level
of education and income, the more responsive
the demand will be. However, it is not so for
groups of fish, poultry, and eggs. The own-price
elasticity showed that the higher the income group,
the lower the value of elasticity, or the smaller the
response value against the increase in education
and income. This comparison indicated that
households continuously try to maintain
the quantity of consumption of fish, poultry,
and eggs despite price increases. In West Java,
when viewed based on the share of each group,
fish, poultry, and eggs has the highest consumption
compared to meat and milk groups, as prices are
more affordable.

When viewed from absolute value, own-price
elasticity has a value of less than one or is inelastic.
This means that the percentage change in price
is higher than the percentage change in demand;
if there is a 1% increase in commodity prices, there
will be a decline in commodity quantity of 0.399%
for fish, 0.781% for meat, 0.320% for poultry,
0.178% for eggs and 0.333% for milk, assuming
ceteris paribus.

Cross-price elasticity

Among the five groups of animal-sourced foods,
the most inelastic is the egg group as it has
the lowest own-price elasticity value, which
is equal to 0.178. This condition occurred
as eggs are a cheap source of animal-sourced food
with high nutrient content, becoming a mainstay
of households in West Java in meeting the needs
of animal protein. Thus, price increase was not
responded by the household. The highest price
elasticity was in the meat group, which is relatively
more expensive. Meat commodity group has
a price elasticity of 0.781; thus, the increase
in food prices in households is almost proportional
to the decrease in consumption of each food
Animal Sourced
Food

Total

Fish
Meat

Cross-price elasticity showed the effect of price
changes in other commodity groups against
the demand for commodity groups. A positive value
of the cross-price elasticity indicated that a price
increase of a commodity group would increase
the demand for other commodity groups or be
substituted. Whereas a negative value indicated that
a price increase of a commodity group would reduce
the demand for other commodity groups or be
complementary. The value of cross-price elasticity
in this study resulted from 20 compositions is
shown in Table 10 below.

Region

Education

Income

City

Village

<= 9 years

> 9 years

Low

Middle Class

High

-0.399

-0.347

-0.485

-0.454

-0.268

-0.497

-0.372

-0.276

-0.781

-0.821

-0.632

-0.705

-0.863

-0.600

-0.772

-0.905

Poultry

-0.320

-0.290

-0.388

-0.369

-0.244

-0.419

-0.357

-0.163

Egg

-0.178

-0.135

-0.255

-0.252

0.020

-0.361

-0.118

0.298

Milk

-0.333

-0.421

-0.079

-0.157

-0.535

-0.001

-0.378

-0.560

Source: Own calculation based on data from Susenas, 2017
Table 9: Own price elasticity.

Animal sourced food

Commodity Group
Fish

Fish

Meat

Poultry

Egg

Milk

-0.063

-0.205

-0.167

-0.222

-0.575

-0.342

0.470

-0.294

-0.022

Meat

-0.611

Poultry

-0.403

-0.141

Egg

-0.004

-0.011

-0.069

Milk

-0.765

0.335

-0.063

Source: Own calculation based on data from Susenas, 2017
Table 10: Cross price elasticity.
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Table 10 shows only two commodities
with a substitution effect with other animalsourced food groups, namely meat, and milk;
the substitution relation to meat is milk. This
substitution demonstrates that a 1% increase
in meat will increase the demand for milk by 0.335%,
assuming ceteris paribus. While other commodities
such as fish, poultry, and eggs are complementary
to meat commodities, which means an increase
in meat prices will decrease the demand for these
three commodity groups. Thus, the substituting
commodity of meat as a source of animal-sourced
food is milk. Meanwhile, milk has a substitution
effect with meat, meaning that a 1% increase
in milk prices will increase demand for meat, which
is equal to 0.470%, assuming ceteris paribus. While
other commodities such as fish, poultry, and eggs
are complementary to dairy commodities, which
means an increase in milk prices will decrease
the demand for the three groups.

The own-price elasticity showed that the most
responsive commodity is meat, followed
by fish, poultry milk, and eggs. The five groups
of commodities have a value of negative elasticity,
which means that increasing commodity prices
decrease the demand in the form of a reduced share
of expenditure. While the cross-price elasticity
of animal-sourced food commodity groups
identified most groups as having a negative value,
further proving that the related animal-sourced food
commodity groups are complementary. Meanwhile,
the meat and milk group have a substitution effect;
the commodities that can replace meat as a source
of animal protein is milk and vice versa.
Policy implications and recommendations
The income elasticity is higher than the value
of price elasticity, meaning that the most effective
way to direct the pattern of food consumption
in West Java is through increasing people's income.
Although price policy is crucial, in the long run,
changes in the pattern of food consumption are
primarily determined by the increase in people's
welfare in the form of increased income.

Conclusion
The result showed that the independent variables,
i.e., price, income (expenditure approach)
and demographic, socio-economic characteristics
in the Quadratic Almost ideal demand System
(QUAIDS) model could be used in estimating
the share of animal-sourced food expenditure
at the household level. The price variable, both
the own-price and the cross-price of other animalsourced foods are mostly positive and negative
in determining the share of each group. The income
and squared income of a household are significant
for the share of animal-sourced food group.

Government policy priorities related to food
and nutrition are prioritized for groups of people
who live in rural and low-income areas. The order
of consumption of high animal-sourced foods is
fish and eggs, followed by poultry meat, especially
from chicken. The demand or consumption of beef
is relatively low. Thus, the government should
encourage self-sufficiency in animal protein
to ensure that various layers of society can feel
the benefits. Diversification of food is a difficult
task for the provincial government.

The income elasticity showed that all animalsourced food groups are categorized as normal
goods, characterized by an income elasticity value
of more than zero. The value of income elasticity
for meat commodities is the highest and eggs are
the lowest. The demand for meat will provide
the highest response if there is an increase
in income. However, eggs have the lowest response.

Diversification
efforts
include
campaigns
or outreach on the consumption of diverse,
nutritious, and safe food for the community.
As it also involves aspects of community behavior,
then developing food consumption policies must be
made into a mass movement that involves not only
the government but covers all elements of society.
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Abstract
The aim of submitted paper was to analyze customer preferences in the context of loyalty to the brand
of selected food products in the segment of yoghurts. In order to achieve the mentioned aim, we used methods
of survey, structured questionnaire (sample of 693 randomly chosen respondents) and blind test (sample
of 100 respondents testing the four yoghurts – 2 yoghurts of traditional brands and 2 yoghurts of private
labels). For a deeper analysis of the obtained results, totally four hypotheses were set out and tested by using
the statistical methods of Contingency table chi-square test, Pearson´s chi-square test, Cramer's coefficient,
Friedman test and Kolmogorov-Smirnov Test. The results of the survey proved that more than 30 %
of respondents consume yoghurts on a daily basis, 30 % of respondents prefer to buy the yogurts of private
labels, more than 64 % of respondents consider themselves as loyal consumers and based on the package,
the tested sample of private label yoghurt (sample A) would be purchased by 56 % of respondents while
the same sample of yoghurt (sample A) would be purchased for its taste just by 47 % of respondents.
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Yoghurt, private label, traditional brand, consumer preference, loyalty.
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Introduction

At a time when consumers are talking about brands,
they often pay attention to only one of its aspects,
either the name or the logo. However, in brand
management, we are talking about an entire system
that applies to the concept of the natural value
of products and services defined by the name
and set of characteristics (Kapferer, 2012; Hereźnia
et al., 2018).

In today's modern and globalized world,
the consumers live in an increasingly competitive
and dynamic market environment (Smutka et al.,
2016, Polakevičová, 2015; Džupina et al., 2016;
Mach et al., 2018; Balcarová et al., 2014; Kádek,
2014), where the brand by itself either loses
its power or strengthens it. One of the primary
objectives of the brand's existence is to establish
a relationship with the consumer. The choice of the
right brand is made through two crucial moments,
namely by selecting the product in the store, where
the customer decides which of the brands to buy;
and by an additional decision at consumer´s home,
when the product of the given brand is used
and then consumer realizes whether is satisfied
with product or not (Animashaun et al., 2013; Alić
et al., 2017).

Brand management focuses on managing aspects
of the company's offerings such as brand, logo,
motto, character, product design or packaging
to achieve the company's ultimate marketing goals.
When we reconcile goals and marketing actions,
we can talk about building a strong brand (Chernev,
2018; Urbancová and Hudáková, 2017).
Today, customers are surrounded by a large number
of different brands. If consumers believe that most
brands offer the same characteristics, that there are
only minor quality differences between brands. This
means that the consumer does not buy goods of just
one particular brand, but rather purchases a group
of acceptable brands. Purchasing decisions depend
on criteria such as availability, price, or a particular

Brands that win again in both of these critical
cases gain a special place in the hearts and minds
of consumers. The result can be the creation
of so-called love brands, i.e. permanent even lifelong
brand relationships with consumers (Das, 2019).
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product-specific offer, and hence the main criterion
is not quality. As a result of this process, customer
loyalty to a particular brand decreases significantly
(Clow and Baack, 2008).

and Bulanda, 2019; Janková and Strbová, 2017;
Kaliji et al., 2014).
The strategy of foreign, but also of domestic
companies is to reach all groups of customers
− to satisfy those customers, who are critical
for low costs, but also those who prefer
the purchase of high quality products. All designated
requirements have to be satisfied by private label
products, whose share in Europe, particularly
in Slovakia, is constantly increasing (Košičiarová,
et al., 2014). Private labels, very simply explained,
represent a strategy for branding traditional
brand products, but with a retailer's brand
(whether by his own name or with a name which
he owns) (Košičiarová and Nagyová, 2014).
Private label brands have established their market
in the United Stated and Europe in the past few
decades. In their beginnings, consumers tended
to perceive them just as a substitute or option
to the traditional brands because of their white
− black packs, location somewhere on the bottom
shelves and low price. However, over the time,
there have been several significant changes, which
have made private labels acceptable alternatives
for the purchase (Nagyová and Košičiarová, 2014).
Development of private labels is now a global
phenomenon, which brings both − advantages
as well as disadvantages. The most apparent
expansion of private labels, for the year 2013, was
noticed in Switzerland with 37.7 %, unchanged
in USA and the lowest one in China (0.4 %)
(blog.euromonitor.com,
2014;
IRi
Growth
delivered, 2013).

The brand contains basic visual elements such
as logo, slogan or the name itself, on the basis
of which consumers are able to identify the brand
or company as well as to associate it with deeper
values e.g. certain emotion, experience, story
or relationship to lifestyle or status. The aim
of the brand is to reach a potential target group
of consumers in such a way that the brand
becomes an integral and natural part of their being.
To achieve this desired effect, it is necessary to use
marketing tools designed to understand the needs
of the market. (Banyár, 2017; Bartosik-Purgat,
2019).
A brand image is a multifunctional set of tangible
and intangible elements that allows consumers
to identify a product or service (Beverland, 2018).
It has a complex and multidimensional nature
and is the result of the consumer's mental process,
respectively potential consumer receiving brand
information. In this process, the individual gathers,
evaluates, and combines brand-related information.
The result is an image of a product, service
or brand that plays an important role in its
purchasing decisions (Singh and Duhan, 2016).
While the brand image is a tactical element that
brings short-term results thanks to advertising
and promotion experts; on the other hand, brand value
is a strategic asset of the company that can underpin
competitive advantage and long-term profitability
and must therefore be closely monitored by the top
management of the organization (Joachimsthaler
and Aaker, 2009). In essence, brand value
is an added value that affects each customers´
purchasing decision and motivates them to purchase.
It is demonstrated by knowing the brand name
and responding to the product. It depends
on customer loyalty, as it reflects the brand's
identification with product quality (Jakubíková,
2009; Janoskova and Kliestikova, 2018).

Submitted paper focuses on consumer preferences
in the context of loyalty to the brand of selected
food products in the dairy yoghurt segment. There
have been investigated the consumers' preferences
between the traditional brand or a private one
in the segment of yoghurts, namely two traditionalbrand of yoghurts and two private-brand
of yoghurts, which were tested in the form
of a blank test.
Milk and dairy products, including yoghurt,
rank among the commodities produced by food
businesses and are thus integrated into the agro
sector. Manufacture of dairy products is one
of the key sectors within the food industry
in the Czech Republic (Naglova et al., 2017) which
is declared also by the fact, that dairy products are
the export pillars of Czech agrarian foreign trade
(Špička et al., 2015). Also in the Slovak Republic,
the history of production and consumption of milk
and dairy products has a very long tradition (Špička,
2015). In 1989, there was consumed 260 kg milk

The consumer is considered to be the end user
of the product, unlike the one who buys goods
or services but does not consume them himself
(Bulanda et al., 2018a; Bulanda et al., 2018b; Pilar
et al., 2018). Attracting customers is the primary
goal of any business, as the customer creates
demand for goods and services and is very likely
to become a loyal consumer who becomes loyal
to brand. Companies compete in particular
by promoting and reducing prices to attract
the largest customer base (Kenton, 2018; Světlík
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per person per year in Czechoslovakia and in that
time there were 166 centrally managed dairies.
After the Slovak Republic joined the EU, milk
quota was allocated for milk production, which
was set at the level of 1,061.6 mil.kg in 2009/2010
(Kubicová, 2012) and further increased to the level
of 1,115.6 mil.kg in 2014/2015 (Kubicová, 2014);
and after five years of a preparatory increase in their
level, milk quotas disappeared on April 1th 2015
(Eurostat, 2015). Nowadays trend shows, that
the of milk and dairy products consumption declines
(Košičiarová et al., 2017).As presented in the part
Results and discussion, the current consumption
of milk and dairy products in the Slovak Republic
is about 174 kg per person per year, which
represents lower consumption by 20% compared
to the recommended intake (Kubicová et al, 2019).

and consisted of 13 questions divided into two parts
– the first part consisted of questions on the subject
and the second part consisted of the classification
questions. In order to ensure the representativeness
of the results, we applied the random selection
and geographic diversification of our respondents.
The
questionnaire
was
evaluated
using
the contingency tables prepared by Microsoft Office
Excel, under which they were subsequently created
the graphs.
Characteristics of the respondents

Number

Category
of respondents

Male

321

Female

372

Age structure
of respondents

Up to 26 years

197

27 - 35 years

245

36 - 45 years

158

46 - 55 years

67

56 years and more years

26

Materials and methods
The aim of the present paper was to analyze
customer preferences in the context of loyalty
to the brand of selected food products in the segment
of dairy yoghurt. In order to achieve the above
mentioned aim, there had been used the methods
of survey, structured questionnaire and blind
test. The questionnaire survey was conducted
from April to May 2019 on a sample
of 693 respondents chosen randomly, their basic
characteristics are given in the Table 1. The sample
can be considered as a representative on the 95%
confidence level and 4% error margin, since
n ≥ 600.25. The blind test was then realized
in May 2019 on a sample of 100 respondents,
who were testing totally four yoghurts – 2 yoghurts
of traditional brands (Pribináčik as the sample
B and Bánoveský jogurt as the sample C)
and 2 yoghurts of private labels (K classic
as the sample A and Clever as the sample D).

Educational
structure of
respondents

Economic activity
of respondents

Region

The justification and selection of the above
mentioned yoghurts can be justified by the fact
that according to the results of several surveys
(GfK Slovakia, 2010; TNS Slovakia, 2015), as well
as according to the opinion of the most important
retail chains operating in Slovakia, interest
of Slovak consumers in private labels is constantly
growing. Among the most frequently purchased
private label categories can be clearly ranked milk
and dairy products, juices, lemonades and mineral
waters, respectively salty snacks (Košičiarová
and Nagyová, 2014).

Primary education

5

Secondary education
without A level

49

Secondary education

84

Higher education I degree

227

Higher education II degree

302

Other

26

Student

282

On maternity leave

15

Unemployed

21

Employed

305

Retired

4

Other

56

Banská Bystrica

99

Bratislava

93

Košice

58

Nitra

118

Prešov

64

Trenčín

98

Trnava

96

Žilina
Source: Results of the research

67

Table 1: Characteristics of respondents.

The collected data were processed out with the use
of Microsoft Excel and then evaluated
in the statistical program XL Stat. The formulated
hypotheses were tested by applying the statistical
methods of Contingency table chi-square test,
Pearson´s chi-square test, Cramer's coefficient,
Friedman test and Kolmogorov-Smirnov Test.

The questionnaire covered the entire territory
of
Slovakia,
representing
all
regions.
The questionnaire was conducted over the internet

In hypothesis testing, if the p-value is lower than
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significant level, in case of XL Stat software, it
is 0.05, the null hypothesis is rejected,
and the alternative hypothesis is confirmed (Witek,
2016).
For a deeper analysis of the research objectives,
the following hypotheses were formulated:
Hypothesis 1: We assume that there is a relationship
between the kind of preferred brand of purchased
yogurts and the age category of respondents.
Hypothesis 2: We assume that there is a relationship
between the kind of preferred brand of purchased
yogurts and the gender of respondents.
Hypothesis 3: We assume that there is a statistically
significant difference in the purchasing preferences
of the product based on the packaging.
Source: PLMA. Industry news. Private label today (2018).

Hypothesis 4: We assume that there is a statistically
significant difference in the evaluation of yogurt
flavors.

Figure 1: The share of private label chain purchases
in household expenditures in 2018 (in %).

Milk and dairy products represent one of the most
elemental foods for all age categories
of the population because of its biological
component
(Michaelidou,
2008;
Maitah
and Smutka, 2012; Pereira, 2014), but also
a valuable food that have a beneficial effect
on consumer health (Habánová, 2010; Dudriková
et al., 2017; Kubicová et al., 2019). We classify
them as functional foods that provide the consumer
with a range of beneficial substances for immunity
and vitality in addition to satiety. The benefits
of this key nutritional food should motivate
consumers to their daily consumption. In the Slovak
Republic, the recommended dose of milk and dairy
products is declared at 220 kg per person per year
(Košičiarová et al., 2018). Figure 2 presents real
consumption figures, which, unfortunately, have
been lower than recommended over recent years
- the last value meeting the recommended dose
of consumption was recorded in 1990.

Results and discussion
One of the most successful strategies of retailers
is the sale of goods under the private label
(Adamson, 2007). The purpose of this kind of sale is
to attract new customers, which will later
become loyal customers, and to build the image
of the corresponding retail chain. In many
cases, private labels are described and perceived
as a global phenomenon (Herstein and Gamliel,
2004; Smith and Bashaw, 2009; Kakkos et al.,
2015),
which
are
constantly
competing
for the market position. Despite the fact that
traditional brands are still dominant in today's
competitive
market,
private
labels
are
gradually progressing and tend to take over
(Chimhundu, 2011; Ruiz-Real et al., 2016).
Private label research shows that while 7 out
of 10 buyers have already purchased a private
label product in the US and considers it
to be comparable to traditional brands
or even higher quality (Park City Group, 2000).
In the case of Europe, this share is even greater
as the private label purchases in its individual
countries increases year by year – actually,
it has increased in 12 out of 19 European
countries, and in 17 of them reached levels equal
or greater than 30 % (PLMA, 2018).

176.2

174.6

169.2
166.8
162.8
156.9

2010

2011

158.6

158.5

2012

2013

2014

2015

2016

2017

Source: SO SR
Figure 2: Development of milk and dairy products consumption
in the Slovak Republic (per person in kg).

[40]

Consumer Preferences in the Content of Loyalty to the Yoghurt Brand
of yoghurts. As can be seen from Table 1, a total
of 693 respondents participated in the research,
of which the majority were women (53.68%),
27-35 years old respondents (35.35%), employed
(44.01%) ), with higher secondary education
(43.58% ) and respondents from the Nitra region
(17.03% of respondents).

11
9.7

10.2

10.1

8.6
7

2010

7.7

2011

7.2

2012

2013

2014

2015

2016

The questionnaire survey focused mainly on their
purchase and frequency of purchase, brand loyalty,
brand preference (i.e. traditional brand or private
label), as well as motives for purchase of individual
types of brands. The survey was then supplemented
by a blind test to examine the sensory properties
of yogurts as well as the subsequent buying
preference without knowing the real brand.

2017

Source: NPPC
Figure 3: Average annual consumption of yoghurts in the Slovak
Republic (per person in kg).

Despite the consumption of milk and dairy
products, which has generally declining trend
in recent decades, the average consumption
of yoghurt in kilograms per person has been
on an upward trend almost annually. Figure 3
shows the development of this consumption, which
has increased by 4 kg per person per year (by 57%)
over six years, which, despite the non-compliance
with the recommended dose of dairy products,
shows the increasing interest of yoghurts.

Research results point to many interesting findings
- in terms of yogurt consumption, up to 33%
of respondents (out of 677 respondents who eat
yoghurts) consume yoghurts on a daily basis
(18% once a day and 15% several times a day),
up to 30% of respondents prefer to buy private
label yoghurts and up to 64.21% of respondents
consider themselves as loyal customers.

For this reason, milk yoghurts were the object
of the study of submitted paper, where we
focused on two samples of yoghurts sold under
the traditional brand (samples B and C) and two
samples of yoghurts sold under the private label
(samples A and D).

Consumer behavior does not only mean
the behavior when purchasing a product or service,
it is a sequence of several steps that the customer's
mind goes through before buying something
(Kumar, 2016). Consumers make this type
of decision in average of 200 times a day, it is
unlikely that they invest a lot of cognitive power
in purchasing decisions (Wansink, 2010). Moreover,
even if they are willing to think carefully about all
their food choices, they have limited capacity
to process all available information (Mawad et al.,
2015). For this reason, they usually invest only
a few seconds in purchasing decisions, paying
attention only to some information (Mormann,
Cerf, 2008).

As explained in the part Materials and methods,
the choice of samples can be clearly explained
by the increasing interest of Slovak consumers
in the purchase of private label products, as well
as by the fact that milk and dairy products are
among the most frequently purchased private
label categories in the food segment (Košičiarová,
Nagyová, 2014). In terms of interest in the purchase
of private label products of individual retail chains,
respectively advantageous purchases and better
customer orientation in stores, based on a survey
conducted by TNS Slovakia in June 2012, the
most popular private brands include brands by
TESCO (49% of respondents), COOP Jednota
(44% of respondents), Kaufland (32% respondents)
and Billa (23%). According to the research,
the products sold under private labels of COOP
Jednota and TESCO are bought by women rather
than men, and only 14% of respondents stated they
do not buy any private label products (Fedorková,
2012).

In order to find out what leads the respondents
to purchase a particular type of yoghurt brand,
the questionnaire survey formulated questions
about the motives for buying private labels
and then the motives for buying traditional brands.
Respondents were asked to assess individual
motives on a scale of 1 to 5 (where 1 was the most
and 5 was the least). As can be seen in Figure 4,
the motives for buying either private yogurt label
or traditional yogurt brands are essentially
perceived the same. The most important motive
for the purchase are recommendations from friends
and acquaintances, the desire to try the product
and then the promotion, price and visual site
of the packaging.

As outlined above, research, questionnaire
and blind test methods were chosen to investigate
consumer preferences in the context of loyalty
to the brand of selected food products in the segment
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Traditional brands

Private labels
82
67

61

38
24

84

76

74

62

2

13

31

42
19

1

2

34 31

3

4

39 35

33

9

11

5

31

44

53

137
67

172

149

95
6

33

73

46

5

193

184.8

176

1

2

94 83

76

3

4

95
39

149
132
116.6

88 77
24.2 1168.2

5

Source: results of own research
Figure 4: Motives for purchasing the yoghurts of private labels and traditional brands.
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37
12

7
15
12 21 25

5
6

37 20

3

11

7
16

41

8

25

0

sample B
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17 23
10 12

19 32

13

34
34
13
14 15

59
15
5
5

38
0

22 16 22
24 23
31
12 11

24 16 14

5
8

sample D

Source: results of own research
Figure 5: Evaluation of the sensory properties of the examined yogurt samples.

As we wanted to find out which of the examined
yoghurt respondents prefer in their purchase
(samples A to D, or none of them), which sample
they would buy only on the basis of packaging
and then on the basis of taste, in the questionnaire
survey were also formulated these questions.
Research results show that respondents prefer
Sample A (private label sample) 34 % of respondents,
and sample B (traditional brand sample) 23%
of respondents. Based on the packaging they
mainly buy sample A (private label sample)
56% of respondents, and sample B (traditional
label sample) 32% of respondents. On the basis
of taste, they would prefer to buy sample A (private
label sample) 47% of respondents, and sample B
(traditional brand sample) 24% of respondents.

An interesting finding of the research is that when the
respondents had been asked to determine whether it
was a traditional or private brand of yogurt based
on the flavor, the most respondents did not identify
it correctly - see Figure 6. The most respondents
correctly identified only sample D, which was truly
a private yogurt label. The remaining samples were
identified incorrectly.

29%

22%
sample A
sample B

15%

In the case of evaluating the sensory properties
of the examined yogurt samples as color,
fragrance, consistency and taste can be said
that respondents rated most positively samples
A and B - one sample of a private yogurt label and one
sample of a traditional yogurt brand. If we focused
on the individual sensory properties, we would
find that the best scent had Sample C- sample
of the traditional yoghurt brand; while the sample
A- the private yogurt label was then best rated
for its consistency and taste (Figure 5).

34%

sample C
sample D

Source: results of own research
Figure 6: Identification of traditional brand and private label
flavor of yoghurts.

As mentioned above, the survey also focused
on evaluating a total of four statistical hypotheses,
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which were verified and statistically evaluated
using the chosen statistical tests. Research shows
that three of them have been confirmed, hypothesis
1, 2 and 4.

Based on these calculations, we accept
the hypothesis H1, with 95% probability can be
said that the type of preferred brand when buying
yoghurt depends on the category of respondents.
Since the dependence was found, we also examined
the strength of the dependence. Based on the results
of the Cramer coefficient, it can be said that it is
a weak but statistically significant dependence
(Cramer coefficient value was equal to 0.0118).

Hypothesis 1: We assume that there is a relationship
between the kind of preferred brand of purchased
yogurts and the age category of respondents.
Type of preferred brand
Age category

Private
label

Traditional
brand

Total

Up to 26 years

31

166

197

27-35 years

76

169

245

36-45 years

67

91

158

46-55 years

18

49

67

56 years and more

8

18

26

200

493

693

Total

Hypothesis 3: We assume that there is a statistically
significant difference in the purchasing preferences
of the product based on the packaging.
Number of respondents

Source: Results of own research
Table 2: Chi square test for two independent sets for preferred
yogurt brand type and respondent age.

378

sample B

221

sample C

65

sample D

14

Total

677

Source: Results of own research
Table 4: Purchase of selected brand of yogurts
on the basis of packaging.

Test characteristics (TCH) – 31.373
Table value (TH) – 9.488

The result of the Kolmogorov-Smirnov test shows,
that the value of the K-S test statistic (D) is 0.28759.;
the p-value is 0.71235. Based on the written we
can say, that the data does not differ significantly
from that which is normally distributed - we do not
reject the null hypothesis

TCH ˃ TV
H0 rejected, H1 accepted
Based on these calculations we accept the hypothesis
H1, with 95% probability can be said that the type
of preferred brand when buying yoghurt depends
on the age category of the respondents. Since
the dependence was found, we also examined
the strength of the dependence. Based on the results
of the Cramer coefficient, it can be said that this
is a weak but statistically significant dependence
(the Cramer coefficient was 0.0347).

Hypothesis 4: We assume that there is a statistically
significant difference in the evaluation of yogurt
flavors.
Average value

Hypothesis 2: We assume that there is a relationship
between the kind of preferred brand of purchased
yogurts and the gender of respondents.

Man

Private label

145

55

200

Traditional brand

270

223

493

Total

372

321

693

0.05

F (TCH)

11.36

TV

0.022

Table 5: Friedman test for yogurt
flavor evaluation.

