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Abstract: The production of foodstuffs for an ever-increasing population is the basic, irreducible and
unalienable function of agriculture. It involves environmental impacts, including greenhouse gas
emissions. This is what makes it so important to examine the levels of environmental efficiency of
agriculture. As countries differ in their emission levels, it is reasonable to look for what determines
them. Hence, the purpose of this study was to identify the changes in the environmental efficiency of
agriculture in Visegrdd Group countries and worldwide in 1961-2020. These countries share a similar
economic history and demonstrate comparable environmental and geographic conditions, making it
possible to pinpoint the factors responsible for how the parameters covered by the study change over
time. The research used data from the FAOSTAT database. Environmental efficiency of agriculture
was defined as the relationship between production volumes in kilocalories and emissions. Initially,
this parameter deteriorated in the Visegrad countries, but since the late 1970s it has improved, first
linked to the crisis of the socialist economy and its collapse (including a drastic decline in livestock
production) and then to the implementation of CAP instruments.

Keywords: environmental efficiency; agricultural production; sustainable development; greenhouse
gas emissions; environmental costs of agricultural production

1. Introduction

The relationship between humans and the natural environment is a complex one.
The Earth, together with all animated and inanimate objects, its lithosphere, hydrosphere
and atmosphere, is the place where humans live, and provides essential resources for
their survival [1], but also bears the consequences of externalities generated by human
economic activity. These include solid, liquid and gaseous pollutant emissions which
contribute to environmental degradation [2,3]. Anthropogenic environmental impacts [4]
became particularly severe after the industrial revolution, which intensified the production
of goods [5]. Today’s major problems include climate change driven by anthropogenic
greenhouse gas emissions [6,7]. Increasingly common extreme weather events [8,9] raise
concerns because of how frequent and widespread they have become around the globe and
because they adversely affect the wellbeing of societies and ecosystems [10,11]. Moreover,
the risk of climate change has a negative impact on the global economic system [12-14].

In the mutual relationship between the environment and the economy, the economy
depends on the environment and its resources while it knocks the environment out of
balance due to human economic activity [15-18]. However, as the main goal of economic
development is to improve the quality of human life [19], it is reasonable to believe that
continuous human development and activity are essential and indispensable parts of social
life. Nevertheless, note that today the quality of life is also viewed as the ability to live
in a clean and safe environment. Therefore, measures taken to reduce anthropogenic
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environmental impacts while maintaining the levels of production efficiency currently
represent the biggest challenge faced by today’s world, by the economy and by economics
as a science. This is especially true for agriculture. As a sector, it produces essential goods
intended for non-postponable consumption, and its production volume strongly depends
on the quality and sustainability of environmental parameters [20-22].

Agricultural greenhouse gas emissions have been a topic of interest to a number of
researchers for some time [23-27]. Agriculture, as well as the whole agri-food sector (due
to the nature of its production), greatly contributes to greenhouse gas emissions [28,29].
According to estimations, agriculture is accountable for more than 80% of anthropogenic
N>O emissions and 70% of anthropogenic NH3 emissions (mostly generated by animal
excrements and the use of non-organic fertilizers) as well as ca. 40% of anthropogenic CH4
emissions (mostly caused by enteric fermentation) [30]. The total share of agriculture in
greenhouse gas emissions is ca. 22% [31]. However, the estimates may differ slightly due to
the method of calculating the agricultural share. For example, differences can be influenced
by the inclusion of energy consumption in the estimates or the addition of food production
steps, such as food processing, transportation and packaging.

Environmental degradation driven by agriculture is mostly due to the intensification of
agricultural production, which leads to an environmental disequilibrium [32,33]. However,
currently, agricultural development driven by technological advancements has an effect on
improvements to both the productivity [34,35] and environmental efficiency of agricultural
production [36]. Greenhouse gas emissions from agriculture cause climate change, which,
in turn, is of major importance to agricultural productivity [37].

Hence, it is important that farms take measures intended to contribute to environ-
mental enhancement [28-40]. However, combating climate change cannot pose a barrier to
increasing food production volumes [41]. As noted by Staniszewski and Matuszczak [42],
that trend could be referred to as ‘sustainable agricultural intensification” [43], which means
making more efficient use of resources while reducing human impacts on the environment.
Therefore, the solution is to improve environmental efficiency, i.e., to produce a greater
quantity of goods (in this case, food) while having an increasingly smaller environmental
footprint [44,45]. Thus, the environmental efficiency of production may be defined as the
ratio between the output (production) and the input (environmental cost). In this paper,
production volume (output) means the amount of kilocalories produced by the agricultural
sector, whereas the input corresponds to the amount of greenhouse gases generated by it.

Agricultural emissions can be reduced by the market mechanism or through informed
political decisions. Farmers, just like all other economic operators, seek the maximization
of economic effects (mainly incomes), and do so using methods that minimize the cost-
intensity of production [46]. The reduction in harmful emissions, including greenhouse
gases, is somehow a secondary effect of a successive reduction in the material and energy
intensity of production. This is where the general social and private interests go hand in
hand. Nevertheless, giving regard to the importance of the threats, it is necessary to take
political measures, too. In the European Union, these measures include either offering
financial support or imposing limitations and restrictions. For instance, the assumptions
behind the MacSharry reform of the 1993-2000 Common Agricultural Policy alone included
agricultural extensification and a reduced use of chemical fertilizers [47]. Today, it is
clear that these plans were too general and needed further clarification. The EU’s most
recent strategy, the European Green Deal, emphasizes the need for reducing environmental
pollution caused by agricultural production [48,49].