Total

Woman

Α

Source: Results of own research

Category of respondents
Type of preferred
brand

sample A

Test characteristics (TCH) – 11.36
Table value (TV) – 0.022
TCH ˃ TV
H0 rejected, H1 accepted

Source: Results of own research

Based on the results of Friedman's test, with 95%
probability can be said that there is at least one pair
of yogurts with a statistically significant difference
in appraisal of flavors.

Table 3: Chi square test for two independent sets for the preferred
yogurt brand type and category of respondents .

Test characteristics (TCH) – 40.047
Table value (TV) – 3.841
TCH ˃ TV
H0 rejected, H1 accepted
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Conclusion

from friends and acquaintances, the desire
to try it and just then their promotion, respectively
price and visual aspect of the packaging. Indeed,
the results are surprising, as we would expect
respondents to clearly prefer traditional brand
yoghurts over private label yoghurts, but this has
not been confirmed. On the basis of the above
mentioned it can be said that the boundaries
between traditional and private labels are gradually
blurring and customers begin to realize that
the private label products are a suitable alternative
to their purchase. Possibilities of increasing
the attractiveness of private label yoghurts
(as we consider them as adequate alternatives
to buying traditional brands of yoghurts) could
be based in raising awareness about private labels
and their real producers among Slovak consumers.
In many cases, we find that Slovak consumers still
hesitate to buy the private label products, because
they do not have any experience with these products,
respectively do not know their real producer.
For this reason, the submitted paper can also serve
as a tool to raise awareness of both the professional
and general public, especially about the existence
of private labels, their meaning, advantages
and potential pitfalls.

Despite the fact, that the overall consumption
of milk and dairy products has been rather negative
and declining in recent decades, the average
consumption of yoghurt (in kg per capita) has
increased almost annually (increased by 4 kg
per year over the past six years). Mentioned is
the reason why yoghurts, both traditional
and private-brand yoghurts, have gradually become
the object of our research. As we have pointed out
in the introduction of the submitted paper, the results
of our research can be used as a material for further
research in this field as well as a guide to increase
the attractiveness of yoghurt and thus increase its
consumption by Slovak consumers. The results
of our research point to many interesting findings
– from the point of view of yogurt consumption,
up to 33% of respondents consume yoghurts
on a daily basis, up to 30% of them prefer in their
purchase the private label yoghurts, up to 64%
of respondents consider themselves as loyal
customers, up to 34% of respondents prefer
in their purchase exactly that sample of private
label yoghurt, which was tested by us, also 23%
of respondents prefer in their purchase that
sample of traditional brand yoghurt, which was
tested by us, and only on the basis of the package,
as well as on the basis of taste, exactly 56 %
of respondents and 47% of respondents would buy
the tested sample of private label product (sample
A). Regarding the motives leading to the purchase
of both yogurts (traditional brands and private
labels), it can be concluded these motives are
essentially the same – at first the recommendations
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Abstract
The consequences of climate change heavily influence the Mediterranean region. However, the Portuguese
CO2 emission shows a decreasing tendency, the evolution of livestock and animal production have
significantly increased its level in agriculture. The article investigates the role of the agricultural output
and energy consumption in the environmental pollution in Portugal. It explores the short and long-run
cointegration between carbon dioxide emissions and agricultural activities such as crop production, livestock
production, and agricultural land use applying Autoregressive Distributed Lag (ARDL), Granger causality,
Newey-West Standard Errors regression, as well as ARIMA model for the period of 1960-2015. The causality
relation between CO2 emissions and agriculture is also analyzed. The Augmented Dickey-Fuller (ADF) unit
root tests suggest that all variables are stationary. ARDL model demonstrates a long-run relationship between
CO2 emissions, agriculture, and energy consumption. Results indicate that agricultural activities and energy
use have a positive effect on environmental pollution; therefore, the Portuguese agriculture needs to achieve
a higher level of sustainable development, with reducing the impact of animal husbandry and intensive crop
production.
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Introduction

CO2 emission was 4 % lower compared to 2000
(Statista, 2018) showing a decreasing tendency.
However, the projected energy-related carbon
dioxide emissions of Portugal might significantly
decrease for 2050, the level of non-energy non-land
use related emission remain relatively high.

In the last decades, climate change and global
warming have been becoming an urgent issue
for policy and decision makers.
Ritchie (2017) suggest that livestock takes
up nearly 80% of global agricultural land yet
produces less than 20% of the world's supply
of calories. Economic development exerts
an increasing impact on land resources. Furthermore,
the world population uses approximately 50 percent
of the total habitable land for agriculture.

Besides, recent statistics suggest that environmental
pollution cause a serious problem in Portugal.
Torres et al. (2018) revealed that Lisbon
and its surroundings are the most critical areas
of emissions.
Mourão and Martinho (2017) researched
the externalities of agricultural activities related
to greenhouse gas emissions for Portugal
by analyzing data gathered since 1961. They
concluded that the evolution of the output levels
of livestock and the most representative animal
production have significantly increased the level
of CO2 in the country.

The Mediterranean region is predicted to suffer
from increasingly severe droughts in the future
due to climate changes, in addition to increased
problems with soil salinity and increased
temperatures (Jacobsen et al., 2012).
Portugal managed to fulfill its Kyoto Target
for the period 2008–2012. In contrast, it reached
16 % higher level of emissions in 2011 compared
to 1990 (PIA, 2013). In 2017, the Portuguese

Ministerial conferences such as Kyoto Protocol
(1997) and Paris Agreement (2015) stimulated

[49]

The Impact of Energy Consumption and Agricultural Production on Carbon Dioxide Emissions in Portugal
the empirical research on climate change using
econometric tools applied on time series or panel
data.

pollution in Ghana. Authors revealed a longrun cointegration between CO2 emissions
and agricultural sectors.

According to recent empirical studies, agriculture
is responsible for approximately one-third
of the greenhouse gas emission in the world.
In other words, climate change has become a global
concern stimulating the interest of the academic
community. Recent articles (Balogh and Jámbor,
2017; Hongdou et al., 2018; and Appiah et al., 2018)
demonstrate that agricultural production is directly
correlated with climate change. In this context,
we present relevant empirical literature
investigating the agriculture-specific factors (crop
production, livestock production, and agricultural
land) on environmental pollution.

Marques et al. (2018) estimated an ARDL model
for meat consumption of 77 countries with different
level of economic development controlling
for economic growth, sustainable development,
and food consumption. The authors concluded that
meat consumption has a negative effect on poor
economies with significant environmental costs.
The long-run causality between carbon dioxide
emissions, agricultural productivity, energy
consumption, and land use was researched by Khan
et al. (2018) for the Pakistan case between 1981
and 2015. Researchers demonstrated a long-run
causality
between
variables
by
using
the Vector Error Correction Model (VECM).
Granger causality revealed a bidirectional causality
between agriculture productivity and forest area.

In recent years, econometric studies (Shahbaz
et al., 2013; Shahbaz et al., 2015; Leitão, 2015;
Balogh and Jámbor, 2017; Hongdou et al., 2018;
and Appiah et al., 2018) have used energy
consumption,
renewable
energy,
income
per capita, foreign investment, international trade,
and agricultural production as independent variables
modelling the determinates of climate change.

The investigation realized by Waheed et al.
(2018) studied the effect of renewable energy,
agricultural production, and forest area on CO2
emissions. The authors applied the ARDL model
for the period 1990-2014. The results show that
renewable energy and forest area negatively
affect CO2 emissions in the long run, explained
by a decrease of CO2 emissions. On the other
hand, conversely agricultural production usually
positively influences CO2 emissions. In addition,
Jebli and Youssef (2017) investigated the causal
long-run relationship between renewable energy
and carbon dioxide emissions as well as the link
between agriculture activity and CO2 emissions
for the period 1980–2011. Employing a panel
cointegration (OLS, FMOLS, DOLS, and Granger
causality test) applied to Algeria, Egypt, Morocco,
Sudan, and Tunisia, researchers confirmed
bidirectional causality between agricultural activity
and CO2 emissions.

Many studies have focused on the assessment
of climate change based on the assumptions
of the Kuznets environmental curve (Shahbaz et al.,
2015; Mahmood et al., 2017; Och, 2017). Another
category of studies evaluated the direct impact
of agricultural productivity on CO2 emissions
(Mara, 2011; Edoja et al., 2016; Ullah et al., 2018;
Sarkodie and Owusu, 2017; Hongdou et al., 2018;
and Appiah et al., 2018). Our research follows
the second line of studies and applies it to Portugal
dioxide emissions.
Different econometric methods have been used
to analyze the agricultural activity on climate
change on time series (ARDL-Autoregressive
Distributed Lag; VAR- Vector Autoregression,
the VECM - Vector Error Correction Model,
Granger´s causality). In this context, Hongdou et al.
(2018) studied the relationship between ecosystem
and climate change applied to China for the period
1960–2014. The authors used Granger causality,
cointegration, and the Vector error correction model
(VECM) as econometric tools for the analysis.
The results demonstrated that fertilizes are
positively correlated with CO2 emissions, and crop
production (rice and cereal) have a positive impact
on climate change.

Appiah et al. (2018) measured the effect
of environmental pollution on climate change
using OLS and FMOLS estimators and concluded
that energy consumption is negatively correlated
with CO2 emissions. By contrast, crop production,
livestock production, population, and income
per capita had a positive effect on climate change.
As a rule, environmental models of the Kuznets
curve (EKC) or economic growth models,
regularly
introduce
energy
consumption
as an explanatory variable. In this context, Kais
and Mbarek (2015) evaluate the relationship
between carbon dioxide emissions, energy
consumption and growth for the period 1980–2012

Sarkodie and Owusu (2017) applied unit root test,
linear regression, and Autoregressive Distributed
Lag (ARDL) for analyzing the environmental
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using panel cointegration, FMOLS, and DOLS
estimators, Granger causality test, and Vector Error
Correction (VECM) to Algeria, Egypt, and Tunisia.
Regarding the econometric results, it is possible
to infer that CO2 emissions and energy consumption
are cointegrated. Similarly, Kais and Mbarek
(2015) demonstrate a unidirectional causality
between energy consumption, economic growth
and carbon dioxide emissions in the help of VECM.

the materials and methods. The econometric
results are illustrated in section 3. The final section
concludes.

Materials and methods
This
research
analyzes
the
Portuguese
agricultural factors (crop production, livestock
production, and agricultural land), and energy
consumption on climate change for the period
1960-2015.
The
econometric
models
as Autoregressive Distributed Lag (ARDL)
and Granger Causality tests are used in this
study. We also employ the ARIMA model
and Newey-West Standard Errors regression
as a complementary methodology. The time series
variables were collected from the World Bank (2018)
and the Foodand Agriculture Organization (FAO)
data.

The research proposed by Tan and Tan (2018)
evaluates energy consumption, economic growth
and carbon dioxide emissions applied to Malaysia
for the period 1980–2014 demonstrates that there
is a unidirectional causality between energy
consumption and CO2 emissions when the authors
applied Granger causality and VECM. In this line,
the study of Acheampong (2018) using a panel
vector autoregression and a GMM-system reveals
a positive impact of carbon dioxide emissions
and energy consumption on economic growth
in sub-Saharan Africa. On the one hand, the empirical
results also confirm that energy consumption has
a negative effect on growth in MENA countries.
Moreover, a positive impact of energy consumption
was suggested in MENA countries, a negative
effect in Sub-Saharan Africa and Caribbean-Latin
America on CO2 emissions.

The dependent variable is carbon dioxide emissions
(CO2 emissions), representing climate change.
The explanatory variables selected in this
investigation are energy consumption (EC), crop
production index (Crop), livestock production
index (Livestock), and agricultural land use (Land).
Based on the recent empirical works (Appiah et al.,
2018; Ullah et al., 2018; Hongdou et al., 2018; and
Sarkodie and Owusu, 2017) the following function
is established in an equation 1:

The paper examines the relationship between
climate change and agriculture measured by carbon
dioxide emissions (CO2), crop production index
and livestock production index, agricultural land
referring to the period 1960–2015 in Portugal.
The role of Portuguese energy consumption is
also investigated. Following the recent literature
(Appiah et al., 2018; Ullah et al., 2017; Sarkodie
and Owusu 2017; and Hongdou et al., 2018) we
apply time series econometric techniques (Unit
Root Test, Autoregressive Distributed Lag – ARDL
and Granger causality) for the analysis. Furthermore,
we test the existence of the long-run relationship
through cointegration between environmental
pollution (CO2 emissions) and Portuguese energy
consumption, crop production, livestock production
and agricultural land use.

CO2 = f (EC, Crop, Livestock, Land)

(1)

According to equation 1, we regress the effects
of agricultural production quantities on carbon
dioxide emissions. Considering the model,
we specify an equation 2. All variables are presented
in a logarithm form.
LnCO2 = β0 + β1LnEC + β2LnCrop +
β3LnLivestock + β4LnLand + ut

(2)

where
CO2 represents the dependent variable and is
measured by carbon dioxide emissions (expressed
in kilotons), collected by the World Bank.
The independent variables are the following:
EC - signifies the electric power consumption
(kWh per capita), according to the World Bank,
the explanation of this variable represents
the production of power plants and their
transmission. The source of this variable is
the World Bank and IEA Statistics.
Crop - denotes crop production index from FAO
production index and World Bank.
Livestock - represents the livestock production

This research aims to contribute to the literature
in three ways. First, it presents a literature review
of recent empirical studies on climate change.
Second, it estimates the short and the longrun relationship between climate change
and agricultural activity in Portugal. Finally,
it provides policy implication to reduce the
impact of agriculture on environmental pollution
in Portugal.
The article is designed as follows. Section 2 presents
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index. According to the World Bank, the description
of this proxy contains meat, milk, cheese and eggs,
raw silk, wool, hides, and skins. The variable
is derived from the World Bank and the FAO
databases.
Land - Agriculture land, i.e. according
to the description of the World Bank is the arable
land area, sourced by FAO and World Bank.
ut - captures the error term.

Fuller test (ADF) employed to evaluate
the stationarity and the adequacy of the variables
used in this research. Our study also applies
the ARDL model bounds test proposed by Pesaran
et al. (2001), Kripfganz and Schneider (2016; 2018)
to assess long-run cointegration between factors
of CO2 emission.
Equation (3) presents the ARDL model based
on Ozturk and Acaravci (2011), Sarkodie
and Owusu (2017), and Matthew et al. (2018):

Based on the empirical literature, we formulate
the next hypotheses for Portugal:

∆LnCO2 = β0+β1∆LnCO2t-1 + β2∆LnECt-1
+β3∆LnCropt-1 + β4∆LnLivestockt-1
+ β5∆LnLandt-1 + Σnt=1β1∆LnCO2t-1
+ Σnt=0β2∆LnECt-1+Σnt=0β3∆LnCropt-1
+ Σnt=0β4∆LnLivestockt-1 + Σnt=0β5∆LnLandt-1
+ γECMt-1+e
(3)

H1: There is bidirectional causality between energy
consumption and CO2 emissions.
According to the literature Ozturk and Acaravci
(2011), Kais and Mbarek (2015), Tan and Tan
(2018) the variables of energy consumption and
carbon dioxide emissions are cointegrated. Balogh
and Jámbor (2017) also demonstrate that energy
consumption stimulates climate change.

In equation 3, all variables are expressed
in logarithm form.
∆ represents the change in operator;
ECMt-1 denotes the error correction term;
γ illustrates the adjustment of short and long run.

H2: Agricultural production positively associated
with climate change through CO2 emission
in Portugal.

According to the literature, the ARDL model
assumes two conditions (Pesaran et al., 2001,
Shahbaz et al., 2015, and Matthew et al., 2018):

Some empirical studies such as Sarkodie
and Owusu (2017), Ullah et al. (2018), Hongdou
et al. (2018), Khan et al. (2018) found a positive
correlation between agricultural production
and climate change. These studies highlight that
intensive agricultural land use without sustainable
practices encourages climate change. Seeing this
argument, we attempt to test whether Portuguese
agriculture employs sustainable practices. Table 1
displays description of the independent variables.
Expected Sign

H0: β0 = β1 = β2 = β3 = β4 = β5, no relationship exists
in the long-run.
H1: β0 ≠ β1 ≠ β2≠ β3 ≠ β4 ≠ β5, a long-run relationship
exists.

Results and discussion
Results are calculated by STATA software. Table 2
presents the correlation for all variables used in this
investigation. The correlation coefficients indicate
that independent variables are associated positively
with carbon dioxide emissions.

Source

EC

Positive effect on CO2

World Bank (2018)

Crop

Positive effect on CO2

FAO and World Bank (2018)

Livestock

Positive effect on CO2

FAO and World Bank (2018)

Land

Positive effect on CO2

FAO and World Bank (2018)

Table 3 reports the unit root test using Augmented
Dickey-Fuller (ADF) with trend. Thus, the null
hypothesis of the test indicates that variables have
unit root (are stationary alternatively). According
to the result of unit root tests, all variables are
stationary. Moreover, the rejection of hypothesis

Source: author´s elaboration
Table 1: Description of the independent variables.

The relationship between variables is discovered
by Granger causality. Augmented DickeyLnCO2

LnEC

LnCrop

LnLivestock

LnCO2

1.000

LnEC

0.975

1.000

LnCrop

0.934

0.846

1.000

LnLivestock

0.555

0.713

0.262

1.000

LnLand

0.957

0.875

0.991

0.298

Observations = 55

Source: author´s elaboration based on World Bank database (2018).
Table 2: Correlation between variables.
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demonstrates that the time series are integrated
into this research.
Augmented Dickey-Fuller test
Variables

The econometric results also allow to infer that
serial correlation test (AR) is 0.931, and Sigma
(white-noise) is statistically significant. When we
apply the Newey-West Standard Errors regression
(Table 5), the results are slightly different,
but as the previous estimator, energy consumption
(LnEC), livestock production index (LnLivestock),
and agricultural land (LnLand) follow the same
tendency, i.e. proving that these independent
variables increase carbon dioxide emissions.
Except for the coefficient of crop production
index (LnCrop) that shows a negative association
with CO2 emissions, in this case, the results obtained
are in contrast with the expectations.

ADF at Level
Statistic

P-value

LnCO2

-6.356***

0.000

LnEC

-6.287***

0.000

LnCrop

-6.568***

0.000

LnLivestock

-6.271***

0.000

LnLand

-6.540***

0.000

Note: *** Statistically significant at 1%
Source: author´s elaboration based on World Bank database (2018)
Table 3: Unit root test: ADF (Augmented Dickey-Fuller)
with the trend.

Variables

At the first step, we present the estimates
obtained from the ARIMA method (Table 4)
and the Newey-West Standard Errors regression
(Table 5). The coefficient of energy consumption
(EC) is statistically significant at 1 % level
and have a positive effect on CO2 emissions
(H1). This result is supported by previous studies
of Ozturk and Acaravci (2011), Shahbaz and Leitão
(2013), Kais and Mbarek (2015), Tan and Tan (2018)
confirm that energy consumption, in particular,
fossil energies (non-renewables) increases carbon
dioxide emissions and consequently accentuates
climate change. Moreover, we can affirm that
the results are according to the literature
and with the hypothesis formulated.
Variables
LnEC

LnEC

-0.020 (0.766)
0.001*(0.064)
-0.010* (0.05)

C
Observations

53

AR

0.604 [0.931]

MA

-0.306 [0.657]
0.01 [0.000]

Sigma
Wald Chi (4)
2

Prob>Chi2
Log Likelihood

0.004*** (0.000)

LnLand

0.802*** (0.000)

C

-0.137*** (0.000)
55

F(4,50)

174330.96

Prob>F

0.000

Table 5: Agricultural Factors and Energy Consumption
with Newey-West Standard Errors regression.

0.315** (0.021)

LnLand

-0.348** (0.021)

LnLivestock

Note: *** ignificant at 1%, ** at 5 %,
Source: author´s elaboration based on World Bank database (2018)

Coef.

LnLivestock

LnCrop

Observations

1.000*** (0.000)

LnCrop

Coef.
0.405*** (0.000)

630.25
0.000
132.2685

Note: *** ignificant at 1%, ** at 5 %, and * 10 %
Source: author´s elaboration based on World Bank database (2018)
Table 4: Agricultural Factors and Energy Consumption
with ARIMA model.

Table 6 presents the results using ARDL model.
The estimator permits to consider the short
and long-run effects of components. The adjustment
coefficient or error correction coefficient
[ADJCO2(-1)] demonstrates that there is a longrun relationship between variables. The lagged
variable of CO2 emissions is statistically significant
at 1% level. In the long run, the coefficient
of carbon dioxide emissions presents a negative
sign, showing that CO2 emissions decrease over
time in Portugal. Sarkodie and Owusu (2017),
Hongdou et al. (2018), and Kais and Mbarek (2017)
also found a negative tendency of CO2 emissions.
The empirical studies highlight the importance
of dynamic models, allowing us to confront the short
and long-run effects. A dynamic analysis indicates
that carbon dioxide emissions tend to decline
in the long run. We observe that countries are
increasingly aware of the importance of reducing
carbon dioxide emissions and polluting activities.
The estimated coefficients of energy consumption
(LnEC), livestock production (LnLivestock), and
agricultural land (LnLand) present a positive
impact on CO2 emissions in the long run (LR).
The coefficients of livestock production
(LnLivestock), and agricultural land (LnLand)

The coefficients of the livestock production index
(LnLivestock), along with agricultural land use
(LnLand) induce a positive impact on carbon
dioxide emissions (H2). These results are in line
with Hongdou et al. (2018), Sarkodie and Owusu
(2017), and Khan et al. (2018).
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are statistically significant at 1% level. Hongdou
et al. (2018), Beşer and Beşer (2017), Sarkodie
and Owusu (2017) support our results showing
that animal husbandry and agricultural production
stimulate climate change and greenhouse effects.
Variables

a positive impact on CO2 emissions, this result was
supported by previous studies such as Ullah et al.
(2018), Appiah et al. (2018), Sarkodie and Owusu
(2017). Furthermore, the crop production index
appears to increase carbon dioxide emissions thus
contributing to climate change. By contrast,
in the long run, it might reduce CO2 emissions.

Coef.

ADJCO2 (-1)

-0.533*** (0.000)

In the short run, livestock production index,
and agricultural land variables indicate a negative
effect on carbon dioxide emissions. The energy
consumption (LnEC) has a positive association
with CO2 emissions in the short and long-run
as well, confirming H1 and showing that fossil
energy use stimulates climate change as suggested
by Kais and Mbarek (2017), Beşer and Beşer
(2017), and Leitão (2015).

Long Run (LR)
0.266* (0.061)

LnEC
LnCrop

-0.548*** (0.000)

LnLivestock

0.008*** (0.000)

LnLand

3.946*** (0.000)

Short Run (SR)
ECD1

1.315*** (0.000)

LD

0.801** (0.021)

L2D

0.273(0.342)

L3D

0.928*** (0.004)

Table 7 allows evaluating the long-run cointegration
between the variables used in this research.
We apply the ARDL bounds test established
by Persaran and Shin (1999), Kripfganz
and Schneider (2016, 2018).
Considering
the results, we can infer that the variables
are cointegrated in long-run, i.e., there is
a relationship (a common trend) between dependent
and explanatory variables. We can also complement
this information with Table 8, where the stability
of the model is evaluated.

0.212*(0.090)

LnCropD1
LD

0.178**(0.020)
-0.003** (0.023)

LnLivestock
LD

-0.001 (0.359)

L2D

-0.002** (0.039)

L3D

-0.002* (0.078)

LnLandCD1

-1.175* (0.067)

LD

-1.322* (0.047)

L2D

-0.142 (0.373)

L3D

-0.514*** (0.004)

C

Table 8 shows the diagnostic of ARDL model.
According to the results, the model is stable,
i.e., no serial correlation based on the statistics
of Durbin-Watson (2.073) and Breusch-Godfrey
Lagrange Multiplayer (LM) test (0.595).
The White test (0.431) points out that
the assumption of homoscedasticity can be
accepted.

-7.551*** (0.003)

Adj. R

0.612

2

Note: *** ignificant at 1%, ** at 5 %, and * 10 %, and * 10 %
LD represenbts Lag

Source: author´s elaboration based on World Bank database (2018)
Table 6: Agricultural Factors and Energy Consumption
with Autoregressive and Distributed Lag (ARDL) model.

In the long run, the variable of crop production index
is statistically significant at 1% level with a negative
effect on CO2 emissions. However, in short-run
(SR), the crop production index (LnCrop) indicates
Pesaran, Shin, and Smith (2001) bounds test
F = 4.153
t = -4.278
sample (4 variables, 47 observations, 14 short-run coefficients)
Kripfganz and Schneider (2018) critical values and approximate p-values
10%

5%

1%

p-value

I(0)

I(1)

I(0)

I(1)

I(0)

I(1)

I(0)

I(1)

F

2.501

3.909

3.041

4.651

4.328

6.407

0.012

0.080

T

-2.435

-3.541

-2.802

-3.970

-3.547

-4.835

0.002

0.029

Source: author´s elaboration based on World Bank database (2018)
Table 7: Agricultural Factors and Energy Consumption with ARDL: bounds test.
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Sarkodie and Owusu (2017:199) also suggested
a positive association (5.8990) with climate change.

Durbin-Watson d-statistic
(20, 47) = 2.073539

There is a unidirectional causality between CO2
emissions and livestock production index
and it holds for agricultural land. Consequently,
land use change (such as deforestation, soil erosion,
arable land) without paying special attention
to the concept of sustainable development,
i.e., intensive fertilizer uses, and machine-intensive
farming significantly stimulates carbon dioxide
emissions.

Breusch-Godfrey LM test for autocorrelation [H0: no serial
correlation]
Prob > chi2 = 0.5955
White's test for Ho: homoscedasticity
chi2(46) = 47.00
Prob > chi2 = 0.4313

Source: author´s elaboration based on World Bank database (2018)
Table 8: Diagnostic of ARDL model.

Table 9 shows the results of the Granger causality.
There is bidirectional causality between carbon
dioxide emissions (CO2) and crop production
index (Crop). The results confirm that crop
production causes climate change in accordance
with the previous studies of Appiah et al. (2018),
Hongdou et al. (2018), Ullah et al. (2017),
and Sarkodie and Owusu (2017. In this context,
Appiah et al. (2018) using the Pooled Mean Group
(PMG) causality estimator revealed a positive
relationship between crop production and carbon
dioxide emissions. Moreover, Hongdou et al.
(2018:24497) found a positive value (2.439) while

Null Hypothesis

We also observe that there is a unidirectional
causality between energy consumption (EC),
crop production index (Crop), and agricultural
land (Land). In conclusion, agricultural land has
a unidirectional causality with crop production
index indicating that crop production needs more
agricultural land area. Finally, the livestock
production induces a unidirectional causality
with agricultural land suggesting the significant
role of animal farming and land intensive meat
production through CO2 emission on climate
change.

Chi2

Df

Prob > chi2

LnCO2 does not Granger Cause LnEC

10.837***

2

0.004

LnEC does not Granger Cause LnCO2

3.6552

2

0.161

LnCO2 does not Granger Cause LnCrop

8.2834**

2

0.016

LnCrop does not Granger Cause LnCO2

6.0277**

2

0.049

14.867***

2

0.001

LnCO2 does not Granger Cause LnLivestock

0.404

2

0.817

LnCO2 does not Granger Cause LnLand

133.46***

2

0.000

LnLand does not Granger Cause LnCO2

0.833

2

0.659

LnEC does not Granger Cause LnCrop

6.3557**

2

0.042

LnCrop does not Granger Cause LnEC

0.784

2

0.676

LnEC does not Granger Cause LnLivestock

1.6207

2

0.445

LnLivestock does not Granger Cause LnEC

1.652

2

0.438

314.05***

LnLivestock does not Granger Cause LnCO2

2

0.000

LnLand does not Granger Cause LnEC

3.1875

2

0.203

LnCrop does not Granger Cause LnLivestock

3.699

2

0.157

LnLivestock does not Granger Cause LnCrop

0.244

2

0.885

LnCrop does not Granger Cause LnLand

2.3267

2

0.312

LnEC does not Granger Cause LnLand

LnLand does not Granger Cause LnCrop

23.393***

2

0.000

LnLivestock does not Granger Cause LnLand

56.102***

2

0.000

LnLand does not Granger Cause LnLivestock

2.7939

2

0.247

Note: *** ignificant at 1%, ** at 5 %, and * 10 %, and * 10 %
Source: author´s elaboration based on World Bank database (2018)
Table 9: Agricultural Factors and Energy Consumption with Granger Causality.
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Table 10 exhibits the Johansen cointegration
test using the criteria of trace methods. Based
on the test, the hypothesis of no cointegration
is rejected (rejection of the hypothesis at 0.05 %
level).
Trace

0.05

Eigenvalue

Statistic

Critical Value

Prob.**

0.458575

81.72113

69.81889

0.0042

0.323034

49.20290

47.85613

0.0371

0.301677

28.52577

29.79707

0.0695

0.145174

9.494848

15.49471

0.3216

0.022044

1.181417

3.841466

0.2771

CO2 emissions when we apply the ARDL model
in the short and long-run supporting the result
of Kais and Mbarek (2015), Tan and Tan (2018).
Moreover, the econometric results verified
with Newey-West regression offers some
similarities with the autoregressive distributed lag
model. Thus, energy consumption has a positive
correlation with carbon dioxide emissions.

Note: Trace test indicates 2 cointegration equations at 0.05 level.
Source: author´s elaboration based on World Bank database (2018)
Table 10: Johansen cointegration test (Trace methods).

Conclusion
The article investigated the short and the longrun relationships between Portuguese carbon
dioxide emissions and agricultural activity, energy
consumption, using ARDL, ARIMA model,
Newey-West regression and Granger causality
for the period of 1960-2015.

The findings of the research allow evaluating
the different agricultural sectors and the impacts
of energy efficiency on climate change measured
by carbon dioxide emissions. The results suggest
that increasing agricultural production and energy
efficiency associated with economic growth
but it does increase carbon dioxide emissions too.
Since these factors stimulate global warming,
environmental degradation and pose a risk
for human health, it emphasizes the importance
of the topic in the economics literature.
In line with international empirical literature such
as Edoja et al. (2016), Sarkodie, and Owusu,
(2017), the data published by the EPA (2018)
and Eurostat (2018), we attempt to provide
some policy recommendations for Portugal.
The Portuguese agriculture needs to take
measures to achieve a higher level of sustainable
development, intending to reduce the effect
of animal husbandry and intensive crop production
practice to diminish CO2 emission. Although
organic farming has higher production costs, it is
an alternative way to encourage sustainable
agricultural practices by reducing environmental
pollution in agriculture. Furthermore, substituting
beef meat with another livestock sector
(e.g. pork or poultry) possibly will reduce
the effects of agriculture on climate change
(Desjardins et al., 2014). Besides, we also suggest
changes in agricultural practices e.g. the reduction
of pesticides and fertilizers with special attention
to ammonia levels as reported by EPA (2018),
Eurostat (2018).

The Augmented Dickey-Fuller (ADF) unit
root test demonstrated that the variables used
in this investigation are stationary. Employing
the ARDL model, the lagged variable of CO2
(adjustment coefficient) presented a negative sign
with statistically significance, i.e., in the longrun, we observed that carbon dioxide emissions
decreased in Portugal in line with previous
studies (Sarkodie and Owusu 2017; Hongdou
et al., 2018; and Kais and Mbarek, 2017).
The agricultural activity measured by three
variables (crop production index, livestock
production index, and agricultural land use)
revealed a long-run causal relation with CO2,
i.e., agricultural activity significantly affects
climate change in Portugal. Waheed et al. (2018),
Jebli and Youssef (2017), and Appiah et al. (2018)
also confirmed a positive association between these
variables.

Regarding the directions for future research,
it seems interesting to extend the study to the EuroMediterranean countries. Moreover, we suppose
that it will be exciting to test this group of countries
with static and dynamic panel methods.

Furthermore, our results indicate that energy
consumption had a positive impact on Portuguese
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Introduction

and Akramov, 2014). According to Ahrend (2004),
it is particularly true for Russia between 1997-2003,
where revealed comparative advantage was limited
to some raw materials and energy-based products.
It is the same for Kazakhstan, where only low
value added raw materials showed comparative
advantage, and agricultural and food industrial
products showed weakening competitive position
(Madiyarova et al., 2018). However, this sector
still plays an important role in the CIS countries
compared to the developed world. For example,
in the analysed period, the share of agriculture
in the gross domestic product (GDP) decreased
from 5.8% to 5.1% in Russia or from 14.5%
to 12.1% in Ukraine, but it was only 1.1%
in the USA and decreased from 2.5% to 1.4%
in the EU (World Bank WDI, 2019). It is worth
mentioning that Russia and Ukraine have been
able to restructure their agricultural trade flows
to new markets by 2001, while other CIS countries
mainly traded amongst themselves (Freinkman
et al., 2004). It is important to distinguish between
CIS and non-CIS countries as the ideal skills
are different in the CIS: such as the importance
of personal relationships, Russian fluency or lack

The Commonwealth of Independent States (CIS)
was established after the collapse of the Soviet
Union. The transition from centrally planned
to market economies has caused and is still causing
difficulties. Agricultural production and trade have
been among the most important areas affected
by policy changes (Lerman et al, 2004; Csaki and
Forgacs, 2008). As agriculture in these countries
is still an important sector in many ways, such
as agricultural value added or employment,
the in-depth analysis of the sector is justified
by itself. There is a lack of comprehensive analysis
of CIS countries agriculture in the related literature
(Kožar et al, 2016).
The time horizon of the analysis covers 16 years,
from 2000 to 2015. Right before that, fundamental
changes took place and the former Soviet countries
faced severe distortions caused by market transition
and privatisation (Buchenrieder et al., 2009). From
2000, economic growth has been accelerated,
mostly driven by the energy sector, therefore
agriculture became relatively less and less important
in the Central Asian countries (Mogilevskii
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of need to meet international standards (Gorton
and White, 2009).
Several studies using different types of Balassatype indices can be found at country level.
One of the OECD’s (Organisation for Economic
Co-operation and Development) book analysed
agricultural comparative advantage at the country
level (Liapis, 2011). Among the CIS countries
only Kazakhstan and Ukraine had agricultural
comparative advantage in 1997 on the aggregated
agricultural level. However, this list was even
shortened to Ukraine in 2007. Liefert (2002)
concluded that Russian agricultural output has
comparative disadvantage compared to agricultural
input in 1996-1997. He used domestic resource
cost (DRC) and social cost-benefit ratio (SCB).
Cimpoies (2013) used the Balassa index and found
relative trade advantage for Moldova between 2007
and 2011 and 10 positive values out of the 24 agri-food
products. The results indicated that Moldova
has some advantage in diary, vegetable, tobacco
and beverages production. On the other hand, values
decreased dramatically for sugar or oilseeds due
to old technologies, low quality and inefficiency.
Karasova (2016) calculated cluster comparative
advantage for different Ukrainian products
and cereals and oilseed (mainly sunflower) were
found to be highly competitive in 2014. Ishchukova
and Smutka (2013) have obtained high and stable
Balassa values for Russia in cereals (around 4),
oilseeds (almost 3) and tobacco (around 2) sector
between 1998 and 2010. It is worth mentioning that
regional values showed huge differences, far lower
RCA values for the same product in the European
Union (EU) than in CIS. One reason is geographical
location, because transport cost per unit is higher
for these bulk products. In terms of primary
and processed products, the former ones resulted
in slightly higher values (e.g., 1.2 compared
to 0.9 in 2010). These results are in line
with Zhemoyda and Gerasymenko (2009). They
also obtained higher Russian and Ukrainian
revealed comparative advantages for raw materials
between 2000 and 2004. Benesova et al. used
RCA, RC (revealed competitiveness) and Lafay
index to analyse the Russian agricultural trade
between 2000 and 2014 (Benesova et al., 2017).
Raw materials, especially cereals due to the great
soil abundance, showed higher RCA values as well
as promising future opportunities. Ainur and Diana
found decreasing Kazakh agri-food performance
based on Lafay index between 2001 and 2012
(Amirbekova and Madiyarova, 2015). Khabiti
(2008) obtained the same results by using RCA
for 1999-2006. Mostly energy and some

manufactured goods were competitive. The trade
structure of the country was in line with these
results, since these products were exported while
uncompetitive agricultural goods were imported.
Wijnands et al. (2015) carried out a comprehensive
study on the competitiveness of CIS and EU
agri-food chains and found low competitiveness
in almost all CIS food sectors by using EU’s major
food producers as a benchmark. Based on relative net
trade advantage (RTA), the analysed CIS countries
showed high values for raw materials, especially
for pork and poultry (Russia, Kazakhstan),
cereals and oilseeds (Ukraine), potatoes (Ukraine
and Belarus) and tomatoes (Belarus in 2013.
Regarding processed products, again Ukraine
performed the best (strong values for processed
products out of cereals, oilseeds) followed
by Belarus (above-average values for pork, potatoes
and tomatoes based processed products).
The overall conclusion of the study was that
the major factor behind the competitiveness
of CIS agri-food sector was low prices due
to cheap resource endowments. It was strengthened
by Maryam at al. (2018) results, where natural
resource-based Russian products had a comparative
advantage. Maslova et al. (2019) used an integrated
indicator, including export price and export share
to measure the trade performance of the Eurasian
Economic Union (Armenia, Belarus, Kazakhstan,
Kyrgyzstan, and Russia). According to their result,
the Kazakh and Russian grain production proved
to be competitive due to the low domestic prices
and production growth.
As a conclusion to the introduction, the major
characteristics of the literature review are
summarised in Table 1.
The paper focuses on the international trade
patterns of the CIS countries in 2000-2015.
The analysed economies are Armenia, Azerbaijan,
Belarus, Kazakhstan, Kirgizstan, Moldova,
Russia and Ukraine1, while Uzbekistan, Tajikistan
and Turkmenistan are excluded due to lack
of appropriate data. The paper is structured
as follows. First, the description of methods
and data used is presented, followed by the main
characteristics of CIS agriculture and trade.
The third part of the paper analyses the comparative
advantages of CIS agricultural trade together
with their stability and duration. The final part
concludes.

1
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Author

Time horizon

Analysed country

Research tool

Comparative advantage
Yes, for raw materials and energybased products

Ahrend (2006)

1997-2003

Russia

RCA

Ainur and Diana (2015)

2001-2012

Kazakhstan

Lafay index

Benesova et al. (2017)

2000-2014

Russia

RCA, RC and
Lafay index

Cimpoies (2013)

2007-2011

Moldova

RCA

Yes, 10 out of 24 agri-food products

Ishchukova and Smutka
(2013)

1998-2010

CIS

RCA

Yes, for bulk products and higher for
raw materials

2014

Ukraine

Khabiti (2008)

1999-2006

Kazakhstan

RCA

Liefert (2002)

1996-1997

Russia

DRC, SCB

Liapis (2011)

1997 and 2007

OECD

RCA

Yes, but only for Ukraine

2001-2016

Kazakhstan

RCA

Yes, only for raw materials

Maryam at al. (2018)

2015

BRICS

RCA

Yes, for natural resource-based Russian
products

Maslova et al. (2019)

2012-2016

EAEU

Integrated indicator

Wijnands et al. (2015)

2013

CIS

RTA

Yes, but mostly for raw materials and
for only Ukrainian processed products

2000-2004

Russia and Ukraine

RCA

Yes, for raw materials

Karasova (2016)

Madiyarova et al., 2018

Zhemoyda and Gerasymenko
(2009)

Yes, for some sectors, but decreasing
Yes, for raw materials, especially
cereals

Cluster comparative
Yes, especially for cereals and oilseeds
advantage
Yes, mainly for energy and
manufactured goods, but decrasing
Yes, for the input not the output

Yes, for Kazakh and Russian grain

Source: Authors’ elaboration
Table 1: Summary of the studies on the regional agricultural comparative advantage.

Materials and methods

distorted by different state interventions and trade
limitations. That is the reason why RCA calculation
is based on exports data where this impact is
smaller compared to the imports (Bojnec, 2001).
The relatively long time series also helps to lower
this
possible
distortion.
Moreover,
due
to the asymmetric value of the B index, it extends
from 1 to infinity if a country enjoys a comparative
advantage, but in the case of comparative
disadvantage, it varies between 0 and 1, which
overestimates a sector’s relative weight. Therefore,
there are many other specifications of the RCA index
available, but they are highly correlated (Jámbor
and Babu, 2016). All in all, it can be a useful
analytical tool in the detection of comparative
advantages and predicting its dynamics
in a changing environment, such as market changes
(Hoang and Tran, 2019).

The paper employs the seminal work of Balassa
(1965). Balassa’s measurement of revealed
comparative
trade
advantage
is
based
on the concept of Ricardian trade theory.
The original index of revealed comparative
advantage defined as follows (Balassa, 1965):
Bij = RCAij =

,

where X means exports, i indicates a given country,
j is a given product, t is a group of products
and n is a group of countries. It follows that
revealed comparative advantage (or disadvantage)
can be calculated by comparing a given country’s
export share of its total exports with the export
share in total exports of a reference group
of countries. Normally “world” is the reference
group. If the B index is higher than 1, the given
country has a comparative advantage compared
to the reference countries or, in contrast, a revealed
comparative disadvantage if B is less than 1. RCA
is an outstanding tool of descriptive trade statistics
and can help to avoid misinterpretation of sectoral
or country-level results (Deardorff, 2011).

The stability and durability of the RCA index
are also checked in two steps. First, Markov
transition probability matrices are calculated
and then summarized by using the mobility index,
evaluating the mobility across countries and time.
Second, following Bojnec and Fertő (2008),
a survival function S(t) is estimated by using
the non-parametric Kaplan–Meier product limit
estimator, which pertains to the product level
distribution analysis of the RSCA index. Following

The Balassa-index is criticised because it usually
neglects the different effects of agricultural policies
and exhibits asymmetric values. Trade structure is
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Bojnec and Fertő (2008), a sample contains n
independent observations (ti; ci), where i = 1 → n,
and ti is the survival time, ci is the censoring
indicator variable with a value of 1 if a failure
occurred, e.g., there is no longer a comparative
advantage, and 0 otherwise. It is assumed that there
are fewer failures than the number of data (m < n).
Then, we denote the rank-ordered survival times
as t(1) < t(2) < … < t(m). Let nj indicate the risk
of failure and let dj denote the number of observed
failures at tj time. The Kaplan–Meier estimator
of the survival function is then (with the convention
that Ŝ(t) = 1 if t < t(1)):

First, we estimate a single survival function
by pooling across all products and years
and then we also present results by country. Survival
of export relationships is also a precondition
for trade deepening and export growth, as suggested
by Besedes and Prusa (2011), who also give
an excellent review on the mathematical
specifications of the survival tests. An even more
detailed description of survival tests can be found
in the book of Cleves et al. (2004) who also use Stata
as the authors of this article to make the necessary
calculations. As evident from their works, survival
tests have a number of assumptions such as the lack
of independence or censored values. Moreover,
these works also well describe the way Wilcoxon
and log-rank tests are run and specified.
The paper employs CIS agricultural trade data

of the World Bank World Integrated Trade
Solution (WITS) database at HS-6 level between
2000 and 2015 on agricultural products (chapters
1-24, see Annex 1. in the Appendix for the name
of the product categories) ending up in 38,770
observations. The paper concentrates on the export
side of the revealed comparative advantage index
(B or RCA index) to exclude imports, which is
more likely to be influenced by agricultural policy
interventions.

Results and discussion
CIS agriculture and trade
The fundamental production factor of the sector
is agricultural land. Its highest share can be found
in Kazakhstan (80%), Moldova (75%) and Ukraine
(72%), out of which arable land is dominant
in Ukraine (79%), Moldova (74%) and Belarus
(66%) based on FAO (2019). In order to measure
the relevance of agriculture, three indicators
were used: value added as a share of GDP (%),
the share of agricultural employment (%)
and the size of agricultural production (million
international dollar2). The following diagram
summarises these indicators (Figure 1).
It is evident from the Figure 1 that agriculture
International dollar is a theoretical currency used by FAO, World
Bank, IMF or UN. It combines the exchange rate, purchasing power
parity and international average prices of commodities. It shows
the purchasing power that the US dollar had in the United States
in the given year. Therefore, it is better for comparisons, but cannot be
directly converted to other currencies simply by using exchange rates.
2

Note: The size of the circles reflects to the size of agricultural production measured in thousand
international dollars. The middle of the circle shows x (agricultural value added as a share of GDP)
and y (share of agricultural employment) values.
Source: Authors’ composition based on World Bank WDI (2019) database and FAO (2019) database
Figure 1: Agricultural value added, agricultural employment and size of agricultural production in the CIS,
2015
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plays an important role in the CIS region. This is
especially true for Armenia where it is reflected
in the high share of agricultural value added
in GDP as well as the high share of employment
(17.2% and 35.3% respectively). At the other end,
Russian agriculture represents only 3.8% of GDP
and 7.0% of employment. The case of Azerbaijan
should also be highlighted here, where agriculture
is a significant employer with 36.4% share, though
it contributes to the national GDP only by 6.2%,
implying serious labour efficiency problems.
The share of agricultural employment was only
4.5% and 1.7% in the EU and USA respectively,
while agricultural value added was even lower,
only 1.4% (EU) and 1.1% (USA) in the same
year (World Bank WDI, 2019). Generally, these
indicators show decreasing trend, especially
in the developed countries.

in even lower EU trade barriers and increased
investment supports after the global crisis (Borodina
and Krupin, 2018). On the other hand, agricultural
exports gave less than 7% of total exports
in 2012-2015 in Russia, Kazakhstan and Azerbaijan.
In the case of Russia, the embargo increased
the agricultural performance due to the higher,
strategic self-sufficiency, preferential agricultural
credits and higher producer prices (Kalinina,
2017). This process was further strengthened
by the governmental import substitution policy
that came into force in 2010 and targeted high
self-sufficiency rates like 95% for cereals, 90%
for milk and dairy products or 85% for meat
and meat products planned to be reached by 2020
(RPA, 2009). In light of these significant impacts,
it seems to be very hard for exporters to regain
the Russian agri-food markets in the future
if at all. However, it should be kept mind in that
only a small share of agricultural products are
traded, e.g. 16.5% for the cereals (FAO, 2019),
which is the major product of the region, meaning
that most of the countries feed themselves.

Regarding the size of agricultural production, figure
1 suggests that Russia and Ukraine have the largest
production potentials, followed by Kazakhstan
and Belarus. The sum of the remaining four
countries’ production is more or less equal
to the Belarussian production.

As to CIS agricultural exports, continuous growth
can be seen in every country, though to a different
extent (Table 3). On the one hand, countries like
Azerbaijan and Ukraine increased their agricultural
exports more than seven times from 2000-2003
to 2012-2015, while on the other hand, respective
growth in Moldova was “only” 2,5 times. However,
it should be clearly seen that the magnitude
of the Russian and Ukrainian agricultural export is
much larger than any other countries in the region.

The role of agriculture can also be measured
by its share in total exports. It is evident from Table 2
that agriculture gives the most significant share
in total exports in Moldova (44% in 2012-2015),
followed by Ukraine (32%) and Armenia (26%).
In other words, almost half, a third and a quarter
of export revenue came from agriculture in these
countries, respectively. Besides, it shows
an
increasing
trend
in
Armenia
due
to the remarkable expansion of agricultural exports
to total exports in the last four years, as well
as in Ukraine, where the total exports declined
by 30% from 2014 to 2015, while agricultural
exports decreased only by 13% (World Bank
Wits, 2019). In the case of Ukraine, this process
was accelerated by the signed DCFTA3 resulting
3

Analysing the agricultural trade balance gives
further insights into the patterns described above
(Table 4). First, the CIS region has traditionally
been a net importer of agricultural goods. However,
due to the notable expansion of Ukrainian exports
as well as the huge decline in the Russian agricultural
imports, the region achieved a surplus in 2014
and 2015 (1.1 and 9.4 billion USD, respectively).

Deep and Comprehensive Free Trade Agreement.
Country

2000-2003

2004-2007

2008-2011

2012-2015

Armenia

14.10

14.20

18.13

25.61

4.83

3.90

2.20

3.44

11.25

10.18

11.42

15.26

Azerbaijan
Belarus
Kazakhstan

7.08

4.10

3.53

3.99

Kyrgyzstan

10.87

17.45

12.21

12.55

Moldova

44.26

63.84

50.02

43.95

Russia

7.61

6.15

5.71

6.52

Ukraine

12.89

13.26

20.47

31.81

Source: Authors’ composition based on WTO (2019) database
Table 2: Share of agricultural exports in total merchandise exports, 2000-2015 (percent).
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Country
Armenia

2000-2003

2004-2007

63

2008-2011

138

185

2012-2015
378

Azerbaijan

107

368

608

841

Belarus

925

1842

3342

5419

Kazakhstan

709

1373

2216

2823

Kyrgyzstan

57

153

222

236

395

550

723

983

Russia

8572

16717

23845

30131

Ukraine

2340

5151

11302

17255

Moldova

Source: Authors’ composition based on WTO (2019) database
Table 3: Agricultural exports of the CIS, 2000-2015, million USD at current prices.
Country

2000-2003

2004-2007

2008-2011

2012-2015

Armenia

-152

-239

-551

-442

Azerbaijan

-163

-254

-670

-772

Belarus

-294

-249

75

825

Kazakhstan

106

-324

-882

-1366

Kyrgyzstan

9

-97

-394

-588

Moldova
Russia
Ukraine
Total

225

175

76

228

-1135

-2822

-11927

-8744

796

1781

4942

10515

-607

-2031

-9332

-345

Source: Authors’ composition based on WTO (2019) database
Table 4: Agricultural trade balance of the CIS, 2000-2015, million USD at current prices.
Product group
Cereals

2000-2003

2004-2007

2008-2011

2012-2015

26.50

26.85

29.46

31.80

Animal or vegetable fats and oils

7.74

8.46

13.71

14.62

Dairy products

8.46

10.19

8.29

6.90

Fish

7.48

4.11

6.80

6.84

Oil seeds

5.47

3.25

5.78

5.81

55.66

55.07

64.04

65.96

Total

Source: Authors’ composition based on World Bank WITS (2019) database
Table 5: Export share of the top five agricultural product groups in CIS exports, 2000-2015 (percent).

The latter impact was even higher as the Russian
trade deficit declined from 15.0 billion USD (2010)
to 363 million USD (2015). Second, in the period
analysed, the agricultural trade deficit of the CIS
countries has increased with four exceptions:
Kazakhstan and Kyrgyzstan turned to be net
importers from net exporters, while Belarus became
a net exporter. Third, Moldova was able to keep its
net exporter position with no significant changes
over the analysed period. Finally, only Ukraine,
Belarus and Moldova had an agricultural trade
surplus in 2012-2015. These processes are part
of the international specialisation, where countries
try to concentrate on the production of goods
in which they have absolute advantage (e.g., land
abundant) or relative advantages compared
to the other sectors of the economy.

As to agricultural exports by product, cereals were
the most important agricultural commodities
of the region, providing one-third of its exports
(Table 5). Cereals were followed by animal
or vegetable fats and oils, dairy products, fish
and oilseeds in the period analysed. These product
groups gave almost two-thirds of the value
of agricultural exports of the region in 2012-2015,
suggesting a high and increasing concentration
of exports.
In the case of cereals, it should also be kept in mind
that the average cereals yield in the region is much
lower than in the major producers or trade partners.
E.g. it was 5.5 t/ha in the EU, 5.9 t/ha in China
or 7.4 in the USA, while among the CIS it varied
between 1.3 t/ha (Kazakhstan) and 4.1 t/ha (Ukraine)
in 2015 (FAO, 2019).
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Revealed comparative
agriculture

advantages

of

CIS

Unstable competitive patterns were already justified
by the results above. In order to further test its
stability, the Markov transition probability matrices
were used. It indicates relatively low mobility
of the Balassa index for Kazakhstan, Azerbaijan,
Russia and Armenia, implying stable patterns
of comparative (dis)advantages. Besides these
countries, more than 70% of product groups
with a comparative advantage remained persistent
for Kyrgyzstan, Moldova and Belarus, while
the lowest mobility measures pertained to Ukraine,
implying highly changing competitive potentials
(Figure 2).

The performance of CIS agriculture in international
trade can be measured by calculating the Balassa
indices described above. Moldova, Kyrgyzstan
and Armenia had the highest Balassa indices
in most of the years analysed, while Belarus,
Ukraine and Azerbaijan enjoyed some comparative
advantage at the same time (Table 6). However,
Russia and Kazakhstan had a revealed comparative
disadvantage in all periods except for 2000-2003.
Note that RCA values has been diminishing
from 2000-2003 to 2012-2015 in the vast
majority of the cases and especially in Moldova
and Azerbaijan. These results are generally
in line with previous findings as described
in the introduction section.

The duration tests also verified the changing structure
of agricultural trade-based competitiveness.
As it was described in the methodology section,
the Kaplan–Meier estimator of the survival function
was run on our panel dataset and the results confirm
that in general, the survival times are not persistent
over the period analysed (Table 8). Survival
chances of 94-98% at the beginning of the period
fell to 1-11% by the end of the period, suggesting
that fierce competition exists in CIS agricultural
trade.

When
analysing
comparative
advantages
by products, further specialisation patterns became
available (Table 7). It is apparent that all of the most
important product groups identified in Table 5 had
a comparative advantage in all periods analysed,
though to a different extent. On the one hand,
the very high comparative advantages of animal
or vegetable fats and oils, as well as oilseeds,
seem to have diminished significantly, while that
of cereals declined only modestly. On the other
hand, the comparative advantages of dairy and fish
products have somewhat increased from 2000-2003
to 2012-2015.
Country
Armenia

2000-2003

The highest survival times exist for Moldova,
while the lowest are for Russia, but results vary
from country to country. However, there is
no clear pattern observable between the change
in survival times and the rank in CIS agricultural
exports. The equality of the survival functions

2004-2007

2008-2011

2012-2015

8.80

4.96

7.47

9.15

11.59

6.75

1.08

1.69

Belarus

1.71

2.27

2.34

2.17

Kazakhstan

1.05

0.75

0.74

0.76

Kyrgyzstan

9.35

9.46

6.86

9.31

Azerbaijan

Moldova

33.79

29.54

22.22

18.50

Russia

0.29

0.25

0.27

0.36

Ukraine

2.95

3.05

1.98

2.01

Source: Authors’ composition based on World Bank WITS (2019) data
Table 6: Balassa indices for CIS countries agricultural exports by country, 2000-2015.
Product group
Cereals

2000-2003

2004-2007

2008-2011

2012-2015

26.50

26.85

29.46

31.80

Animal or vegetable fats and oils

7.74

8.46

13.71

14.62

Dairy products

8.46

10.19

8.29

6.90

Fish

7.48

4.11

6.80

6.84

Oil seeds

5.47

3.25

5.78

5.81

Source: Authors’ composition based on World Bank WITS (2019) database
Table 7. Balassa indices for CIS countries agricultural exports by the most important product groups,
2000-2015.
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Source: Authors’ composition based on World Bank WITS (2019)
Figure 2: The mobility of Balassa indices, 2000-2015, by country, %.
Years

Survivor function

Armenia

Azerbaijan

Belarus

Kazakhstan

Kyrgyzstan

Moldova

Russia

Ukraine

2000

0.95

0.98

0.96

0.95

0.95

0.95

0.97

0.94

0.96

2001

0.90

0.96

0.92

0.90

0.89

0.90

0.95

0.88

0.91

2002

0.86

0.93

0.89

0.85

0.84

0.85

0.92

0.82

0.87

2003

0.81

0.90

0.85

0.80

0.79

0.81

0.89

0.76

0.82

2004

0.76

0.85

0.80

0.74

0.74

0.76

0.86

0.70

0.77

2005

0.71

0.83

0.75

0.69

0.68

0.72

0.82

0.64

0.72

2006

0.66

0.77

0.70

0.64

0.62

0.68

0.78

0.59

0.67

2007

0.61

0.72

0.64

0.60

0.56

0.63

0.74

0.53

0.62

2008

0.55

0.66

0.57

0.55

0.50

0.58

0.71

0.47

0.56

2009

0.49

0.60

0.51

0.50

0.44

0.52

0.65

0.41

0.50

2010

0.44

0.54

0.43

0.45

0.39

0.45

0.60

0.36

0.44

2011

0.37

0.47

0.37

0.38

0.33

0.38

0.54

0.30

0.37

2012

0.30

0.41

0.30

0.30

0.25

0.30

0.48

0.23

0.29

2013

0.22

0.33

0.22

0.23

0.17

0.20

0.39

0.16

0.22

2014

0.13

0.23

0.13

0.14

0.08

0.10

0.28

0.09

0.13

2015

0.03

0.08

0.02

0.04

0.01

0.06

0.11

0.01

0.03

Source: Authors’ composition based on World Bank WITS (2019)
Table 8: Kaplan-Meier survival rates for Balassa indices and tests for equality of survival functions in CIS agricultural trade, 2000-2015.

across regional countries can be checked by using
two non-parametric tests (Wilcoxon and log-rank
tests). Results of the tests show that the hypothesis
of equality across survivor functions can be
rejected at the 1% level of significance, meaning
that similarities in the duration of comparative
advantage across most important regional
agricultural exporters are absent (Table 8).

et al., 2016). In either case, identifying the changing
nature of competitive potentials is key to future
success.

Conclusion
The analysis of the CIS region with different
versions of Balassa indices is topical and can be
found in many studies. One of their common
points is that revealed comparative advantages are
limited to mostly raw materials due to the resource
endowments, especially in Kazakhstan and Russia.
On the country level, high RCA values can be
noticed for Belarus, Moldova and Ukraine.

From a trade policy perspective, it is important
to know and to interpret correctly these results.
Political and economic regionalisation is creating
new trade patterns, acting towards harmonization
of member states’ trade policies. The Eurasian
Customs Union and preferential trade agreements
with the EU play a key role in realizing comparative
advantages on the agri-food markets. Most
of the CIS countries are relying heavily on Russia
in their agricultural trade, while some of them
were able to diversify their export markets (Kožar

According to the basic indicators (value added,
employment or contribution to the total exports),
agriculture still plays an important role in the region,
especially in Armenia, Kyrgyzstan and Moldova.
As to the share of the sector in total exports,
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Moldova, Ukraine and Armenia led the way
with almost half, third and quarter of every
foreign exchange earned via export was coming
from agriculture in these countries, respectively.
Most of the analysed CIS countries are net
importers of agricultural goods, but Belarus became
net exporter while Moldova was able to maintain
its export surplus during the analysed period.
Ukraine is showing continuous and significant
growth in agricultural exports, which, strengthened
by the huge decline in Russian agricultural imports,
transformed the CIS region from a net importer,
into a net exporter of agricultural goods. The major
agricultural export commodity of the region is
undoubtedly cereals, providing almost a third of total
agricultural exports. Taking into consideration
the relatively low regional yields, it indicates a great
potential for further growth in cereals production.

corresponds with their revealed comparative
advantages. Cereals, animal or vegetable fats
and oils, and oilseeds had decreasing values, while
dairy products and especially fish were facing
increasing revealed comparative advantages.
However, it has not turned out to be persistent
according to stability and duration tests run on our
panel dataset, implying highly changing competitive
potentials and fierce regional competition
on the agri-food markets. These results are in line
with the existing literature, as mostly raw materials
have a comparative advantage which generally
shows a decreasing trend. Further research might be
carried out to analyse and understand the possible
reasons behind the results presented above, as well
as to compare CIS to other neighbouring countries
in this regard. On the agricultural policy level, using
revealed comparative advantages can help to better
understand the country’s export specialisation
and international trade performance, which can be
the key to future success.

Regarding country-level revealed comparative
advantages, Moldova, Kyrgyzstan and Armenia
had the highest Balassa indices in the majority
of the years analysed for agricultural trade. Belarus,
Ukraine and Azerbaijan had some comparative
advantage at the same time. These values reflect
on the importance of agriculture in the economies
of these countries, which is proportionally related
to the size of natural resources, like in case
of Azerbaijan or Kazakhstan. All of the most
important product groups had RCA values above
1 in all periods analysed, implying that the export
of agricultural products of the CIS countries
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Appendix

Product groups by HS2 classification

Code

Live animals

1

Meat and edible meat offal

2

Fish and crustaceans, molluscs and other aquatic invertebrates

3

Dairy produce, birds’ eggs, natural honey, edible products of animal origin not elsewhere specified or included

4

Products of animal origin, not elsewhere specified or included

5

Live trees and other plants, bulbs, roots and the like, cut flowers and ornamental foliage

6

Edible vegetables and certain roots and tubers

7

Edible fruit and nuts, peel of citrus or melons

8

Coffee, tea, mat and spices

9

Cereals

10

Products of the milling industry, malt, starches, inulin, wheat gluten

11

Oil seeds and oleaginous fruits, miscellaneous grains, seeds and fruit, industrial or medicinal plants, straw and fodder

12

Lac, gums, resins and other vegetable saps and extracts

13

Vegetable plaiting materials, vegetable products not elsewhere specified or included

14

Animal or vegetable fats and oils and their cleavage products, prepared edible fats, animal or vegetable waxes

15

Preparations of meat, of fish or of crustaceans, molluscs or other aquatic invertebrates

16

Sugar and sugar confectionery

17

Cocoa and cocoa preparations

18

Preparations of cereals, flour, starch or milk, pastrycooks’ products

19

Preparations of vegetables, fruit, nuts or other parts of plants

20

Miscellaneous edible preparations

21

Beverages, spirits and vinegar

22

Residues and waste from food industries, prepared animal fodder

23

Tobacco and manufactured tobacco substitutes

24

Source: World Bank WITS database (2019)
Annex 1: HS2 classification of the agricultural product groups.
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Abstract
Structural transformation in rural areas is a key issue in economic development. While much
of the literature on structural transformation has so far focussed on household- or commune levels or even
higher aggregate levels, little is known about the individual member level. The paper aims at examining
factors that affect the individual-level employment rural transitions in Viet Nam, namely: (1) nontransient farm; (2) positive transient farm; (3) out-of-wage transition; (4) transitory farm-household work;
and (5) transitory wage-household work. By taking advantage of the Viet Nam Access to Resources
Household Survey with data on 2,698 individuals for two years, 2008 and 2016, using multivariate
probit models estimated by generalized structural equation method, we find that individual-level human
capital and social capital are important factors affecting employment transition status in the rural area.
In addition, changes in individual and household characteristics and local climate conditions at commune
level are important to influence various types of employment transitions. These results have implications
for the development policy on rural transition in developing countries, highlighting the importance
of recognizing the positive aspects of changes in individual-, household-, and commune-levels for rural
transformation. Promotion of education attainment is necessary at both individual- and householdlevel to spur the transition out of farming. Broadened policy mechanisms which support and encourage
non-farm employment at the household level are also needed. Likewise, development initiatives that focus
on increasing the human and social assets of the individual farmers and farming households are more likely
to be successful in supporting livelihood diversification and reducing vulnerability.
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Introduction

of transformation (see, for example, Ulrik (2015)).

Structural transformation in rural areas is a key
issue in economic development and may take place
at several levels (see, for example, Ellis and Harris
(2004); Lanjouw and Lanjouw (2001); Reardon
et al. (2001)). At the micro-level, it can be the result
of decision-making by individual households
or even household members (see the most recent
research, for example, Newman and Kinghan
(2015)). On the other hand, at the aggregate level
such as a commune or province, government
policies can affect the direction and speed

While a large number of studies on structural
transformation so far focuses on household
or commune level or even higher aggregate level,
for example, Barrett et al. (2001), Berdegué
et al. (2001), Bezemer and Davis (2002), Coppard
(2001), Davis (2003), Deininger and Olinto (2001),
Lanjouw and Lanjouw (2001), and Tarp (2017),
little is known about the individual member level
(which is mostly due to a lack of suitable datasets).
Households are differential by their members
with different human, financial, and physical assets

[73]

Individual-level Employment Transitions in Rural Viet Nam
and economic activities involved and therefore
by targeting at individual members of households
as individual members of the rural society, policy can
bring effective support to enhance the opportunities
to participate into non-farm employment
in the rural area.

at individual level. Second, it provides evidence
to deepen understanding of structural transformation
in Viet Nam, particularly the factors that determine
individuals’ movements into and out of the farming
sector, moving into the wage/salary sector
and household businesses and why some individuals
remain in farming. It also points out the factors that
determine individuals’ movements into farming,
wage/salary sector and household businesses.

This current study takes advantage of the Viet Nam
Access to Resources Household Survey (VARHS)
in 2008-2016 with intensive information
on individual-level employment. The final dataset
is compiled by using the individual identification
in combination with the information on age
and gender, besides the common use of household
identification and results in 2,699 individuallevel observations in two years: 2008 and 2016.
The current paper arms at examining factors that
affect the individual-level employment rural
transitions in Viet Nam. The current paper, thus,
tries to examine the following research questions:
(1) To what extent do individual characteristics
determine patterns of structural transformation
in the rural area at individual level in Viet Nam?
and (2) What are the roles of changes in individual
characteristics, household characteristics, and local
climate conditions at commune level in determining
patterns of structural transformation in the rural
area at individual level in Viet Nam?

The rest of the paper is organized as follows.
Section 2 describes materials and the methods.
Section 3 discusses the empirical results.

Materials and methods
Data source and sampling
The data on diverse aspects of rural employment
were collected from VARHS datasets. VARHS is
a result of a joint project conducted by the Central
Institute for Economic Management (CIEM)
of the Ministry of Planning and Investment (MPI),
the Institute of Policy and Strategy for Agriculture
and Rural Development (IPSARD), the Institute
of Labour Science and Social Affairs (ILSSA),
and the Development Economics Research Group
(DERG) of the University of Copenhagen (CIEM,
DOE, ILSSA, and IPSARD, 2009).

Our primary hypothesis is that: (1) individual
characteristics play crucial roles in individual-level
transition statuses, namely: (a) non-transient farm
(or persistent farm: The one is in farming during
the whole studied period), (b) positive transient
farm (the one moves from agriculture to wage/
salary sector), (c) out-of-wage transition
(the one moves out of wage/salary sector
to farming or to household business), (d) transitory
farm-household
work
(the
one
moves
from
household
work
to
agriculture),
and (e) transitory wage-household work (the one
moves from household work to wage/salary sector);
and (2) while initial individual characteristics
have effects on individual-level transition status,
changes in individual/household characteristics
and local climate conditions at commune level also
determine patterns of structural transformation
at individual level in the rural area of Viet Nam.

The VARHS focuses on building on the substantial
database of markets of land, labour, and employment.
The employment module consists of individuallevel information on types of jobs (i.e. farming,
non-farm or non-agriculture), and information
on demographic characteristics, education,
occupation, and industry for all employed persons.
The VARHS was carried out in the rural areas
of twelve provinces in Viet Nam: (1) four (ex-Ha
Tay, Nghe An, Khanh Hoa and Lam Dong); (2) five
(Dak Lak, Dak, Nong, Lao Cai, Dien Bien and Lai
Chau); and (3) three (Phu Tho, Quang Nam
and Long An). These three province groups
represent the main geographical differences in Viet
Nam (Figure 1). By using VARHS in five years
2008, 2010, 2012, 2014, and 2016, the research
gains a dataset of 2,698 individuals in two years:
2008 and 2016.

In general, this research has two objectives. First,
it aims to contribute to the literature of employment
transformation at the individual levels (a)-(e)
previously described. To date, there has been
very little analysis of employment transformation
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Step 2: Using a combination of the age and gender
as an individual identification, besides the common
use of household identification, a consolidation
of individual-level datasets with householdand commune-level dataset is conducted. At this
stage, several yearly household identifications have
been used and finally, a five-wave and individuallevel panel dataset with a maximized number
of observations of 5,072 is obtained. The process
goes further by dropping duplicated observations
determined by a combination of household
identification, individual identification, and age
information in five waves of surveys, and the final
five-wave and individual-level panel dataset
have 4,611 observations. This dataset contains
individuals who come from different households
and belong to the same households as well.
Step 3: A sample of individual-level employment
transitions between 2008 and 2016 is derived from
the full set of five-wave and individual-level panel
dataset of 4,611 observations. As a transitional
stage, a sample including only individuals in 2008
who belong to one of these statuses: (1) farming,
(2) household business, (3) wage/salary sector,
and (4) household work, is refined and resulted
in 2,698 observations. More detailed definitions
of employment transitions are presented
in the following section. The final dataset contains
individuals who come from different households
as well as individuals who belong to the same
households.

Source: Authors’ creation
Figure 1: Site surveys.

From a truly unique five-wave panel of rural
household-level dataset in 2008-16 with 2,131
observations in Viet Nam and a five-wave panel
of rural commune-level dataset in 2008-2016
with 2,090 observations, we construct a sample
of individual-level employment transitions in two
years, 2008 and 2016, with 2,698 observations.
The procedures are as follows:

Methods
Definitions
In our definition, employment includes: (1) working
for a wage/salary sector outside the household;
(2) participating in household production related
to agriculture, forestry and aquaculture (or farm);
(3) doing trading, services, transportation, or other
business (self-employed) for the household
(or non-farm, non-wage activities, not housework);
(4) using common property resources to generate
income for the household (hunting, fishing
in the sea or lakes not on your property, gathering
honey and berries, gathering forestry products
etc.); and (5) doing housework or chores (cleaning,
collecting firewood, washing clothes, cooking,
etc.).

Step 1: Separate individual-level datasets
are created: 2008 (with 9,009 observations),
2010 (8,934), 2012 (8,379), 2014 (8,222),
and 2016 (7,979 observations). Information includes
position in the household, marriage status, gender,
age, political-social membership, educational
level, and employment status. Individual-level
employment statuses include, exclusively:
(1) wage/salary sector, (2) agriculture, (3) household
business, (4) common properties resources.
Individual-level employment statuses also
includes: (5) household work, and (6) unemployed,
which are not necessarily exclusive from each
other. Household identification (including codes
of province, district, commune, and household) is
also kept.

The current study follows the “spell” approach,
which is widely used in poverty studies
in identifying and measuring chronic and transient
poverty (income- and consumption-based poverty)
on the basis of panel data (Yaqub, 2000). The spell
approach focuses on the number or length of spells
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of poverty experienced by households (Hulme
and Shepherd, 2003).

over time with about 1.5 per cent per year. Income
diversification and diversification of activities are
important trends in rural of Viet Nam.

The spell approach, in the current paper, is
employed by categorizing employment transitions
in rural Viet Nam as non-transient farm
(or persistent farm, defined as an individual to be
in agriculture throughout the survey period), positive
transient farm (defined as a farming individual
to be employed in wage/salary sector),
out-of-wage transitory (defined as an individual
to move from wage/salary sector to farming
or to household business), transitory farm
household work (defined as an individual to move
from household work to agriculture), and transitory
wage household work (defined as an individual
to move from household work to wage/salary
sector) (Table 1).

The next set of columns relates to the proportion
of individuals involved in certain activities. A large
majority of individuals work as farmers in each
of the years. However, the proportion does
decline gradually over time with about 2 per cent
per year. In the third column, the proportion
of working in wage/salary sector increases
in the period of 2008-16 with about 2 per cent
per year in the latest 3 years, namely 2012, 2014,
and 2016. In the fourth column, the proportion
of household enterprises increases in the period
of 2008-16 with less than 1 per cent per year.
In the fifth column, the proportion of engagement
in common resource property decreases
in the period of 2008-16 until nearly zero percent.
The last column in Figure 2 relates to the percentage
of unemployment with a decline of nearly 1 per cent
per year during the period. In general, what is
clear from Figure 1 is the importance of non-farm
activities from the individual level. That in itself

Figure 2 reports some summary statistics relating
to individual’s employment status for individuals
included in the five-wave panel, treating
the different waves as separate cross sections.
The first column shows that the proportion
of non-farm employment increases gradually
Transition type

2008-2016

(1) Non-transient farm (or persistent farm)

Being farm during the whole period

(2) Positive transient farm

From agriculture to wage/salary sector

(3) Out-of-wage transition

From wage/salary sector to farming or to HH business

(4) Transitory farm-household work

From household work to agriculture

(5) Transitory wage-household work

From household work to wage/salary sector

Source: Authors’ compilation from VARHS 2008-2016. HH: Household
Table 1: Definition of transitions in the rural area.

0,45
0,40
0,35
0,30
0,25
0,20
0,15
0,10
0,05
0,00

Percentage
non-farm

Percentage Percentage Percentage Percentage
farming
wage/salary HH business common
resources
property
2008

2010

2012

2014

Percentage Percentage
HH work unemployed

2016

Source: Authors’ calculation from VARHS 2008-2016
Figure 2: Statistic description of transition status, 2008-2016.
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is a signal of the success of rural transformation
in Viet Nam. However, the analysis to date is only
conducted at an aggregate level and does not exploit
the panel features of the data set; the remainder
of this paper now analyses these three activities
separately and in more detail.

INCOME is household income in 2008 (Barrett
et al. (2001); Coppard (2001); Deininger and Olinto
(2001); Reardon et al. (2001); Reardon (1997)).
The factors affecting the probability of choosing
a particular employment status could also affect
the probability of choosing another type
of employment. Consequently, the error terms
of employment choice functions are correlated.
This unique characteristic requires the application
of the so-called seemingly (un)related regression
models, which need to be jointly estimated
from several regression models, where the error
terms associated with the dependent variables
are assumed to be correlated across the following
equations. Therefore, the empirical basic model
of employment transition includes a set of five
simultaneous equations which can be further
elaborated as follows:

Methods of analysis
The current paper estimates factors associated
with the individual-level employment transitions.
The basic model is identified as follows (Model 1):
Transijk ={INDIi0 α + INCOMEj0 β + αk + ui + eijk ≥ 0}

(1)

Where: the script ijk denotes individual i
in household j and commune k. While 0 denotes
the year 2008, 1 denotes the year 2016. αk is
cluster specific effect which change across clusters
and it is assumed that αk ~ [0, σ2k]. εijk has zero
mean and constant variance, and ui is an individual
specific fixed effect.
Trans is individual’s transitions in the rural area
as defined in Table 1, in which: 1 is non-transient
farm (or persistent farm), 2 is positive transient
farm, 3 is out-of-wage transition, 4 is ‘transitory
farm-household work’, 5 is ‘transitory wagehousehold work’.

(1-ALT)

Since dependent variables in model 1-ALT are
discrete ones, we estimate model 1-ALT by using
gsem (generalized structural equation model)
command in Stata applied for multivariate probit
models (Huber, 2013; Huber, 2014).

INDI is a vector of individual characteristics
in 2008, including marital status, age,
and educational attainment, social capital (social
network), according to Walter and Heinrichs (2015),
Simoes et al. (2016), Liu and Liu (2016), Barrett
et al. (2001), Coppard (2001), Deininger and Olinto
(2001), Reardon et al. (2001), and Reardon (1997).
A positive and significant association between
education levels and non-farm income at individual
level has been empirically established in different
developing country contexts (see for example,
Barrett et al. (2001); Coppard (2001); Deininger
and Olinto (2001); Reardon et al. (2001)). Better
educated individuals are likely to possess skills
which facilitate successful involvement in non-farm
activities, including the ability to manage
a business, process relevant information, adapt
to changing demand patterns, and liaise with public
and private service providers. They are also likely
to have greater aspirations with regard to working
outside agriculture. Being married and having
young children and elderly parents is likely
to reduce the propensity of females participate
in the labour market. Nevertheless, the availability
of domestic help can enable mothers to go out
to work. In contrast, being married, being heads
of households, and having children and elderly
parents are likely to compel males to participate
in the labour market.

The second objective of the current study is
to examine the roles of changes in individual
characteristics,
household
characteristics,
and local climate conditions at the commune level
in determining patterns of structural transformation
in the rural area at individual level in Viet Nam.
Therefore, we seek for the effects of changes related
to individual, household characteristics, and local
climate conditions at the commune level between
2008 and 2016, respectively. A set of extension
models of transitions in rural area are named
as Models 1A, 1B, and 1C as follows:

in which, ∆INDIi1-0, ∆HHCi1-0, and ∆CLIMATEi1-0
are vectors of changes in individual characteristics
(INDI), household characteristics (HHC), and local
climate conditions (CLIMATE) at the commune
level during 2008-2016, respectively. The initial
variables represent the individual conditions
(INDIi0) and changes in individual characteristics
(∆INDIi1-0), changes in household characteristics
(∆HHCi1-0), and changes in local climate conditions
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engaged in agriculture is dominant in the sample
(16.30 percent), Table 2 shows variations of other
activities by individuals. Individuals moving
from agriculture to wage/salary sector account
for 4.56 per cent, while moving to household
work is 13.78 per cent in the sample. Similarly,
individuals moving from wage/salary sector
to household work also account for 13.78
per cent in the sample. Individuals moving
from wage/salary sector to both farming
and household business are about 3.78 per cent.
During the period, there are 7.97 per cent
of individuals moving from household to farming,
and 3.74 per cent moving from household to wage/
salary sector, a little bit lower than the percentage
of individuals moving from farming to wage/salary
sector (4.56 percent).

(∆CLIMATEi1-0) at the commune level as well
may change the transition status in the future.
For example, farms decide to be non-farms
after changing their marital status or furthering
their education. Meanwhile, a new policy issue
might make the farms become non-farms.
HHC is a vector of household characteristics,
including age of working-age members, the ratio
of children, number of working-age members,
and number of Vietnamese communist party
member, shares of education levels among
household members, social capital (social network),
land endowments (land ownership in hectares), size
of living house (in square meters), access to credit,
and access to government transfer (see for example,
Fafchamps and Minten (1998); Montgomery
(1991); Rozelle et al. (1999); Banerjee (1983);
Wu and Zhou (1996); Nee (1996); Bezemer
and Davis (2002); Davis (2003); Coppard (2001);
Rennings et al. (2001); Liu et al. (2018); Martin
and Lorenzen (2016); Rigg et al. (2018); Sackey
(2018)).

Table 3 presents details of five forms of employment
transition in the rural area in terms of individual
characteristics in the initial year of 2008.
In the following part, we compare possible
employment transitions (from column 2 to 5)
with persistent farming (in column 1).

CLIMATE is a vector of the local climate conditions
at the commune level, which is represented
by the number of weather shocks (Doss et al. (2008);
Povel (2015)) that the commune has experienced
during the last three years (Barrett, 2014).

Firstly, comparing persistent farming (column 1)
and positive transient farm (column 2) in Table 3,
we find that the former is less likely to be male,
more likely to get married, more likely to be older,
more likely to be the household head, and lives
in a household with higher income per capita.
Persistent farming (column 1) reports more
probability to be a member of Farm Union.
Membership in Communist Party of Vietnam (CPV)
is likely to be the same between the two groups.
Regarding education level, persistent farming
(column 1) shows more probability to be ‘unable
to read and write’, more likely to complete primary
school, whereas positive transient farm (column 2)
is more likely to finish upper secondary school,
and can read and/or write (but never went to school)
as well.

A similar operationalization as shown in model
1-ALT for extension models 1a, 1b, and 1c
is conducted and we estimate the corresponding
models, namely model 1A-ALT, 1B-ALT,
and 1C-ALT.

Results and discussion
Statistical description
Table 2 presents an overall picture of rural transition
during 2008-16, which is based on the 2,699
individuals in the five-wave panel between 2008
and 2016, looking in particular at the extent to which
individuals move within a number of activities,
namely: farming, wage, household business,
and household work. While individuals persistently

Secondly, like positive transient farm (column 2),
‘out-of-wage’ (column 3) shows more probability
to be male, less likely to get married, less likely

From

To farming,
%

To wage/salary sector,
%

To HH business,
%

To HH work,
%

Farming

16.30 (440)

4.56 (123)

1.37 (37)

2.56 (69)

1.44 (39)

1.22 (33)

Wage/salary sector

To other,
%

Total,
%

13.78 (372)

63.99 (1,727)

100.00 (2,699)

13.78 (372)

80.99 (2,186))

100.00 (2,699)

HH business

0.59 (16)

1.11 (30)

1.11 (30)

1.30 (35)

95.89 (2,588)

100.00 (2,699)

HH work

7.97 (215)

3.74 (101)

0.59 (16)

0.70 (19)

87.00 (2,348)

100.00 (2,699)

Note: HH: household; Number of observations in parentheses
Source: Author’s estimation from VARHS 2008-2016
Table 2: Summary of transition in rural area (2008-16).
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Positive transient farm
(From agriculture
to wage/salary sector)

Out-of-wage
(From wage/salary
sector to farming
or household business)

Transitory farm-HH
work
(From HH work
to farming)

Transitory wage-HH
work (From HH work
to wage/salary sector)

Variable

Persistent
farming
-1

-2

-3

-4

-5

Sex (=1)

0.37

0.71***

0.60***

0.41

0.44*

Married (=1)

0.88

0.35***

0.64***

0.44***

0.23***

Age (years)

46.15

27.64***

34.70***

41.74***

26.27***

Age squared (years)

23.00

9.58***

14.05***

23.78

12.40***

Head (=1)

0.38

0.20***

0.31

0.29**

0.13***

Cannot read and write (=1)

0.11

0.04**

0.02***

0.10

0.13

Completed primary (=1)

0.27

0.13***

0.17

0.38***

0.43***

Completed lower secondary (=1)

0.51

0.46

0.39**

0.34***

0.34***

Completed upper secondary (=1)

0.11

0.33***

0.42***

0.12

0.06*

Can read and write but no school (=1)

0.01

0.03*

0.00

0.05***

0.04**

CPV member (=1)

0.02

0.01

0.06***

0.02

0.01

In farmer group (=1)

0.16

0.07***

0.05***

0.07***

0.02***

Net total income per capita in 2008 (log)

8.85

8.46***

9.24***

8.67***

8.57***

Number of observations

437

123

110

372

216

Note: HH: Household; *** p<0.01, ** p<0.05, * p<0.1; all are non-parametric two-sample test: Mann–Whitney U test and compared
with column (1). Total sample: 2,698
Source: Author’s estimation from VARHS 2008-2016
Table 3: Transition in rural area: Initial year in 2008 (Percentage).

to be older. However, ‘out-of-wage’ (column 3)
proves more possibility to live in a household
with higher income per capita. ‘Being the household
head’ is likely to be the same between the two
groups. Persistent farming (column 1) reports
more probability to be a member of Farm Union,
whereas ‘out-of-wage’ (column 3) shows more
possibility to be a member of CPV. With respect
to education level, persistent farming (column
1) reveal more probability to be ‘unable to read
and write’, whereas ‘out-of-wage’ (column 3) is
more likely to finish upper secondary school.

Firstly, regarding to changes in individual
characteristics between 2016 and 2008, we find
that persistent farming is less likely to get married
than other four types of transition. In addition,
there is no difference between persistent farming
and other transition form in terms of ‘being married’,
‘being divorced’, and ‘being CPV member’. While
positive transient farm (column 2) and out-of-wage
transition (column 3) are different from persistent
farming in terms of ‘completed lower secondary’,
‘transitory farm-household work’ and ‘transitory
wage-household work’ are different from persistent
farmers in terms of ‘completed upper secondary’.
Being a member of Farmer Union is associated
with both ‘transitory farm-household work’
and ‘transitory wage-household work’.

Thirdly, both ‘transitory farm-household work’
(column 4) and ‘transitory wage-household work’
(column 5), in comparison with persistent farming
(column 1), inform a less probability of getting
married, of being older, being the household head,
being a member of Farmer Union, and possess
a lower income per capita household membership.
With regard to education level, both ‘transitory
farm-household work’ (column 4) and ‘transitory
wage-household work’ (column 5) itemize more
probability to complete primary school, to be ‘can
read and write but never went to school’, whereas
less likely to finish lower secondary school.

Secondly, with respect to changes in household
characteristics between 2016 and 2008, change
in household head leads to changes in four types
of transition in comparison with persistent farming
(column 1), while no matter what a change
in CPV status of a household head or change
in CPV member of a household, no transition
of any type is observed. Regarding to demographic
factors, increase in household size reports more
probability to move out of wage/salary sector
to either farming or household business (column 3).
Timing effect of old age increases the probability
to move from household work to either farming
or wage/salary sector (columns 4 and 5). Higher

Table 4 presents details of employment transitions
in the rural area in terms of changes between 2016
and 2008. We compare possible employment
transitions (from columns 2 to 5) with persistent
farming (in column 1).
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dependency ratio has higher change to move
out of wage/salary sector to either farming
or household business (column 3), or to move
from household work to either farming or wage/
salary sector (columns 4 and 5). Access to credit is
found to be indifferent among types of employment
transition. Changes in arable land increases
the probability to move out of wage/salary sector
to either farming or household business (column 3),
whereas income increase is associated with a more

Variable

possibility to be positive transient farm (column 2)
or transitory wage-household work status
(column 5). There is no difference in terms of assets
such as durable asset value and housing size among
types of transition. Political and social networks
report a higher probability to be transitory wagehousehold work status (column 5). Natural and pest
shocks are found to affect the move out of wage/
salary sector to farming or household business
(column 3).

Persistent
farming

Positive transient farm
(From agriculture
to wage/salary sector)

Out-of-wage
(From wage/salary
sector to farming
or HH business)

Transitory farm-HH
work (From HH work
to farming)

Transitory wage-HH
work (From HH work
to wage/salary sector)

(1)

(2)

(3)

(4)

(5)

Changes in individual characteristics (dummy), from No (in 2008) to Yes (in 2016)
Married

0.01

0.13***

0.05***

0.03***

0.03**

Divorced

0.00

0.00

0.00

0.03

0.00

Head of HH

0.02

0.00

0.01

0.02

0.01

Completed lower secondary

0.04

0.01*

0.00**

0.02

0.03

Completed upper secondary

0.03

0.05

0.04

0.06*

0.13***

CPV member

0.00

0.00

0.02

0.00

0.00

In farmer group

0.07

0.03

0.04

0.01***

0.01***

Changes in household characteristics (dummy), from No (in 2008) to Yes (in 2016)
Head changed

0.00

0.02***

0.01**

0.01**

0.03***

Head being CPV member

0.01

0.00

0.02

0.00

0.00

Increase in primary degree

0.22

0.14*

0.28

0.21

0.22

Increase in lower secondary degree

0.40

0.37

0.35

0.39

0.46

Increase in upper secondary degree

0.45

0.58**

0.48

0.55***

0.62***

Increase in HH size

0.23

0.26

0.39***

0.25

0.24

Increase in average ages of workingage members

0.69

0.68

0.65

0.46***

0.46***

Increase in numbers working-age
members

0.25

0.37**

0.28

0.59***

0.58***

Increase in the ratio of children

0.28

0.30

0.43***

0.41***

0.12***

CPV member(s) (Counting the HH
head) of HH

0.01

0.01

0.04

0.00*

0.00

CPV member(s) (Not counting the HH
head) of HH

0.01

0.01

0.03

0.00

0.00

Access to credit

0.01

0.02

0.02

0.01

0.00

Increased in arable land

0.19

0.18

0.08***

0.18

0.22

Loss in arable land

0.17

0.20

0.15

0.13*

0.17

Land per capita

0.19

0.18

0.08***

0.22

0.22

Increased in income

0.92

0.97*

0.88

0.91

0.88*

Increased in asset values

0.19

0.20

0.16

0.21

0.23

Increased in housing size

0.19

0.20

0.16

0.21

0.23

Political network member

0.05

0.06

0.03

0.08

0.09*

Having support from relatives

0.20

0.13*

0.17

0.19

0.09***

Natural shock

0.06

0.04

0.01**

0.05

0.07

Pest shock

0.04

0.02

0.00**

0.03

0.03

Note: HH: Household; *** p<0.01, ** p<0.05, * p<0.1; all are non-parametric two-sample test: Mann–Whitney U test and compared
with column (1). Total sample: 2,698
Source: Author’s estimation from VARHS 2008-2016
Table 4: Transitions in rural area between 2008 and 2016 (Percentage) (to be continued).
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Persistent
farming

Variable

Positive transient farm
(From agriculture
to wage/salary sector)

Out-of-wage
(From wage/salary
sector to farming
or HH business)

Transitory farm-HH
work (From HH work
to farming)

Transitory wage-HH
work (From HH work
to wage/salary sector)

(1)

(2)

(3)

(4)

(5)

Economic shock

0.02

0.02

0.01

0.02

0.01

Illness shock

0.02

0.02

0.01

0.02

0.01

Changes in commune characteristics (dummy), from No (in 2008) to Yes (in 2016)
Flood, t-1

0.08

0.13

0.05

0.10

0.10

Drought, t-1

0.20

0.15

0.15

0.20

0.23

Typhoon, t-1

0.09

0.06

0.05

0.10

0.10

Land slide, t-1

0.04

0.08*

0.01*

0.05

0.07

Animal/livestock epidemics, t-1

0.15

0.10

0.18

0.15

0.14

Plant disease, t-1

0.11

0.11

0.15

0.07

0.07

Insects/rats, t-1

0.06

0.06

0.06

0.05

0.05

Flood, t-2

0.10

0.10

0.05

0.12

0.11

Drought, t-2

0.16

0.11

0.06***

0.16

0.21*

Typhoon, t-2

0.12

0.07*

0.07

0.12

0.11

Land slide, t-2

0.05

0.10*

0.03

0.03

0.07

Animal/livestock epidemics, t-2

0.15

0.12

0.20

0.15

0.15

Plant disease, t-2

0.10

0.09

0.15

0.07

0.08

Insects/rats, t-2

0.06

0.04

0.08

0.05

0.05

Number of observations

437

123

110

372

216

Note: HH: Household; *** p<0.01, ** p<0.05, * p<0.1; all are non-parametric two-sample test: Mann–Whitney U test and compared
with column (1). Total sample: 2,698
Source: Author’s estimation from VARHS 2008-2016
Table 4: Transitions in rural area between 2008 and 2016 (Percentage) (continuation).

Thirdly, with respect to changes in local climate
conditions between 2016 and 2008, most of natural
disasters in the previous year have no association
with various types of employment transition, except
for land slide with a clear effect on positive transient
farm (column 2) and a move from wage/salary
sector to farming or household business (column 3).
In respect to natural disasters in the year before
previous year, drought is found to be associated
with a move from wage to farming or household
business (column 3) and transitory wage-household
work status (column 5) and typhoon and land slide
with positive transient farm (column 2).

characteristics in the initial year of 2008
(Model 1-ALT). Table 6 presents results of taking
into account the changes in individual characteristics
(Model 1A-ALT). Table 7 highlights the effects
of the changes in household characteristics
(Model 1B-ALT). Table 8 gives more evidence
by taking into account the changes in commune
characteristics (Model 1C-ALT). We use command
gsem (generalized structural equation model)
in Stata to estimate multivariate probit models
(Huber, 2013; Huber, 2014).
The right-hand side variables can largely be
regarded as exogenous. We include gender, material
status, head of household, CPV membership,
membership of Farmer Union, and education
level as well, the relevance of them are strongly
suggested by the results in Table 3. In addition, age
and the square of age are also in the model. Results
of the set of regression models on the determinants
of rural employment transitions are presented
in Tables 5-8. The reported coefficients in Tables 5-8
are estimated of the effect of a marginal change
in the corresponding regressor (or discrete change
of a dummy variable from 0 to 1) on the probability
of choosing one from five forms of employment
transition.

Empirical results and discussion
We turn now to a multivariate analysis
of the factors associated with being engaged
in transitions in the rural area. The likelihood
of engaging in each of these activities is modelled
as a function of many of the factors already
considered in the sub-section of ‘Methods
of analysis’, and province fixed effects. The
model is fixed effect so as to handle the problem
of unobserved variables at individual level as well.
Table 5 shows results of fixed-effects multivariate
probit models for the likelihood of transitions
in the rural area, taking into account the individual
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We firstly discuss the results of Model 1-ALT
of individual characteristics in Table 5. Columns 1,
2, 3, 4, and 5 show the results for (1) the choice
by an individual to be in agriculture during
the survey period, (2) the choice to be employed
in wage/salary sector, (3) the choice to move
out of wage/salary sector, the choice to move
out of household work to (4) farming and (5)
to wage/salary sector, respectively.

out of wage/salary sector compared to other family
members (column 3) or to move from household
work to farming than other family members (column
4) by 3.7 per cent and 2.0 per cent respectively,
ceteris paribus. Individual with CPV membership
tends to leave farming (column 1) or be less likely
to move from household work to farming (column 4),
ceteris paribus, about 5.8 per cent and 1.2 per cent
respectively.

Regarding the gender, ceteris paribus, the results
show that males have a lower probability
of 2.7 per cent to be persistent farming than females
(column 1); males are more likely to move to wage/
salary sector than females (column 2) by 3.9 per cent
(This is in line with most recent study by Sackey
(2018)); males’ probability to move out of wage/
salary sector is 2.0 per cent more than that
of females (column 3); and males have a lower
probability by 0.6 per cent to move from household
work to farming than females (column 4).

In terms of educational levels, results in Table 5
suggest that individuals with primary, lower
secondary school are more likely to be persistent
in farming (column 1), ceteris paribus. In addition,
individuals with lower and upper secondary
school, and ‘can read and write but never went
to school’ are more likely to move to wage/salary
sector (column 2). This is in line with study of Liu
and Liu (2016), and Sackey (2018), they find that
education is an important influence of non-farm
employment decision. Moreover, individuals
with upper secondary school are more likely
to move to out of wage/salary sector (column 3),
ceteris paribus. Besides, individuals with lower
and upper secondary school are less likely
to move from household work to wage/salary
sector (column 5), while holding all other variables
in the model constant.

With regard to the marital status of individual,
ceteris paribus, the results indicate that married
individuals have higher probability of 6.3 per cent
to be persistent farming compared to the unmarried
ones (column 1); married individuals are less likely
to move from agriculture to wage/salary sector than
the unmarried ones (column 2), about 5.8 per cent;
married individuals are less likely to move
from household work to farming (column 4)
and from household work to wage/salary sector
(column 5) than the unmarried ones by 6.3 per cent
and 3.5 per cent, respectively.

The results in Table 5 also reveal that individuals
move out of wage/salary sector (column 3) when
their households have higher income per capita
level, and not to move to wage/salary sector
(column 2), or not to move from household work
to farming, ceteris paribus. Put it differently,
income shocks may be associated with a move
from agriculture to wage/salary sector or a move
from household work to farming. This is in line
with a most recent study in this field by Beck et al.
(2018) (for the case of coffee farmers in the Central
Highlands of Viet Nam).

Age is found to have an inversed U-shaped effect
on choices to be persistent farming (column 1),
to move from agriculture to wage/salary sector
(column 2), to move out of wage/salary sector
(column 3). This is in line with study of Liu and Liu
(2016), who find that age is an important influence
of off-farm employment decision. Sackey (2018)
also finds an inversed U-shaped relationship
between age and non-farm employment.
In addition, ages are found to have a U-shaped
effect on choices to move from household work
to being farm (column 4), to move from household
work to wage/salary sector (column 5).

Table 6 presents results of fixed-effects multivariate
probit models for the likelihood of transitions
in the rural area, taking into account the changes
in individual characteristics (Model 1A-ALT).
Results in Table 6 confirms similar findings
for transition in the rural area as presented
in Table 5. Table 6 further shows that, individuals
with changes in marital status are more likely
to move from agriculture to wage/salary sector
(column 2). Accordingly, getting married is
associated with about 4.2 percentage point higher
probability that individuals move from agriculture
to wage/salary sector. In addition, individuals
with a completion of lower secondary school
in the sample period are likely to have a probability

With respect to the status of household head,
the results show no significant effect of headed
individual on all of possible employment transitions.
In relation to the Farmer Union’s membership
of individual, the results prove that householdhead individuals are 2.8 per cent more likely to be
persistent farming, ceteris paribus. However, those
household-head individuals are less likely to move
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Positive transient farm
(From agriculture
to wage/salary sector)

Out-of-wage
(From wage/salary
sector to farming
or HH business)

Transitory farm-HH
work (From HH work
to farming)

Transitory wage-HH
work (From HH work
to wage/salary sector)

Variable

Persistent
farming
(1)

(2)

(3)

(4)

(5)

Male (=1)

-0.0270*

0.0396***

0.0198**

-0.0066***

-0.0069

(0.0153)

(0.0090)

(0.0097)

(0.0021)

(0.0110)

Married (=1)

0.0534**

-0.0582***

-0.0114

-0.0634***

-0.0345**

(0.0237)

(0.0115)

(0.0135)

(0.0174)

(0.0142)

0.0136***

0.0066***

0.0052***

-0.0012***

-0.0107***

(0.0025)

(0.0013)

(0.0017)

(0.0003)

(0.0014)

-0.0119***

-0.0089***

-0.0072***

0.0024***

0.0120***

(0.0005)

(0.0015

Age (years)

Age squared/100

(0.0026)

(0.0017)

(0.0022)

Head of HH (=1)

-0.0208

-0.0144

0.0002

(0.0157)

(0.0120)

(0.0112)

CPV membership (=1)

-0.0583*

-0.0450

0.0151

-0.0116*

0.0508

(0.0345)

(0.0355)

(0.0186)

(0.0060)

(0.0366)

0.0281**

-0.0166

-0.0369**

-0.0197***

-0.0361

(0.0127)

(0.0153)

(0.0160)

(0.0041)

(0.0277)

0.0376*

0.0101

0.0314

-0.0035

-0.0212

Member of Farm Union (=1)

Completed primary (=1)

Completed lower secondary (=1)

Completed upper secondary (=1)

Can read and write but no school (=1)

Net total income per capita in 2008 (log)

(0.0185)

(0.0205)

(0.0187)

(0.0234)

(0.0023)

(0.0162)

0.0568***

0.0278*

0.0271

-0.0171***

-0.0438***

(0.0220)

(0.0167)

(0.0215)

(0.0052)

(0.0164)

0.0056

0.0483***

0.0605***

-0.0064**

-0.0864***

(0.0269)

(0.0178)

(0.0219)

(0.0030)

(0.0231)

-0.0796

0.0731**

-0.0155**

-0.0139

(0.128)

(0.0286)

(0.0072)

(0.0319)

0.0045

-0.0141***

0.0125***

-0.0028***

-0.0011

(0.0053)

(0.0034)

(0.0040)

(0.0008)

(0.0052)

2,698

2,698

2,698

2,698

Log Likelihood
Observations

-0.0151

-3271.6026
2,698

Note: HH: Household; Robust standard errors in parentheses; *** p<0.01, ** p<0.05, * p<0.1
Method of estimation: fixed-effects multivariate probit models using gsem (generalized structural equation model) command in Stata
(Huber, 2013; Huber, 2014)
Source: Author’s estimation from VARHS 2008-2016
Table 5: Basic model of transitions in the rural area (marginal effect), 2008-16 (Model 1-ATL).

of higher 8.4 percentage point to be persistent
in farming (column 1). Moreover, becoming a new
member of Farmer Union in the sample period likely
increases about 5.1 percentage point probability
of being persistent farming (column 1).

in household with an increase in the proportion
of attaining primary school is likely to have
a lower 2.7 percentage point probability to move
to wage/salary sector (column 2), and individuals
in household with an increase in the proportion
of attaining lower secondary school is likely
associated with a lower 4.03 percentage point
probability to be in persistent farming (column 1),
ceteris paribus.

Table 7 exposes results of fixed-effects multivariate
probit models for the likelihood of transitions
in the rural area, taking into account the changes
in household characteristics (Model 1B-ALT).
Results in Table 7 support similar findings
for transition in the rural area as presented
in Table 5. Table 7 also shows that individuals

With regard to change in demographic
characteristics,
individuals
in
household
with an increase in the number of working-age
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Positive transient farm
(From agriculture
to wage/salary sector)

Out-of-wage
(From wage/salary
sector to farming
or HH business)

Transitory farm-HH
work (From HH work
to farming)

Transitory wage-HH
work (From HH work
to wage/salary sector)

Variable

Persistent
farming
(1)

(2)

(3)

(4)

(5)

Male (=1)

-0.0336*

0.0388***

0.0202**

-0.00001

-0.0093

(0.0182)

(0.0090)

(0.0098)

(0.00001)

(0.0107)
-0.0387***

Married (=1)

0.0391*

-0.0525***

-0.0082

-0.00001

(0.0229)

(0.0118)

(0.0139)

(0.00001)

(0.0145)

Age (years)

0.0149***

0.0064***

0.0051***

-0.00001

-0.0111***

(0.0023)

(0.0013)

(0.0017)

(0.00001)

(0.0014)

Age squared/100

-0.0123***

-0.00850***

-0.00707***

-0.00001

0.0126***

(0.0029)

(0.0017)

(0.0022)

(0.00001)

(0.0015)

-0.0284

-0.0142

0.0005

-0.0134

(0.0193)

(0.0120)

(0.0114)

(0.0183)

Head of HH (=1)
CPV membership (=1)
Member of Farm Union (=1)
Completed primary (=1)

-0.0884**

-0.0421

0.0154

0.00003

0.0427

(0.0447)

(0.0350)

(0.0189)

(0.00002)

(0.0355)

0.0326*

-0.0155

-0.0370**

0.00001

-0.0367

(0.0197)

(0.0153)

(0.0163)

(0.00001)

(0.0273)

0.0525**

0.0105

0.0364

-0.0001

-0.0160

(0.0246)

(0.0191)

(0.0236)

(0.0001)

(0.0162)

Completed lower secondary (=1)

0.0765***
(0.0250)

0.0274
(0.0173)

0.0329
(0.0217)

-0.0001*
(0.00001)

-0.0371**
(0.0163)

Completed upper secondary (=1)

0.0112
(0.0313)

0.0465**
(0.0184)

0.0670***
(0.0224)

-0.00001 (
0.0001)

-0.0747***
(0.0229)

Can read and write but no school (=1)

-0.0989*
(0.0585)

0.0748***
(0.0286)

-0.0001*
(0.0001)

-0.0093
(0.0312)

Net total income per capita in 2008 (log)

0.0107
(0.0104)

-0.0140***
(0.0034)

-0.00002
(0.00002)

-0.0019
(0.0050)

0.0126***
(0.0041)

Changes of individual characteristics between 2016 and 2008, from No (in 2008) to Yes (in 2016) (dummy)
Married
Completed lower secondary
Completed upper secondary
Farmer Union member

0.0461

0.0419***

0.0056

0.00003

-0.0236

(0.0623)

(0.0151)

(0.0203)

(0.00002)

(0.0251)

0.0840**

-0.0250

-0.00005

0.0026

(0.0364)

(0.0365)

(0.00004)

(0.0269)

-0.0219

0.0137

0.0042

-0.00007

0.0151

(0.0342)

(0.0177)

(0.0187)

(0.00005)

(0.0170)

0.0512*

0.0025

-0.0033

0.0070

(0.0284)

(0.0204)

(0.0198)

(0.0318)

Log Likelihood
Observations

-3424.7907
2,698

2,698

2,698

2,698

2,698

Note: HH: Household; Robust standard errors in parentheses; *** p<0.01, ** p<0.05, * p<0.1
Method of estimation: fixed-effects multivariate probit models using gsem (generalized structural equation model) command in Stata
(Huber, 2013; Huber, 2014)
Source: Author’s estimation from VARHS 2008-2016
Table 6: Extension model of transitions in the rural area (marginal effect): changes of individual characteristics in 2008-16 (Model 1A-ALT).

members is less likely to move from household
work to farming (column 4). In addition, individuals
in household with higher ratio of children under 16
and elderly members is more likely to move
from agriculture to wage/salary sector (column 5)
and to move from household work to farming
(column 4), with an association of higher probability
of about 1.8 percentage. Moreover, individuals
in household with a change in household head is

less likely to move from household work to farming
(column 4), with an association of lower probability
of about 0.3 percentage.
With respect to changes in social capital,
individuals in household with CPV members is
more likely to move out of wage/salary sector
to household business or farming (column 3).
An increase in CPV member of household
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is associated with a higher probability
of 4.5 percentage, ceteris paribus. In addition,
an increase in supports from relatives is associated
with a higher 0.2 percentage point probability
of moving from household work to farming.

to move out of wage/salary sector to household
business or farming (column 3) or to move
from household work to farming (column 4).
In addition, individuals in household with land
loss is more likely to move from household work
to wage/salary sector (column 5) or to become
persistent farming (column 1).

Regarding
changes
in
land,
individuals
in household with increase land is less likely
Positive transient farm
(From agriculture
to wage/salary sector)

Out-of-wage
(From wage/salary
sector to farming
or HH business)

Transitory farm-HH
work (From HH work
to farming)

Transitory wage-HH
work (From HH work
to wage/salary sector)

Variable

Persistent
farming
(1)

(2)

(3)

(4)

(5)

Male (=1)

-0.0426**

0.0407***

0.0182*

-0.0017***

-0.0099

(0.0177)

(0.0089)

(0.0097)

(0.0005)

(0.0112)

Married (=1)

0.0520**

-0.0550***

-0.0085

-0.0054***

-0.0295**

(0.0212)

(0.0119)

(0.0129)

(0.0013)

(0.0150)

Age (years)

0.0122***

0.0057***

0.0045***

-0.0005***

-0.0119***

(0.0023)

(0.0013)

(0.0017)

(0.0002)

(0.0015)

Age squared/100

-0.0101***

-0.0078***

-0.0066***

0.0007***

0.0134***

(0.0025)

(0.0017)

(0.0021)

(0.0002)

(0.0017)

-0.0169

-0.0143

0.0043

-0.0114

(0.0192)

(0.0124)

(0.0116)

(0.0187)

Head of HH (=1)
CPV membership (=1)

-0.0798*

-0.0470

0.0156

0.0027***

0.0483

(0.0449)

(0.0354)

(0.0188)

(0.0007)

(0.0370)

Member of Farm Union (=1)

0.0313
(0.0199)

-0.0199
(0.0148)

-0.0362**
(0.0154)

0.0001
(0.0002)

-0.0362
(0.0267)

Completed primary (=1)

0.0388
(0.0244)

0.0086
(0.0187)

0.0424*
(0.0217)

-0.0031***
(0.0009)

-0.0217
(0.0166)

Completed lower secondary (=1)

0.0599**
(0.0247)

0.0234
(0.0170)

0.0368*
(0.0201)

-0.0020***
(0.0006)

-0.0390**
(0.0168)

Completed upper secondary (=1)

-0.0065
(0.0311)

0.0389**
(0.0177)

0.0670***
(0.0210)

0.0005**
(0.0003)

-0.0806***
(0.0237)

Can read and write but no school (=1)

-0.100*
(0.0591)

0.0793***
(0.0276)

-0.0109***
(0.0029)

-0.0162
(0.0320)

Net total income per capita in 2008 (log)

0.0062
(0.0078)

-0.0123***
(0.0032)

-0.0011***
(0.0003)

-0.0028
(0.0049)

0.0115**
(0.0046)

Changes of household characteristics between 2016 and 2008, from No (in 2008) to Yes (in 2016) (dummy)
Completed primary

-0.0153

-0.0273**

0.0125

0.0002

0.0067

(0.0160)

(0.0107)

(0.0087)

(0.0002)

(0.0119)

-0.0403***
(0.0144)

0.0063
(0.0080)

-0.0024
(0.0078)

-0.00003
(0.0001)

-0.0076
(0.0113)

0.0198

-0.0117

0.0143

0.000185

0.0076

(0.0184)

(0.0104)

(0.0094)

(0.0001)

(0.0130)

0.0111

0.0017

-0.0102

-0.0001

-0.0135

(0.0146)

(0.0082)

(0.0081)

(0.0001)

(0.0100)

Number of working-age members

-0.0277
(0.0175)

-0.0124
(0.0093)

-0.0161
(0.0099)

-0.0005*
(0.0002)

-0.0049
(0.0123)

The ratio of children under 16

-0.0218
(0.0179)

0.0182*
(0.0101)

0.0118
(0.0096)

0.0018***
(0.0005)

-0.0249
(0.0161)

Completed upper secondary
Household size
Mean of working ages

Note: HH: Household; Robust standard errors in parentheses; *** p<0.01, ** p<0.05, * p<0.1
Method of estimation: fixed-effects multivariate probit models using gsem (generalized structural equation model) command in Stata
(Huber, 2013; Huber, 2014)
Source: Author’s estimation from VARHS 2008-2016
Table 7: Extension model of transitions in the rural area (marginal effect): changes of household characteristics in 2008-16 (Model 1B-ALT)
(to be continued).
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Positive transient farm
(From agriculture
to wage/salary sector)

Out-of-wage
(From wage/salary
sector to farming
or HH business)

Transitory farm-HH
work (From HH work
to farming)
(4)

Transitory wage-HH
work (From HH work
to wage/salary sector)

Variable

Persistent
farming
(1)

(2)

(3)

CPV member(s) (Counting the HH head)
of HH

0.0176
(0.0579)

-0.0274
(0.0401)

0.0445*
(0.0258)

0.0252

0.0182

-0.0225*

-0.0010***

0.0155

(0.0197)

(0.0121)

(0.0134)

(0.0003)

(0.0153)

Land increased
Land loss
Income increased
Political network member
Supports from relatives
Natural shock
Pesticide shock

0.0298*

0.0123

-0.00370

(0.0181)

(0.0098)

(0.0099)

0.0369

0.0345*

0.0062

-0.0036***

-0.0217

(0.0243)

(0.0190)

(0.0127)

(0.0009)

(0.0152)

-0.0226
(0.0308)

-0.0200
(0.0185)

-0.0238
(0.0214)

0.0287**
(0.0126)

0.0321
(0.0207)

-0.0027

-0.0089

0.00472

0.0002**

-0.0051

(0.0171)

(0.0115)

(0.0098)

(0.0001)

(0.0157)

0.0134

-0.0063

-0.0309

-0.0016***

-0.0079

(0.0460)

(0.0238)

(0.0279)

(0.0005)

(0.0263)

-0.0109

-0.0363

0.0012***

-0.0016

(0.0576)

(0.0330)

(0.0004)

(0.0364)

0.0004

-0.0031***

0.0335

(0.0413)

(0.0010)

(0.0321)

2,698

2,698

Head of HH

0.0331
(0.0328)

Log Likelihood
Observations

(5)
-0.0538
(0.0519)

-3225.8514
2,698

2,698

2,698

Note: HH: Household; Robust standard errors in parentheses; *** p<0.01, ** p<0.05, * p<0.1
Method of estimation: fixed-effects multivariate probit models using gsem (generalized structural equation model) command in Stata
(Huber, 2013; Huber, 2014)
Source: Author’s estimation from VARHS 2008-2016
Table 7: Extension model of transitions in the rural area (marginal effect): changes of household characteristics in 2008-16 (Model 1B-ALT)
(continuation).

With regard to income per capita, individuals
in household with an increase in per capita income
is more likely to move from agriculture to wage/
salary sector (column 2) with an association
of higher probability of about 3.5 percentage and
less likely to move from household work to farming
(column 4) with an association of lower probability
of about 0.4 percentage. Moreover, individuals
in household with a change in household head is
less likely to move from household work to farming
(column 4), with an association of lower probability
of about 0.3 percentage.

in the rural area, taking into account the changes
in commune characteristics (Model 1C-ALT).
Results in Table 8 affirm similar findings
for transition from agriculture as presented
in Table 5. Table 8 also shows that individuals
in commune with changes in natural shocks such
as drought is less likely to move out of wage/salary
sector to farming or household business (column 3),
less likely to move from household work to farming
(column 4). In addition, individuals in commune
with changes in natural shocks such as typhoon
is less likely to move from agriculture to wage/
salary sector (column 2). However, individuals
in commune with changes in natural shocks such
as land slide occurred in the year before last year
is also more likely to move to wage/salary sector
from farming (column 2). Individuals in commune
with changes in natural shocks such as land slide
in the last year is more likely to move from household
work to farming (column 4), whereas individuals
in commune with changes in natural shocks such
as land slide occurred in the year before last year is
less likely to move from household work to farming
(column 4).

Regarding to shocks, individuals in household
with natural shock is less likely to move
from household work to farming (column 4)
with an association of lower probability of about
0.2 percentage. Moreover, individuals in household
with pesticide shock is more likely to move
from household work to farming (column 4),
with an association of higher probability
of about 0.1 percentage.
Table 8 displays results of fixed-effects multivariate
probit models for the likelihood of transitions
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Positive transient farm
(From agriculture
to wage/salary sector)

Out-of-wage
(From wage/salary
sector to farming
or HH business)

Transitory farm-HH
work (From HH work
to farming)

Transitory wage-HH
work (From HH work
to wage/salary sector)

Variable

Persistent
farming
(1)

(2)

(3)

(4)

(5)

Male (=1)

-0.0336*

0.0401***

0.0203**

0.00003

-0.0097

(0.0189)

(0.0088)

(0.0096)

(0.00002)

(0.0109)

0.0386*

-0.0561***

-0.0091

0.00007*

-0.0418***

(0.0231)

(0.0116)

(0.0133)

(0.00004)

(0.0151)

0.0161***

0.0063***

0.0050***

-0.0001***

-0.0109***

(0.0027)

(0.0013)

(0.00168)

(0.00004)

(0.0014)

-0.0135***

-0.0085***

-0.0070***

0.0001***

0.0124***

(0.0030)

(0.0016)

(0.0021)

(0.00004)

(0.0015)

Married (=1)
Age (years)
Age squared/100
Head of HH (=1)

-0.0263

-0.0154

0.0010

-0.0131

(0.0193)

(0.0119)

(0.0112)

(0.0187)

-0.0932**
(0.0452)

-0.0465
(0.0357)

0.0127
(0.0185)

0.0006***
(0.0002)

0.0437
(0.0367)

Member of Farm Union (=1)

0.0295
(0.0201)

-0.0180
(0.0151)

-0.0370**
(0.0158)

-0.0001**
(0.00005)

-0.0365
(0.0278)

Completed primary (=1)

0.0556**
(0.0249)

0.0133
(0.0193)

0.0371
(0.0235)

-0.0007***
(0.0002)

-0.0131
(0.0164)

Completed lower secondary (=1)

0.0737***
(0.0255)

0.0317*
(0.0175)

0.0326
(0.0217)

-0.0005***
(0.0001)

-0.0379**
(0.0165)

Completed upper secondary (=1)

0.0115
(0.0323)

0.0518***
(0.0185)

0.0651***
(0.0222)

0.0003***
(0.0001)

-0.0789***
(0.0233)

Can read and write but no school (=1)

-0.0920
(0.0595)

0.0808***
(0.0287)

-0.0003**
(0.0001)

-0.0086
(0.0317)

Net total income per capita in 2008 (log)

0.0109
(0.0103)

-0.0139***
(0.0035)

-0.0001***
(0.0001)

-0.0021
(0.0050)

CPV membership (=1)

0.0124***
(0.0040)

Changes of local climate condition at the commune level between 2016 and 2008, from No (in 2008) to Yes (in 2016) (dummy)
Land slide, t-1
Drought, t-2
Typhoon, t-2
Land slide, t-2

0.0143

0.0123

-0.0413

0.0001*

0.0243

(0.0368)

(0.0162)

0.0224

-0.0182

(0.0324)

(0.00005)

(0.0206)

-0.0414***

-0.0003***

(0.0184)

(0.0120)

0.0107

(0.0129)

(0.00008)

(0.0119)

0.0177

-0.0312**

-0.0125

-0.00004

-0.0186

(0.0210)

(0.0148)

(0.0130)

(0.00003)

(0.0157)

-0.0266

0.0295*

0.00290

-0.0004***

-0.00143

(0.0338)

(0.0154)

(0.0219)

(0.0001)

(0.0214)

2,698

2,698

Log Likelihood
Observations

-3249.3025
2,698

2,698

2,698

Note: HH: Household; Robust standard errors in parentheses; *** p<0.01, ** p<0.05, * p<0.1
Method of estimation: fixed-effects multivariate probit models using gsem (generalized structural equation model) command in Stata
(Huber, 2013; Huber, 2014)
Source: Author’s estimation from VARHS 2008-2016
Table 8: Extension model of transitions in the rural area (marginal effect): changes of commune characteristics in 2008-16 (Model 1C-ALT).

Conclusion

the common use of household identification,
and result in 2,698 individual-level observations
in two years: 2008 and 2016. We find that initial
individual-level human capital such as gender,
marital status, age, and education attainment,
and social capital such as member of socialpolitical organization are important factors
affecting employment transition status in the rural
area. In addition, changes in individual, household
characteristics and local climate conditions

This paper is the first attempt to analyse
the employment transitions in the rural area
of Viet Nam by using a unique individuallevel dataset. Starting from the VARHS dataset
with the five waves from 12 provinces of rural Viet
Nam, compilation is further processed by using
the individual identification in combination
with the information on age and gender, besides
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at commune level are very important to affect
various types of employment transition.

Regarding to shocks, individuals in household
with natural shock is less likely to move
from household work to farming. Moreover,
individuals in household with pesticide shock
is more likely to move from household work
to farming.

Specifically, in regard to changes in individual
characteristics, individuals with changes in marital
status are more likely to move from agriculture
to wage/salary sector. In addition, individuals
with completion of lower secondary school
in the sample period are more likely to be persistent
in farming. Besides, being a member of Farmer
Union likely increases the probability of being
persistent farming.

Regarding changes in local climate conditions
at the commune level, individuals in commune
with changes in natural shocks such as drought
is less likely to move out of wage/salary sector
to farming or household business, less likely
to move from household work to farming.
In addition, individuals in commune with changes
in natural shocks such as typhoon is less likely
to move from agriculture to wage/salary sector.
However, individuals in commune with changes
in natural shocks such as land slide occurred
in the year before last year is also more likely
to move to wage/salary sector from farming.
Individuals in commune with changes in natural
shocks such as land slide in the last year is more
likely to move from household work to farming,
whereas individuals in commune with changes
in natural shocks such as land slide occurred
in the year before last year is less likely to move
from household work to farming.

With respect to changes in household level,
individuals
in
household
with
changes
in the proportion of attaining primary school are
less likely to move from agriculture to wage/salary
sector, and individuals in household with changes
in the proportion of attaining lower secondary
school are less likely to be in persistent farming.
In addition, with regard to change in demographic
characteristics,
individuals
in
household
with an increase in the number of working-age
members are less likely to move from household
work to farming. Moreover, individuals in household
with higher ratio of children under 16 and elderly
members are more likely to move from agriculture
to wage/salary sector and to move from household
work to farming. Furthermore, individuals
in household with a change in household head is
less likely to move from household work to farming.

Results have implications for development policy
for rural transition in developing countries,
highlighting the importance of the positive
aspects of changes in individual-, household-,
and commune-levels for rural transformation.
Promotion of education attainment is necessary
at both individual- and household-level to spur
the transition out of farming. Broadened policy
mechanisms which support and encourage
non-farm employment at the household level are
also needed. Likewise, development initiatives that
focus on increasing the human and social assets
of the individual farmers and farming households
are more likely to be successful in supporting
livelihood
diversification
and
reducing
vulnerability.

Besides, with respect to changes in social capital,
individuals in household with CPV members are
more likely to move out of wage/salary sector
to farming or household business. In addition,
individuals
in
household
with
supports
from relatives are more likely to move
from household work to farming.
On top of that, regarding changes in land,
individuals in household with increased land
are less likely to move out of wage/salary sector
to household business or farming or to move
from household work to farming. In addition,
individuals in household with land loss are more
likely to choose to move from household work
to wage/salary sector or to become persistent
farming.

Acknowledgments
The working version of this article was published
as Ngo (2018). We would like to thank UNUWIDER as the original commissioning institute.
The copyright of the working paper has been
transferred to Quang-Thanh Ngo and co-authors.
The authors are grateful to Finn Tarp and Saurabh
Singhal for their kind support and valuable
comments.

With regard to income per capita, individuals
in household with an increase in per capita income
is more likely to move from agriculture to wage/
salary sector and less likely to move
from household work to farming. Moreover,
individuals in household with a change in household
head is less likely to move from household work
to farming.
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Abstract
This paper deals with the Customer Relationship Management (CRM) system with emphasis
on the importance for the competitiveness of a business. The aim of the present article is to seek whether
a business pursues customer value on a regular basis regardless of its size. Monitoring customer value can thus
be one of the criteria that measure the success of implementing an overall customer relationship management
concept in a particular business. CRM system is also used in agribusiness.
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Introduction

and technologies towards maximizing customer
relationships, or as a system that is increasingly
using the Internet to provide the closest possible
coordination with customers. In CRM, quality
is important, as stated by Kretter (2008), which
directly affects a product or service. Quality can be
defined as "independence from errors". Customeroriented businesses orient quality in accordance
with customer satisfaction. Šimek et al. (2008)
state that any long-term relationship must be based
on mutually beneficial cooperation. Starting
the CRM implementation process as claimed
by Storback and Lehtinen (2002) must therefore be
based on the established strategy of the business,
what means consistently analyse existing business
processes and metrics, by means of which we
identify and serve the customer and check whether
the business relationship is really mutually
beneficial.

As claimed by Látečková et al. (2018)
the development of information and communication
technologies (ICT) is currently conditioned
by the development of industry, society
and many other factors. ICT play important roles
in the development of enterprises and automation
of their processes. The deployment of information
systems and information technology as claimed
by Hallova and Hanova (2019) has become
a prerequisite for the success of businesses in all
areas of economic activity today. Information
available from business data enables managers
and employees to make quick and accurate
decisions so they can efficiently manage operations
and respond quickly to business opportunities
or threats. Wessling (2003) claims that CRM is
not a new philosophy in relation to customers,
nor is it a breakthrough and omniscient information
technology. It is a comprehensive methodology
of
creating
economically
advantageous
and beneficial relationships with customers
with an emphasis on targeted qualification
of personnel, methods of social psychology
and interaction. Mccarthy and Perreault
(1995) claim that the focus of our attention is
on
the
customer
whose
relationship
with the business is to be organized. Also,
Goldenberg, (2008) defines CRM as an approach
of a business that integrates people, processes

Vaněk et al. (2011) argue that the benefits of CRM
can be seen in streamlining processes and providing
sales representatives, marketing and management
with better, more detailed customer information.
Depending on the area of application, we
distinguish CRM into four basic groups: 1. Active
CRM, 2. Operational CRM, 3. Collaborative CRM,
4. Analytical CRM. (Novotný et al., 2010). Active
CRM as claimed by Pour et al. (2015) is based
on an active centralized database that supports
process automation.
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Operational CRM provides support for business
processes (also called front office). Every contact
or action with a customer is recorded in his history,
which is recorded by CRM and each company
employee can draw from this database of history
and use the information about the customer
for further work with such customer. Cooperative
CRM covers direct contact with the customer.
It contains various communication channels,
not only the Internet, but also IVR (Interactive
Voice Response), which is an automated answer
for telephone communications. Analytical CRM
analyses customer data. These analyses are targeted
to:
-

-

-

is part of a differentiated strategy. Individual
products are tailored to each customer. There
is close cooperation between the manufacturer
and its customer. Value for the customer is created
on the basis of mutual relationship. The strategy
is used in B2B or B2C markets. The term B-2-B
refers to business relationships and communication
between two commercial companies that do not
serve end-users on a mass scale. An important
feature of the B-2-B model is, as stated
by Zairi and Sinclair (1995), a greater emphasis
on logistics and business provision than on customer
acquisition compared to B-2-C. The term Businessto-Consumer (B-2-C), as claimed by Lošťáková
et al. (2009), is used to identify business
relationships and communications between
business and end customers. They are realized
by web applications, virtual shops on the Internet
etc. Online business on the Internet, i.e. sale
of goods, information, services and advertising
space to end customers. The term Consumer-toBusiness (C-2-B), as claimed by Burnett (2005),
is used to designate shops in which a commercial
transaction is initiated by a buyer wishing to
obtain the best possible prices. The customer
creates a request (demand) for a specific product
at the proposed price. In return, the business partner
will tell him if he is willing to accept this request.

designing and implementing targeted
marketing activities and campaigns leading
to higher efficiency,
customer behaviour analysis is used
to support decision making on products
and services (e.g. setting appropriate prices),
management decisions such as financial
forecasts or customer profitability analysis.

Lošťáková et al. (2009) state that choosing the right
CRM strategy is an important decision. Recently,
three types of CRM strategy have been implemented:
The first level of customer relationship marketing
is called mass personalization, where an individual
customer is identified by name, address, or previous
purchases.

The link between the information system
and the business process, as claimed by Goldenberg
(2008), is confirmed in the implementation
of business information systems by the necessity
to perform an "inventory" and to change all processes
in the company affected by the new information
system. Lošťáková et al. (2009) claims that
in today's companies, it is almost all areas ranging
from logistics, sales and technical departments,
to employee records and all related activities
- remuneration of merchants based on delivered
goods, remuneration of technical workers based
on repairs and installations performed, remuneration
for BackOffice employees for their activities,
to quantify all work and results in the form of reports
in the hands of management. The result is not only
to achieve better data availability, but also
to the way and thus the processes that acquire
and handle the data. Finally, this symbiosis
of information systems with processes as claimed
by Janšto et al. (2019) is also evidenced by foreign
surveys, which show that the introduction of ERP
systems, in addition to reducing costs and increasing
quality, has made room for easier decision-making
in managing and deciding on customer requirements
and hence improving processes throughout
the business.

This information is then used to create
a system of individual marketing communication
with target customers, so they have the impression
that the company cares about them individually, even
though they are offered standard products Janšto
et al. (2019). Therefore, a certain level of database
marketing is of course necessary. This strategy is
widely used by banking institutions and mail order
businesses. Another type, as Basl and Blažíček
(2008) claim, is mass customization, which is based
on the fact that some customers are willing to pay
more for the special benefits they can co-create
to some extent. Customers have the impression that
they have the option of using premium services
while choosing from a standard range. This strategy
is used by furniture manufacturers on a modular
principle. Differentiated customization respects
the different needs and requirements of customers
and they have “tailored” not only products
or services, but also the way of distribution
and communication - the entire marketing mix.
This strategy emphasizes close cooperation among
entities.
Bruhn and Mahyera (2003) argue that striving
to respect different customer needs and wishes
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Materials and methods
We solved this project between January 2019
and July 2019 and found out the following
information. About 80 agricultural enterprises
from western Slovakia were addressed. Only 43
questionnaires were filled in and returned. However,
after checking and verifying the questionnaire
information, only 39 questionnaires were included
in the sample. Businesses were categorized
according to the number of employees (Table 1).
Number
of employees

Number
of businesses

%
ofbusinesses

Micro business

1 to 9

15

38.46

Small business

10 to 49

13

33.34

Medium business

50 to 249

11

28.20

Business category

Source: own elaboration
Figure 2: Breakdown of businesses by dominant sector.

In the questionnaire we examined the existence
of dependence on individual questions. We used
statistical methods to investigate the normality
of the population distribution. These are skew
and excess tests and, in the event of uncertainty,
the Jarque-Berra test.

Source: own elaboration
Table 1: Categories of businesses by number of employees.

The skew and excess tests test the null hypothesis
that random sampling comes from a population
with a normal probability distribution of N(µ, σ).
In this case, both the skew and the excess
coefficients of the normal distribution are equal
to zero, so estimates should also be close to zero.

Businesses are divided equally into three groups
of micro, small and medium according
to the number of employees. The sample is
representative and takes into account the actual
numbers of such large businesses (Figure 1).

(1)

(2)
For dispersion and mean value of these coefficients
the following applies:
Source: own elaboration

(3)

Figure 1: Division of businesses by category.

(4)

The questionnaire survey also examined
the dominant sector. We investigated whether they
are B-2-B (business to business) or B-2-C (business
to customer) businesses. From the questionnaire
it was found that 24 agribusinesses representing
almost 61.5% of all respondents are engaged
in trading with other businesses (the so-called
B-2-B) and 15 agricultural enterprises representing
almost 38.5% of respondents focusing on trading
with end customers (the so-called B-2-C) (Table 2,
Fifure 2).
Number
of businesses

% of businesses

B-2-B

24

61.5

B-2-C

15

38.5

Dominant industry

(5)
(6)
In the skew-based test, we reject the hypothesis
about the normal probability distribution
of the population if:
, where zα can be found in the tables
N(0,1) of the probability distribution.
In the excess-based test, the hypothesis about
the normality of distribution is rejected if:
, where zα can be found in the tables

Source: own elaboration
Table 2: Dominant industry.

N (0,1) of the probability distribution.
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The Jarque-Berra test again examines the null
hypothesis H0 that the selected set has a normal
probability distribution of N (µ, σ). To test
the hypothesis H0 we use the following formula:

On the basis of the above, we can say that we reject
the hypothesis of the normality of the distribution
of the population. We will use a nonparametric
independence test to determine the relationship
between monitoring value for business customers
and its size.

(7)

We apply the independence test to a base file
with a discrete probability distribution. In this way
we test the hypothesis that random variables are
independent. The test criterion in this case will be
as follows:

Where Sk is the skew selection coefficient and Ek
is the excess selection coefficient. If the hypothesis
H0 holds, χ has asymptotically χ2 probability
distributions with two degrees of freedom.
It follows that we reject the hypothesis H0 if 		
χ > χ2α,2.
H0: The business pursues customer
on a regular basis regardless of its size.

(8)

value

Assuming the hypothesis to be valid, the random
variable χ asymptotically χ2 has a probability
distribution with (r-1) (s-1) degrees of freedom.
It follows that H0 is rejected if χ >χα,(r-1)(s-1).

Results and discussion
Firstly, it is necessary to test the normality
of the population distribution. Table 2 shows
the basic characteristics of data set A, which
represents the size of the monitored agricultural
enterprises and set B, which represents
the monitoring of customer value in individual
businesses (Table 3 and 4).
Characteristics
Sum of values

Data file A

This test will be based on the data in Table 5
obtained from the questionnaire.
It is clear from the Figure 3 that there is a difference
between agricultural enterprises of different sizes
in whether they monitor customer value
on a regular basis or only irregularly. Most
businesses monitor customer value on a regular
basis with longer time intervals and/or regularly,
allowing them to identify customer needs
and improve their goods or services. In order
to build a relationship with customers, regular
and constant monitoring of customer value is
required.

Data file B

263

516

Sampling average

2.037

3.996

Selective variance

0.718

0.953

Standard deviation

0.868

0.986

Minimum value

1

1

Maximum value

3

6

Median

2

4

Modus

1

3

Excess

-1.605

0.401

Skew

0.123

- 0.738

Source: own elaboration
Table 3: Characteristics of data sets A and B.
Test results for normalization of population distribution
Data file A

Data file B

Skew-based tests
Value

0.658744

Critical value

3.777547891

1.96

1.96

H0 is not denied

H0 denied

Excess-based tests
Value
Critical value

3.851269

1.124578922

1.96

1.96

H0 denied

H0 is not denied

14.58779

13.14788

10.85

10.85

H0 denied

H0 denied

Test of selective combination of skew and excess
Chí
Critical value

Source: own elaboration

Table 4: Results of the skew, excess as well as Jarque-Berra tests.
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Monitoring Customer Value
Business size

little

irregularly

regularly, but at
longer intervals

regularly

all the time

Micro business

0

0

5

7

3

Small business

0

2

3

6

2

Medium business

0

1

1

4

5

Source: own elaboration

Table 5: The business size combined with customer value monitoring.

Source: own elaboration
Figure 3: The business size combined with customer value monitoring.

Conclusion

customers are satisfied with the goods or services
provided and to a lesser extent are prone to reach
for a competitor's product.

It was necessary to test the null hypothesis that
the size of the business does not affect whether
the business regularly monitors customer value.
The result of the independence test showed that
there is a dependence between the monitored
variables. The critical value from the tables is 15.5
and the calculated test criterion value is 22.1699,
i.e., the critical value is less than the test criterion,
which means that we reject the null hypothesis
and can assert at a 95% significance level that
the size of the business affects whether the business
monitors value for the customer at regular intervals.

In conclusion, monitoring customer value can thus
be one of the criteria that measure the success
of implementing an overall customer relationship
management concept in a particular agricultural
enterprise. It is the monitoring of customer value
that becomes one of the competitive advantages
in a turbulent environment.
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Abstract
The aim of the presented research is to show on food waste and determine the level of financial literacy
of food consumers as a factor affecting the probability of occurrence of food waste in Polish households
in comparison with selected demographic and economic factors conditioning this phenomenon. The main
source of data used for analysis and conclusions was primary information obtained from own research
(n=1021, PAPI method). To analyze the data, total statistical indicators, the one-way analysis of variance
(the F test) and the logistic regression were used. The conducted analysis demonstrates that among
the elements creating financial literacy, only financial attitudes determine consumers' inclination to waste
food. The higher the score obtained from this module, the less food is thrown away from households.
From the group of factors that significantly determine the occurrence of food wastage, financial attitudes
have the weakest impact. The strongest impact has respondent’s education.
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Introduction

does not belong only the costs related to the value
of products, but also the costs for agricultural
and food production, including of costs for human
resources inputs, financial and material inputs,
storage or transport, as well the storage of unused
products and their handling. The environmental
cost, are linked to the exhaustion of soil and water
resources, externalities caused by utilization
of pesticides and chemical fertilizers, but also
this refers to the water and air pollution;
into consideration has to be taken the employees
‘and consumers health problems. The residues are
leaving their significant signs on the environment.
The food losses and food waste are responsible
for additional 3.3 billion tons of greenhouse
gasses, which are escaping to the atmosphere
(FAO, 2014). The decline on the food losses is also
considered as the meaningful tool for downsizing
of GHG emissions, for the creation of which is
paradoxically responsible agrifood sector, despite
of its main task to ensure food security and food
safety. Organization of United Nations considers
the food losses and food waste as the real mean
for the hunger eradication and for the attainment
of the permanently increasing need for sustainable

Nowadays, there are ongoing discussions about
food waste and food losses which is very urging
problem of this planet. On one side we are fighting
against hunger and on the other side we waste a lot
of food. The problem with hunger will even grow
in importance because of rising population
in the world and the need to feed the population.
The option to feed this world would not be only
in increasing agricultural production, but also
by decreasing of food losses and food waste.
Forecasted recent calculations in a long time period
vision shows that halving the food waste and
food losses will occurs that instead of increasing
agricultural production to 60% we will need
increase the production only to 25% to enhance
nutrition for 9 billion people in 2050. We have to pay
high attention on responsibility for sustainability
of natural resources.
30-40% of all agricultural products and food is
never eaten. This is not persist in other industries.
This causes at least two kinds of costs. The first
one is the economic cost and the other is
the environmental cost. To the first one mentioned
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food systems. Well, for a better economic situation
of families with tighter budget, but not only
those, as well as growing population in every year
and environmental consequences connected
with food waste, is important a free removal
of the separated waste. The fact that food
waste has an enormous impact on the economy
as well as on environment, makes a problem
of social and economic range. For this reason
The European Parliament's Agriculture Committee
has adopted a resolution committing members
of the Commission to take radical steps to reduce
food and food waste from a farm to fork by up
to 50% by 2025. Upon this initial steps there must
be developed a strategy and action plan to combat
food waste
The question of the food losses and food waste
represents very complex problem which is calling
for participation of all participants of the food chain,
if the significant results should be achieved in this
field. Responsibility for sustainability of the natural
resources for future generation is in our hands.
As already mentioned, food waste is a paradox
of the modern food system. Estimates indicate
that every year almost 1/3 of the amount of food
produced by humans is wasted in the global food
chain (FAO, 2011). At the same time, almost
821 million people are chronically undernourished
due to lack of food (PCMP, 2019). Food waste
implies only negative consequences, which can
be classified into three categories: economic,
environmental and social. From an environmental
point of view, it is necessary to indicate
the excessive use of water, land, energy
and other resources needed for the production
and distribution of food, and then for the disposal
of unsold products (McCarthy and Liu, 2017; Richter
and Bokelmann, 2018). Social consequences are
global price increases that threaten food security,
as well as increasing number of malnourished
people both in developed and developing countries
(Graham-Rowe et al., 2014). “On a global scale,
the economic cost, based on 2009 producer prices,
of the overall amount of food waste in year 2007
totalled about USD 750 billion” (FAO 2013, p. 55).
Every year around 9 tonnes of food are wasted
in Poland. The primary sources of wasted
food in Poland are households, which account
for 53 percent of all food thrown away, followed
by food processing (19 percent), restaurants
(12
percent),
production
(11
percent)
and distribution (5 percent). The average Pole
wastes 247 kg of food a year, putting Poland in
fifth place in Europe, where the average is 173 kg
per capita (PEI, 2019).

In developed countries, the greatest waste of food
takes place at the end of the food chain, especially
in terms of consumption. Reasons of food waste
in households are manifold. Parfitt et al. (2010)
and Koivupuro et al. (2012) believe that one
of the main causes of food waste is incorrect in-store
behaviors (impulsive buying, excessive purchase,
promotions). Some scientists point to the lack
of consumer knowledge of stocking food at home
(Stefan et al., 2013; Plumb and Downing, 2013),
bad habits related to food preparation: overcooking
(Graham-Rowe et al., 2014), wrong interpretation
of food label (Milne, 2013) or food provisioning
routine (Evans, 2011).
This is due to cultural backgrounds, habits
by which consumers are regulating their home
food supplies, as well as due to absence of relevant
information and knowledge, consumers are doing
bigger shopping in comparison to their real needs,
respectively that they do prepare more food, as they
are able to consume. These all factors are leading
to the fact that large amount of the prepared
foodstuffs are ending in the waste. This everything is
requiring qualified work with consumer awareness,
in order to be more selective at decision-making
during the food shopping and to deal with food
in more responsible way. This is particularly
important in the countries with higher living
standard where is obvious systematic access
to the food shopping. In these countries
the consumers should be guided to the smaller,
but more frequent shopping. The preference
to bigger food procurements is leading to the larger
food wastes.
Food waste may be reduced by changing consumer
reactions towards waste, increasing awareness
of poverty and hunger, and highlighting the moral
implications of waste, for example by using guilt
(Ratinger et al., 2016). The greatest motivator
for consumer to waste lower amounts of food is
the opportunity to save money. According to Baker
et al. (2009) this aspect is by far more important
than the ecological one leading to reducing food
waste.
Reducing food waste and its consequences
require an understanding of the determinants
of this phenomenon. Research on determining
the factors affecting the level of food waste has
been conducted for many years. The investigations
most often focus on determining the influence
of demographic and economic factors: income
(Graham-Rowe et. al., 2014; Aschemann-Witzel
et al., 2017; McCarthy and Liu, 2017; Macková
et. al., 2019), consumer's age (Quested et al., 2011),
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education (Cox and Downing, 2007) and number
of persons in the household. (Baker et. al., 2009;
Jőrissen et al., 2015). Although the mentioned
studies broaden the knowledge about the factors
influencing food waste by consumers, the role
of one of the often speculated, important factors
such as the appropriate level of financial literacy
of consumers has not been considered. The literature
lacks studies on the impact of the level of consumer
financial literacy on food waste in households.
So far, no similar scientific research in this area
has been conducted in Poland. The research results
presented in this paper fill this gap.
The aim of the presented research is to show
on food waste and determine the level of financial
literacy of food consumers as a factor affecting
the probability of occurrence of food waste
in Polish households in comparison with selected
demographic and economic factors conditioning
this phenomenon.

Materials and methods
The main source of data used for analysis
and conclusions was primary information obtained
from own research. The research was conducted
in 2019 with the PAPI method, personally
by the authors on a group of 1021 respondents.

The selection of the sample for the study
was deliberate. The survey involved persons
who expressed their willingness to complete
the questionnaire and declared that it would take
decisions to buy food alone or together with other
household members. Persons who did not make
such decisions did not participate in the research.
The research was carried out in the Małopolskie
Province. The province was selected for two
reasons. First of all, the structure of the population
of a selected province by gender and age
corresponds to the structure of citizens by these
characteristics for the whole country (the sample
was statistically representative of the Polish
population by gender and age). Secondly, it was
the economic calculus that made the decision. It is
cheaper to conduct regional research.
The structure of the sample in terms of gender
and age corresponded to the structure
of the population of the Malopolskie Province
and Poland in 2016 (GUS, 2017). Demographic
characteristics of the sample can be seen
in the Table 1.
Specification
Gender

The following formula was used to estimate
the minimum number of samples (n) (Szreder,
2004):

Age

Education

(1)

where:

Number
of persons
in the household

N – population size,
z2α/2 – the value of random variable Z of normal
standard distribution,
d – statistical error.
In the studies it was assumed that the maximum
statistical error of the results may amount
to +/- 5%. The necessary minimum sample
size was set at 544 persons. The study covered
1100 respondents. Following the rejection
of inconsistent and incorrectly completed
questionnaires, 1021 forms were further analysed.
According to the Organisation for Economic
Co-operation and Development and its International
Network on Financial Education (OECD INFE),
to assess the level of financial literacy, the minimum
sample size should be 1000 respondents (OECD,
2011).

Place
of residence

Average net
income
per capita
in the household

%

Female

52

Male

48

18-35 years

24

36-50 years

32

51-65 years

28

66 years and more

16

Vocational

18

Secondary

50

University

32

1

5

2

13

3

21

4

33

5 and more

28

Village

46

A city of up to 100,000 inhabitants

30

City over 100,000 inhabitants

24

Up to PLN 500

5

PLN 501-1000

25

PLN 1001-1500

22

PLN 1501-2000

21

PLN 2001-3000

20

Over PLN 3000

7

Source: own calculations
Table 1: Demographic characteristics of respondents.

The questionnaire form consisted of five parts.
The first part was a certificate (6 questions: age,
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education, number of persons in the household,
place of residence, average net income per capita
in the households). The following parts concerned
particular components of financial literacy: basic
financial knowledge (7 questions), financial
behaviours (9 questions) and financial attitudes
(3 questions). A set of questions proposed
by the OECD INFE (2011) was used to assess
the level of financial literacy of adults.
The application of the OECD INFE methodology
made it possible to compare the results of the study
with the results presented by other authors who also
used this method. The OECD INFE has defined
financial literacy as follows: “A combination
of awareness, knowledge, skill, attitude
and behaviour necessary to make sound financial
decisions and ultimately achieve individual financial
wellbeing” (OECD, 2011, p. 3). The OECD INFE
methodology (OECD, 2016) was used to calculate
the overall indicator characterising the level
of financial literacy. The target value of the index
is the sum of the results obtained in the three modules
forming the respondent's financial literacy: financial
knowledge (0-7 points), financial behaviours
(0-9 points) and financial attitudes (1-5 points).
In total, the respondent could obtain a minimum
of 1 credit point (0+0+1 point) and a maximum
of 21 points (7+9+5 points). The last part
of the questionnaire included questions
about food waste in respondents' households.
The questionnaire was pre-tested on a sample
of n=40 participants. Only minor changes were
made based on the pre-test.
To analyze the data, total statistical indicators:
mean (M), minimum, maximum and standard
deviation (SD), the one-way analysis of variance
(the F test) and the logistic regression were used.
The basis for the one-way analysis of variance
is the possibility of breaking the sum of squares
of the total variance for all observation results
into two components:
-

sum of squares describing the variability
inside the samples,
sum of squares describing the variability
between groups (populations).

To estimate the value of the F test, the following
formula was used (Stanisz, 2011):
F = MS between groups : MS inside groups

(2)

where:
MS – Mean Squares.
The values of the F test above unity indicate

the need to reject the H0 hypothesis.
The H0 hypothesis assumes that the averages
in separate groups of respondents are the same
H0: μ1 = μ2 =…= μk
μ - the average value characterizing the population;
against the H1 alternative hypothesis assuming that
at least two averages differ from each other
H1: μ1 ≠ μ2 lub μ1 ≠ μ3 lub, μ2 ≠ μ3.
If the analysis of variance (the F test) does not
show significance between the analyzed averages,
no further tests are carried out. However, when
the H0 hypothesis is rejected in the analysis
of variance, it is necessary to carry out a more
detailed study of the differences between the means
of individual groups (post-hoc tests) (Stanisz,
2011). In order to establish statistically significant
differences between the average mean, a RIR Tukey
post-hoc test was performed.
On the other hand, the logistic regression model
enables modelling and simulation of the probability
of an event described by a dichotomous variable,
depending on various independent variables.
In order to carry out the analysis properly,
the studied population was divided into two groups
(households wasting food and households where
this phenomenon does not occur). The model did
not consider the amount of food waste, its value
or kind of wastes.
The logistic regression model takes on a general
form (Stanisz, 2011):
(3)
(4)
where:
eY- parameter,
Y – dependent variable,
ai, i = 0,…,k – regression coefficients,
X1, X2,…, Xk - independent variables.
Using the model, the odds indicator (W) can be
determined from the formula:
(5)
The odds indicator is the ratio of the probability
of occurrence Pi (i = 1,2,…k) of a given event
in the k-th unit to the probability of its
non-existence. All the hypotheses were verified
with a horizontal significance of α=0.05.
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Apart from primary sources, Polish and foreign
literature on the subject was also used to achieve
the goal. The results of the research were presented
in a descriptive and tabular form.

Results and discussion
In order to carry out a statistical analysis, the studied
population was divided into two groups: those
who declare to throw away food and those who
do not waste food. 45% of respondents admitted
to wasting food in their households. Test results are
consistent with those from other tests. According
to the Kantar Millward Brown Institute's 2018
report, just over 40% of Polish society throws away
food (Banki Żywności, 2018).
The main reasons for food throwing away
by respondents were overdue expiry date (46%)
and excessive shopping (37%). Among the reasons
for throwing away food, respondents also
indicated the lack of idea for the use of ingredients
in the household (10%), the purchase of qualitatively
bad products (4%) and the lack of a shopping list
(3%).
In the surveyed households, bread was most often
thrown away. Such a response was indicated
by almost every second respondent. The results
of the presented research are consistent
with the results of other scientists, who also show
that the product most often thrown away is bread
(Deloitte, 2017; Banki Żywności, 2018). The group
of products most often wasted also includes cold
cuts (37%), vegetables (37%) and fruit (32%).
Every fourth person indicated yoghurt (26%)
and every eighth person indicated milk (14%).
The basket also included ready meals (11%), cheese
(9%) and meat (8%). Eggs (3%) and fish (2%) were
the least frequently indicated.
The overall financial literacy indicator and its
three modules have been calculated for the entire
population, as well as for the group of people
wasting food and respondents whose households
did not experience this phenomenon.

According
to
the
conducted
research,
the respondents were characterized by an average
level of financial literacy. The average score
obtained is 12.6 points (SD=2.9). The lowest score
obtained is 3 points, the maximum is 20 points.
The average result obtained for the studied group
was consistent with the average result obtained
for the adult population of Poland (OECD INFE,
2016). Compared to other EU countries, Poland
has one of the lowest levels of financial literacy
in the European Union. Statistical analysis shows
that people who waste food have a slightly lower
level of financial literacy compared to respondents
who declared that they do not throw away
food. The average score for the first group was
12.5 points, while for those who indicated that
food is not wasted in their farms it was 12.7 points.
The conducted analysis did not show a statistically
significant difference between the average result
of financial literacy of people who do not waste
food and respondents who throw away food
(Table 2).
One of the elements creating financial literacy is
basic financial knowledge. The level of financial
knowledge of the respondents was assessed
by means of 7 questions. These questions concerned
the calculation of the interest rate, the mechanism
of compound interest rate, inflation, diversification
of the financial portfolio or the relationship
between the amount of risk and the rate of return.
The respondent received 1 credit for each correct
answer. Respondents could obtain 0 points in this
part of the test at least and 7 points at most.
On average, respondents answered 5 questions
correctly (17% of respondents). Almost 2%
of the surveyed population did not answer any
question correctly, and almost 15% of consumers
achieved the maximum score (7 points).
Respondents best dealt with the question about
the relationship between risk and rate of return
on financial instruments. In this case, the highest
number of correct answers was given (91%).
The question that caused the most problems

Wasting food
Specification

Yes
M (SD)

No
M (SD)

the F test

p

12.5 (2.8)

12.7 (3.1)

F=0.413

p=0.521

Financial knowledge

4.0 (1.9)

4.3 (2.0)

F=1.763

p=0.185

Financial behaviours

5.9 (1.8)

6.0 (1.8)

F=0.525

p=0.469

Financial attitudes

2.4 (3.1)

2.6 (2.8)

F=5.448

p=0.020*

Finacial literacy

Note: * statistical significance at p<0.05
Source: own calculations
Table 2: Average results obtained by respondents in the financial literacy modules.
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to the respondents concerned the compound interest
rate. Only 4 out of 10 persons knew the correct
answer to this question.
The average score achieved by the tested group
is 4.1 points (SD=2.0). This result is consistent
with the results achieved for Poland in OECD INFE
surveys (2016). As shown in Table 2, there was
no statistically significant difference in the average
result for the module "Financial knowledge"
between people wasting food and respondents
who declared that in their households food is not
thrown away. The average score for the first group
is 4.0 points, while for the second group it is
4.3 points.
Another module that creates financial literacy
are financial behaviours. Financial behaviours
means the deliberate or unintentional management
of personal finances during a defined period
of time. Respondents' financial behaviour was
assessed by 9 questions. These questions concerned
the degree of independence in daily financial
decision-making, the ability to draw up a household
budget, active saving, the willingness to pay bills
on time, prudent shopping and setting financial
targets. For each rational behaviour the respondents
could get 1 point. The minimum result from this
part is 0 points, the maximum - 9.
The average score for the tested group is 5.9 points
(SD=1.8). This result is higher than presented
in the literature. In the already quoted OECD INFE
studies, the average score for Poland in this module
is 4.4 points (OECD INFE, 2016). The above
discrepancy may result from the fact that OECD
studies were conducted in 2015, and as noted
by E. Kieżel and A. Burgiel (2017) and M. Musiał
(2018), the level of financial literacy of Poles
is systematically increasing.
In this module, respondents most often received
6 points (21% of persons). Less than 1%
of the surveyed population did not score any points
in this part. Every twentieth respondent received
a maximum number of points. Among the financial
behaviors mentioned in the questionnaire,
the highest number of positive declarations (81%)
received the statement "I pay my bills on time".
On the other hand, the least positive answers
were found in the case of the question on regular
household income and expenditure records. Only
1/3 of the respondents prepared a household budget.
Most of the respondents have never heard of such
a practice. Awareness of the budgets of a consumer
should be the basis for rational spending planning
for each person.

Financial attitudes are the last element of financial
literacy. The questionnaire included three
questions to assess respondents' attitudes towards
money and financial planning. The claims made
in the questionnaire were "I tend to live for today
and let tomorrow take care of itself", "I find it
more satisfying to spend money than to save it
for the long term", "Money is there to be
spent" (OECD, 2016, p. 50). In order to assess
attitudes, the five-point Likert scale was used,
where 1 meant that the respondent fully agrees
with the statement, 5 – completely disagrees.
The content of the questions concerned attitudes
in the short term, so if the respondent did not agree
with the statement (answers 4 and 5) it meant
that he or she had such an attitude in the long
term (attitudes desirable from the point of view
of rationality of consumer behaviours). The points
marked by the respondents were summed up
and the value obtained was divided by 3.
The minimum number of points in this module was
1 and the maximum number was 5.
The average result obtained by the respondents
is 2.6 points (SD=2.9). Most respondents
from this part of the test received 2 points (36%).
The minimum score (1 point) was obtained by 13%
of respondents, the maximum score (5 points)
by 3% of respondents.
The statistical analysis demonstrated significant
differences in the average result of this financial
literacy module between people who do not
waste food and consumers who throw food away
(Table 2). Consumers wasting food were more likely
to adopt a more consumption-oriented approach
to spending money than those not wasting food.
They were more satisfied with spending money
than with saving it for the future. More than 40%
of the people in this group thought that money was
meant to be spent. For comparison, in the group
of people declaring that they do not throw away
food, this attitude was shown by less than 30%
of the respondents.
Due to the fact that among the elements creating
financial literacy only consumer financial attitudes
influence their tendency to waste food, in order
to determine the likelihood of the impact
of financial literacy on food waste in households,
only this financial literacy module was taken
into account in the built model.
To determine the probability of the financial
attitudes impact on the tendency to waste food
in comparison with other determinants, seven
demographic and economic factors were used
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to build the model (independent variables).
The characteristics of these variables are given
in Table 3.
The results of the logistic regression model
estimation for seven independent variables are
presented in Table 4.
For the model obtained, the chi-square value
(44.206) is statistically highly significant
(p=0.000). As can be seen from the results sheet
(Table 4), the variables: financial attitudes (X1),
Symbol
of the variable

education (X4), place of residence (X5) and average
net income per capita in the respondent's household
(X7) significantly affect consumers' willingness to
waste food. Other factors such as gender (X2), age
(X3) and the number of persons in the household
(X6) turned out to be insignificant (level p<0.05).
Therefore, a simpler model without these variables
was considered at a later stage of the study. Only
statistically significant determinants were taken
into account in the analysis. The obtained values
are presented in Table 5.

Name of the variable

Unit of measure

Y

Wasting food

Dependent variable (1 – Yes, 0 - No)

X1

Financial attitudes (FA)

Independent quantitative variable (scale 1-5 points)

X2

Gender

Independent qualitative variable (1- Female, 0 - Male)

X3

Age

Independent qualitative variable (scale 1-4)

X4

Education

Independent qualitative variable (scale 1-3)

X5

Place of resindence

Independent qualitative variable (1 - village, 2 – a city
of up 100,000 inhabitants, 3 – city over 100,000 inhabitants)

X6

Number of persons in the household

Independent quantitative variable

X7

Average net income per capita in the households

Independent qualitative variable (scale 1-6)

Source: own calculations
Table 3: Characteristics of variables used for logistic regression analysis (seven independent variables).
Symbol
of the variable

Name of the variable

Parameter rating

X1

Financial attitudes (FA)

X2
X3
X4

Education

X5

Place of residence

X6

Number of persons in the household

X7

Average net income per capita in the households

-

Significance

Odds ratio W

-0.276

0.010*

0.758

Gender

0.260

0.242

1.296

Age

0.040

0.359

1.042

-0.505

0.000*

0.604

0.272

0.033*

1.313

-0.080

0.386

0.923

-0.294

0.000*

0.745

0.892

0.242

2.439

Constant

Note: * statistical significance at p<0.05
Source: own calculations
Table 4: Evaluation of the logistic regression model parameters describing selected factors influencing the probability of food waste
in Polish households (7 variables).
Symbol
of the variable

Name of the variable

Parameter rating

Significance

Odds ratio W

X1

Financial attitudes (FA)

- 0.260

0.015*

0.771

X4

Education

0.515

0.000*

0.598

X5

Place of residence (Place)

0.298

0.015*

1.347

X7

Average net income per capita in the households
(Income)

0.277

0.001*

0.758

Constant

1.004

0.042*

2.728

-

Note: * statistical significance at p<0.05
Source: own calculations
Table 5: Evaluation of the logistic regression model parameters describing selected factors influencing the probability of food waste
in Polish households (four variables).
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Taking into account the estimated model factors,
the logistic regression model for four independent
variables takes the following form:

Parameter a0 = 1.004 is the logarithm of the odds
indicator for the base level. Analysis of model
parameters from b1 to b4 includes analysis
of coefficient signs. The sign of the coefficient "-"
means that the predicted probability of food waste
decreases for each unit increase of the independent
variable (in the presented model these are financial
attitudes, b1 = - 0.260). The sign "+" of the coefficient
means the increase in the likelihood of food waste
along with the increase of each unit increase
of the independent variable (in the discussed model
variables: education; b2 = 0.515, place of residence;
b3 = 0.298 and income, b4 = 0.277).
Among the factors taken into account in the model,
the probability of wasting food in households
is most strongly influenced by the respondent's
education. The higher the respondent's education,
the higher the share of people who waste food.
According to the model, the logarithm of the odds
indicator waste food increases by 0.515 for each
increase of this variable by one unit (by one level
of education). The odds ratio W = 0.598, which
means that an increase in education by one
level increases the probability of wasting food
by 0.598 times. The results obtained are consistent
with the results presented in the literature, which
show that the best educated people are the "highest"
food wasters (Stefan et al., 2013). In their research
(2007) Cox and Downing obtained opposite results.
According to these authors, families with low
incomes tend to waste a bigger amount of food.
As may be seen in subject literature, there is
an unusually strong correlation among the education
level and income, and the influence of these factors
on food waste in households (Porfino et al., 2017).
Therefore, the analysis was conducted to investigate
the inclination for food wasting by the respondents
on the same level of income but with different level
of education. As results from the investigations,
in the first four groups, identified on the basis
of income, the higher the level of education,
the smaller the share of food wasting persons.
On the other hand, in the other two respondent
groups (households where the average net income
per capita was the highest), the problem of food
waste was the most rarely noticed in the households
of persons with secondary education. Food was
most frequently thrown away by households

of respondents possessing vocational and university
education.
The tendency to waste food also depends
on the place of residence. The larger the place
of residence, the likelihood of food waste increases
(the logarithm of the odds indicator – parameter
rating=0.298). According to the odds ratio indicator
(W=1.347), inhabitants of large towns throw food
1.3 times more often than those in small towns/
villages. This dependence should be connected
with several facts. Firstly, rural households,
and in particular farmers' households, have some
of the lowest incomes in Poland. Secondly, rural
dwellers use food waste to feed animals. According
to law it is considered as a food waste (for example
in Slovakia). Thirdly, food and especially bread
in the Polish tradition and rural customs enjoys
great respect, so the phenomenon of wasting food
is less frequent. G. Porpino, J. Parente and B.
Wansink (2017), who studied Brazilian households,
also noticed a positive relationship between
tradition and culture and limiting food waste.
Another factor that increases the likelihood of food
wastage is income. The higher the respondent's
income, the higher the share of consumers who
waste food. According to the model, the logarithm
of the odds indicator waste food increases
by 0.277 (parameter rating) for each increase
of this variable by one unit (by PLN 500/EUR
120). The odds ratio W = 0.758, which means
that an increase in average net income per capita
in the households by one level increases
the probability of wasting food by nearly 0.8 times.
D. Baker, J. Fear and R. Denniss (2009) also
observed the impact of consumer income
on the tendency to waste food. In their research
they estimated the value of food thrown away
in Australian households. For households
with an income not exceeding $40,000 per year,
the value of food thrown away is $518 a year.
This compares with food waste of $635 a year
for Australian households with an income between
$40,000 and $80,000. The households earning
more than $80,000 a year are wasting $803 in food
annually.
Studies conducted by M. Setti, L. Falasconi
and M. Vittuari (2016) on the group of 1,403
Italian food consumers show that there are
complex relationships between per capita income
and household food waste behavior. Lower income
class consumers show a greater attitude to waste
certain food typologies. Mid-to-low income
consumers purchase higher amounts of lower
quality products, therefore waste more food.
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Slightly weaker than income, the likelihood
of wasting food is affected by consumers'
attitudes towards money. A negative estimation
of the parameter for the variable FA (financial
attitudes) indicates that an increase in this value
results in a decrease in the probability of wasting
food in households (parameter rating = -0.260).
At the adopted indications (Y=1 means food
wastage, Y=0 the phenomenon does not occur),
the calculated odds ratio W=0.771 informs that
the probability of food wastage decreases
by 0.8 times in the group of people characterized
by a higher level of FA.

Conclusion
In the conducted research the relationship between
the level of consumer financial literacy and their
tendency to waste food was analyzed. According
to the F test, the general level of financial literacy
does not significantly affect the fact that food
is wasted in consumers' households (F=0.413,
p>0.05). Both persons with a low and medium level
of financial literacy and consumers with a high
level of financial competence wasted food equally.
The overall financial literacy indicator consists
of three modules: basic financial knowledge,
financial behaviours and financial attitudes.
The conducted analysis demonstrates that among
the elements creating financial literacy, only
financial attitudes determine consumers' inclination
to waste food. The higher the score obtained
from this module, the share of people not wasting
food is increasing. The influence of financial
attitudes on consumers' tendency to waste food
or limit this phenomenon results from different
consumer attitudes towards money, spending
and saving. These attitudes may be modified
as a result of conscious educational activities
in the field of personal finances concerning effective
and rational management of household budget,
including spending on food, which will reduce
the problem of food waste
The methodology used in the research allowed

to identify a set of the most important demographic
and economic determinants influencing the fact
of wasting food by consumers in their households.
It also indicates which of these factors are the most
important and which are of marginal importance.
Factors that significantly influence consumer
behavior related to food wastage were the place
of residence, net income per capita in the consumer's
household, education level and financial attitudes.
The level of education has the strongest impact
on the likelihood of wasting food. The higher
the education, the higher the tendency to waste
food. From the group of factors that significantly
determine the occurrence of food wastage, financial
attitudes have the weakest impact. The factors
that do not determine the tendency to waste food
were: gender, age and the number of people
in the household.
Because of selected data analysis method,
the investigations took into account only the fact
whether food waste occurred in a given household
or not. In subsequent analyses it would be important
to determine also the dependence between
the amount of wastes and determinants of the food
waste level, but also to study the relationship
between the percentage of wasted food in relation
to the households’ incomes. The kind of wastes
should be also considered.
In the studies discussed above, consumers' financial
attitudes were assessed by means of three questions
(core questionnaire OECD INFE). Due to the fact
that financial attitudes are the only module
of financial literacy that determines consumers'
inclination to waste food, an interesting direction
of research would be a detailed analysis of consumer
financial attitudes towards their inclination to waste
food. The planned research should use one
of the internationally recognized scales that
measure consumers' attitudes towards money,
such as the Money Attitude Scale (MAS) concept
by K. Yamauchi and D. Templer, Money Beliefs
and Behaviour Scale (MBBS) by A. Furnhama
or The Love of Money Scale by T. Li-Ping Tang.
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Abstract
Rural areas in Europe are at risk due to depopulation, failing generation renewal, and a multitude
of influences ranging from market-based, regulatory, to societal and climate changes. As a result, current
rural policy is no longer keeping pace with these changes. We propose an advanced rural policy development
framework in order to deliver more accurate foresight for rural regions, contributing to new and enhanced
policy interventions. The proposed framework combines new quantitative and qualitative epistemological
approaches, previously unused unstructured data with traditional research information, grassroot perspective
with expert knowledge, current situation analysis with forward looking activities. We argue that by using
the proposed methods, policy teams will be able to enhance the effectiveness of their policy making processes,
while rural stakeholders will be given the opportunity to become valuable policy influencers and solution
co-creators. The ability to quickly experiment and understand the impact of a variety of policy solutions will
result in saved time and costs. The framework is part of an ongoing experimental verification and testing
in twelve pilot regions across Europe and Israel.

Keywords
Rural areas, policy, European Union, foresight, text mining, system dynamics modelling.
Ulman, M., Šimek, P., Masner, J., Kogut, P., Löytty, T., Crehan, P., Charvát, K., Oliva, A., Bergheim, S.
R., Kalaš, M., Kolokol, D. and Sabbatini, T. (2020) “Towards Future Oriented Collaborative Policy
Development for Rural Areas and People", AGRIS on-line Papers in Economics and Informatics,
Vol. 12, No. 1, pp. 111-124. ISSN 1804-1930. DOI 10.7160/aol.2020.120110.

Introduction
Rural areas are under pressure. Over the past
twenty-five years, rural regions have experienced
a rapidly shrinking population as people, especially
young adults, have migrated to cities (Westhoek,
van den Berg and Bakkes, 2006; Wiebe et al., 2018).
The impact of this demographic shift is profound.
European Commission reports that only 5.6%
of all European farms are run by people
younger than 35 while more than 31% of all
farmers are older than 65 (DG Agri, 2017). This
imbalance creates difficulties for generational
renewal and raises concerns about the loss

of valuable skills and knowledge as older, more
experienced workers leave the sector. Skills
needed to operate a farm have rapidly shifted
to highly intensive brain work and business
acumen. Additionally, market-based, regulatory
and social changes have a strong bearing on how
agricultural producers conduct their business.
Climate change and environmental degradation
increase farmers’ responsibility for conservation
of natural resources (Van Herzele et al., 2013).
In addition to the down hill of agriculture, also
the other earning options suffer from the population
shift from rural to urban areas e.g. tourism, wellbeing, bio-based industry. The implication is that
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current rural policy is no longer keeping pace
with the changing world as well as it used to.
Decision makers have the ability to steer change
and in so doing reduce the negative impact thereof,
however this requires advanced knowledge of how
a particular action, or inaction, will affect people
and places, at present and in the future. Generating
such knowledge/insight is easier said than done.
First, it is difficult to obtain if parties work
in isolation from each other; the outcome is best
if the effort is a collective one. Despite a growing
recognition that societal goals are best achieved
when multiple actors join in the policymaking
process, a truly participatory setup remains more
an exception than the norm (Bourgeois et al., 2017).
Second, the required knowledge must shed light
on the current state of affairs as well as on what
is yet to come, providing a 360-degree view that
is rarely present in today's policymaking (Wiebe
et al., 2018). This means having a good
understanding of what different rural stakeholders
want and need; whether measures aimed
at addressing these needs are adequate; how
the present situation may evolve under different
circumstances in the coming decades; what driving
forces will be most influential and why; and how
will all this affect planet, people, profits and landuse?
The use of text mining is only starting to gain
traction in other domains while in rural policy
making it is virtually non-existent (Kayser
and Blind, 2017). The quantitative-qualitative
nexus in futures exploration, despite some signs
of strengthening in recent years, continues to be
marked by a strong polarisation when it comes
to methodological choices. In futures research,
a long-standing divide remains in place between
strictly quantitative and more qualitative
approaches (Fontela, 2000). Outlook studies that
report on future developments in specific sectors
tend to be based on either one or the other, with
little common ground in between. Whilst a hybrid
approach has been tested in the past (Greiner
et al., 2014; Fortes et al., 2015), it wouldn't be
an overstatement to say that a practice of combining
the two has yet to hit the mainstream.
This paper aims to propose an advanced rural policy
development framework in order to deliver more
accurate foresight for rural regions, contributing
to new and enhanced policy interventions
to improve rural attractiveness as a place to live
and work for newcomers and current rural
inhabitants. Further, we formulate following
research
questions.The
first
question
is
how to design a participatory policy cocreation process that is able to combine inputs

from experts, policymakers and all relevant rural
stakeholders. The second question is how text
mining of publicly accessible data can assist
with evaluation of the current state of rural
development and contribute to modelling future
scenarios. Third question is how to integrate both
qualitative and quantitative research approaches
in foresight in order to overcome its limitations.
The paper is organized as follows. First, we
present the PoliRural framework and its baseline
in the Materials and methods section. This is
followed by a detailed description and discussion
of five components of the framework in the Results
and discussion section. A summary of paper
contributions and future research are presented
in the Conclusion.

Materials and methods
This paper reports on rural policy making approaches
and use of text mining. We used desk research
to collect data on issues and challenges of rural
policy making with a particular attention paid
to the current state in the European Union.
This served as an input for the design of a new
framework called PoliRural. The proposed
framework
combines
new
quantitative
and qualitative epistemological approaches,
previously unused unstructured data with traditional
research information, grassroot perspective
with expert knowledge, current situation analysis
with forward looking activities. The softwarebased components have been developed and tested
as proof-of-concept.
PoliRural framework aims to create innovative
and complex rural policy simulators that can
be applied by any region to gain insights
on the effectiveness of existing measures,
as well as the potential impact of new co-designed
interventions in a broader context of factors that
affect rural places and people. The visualisation
of the interplay between rural policy making,
futures research and text mining is presented
at Figure 1. This will serve as a baseline
for creation of an advanced rural policy development
framework and tools.

Results and discussion
In this section, we present the proposed PoliRural
framework consisting of five major components:
• participatory foresight for rural policy
making,
• text mining enabled policy evaluation,
• model-assisted scenario planning process,
• mission oriented transformation,
• PoliRural innovation hub.
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Source: own processing
Figure 1: PoliRural framework baseline.

Source: own processing
Figure 2: Components of the PoliRural framework.

The ultimate goal of the PoliRural framework is
to increase the attractiveness of rural areas
for living, investment, job creation, employment,
recreation, cultural heritage (Figure 2).
Assumptions
considerations

and

interdisciplinary

There has been a growing recognition that
the practice of foresight can be more inclusive
and that citizens can play a bigger role
in re-imagining the future. Futures is a growing
discipline, with practitioners building expertise
by undergoing academic training, participating
in conferences and acquiring membership
in professional bodies. Despite this strengthening
professionalism, futurists themselves are concerned
that the lack of diversity in their ranks leads
them to envision disproportionately optimistic
or pessimistic futures (Nikolova, 2014).
The recognition of the limits of expert foresight
is growing alongside efforts by governments,
including the EU, to harness the collective capacity
of a society to create greater public value (Staman
et al., 2017). Furthermore, engagement of a wider
range of stakeholders including citizens in foresight
exercises is even more justified in the context
of policy initiatives aimed at systemic transformation
for solving societal problems. Citizens are indeed
considered as holders of knowledge needed
to
understand
‘wicked’
(i.e.
complex

and multifaceted) problems. Their engagement is
increasingly seen as crucial for ensuring the wider
acceptance, adoption and diffusion of solutions
purporting to address societal needs (Bourgeois
et al., 2017). In the current context of rising
populism and the growing perception of democratic
deficit at different levels of government, citizen
participation in the policymaking process in general
and foresight in particular can lend to policies
precisely the kind of legitimacy they need.
Another source of potential legitimacy is evaluation
of data since it can provide a well-performing
policy the evidence base needed to justify its
implementation. However, providing a complete
evidence base is easier said than done, not least
because of the data tsunami – a term describing
overwhelming data volumes for example
in
telecommunication
networks
(Zander
and Mähönen, 2013), medicine (Ackerman,
2014) or astronomy (Berriman and Groom,
2011). Typically, evaluations focus on a small
subset of existing data, excluding much of what
is available online and offline due to resource and
access constraints. Policy makers are challenged
by the ever-increasing amount of data at their
disposal to help orient policy through evaluation
of its success or failure. All policy fields,
from agriculture to transport, are affected
by the data tsunami and text mining offers timely
access to important information which would
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otherwise be practically impossible to extract
manually.
But even those evaluations that draw on all available
sources have their limits. Due to their reliance
on historic performance, evaluations can only be
applied to policies that have been around for some
time in order to assess the impact thereof. How
can then one assess the impact of a new policy that
needs to replace or update the one which was found
to be underperforming? The foresight discipline
has an answer, although it differs between scenariooriented practitioners and those who advocate
a more quantitative approach. Both approaches
have their advantages and limitations.
The
scenario
technique
is
a
method
for systematically studying a system to create
consistent scenarios of the future. An extensive
and in-depth critical discussion of scenario building
techniques is provided in Bourgeois et al (2017).
Scenarios can broaden one’s view of the various
states that a system may take by presenting
alternative futures. Threats and opportunities
are jointly identified by stakeholders so that
strategies can be based upon advanced knowledge
of what may happen to the current state of affairs
in several years or indeed decades. Popular though
it may be, the scenario method is often criticised
on two major grounds (Brose et al., 2013). First,
the system’s feedback structure is not analysed
in great detail. Second, once the scenarios are
generated, there is generally little or no information
on how the envisaged changes will affect the system
as a whole. These are precisely the two aspects
that are addressed by the rival method i.e., system
dynamics.
System dynamics is based on the idea that
the behaviour of a given system and its subsystems
can be expressed through the continuous interaction
between agents. Dynamic systems modelling
examines causes and effects over time, accepting
that complex interactions and feedback between
subsystems do not occur simultaneously and are
not observable in the same space (Bryden, 2010).
Systems thinking seeks to understand any system
by examining the linkages and interactions between
elements that comprise the entire system.
The prevailing belief is that parts of a system can
be better understood in the context of relationships
with each other and with other systems, rather than
in isolation (Skyttner, 2005). Although system
dynamics proponents claim that they offer better
insights into the impacts and interrelationships
within a system, their critics argue that they adopt
too deterministic view of the future, which frankly
is too elusive for any model to capture.

Regardless of what foresight approach is taken,
the success of a new policy can be still undermined
if it is grounded in old thinking, such as that when
the effort is excessively focused on particular
sectors – as in traditional industrial policy – rather
than on problem-specific societal challenges.
Participatory foresight for rural policy making
We argue that when foresight activity is implemented
in a truly participatory way, the result becomes
a process of collective learning among participants,
leading to a stronger commitment to final results.
The PoliRural framework interprets participatory
foresight as a powerful combination of strategic
anticipatory intelligence, sense-making, visioning,
scenario development, systems modelling all
coupled with deep participatory engagement that
is not limited to the expert community (Bourgeois
et al., 2017). As such, foresight is no longer to be
treated as a luxury. Indeed, more than ever before,
foresight has become an essential prerequisite
for proactive, informed and collective actions
to stimulate participation of a wider set of actors.
For this to happen, the relationship must be
underpinned by a shared agenda, an emphasis
on value sharing rather than argument, consultative
practices based on the principles of inclusion,
courtesy and respect.
The main focus of PoliRural foresight is on gaining
a well-rounded understanding of change, of how
it is happening in the world, how it will play out
in the studied regions, and how local/regional
policy decisions can influence it for the benefit
of grassroot communities. It involves learning
an arcane vocabulary relating to macro, meso
and micro-trends, trend-breaks and weak signals,
drivers and enablers of change and game changers.
It is not to be confused with forecasting. It is
about understanding not predicting. Tools such
as text mining can highlight issues for exploration.
Dynamic system modelling can help understand
how these issues will evolve. It provides a basis
for exploring alternative futures based on scenarios
using a participative approach that supports high
levels of stakeholder engagement (Hines and
Bishop, 2013). Ideal results are obtained when
foresight is combined with or embedded in a real
and timely local policy process.
The chosen foresight approach will also be strategic
and modular. Strategic because it will capture all
the required information and facilitate a logical
flow between the main stages; modular because
at various steps different methods and techniques
will be integrated to achieve specific objectives,
enabling regional stakeholders to effectively carry
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out project activities from start to finish. Inspired
by the Framework Foresight method (Hines
and Bishop, 2013), we propose the participatory
foresight for rural policy making as follows:
(1) baseline development from the current situation
analysis which culminates in the evaluation
of existing policy measures and recommendations
for alternative policy options; (2) exploration
of future trends and the impact of proposed policy
options across space and time, in multiple scenarios
and using qualitative and quantitative techniques
and tools; (3) implementation by regional
stakeholders of selected policy options from
the long-list provided using a mission-oriented
approach (Figure 3).

method, aggregating findings from survey
and textual analysis to provide an overview
of the current situation that is more complete than
the one based on either method alone (Figure 4).
The tool itself will be based on heavy-duty
knowledge extraction using deep neural networks
trained on the large corpus of texts (e.g., EU
documents, scientific journals) and adapted
to work with regional libraries and languages.
Regional libraries are repositories that will contain
documents and links to publicly accessible data.
The repositories will be curated by researchers
in collaboration with policy makers. One
of the outputs that this text mining process
produces is a semantic tree which can be
explored interactively on the PoliRural platform
(see PoliRural Innovation Hub section). We
will use ANNOY and HDBSCAN for clustering
(Melo et al., 2016) and novel Word Mover’s
Distance for sentence and paragraph similarity
analysis (Ye et al., 2016).

Source: adapted from Hines and Bishop (2013).
Figure 3: Participatory foresight for rural policy making.

Source: own processing
Figure 4: Theoretical text mining.

Text mining enabled policy evaluation
We argue that text mining is a technique which is
feasible for overcoming the cognition burden that
every policy maker faces due to the data tsunami
phenomena. Text mining can help to process
vast amounts of information from structured
and unstructured sources and discover new
knowledge at a low cost. Text mining applications
can save time on data collection and information
processing, allowing decision makers to focus
on more important tasks like service delivery.
Arguably, the greatest benefit of text mining, when
viewed through the prism of participatory foresight
(Kayser and Blind, 2017), is that it enhances policy
deliberation among citizens, since the application
of text-mining techniques to online content found
on forums or social media can increase the chances
of citizens’ voices being heard by decision makers
(Chun et al., 2010; Ahn and Bretschneider, 2011).
Text mining will be extensively used at the first
foresight stage called current situation analysis.
The evaluation will be multi-source and multi-

PoliRural text mining solution has several
components. The main part is a set of web crawlers
for scraping textual information from online
sources using different protocols. Currently, these
crawlers collect information from the European
Publication Office, Bookshop, EURLEX, CORDIS,
DG JRC PUBSY via a number of interfaces
(SPARQL, SOAP, OAI, FTP, HTTP) with the help
of bespoke harvesters. It is expected that the text
mining solution will target only publicly available
data sources.
As of today, the harvested repository contains
37 GB of plain text, 6.9 billion tokens and 650,000
unique phrases with cardinality above 20. Tokens
are semantic units that result from cutting text
into pieces. Depending on the tokenisation
strategy used, the results can be quite different
e.g., [O'Neill], [Oneil], [neil], [O,neil],[O',neil].
The entire collection passes through the text
processing chain based on the open source Python
libraries (NLTK, Spacy, Textacy, Tensorflow,
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Gensim, Facebook Fasttext). The chain is designed
to clean text from artefacts while extracting
the relevant metadata i.e. title, year, author, source.
The text is then parsed into sentences and phrases
before being converted into vectors. Named
entities are extracted from the available text using
semantic parsing, a multilevel rule-based POS
and DEP labelling with entity-type identification.
Named entity recognition (NER) locates
and classifies named entities found in text into
predefined categories such as the names of persons,
organizations, locations; expressions of times,
quantities, monetary values, percentages, etc (Lin
et al., 2019). We will use open source NER
algorithms as well as domain specific NER
classifiers trained on the PoliRural content
repository. Part-of-speech (POS) tagging assigns
parts of speech to nouns, verbs, adjectives etc.
in order to disambiguate the meaning (Stevenson
and Wilks, 2001), while syntactic dependency
(DEP) is used to describe the type of syntactic
relation that connects the child to the head (Nivre,
2008).
New language models are trained using various
Python open-source libraries (e.g., Spacy,
Tensorflow, Gensim). This feature is particularly
relevant for PoliRural given the fact that it will be
employed in a multilingual environment. Newly
trained, domain-specific language models can be
used for word- or sentence-similarity identification.
The text mining tool is also designed to interact
with social media. The sources, however, will
be limited to platforms that have a public API
and offer advanced filtering which is currently
Twitter. Data from the streaming API will be stored
in the persistent queue which can process large
quantities of real-time content. Textual information
will then enter the same processing pipelines as
described above.
Model-assisted scenario planning process
PoliRural
will
apply
both
quantitative
and qualitative foresight approaches to create
a social learning tool that can help facilitate
the discussion among rural stakeholders about
the present and particularly future state
of agriculture, forestry and other sectors in primary
production and beyond. Due to its combined value,
the solution is expected to improve decision-making
under uncertainty which seems to characterise
today’s politics, e.g. economic and societal impacts
of Covid-19 pandemic, Brexit, etc. To be truly
useful for strategic planning, a new innovative
solution will be created in a transparent way.
It will be developed for rural areas in

cooperation with rural experts and stakeholders,
which is an approach promoted by increasing
number of studies, e.g., Bryden (2010), Bourgeois
et al., (2017), Kano, Fujita and Tsuda (2019).
The new solution will capture key facets of rural
regions, explain relationships among multiple
factors affecting primary production and illustrate
potential industry trends and likely impacts
of external shocks. Rural stakeholders – government
bodies, grassroot community organisations,
academia and research institutes – will able
to explore, experiment and visualise what the future
may hold in their region. The collaborative process
will challenge assumptions, remove prejudices,
stimulate debateand improve communication,
ultimately helping everyone involved reach
a consensus position. This, in turn, would
criticallyinform the formulation of new policies
and priorities that can make rural areas more
resilient, sustainable and competitive.
One could argue that success and innovation in rural
areas is determined by their ability to transform
the available capital (human, social, cultural)
into new activities and income opportunities.
This transformation is sometimes done by farmers
themselves, and sometimes by entrepreneurs,
or even community organisations not necessarily
involved in farming. Policies can be more or less
successful in encouraging such transformation,
depending in part on the institutional structures
and modes of governance at regional levels.
Any model that wants to mirror a rural system must
therefore consider a whole range of influencing
factors and interactions between them.
PoliRural is no exception. Its model will be designed
to accommodate a wide range of capitals, policies,
demographic, socio-economic and governance
mechanisms that might influence the territorial
development in different rural and political
contexts. The base model (Figure 5) will serve
as the conceptual framework for the construction
of different regional models. A reappraisal
will be carried out when the project starts,
but at the time of writing the base model
is conceived to include seven modules,
each of them adaptable to the local
reality
of
the
selected
pilot
regions.
The seven modules are interrelated as shown
in
Figure
5
(stocks
and
variables
with a discontinuous line indicate they are
defined in another module).
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The population module (Figure 6) is based
on the aging chain and considers migration
in and out in each of the cohorts in which the chain
is divided. Depending on data availability, either
fertility rate or population growth rate will be used
as a source. In the initial base model, attractiveness
is considered as having an effect on in/out migration.
The precise composition of this variable will be
defined according to regional contexts.
The education module (Figure 7) has a structure
of a triple aging chain. Currently, the main output
is conceived to be workforce specialisation, which
in turn affects the economy module. The model
is designed in a way so that different education
programs and policies can be easily tested.
Source: own processing
Figure 5: PoliRural base.

The land use module (Figure 8) is concerned
with forest land, agricultural land, degraded

Source: own processing
Figure 6: Population module.

Source: own processing
Figure 7: Education module.
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Source: own processing
Figure 8. Land use module.

Source: own processing
Figure 9. Economy module.

land, settlements land and various activity areas.
The main outputs to consider are natural capital
and agricultural land, as the unit of agricultural
production.
The economy module (Figure 9) is based
in a simplified version of the Cobb-Douglas
production function. In this version, however,
capital is not considered as a production factor.
Local perceptions of main problems in the economy
and data availability will determine the module’s
final structure.
The agriculture module (Figure 10) has at its base
the production system and basically considers
the importance of the sector in rural areas. Each
production system has different productivity
ratios as well as different effects on the rest
of the economy. Three production systems
considered in the base model are different
management, properties and use of resources.
All are dependent on local practices and as such

they differ in social impact, relation with the rest
of the economy, profitability, environmental impact,
among other things. Examples include intensive
livestock farming, extensive farming, cereals, fruit
trees, mixed farms.

Source: own processing
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The quality of life and infrastructures module
(Figure 11) considers access to basic services
(education, health etc.) and infrastructures such
as roads. The infrastructure’s stock may be
the number of people living within five minutes
of a motorway, while quality of life is defined
as a function of access to services, the social
and the natural capital and the per capita regional
gross domestic product. Quality of life is also
defining the attractiveness of the area.
The policies module (Figure 12) is introduced
to capture the effects of old and new policies
on the different elements within a rural system.
The example below considers regional budget
and the proportion allocated to the main
expenditures. As a consequence of budget
allocation, other modules are affected by changes
in the policies module. The budget-oriented
approach is just one of several options that will be
explored in more detail when the project starts.
The model’s structure is qualitative to the extent that
it reflects local reality, its inherent characteristics
and specificities, whereas the statistical input
fed into the model adds to its quantitative side.
For the model to work as intended, deep domain
expertise in system dynamics must interface
with grassroot knowledge possessed by regional
actors. The model views the present state of affairs
as a product of interaction between different agents
and sub-systems and tests the impact of proposed

policies on these interactions over time under
different scenarios. The three preliminary scenarios
to be explored during workshops with regional
stakeholders are:
•

•

•

Business as usual scenario (BAS). BAS
shows the evolution of trends observed
so far. The trends will reflect the main issues
local communities consider to be important
Local plausible scenarios. This group
of scenarios is about the risks and
opportunities that the community identifies
as plausible in the near future. Scenarios will
propose measures to promote opportunities
and avoid the risks
Policy change scenario. The policy change
scenario focuses on programs and policies
that can help improve local competitiveness
and quality of life

In conceptualising and formalising the linkages
between policies, farming and land use, production
and education, economic and social performance of
pilot regions until 2040, PoliRural will initially use
Stella Architect which offers a practical set of tools
for visualising and communicating how complex
systems and ideas work overtime and space.
Like other systems models, the core elements
of the Stella model are stocks and flows (flows
add to or subtract from stocks) and the feedback
loop between the two. As the project progresses,

Source: own processing
Figure 11. Quality of life and infrastructure module.

Source: own processing
Figure 12. Policies module.
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PoliRural will migrate to Open Source system
dynamics software as a base to create a unique
innovative software solution for rural policy
making.
Mission oriented transformation
Being
complex
and
multifaceted,
rural
challenges, such as ageing, declining population,
unemployment, climate change, droughts, flooding,
decreasing biodiversity and environmental
degradation require a coordinated and targeted
policy response. Traditional approaches that
do not deliver in terms of innovation results
and solutions should be replaced with a policy
approach that can actively contribute to rural
change in a direction that is favoured and can be
shaped by rural communities. Mission-oriented
policy, one of the central concepts of Horizon
Europe (European Commission, 2018), offers such
an approach. Mission initiatives are characterised
by a well-defined goal, direction and timeline,
and are typically focused on solving wicked
and complex societal challenges and system
transformation.
Mission-oriented
initiatives,
being bottom-up, bold and ambitious, as well
as cross-sector, cross-discipline and cross-actor
oriented, differ in their design, governance
and
implementation
from
other
types
of policies (Fisher et al., 2018; Mazzucato, 2018).
Policymakers and stakeholders in PoliRural
study areas, supported by the wider PoliRural
consortium, will experiment with mission concepts
and elaborate mission modalities geared towards
their specific rural challenges, needs and context.
PoliRural Innovation Hub
The aim of the PoliRural Digital Innovation
Hub (DiH) is to offer a public user interface and
introduction to the innovations of the project.
To this end, the DiH entry point is built on a content
management system. Furthermore, the DiH will
provide four distinctive sections, or spaces, that
cater for both internal and external users:
1.

2.

3.

4.

An interaction space with forums, dialogue
and Wiki capabilities to support stakeholder
interaction
A learning space for Massive Open
Online Courses to facilitate dissemination
and uptake of knowledge and methodology
developed through the project
An experimentation space for testing
analytics and visualization including text
mining and system dynamics based on real
data
A development and hosting space for creating
virtual instances of the shared reference

to be used by each pilot when developing
their applications.
Below these high-level functional requirements
there is a lot of implicit functionality that in some
cases can be supplied by more than one technology
component. In order to identify how the DiH
can best serve the pilots, the work would need
to start off by a detailed analysis of pilots in terms
of context, data availability and requirements,
analytics requirements and pre-existing tools
and technologies that the DiH must be capable
of interfacing with.
Relevant EU and international activities
As the PoliRural framework has been designed
to be implemented as a research and innovation
action project, we have identified a number
of initiatives whose results are relevant
for the project and as such will be incorporated
in whole or in part into the modus operandi when
the project starts. These initiatives fall under
three main concepts outlined above (participatory
foresight, text mining enabled policy evaluation
and model assisted participatory scenario building)
plus one is related to gender.
Participatory foresight
European Foresight Platform (EFP) is an initiative
supported by the European Commission that
aims to bring together different communities
and individual professionals to share their
knowledge about foresight, forecasting and other
methods of future studies (EFP, 2010). EFP contains
a wealth of information on foresight methodology
which can also inform our framework.
Pastoral Properties Futures Simulator (PPFS),
a dynamic systems model developed within
a participatory action research partnership
with the pastoral industry of Australia's Northern
Territory (CDU, no date). The process behind
PPFS development is well documented in a number
of articles (Greiner et al., 2014), and its particularly
qualitative elements are accompanied with tried
and tested good practices which would be useful
for implementation of the PoliRural framework.
Text mining enabled policy evaluation
AGROVOC is a vocabulary developed by FAO
of over 35,000 concepts and 671,000 terms
in different languages, covering areas such
as nutrition, agriculture, fisheries, forestry
and environment (AIMS, 2018). PoliRural will
adopt AGROVOC as a tool for the initial word
embeddings for language models which have not
been fully trained i.e. trained on human annotated
text only.
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FASTPARSE is an ERC funded project that aims
to develop fast parsers to improve the analysis
and meaning of extracted textual data (Grupolys,
2017). FASTPARSE results will be used
to improve PoliRural text mining, semantic
explorer, specifically the text processing chain
where text will be parsed into sentences and phrases
before being converted into vectors.
OpenMinTed is an H2020 that sets out to create
an open, service-oriented online infrastructure
for text and data mining. OpenMinted
results are interesting for PoliRural mainly
from the sustainability point of view (ARIS,
2015). OpenMinTed platform will offer a space
for PoliRural to publish its text mining tool
for a wider uptake by the community. Specifically,
PoliRural will be able to publish its content
metadata and transfer standards, service metadata
and pipelining, IPR and licensing restrictions.
PERCEIVE is an H2020 project that investigates
how much citizens living in different parts of Europe
feel European, and to what extent this feeling can
be attributed to the implementation of the European
Cohesion Policy (UNIBO, 2016). The project has
developed a rigorous evaluation methodology
that contains useful pointers for PoliRural’s own
evaluation task Also, the project results will feed
directly into the quality of life module that will be
developed as part of the system dynamics work
stream.
Model-assisted scenario development
TOP-MARD was an FP6 project that used systems
dynamics thinking and tools to create a policy
model of multifunctional agriculture and rural
development (CORDIS, 2013). The developed
model provides solid conceptual, scientific
and technical cues for building PoliRural own
model.
The System Dynamics International Society
is an international, non-profit organisation
devoted to encouraging the development
and use of system dynamics and systems thinking
around the world. The society has a Special
Interest Group (SIG) on Agriculture & Food
that has developed many advanced models
covering different aspects of the rural system,
from agents to policies to social capital (SDS,
2018).

Conclusion
The paper attempted to make several important
contributions. First, we analysed the limits
of rural policy development and evaluation

methods and proposed a new approach based on text
mining. The text mining tool will feed additional data
into the present situation evaluation and future
scenarios modelling while relieving researchers
from the cognitive burden. Second, inspired
by the tried and validated Framework Foresight
method, we proposed the participatory foresight
for rural policy making approach that combines
work with a broad spectrum of stakeholders
on policy evaluation and needs analysis, text
mining and system dynamics modelling. Third,
we argue that future scenario models should be
of qualitative nature but, at the same time, fed
with quantitative statistical data. This will allow
for interaction between domain experts
and grassroot stakeholders which should guarantee
high precision of the models. All projected
contributions will be experimentally tested
and verified in a research and innovation action
project PoliRural. The project started in June
2019 for a three-year period and was financed
under the Horizon 2020 programme.
Despite presenting the contributions based
on research in progress, we are able to draw two
practical implications for rural stakeholders,
national and EU level policy makers. By adopting
the proposed PoliRural framework, policy teams will
be able to enhance the effectiveness of their policy
making processes, while rural stakeholders will be
given the opportunity to become valuable policy
influencers and solution co-creators. The ability
to quickly experiment and understand the impact
of a variety of policy solutions will result in saved
time and costs. The impact will be demonstrated and
extrapolated from twelve pilot sites across Europe
and Israel that will use the PoliRural framework
and tools for real life policy scenarios, enabling
measurement of both quantifiable and qualitative
impact measures on the outcomes.
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SCIENTIFIC INFORMATION
Understanding food value chains and network dynamics
Horizon 2020 funded research and innovation project
The overall objective of the VALUMICS project is to provide decision makers throughout food value chains
with a comprehensive suite of approaches and tools that will enable them to evaluate the impact of strategic
and operational policies to enhance the resilience, integrity and sustainability of food value chains
for European countries
The VALUMICS project implements a holistic approach and causality based system framework, supported
by new advances in theory, modelling and data gathering, which is required to capture and understand the
dynamics and interactions in food systems
VALUMICS provides improved understanding and models underpinning policy recommendations,
enabling advice aimed at decision makers with key roles and required capacity to enhance the resilience
with respect to sustainability of strategic food value chains in Europe – key findings and results you can find
on https://valumics.eu/.
The food value chain
is comprised of the stages
of the path of the food
products starting with
inputs, primary production,
manufacturing,
logistics
and transportation, grocery
and retail sectors until
consumers:

VALUMICS key outcomes:
•

Improve knowledge on food chains and their underlying drivers.

•

Deliver a comprehensive assessment of all dimensions of the sustainability, performance
and resilience of food chains and their contribution to jobs and growth, both territorially and at EU level.

•

Improve capacity to model the sustainability and resilience of food chains.

•

Enhance capacity to assess the functioning of value chains, upstream and downstream chain flows, and price
transmission along the chain.

•

Increase capacity to map the occurrence of unfair practices in the food chain and develop approaches to assess
their impact.

•

Clarify the development of added value and profit margins in food value chains and how these are distributed
at each level.

•

Increase understanding of how consumers' demand and consumption
the organization of food chains (and vice versa), and their sustainability and resilience.

•

Improve the capacity of relevant policies and food chain stakeholders to improve food chain sustainability and
resilience.
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Ing. Helena Řezbová, Ph.D., Czech University of Life Sciences Prague
Derek Shepherd BSc, MSc, MTS, Plymouth University, Plymouth
Prof. RNDr. PhDr. Antonín Slabý, CSc., University of Hradec Králové
Prof. Ing. Luboš Smutka, Ph.D., Czech University of Life Sciences Prague
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