The agricultural problems discussed above are also witnessed in countries of the
Visegrad Group (V4) composed of the Czech Republic, Hungary, Poland and Slovakia. In
the context of the topics addressed in this paper, they characteristically share a common eco-
nomic history, which includes the real socialism period in 1944-1990, the post-1990 political
transformation and joining the EU in 2004. All of these groundbreaking events had at least
a potential impact on the technical and environmental parameters of agricultural produc-
tion. They strongly differed from EU-15 countries in development levels and agricultural
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production performance (including incomes, labor productivity and other productivity
ratios) [50,51]. Also, V4 countries were undergoing a political transformation that signifi-
cantly affected their development. Technically, the V4 group has existed since 1991 [52].
Following the of dissolution of Czechoslovakia into two independent states, the Czech
Republic and Slovakia, in 1993, it has been functioning as a union of four countries [53]. Its
creation was a clear sign of its members starting to rebuild their relationships with Western
countries [54] and of their commitment to socioeconomic growth and development.

The importance of agriculture and its evolution in Visegrad Group countries is dis-
cussed by scientists such as Bozduman [55]; Czyzewski and Michatowska [56]; Firlej and
Kubala [57]; and Svatos and Smutka [58]. In the context of the ongoing climate change,
it is also important to examine the relationship between environmental efficiency and
agricultural production.

2. Materials and Methods

The study was carried out for Visegrad Group countries. The results were compared to
EU-15 members, all EU countries and the world as a whole (147 countries with a population
of more than 1 million, subject to data availability).

EU-15 refers to all Union members until 2004. Comparing them against the Visegrad
Group is all the more important since they have a longer track record in EU structures and
demonstrate high levels of economic development. In turn, the European Union as a whole
is a Europe-wide benchmark for changes in specific parameters in the Visegrad Group
countries covered by this study. Similarly, taking account of worldwide trends was a way
to indicate the particularities of these countries in terms of variables relating to agricultural
production and its environmental impacts.

In the case of relative indicators, the following algorithm was used:

i1 iy CZ1

Cb = Zi=1Ziz1-2-
f=1 i CZ2

where

Cb: feature covered by the analysis;

1: countries;

t: decades from 1961 to 2020;

CZ1: first factor which defines the feature under consideration (e.g., agricultural
energy production volume, emission of agricultural gases);

CZ2: second factor that defines the feature under consideration (e.g., agricultural land
area, population).

The study relied on FAOSTAT data for the years 1961-2020. The study adopted a
long-term approach and covered all years where data were available because changes in
the economy itself and in its environmental impacts take place over relatively long periods.
Moreover, during the study period, Visegrad countries witnessed two key events which at
least potentially had a determining effect on the phenomena considered. The first one was
the downfall of real socialism, and the second was them joining the European Union.

The study was conducted in two stages. The first included determining the envi-
ronmental efficiency of agriculture in Visegrad Group countries vs. the country groups
identified above.

Since this paper aimed to identify the environmental efficiency of agriculture, two
basic measures were used in the study:

e the amount of agricultural GHG emissions;
e agricultural production volume in terms of energy.

This paper defines efficiency in a classical way as the relationship between outputs and
inputs; outputs mean the amounts of energy produced, whereas inputs are the quantities
of greenhouse gas emissions.
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The first abovementioned metric, which determines the climate and environmental
costs of agricultural production, was retrieved directly from the FAOSTAT database.

The production volume was presented as the number of kilocalories produced by
agriculture. This approach was motivated by the fact that its basic, necessary and irreducible
function is to provide human bodies with energy. Furthermore, energy is measured in an
objective way, and its actual value is invariant over time, unlike financial figures. Thus, it
is possible to convert the entire agricultural (crop and livestock) production into a single
universal unit [36,59-61]. However, as these figures are not published in public statistical
databases, they were estimated using the following original method:

Y Bw=) " EsixPxW, )

where
Ew: amount of energy derived from agricultural production (kcal per year);
Esi: average energy consumption of agricultural product i (kcal per capita per year);
P: population;
Wi: food self-sufficiency ratio for product i.

where

Pi: production volumes of product i (tons per year);

Zi: domestic consumption of product i (tons per year).

Food balance data were calculated for each product group listed below in accordance
with FAO’s methodology as per the following formulas. Next, it was used in estimating
the metrics referred to above (items used in estimating the amount of energy produced are
marked in bold).

domestic supply quantity =

production +

imports +

stock variation —

exports

The daily kilocalorie intake for plant and animal products was retrieved from the
following databases: Food supply—crops primary equivalent and Food supply-livestock
and fish primary equivalent.

The list of products used in this study covers all aggregates of agricultural produce
included in the FAOSTAT database, making it possible to determine the volume of agricul-
tural production measured in kilocalories.

The second stage of this study included indicating the amounts of agricultural green-
house gas emissions relative to the population and to the area of agricultural land. Addi-
tionally, the study determined the consumption volume of mineral fertilizers as, on the one
hand, the metric of production intensity, and, on the other, a proxy of how it impacts the
environment (next to agricultural greenhouse gas emissions). Similarly, livestock stocking
rates were also considered as a predictor of structural change in V4 agriculture and an
important factor influencing emissions.

The results are presented in a graphical form as linear graphs spanning over a nearly
60-year period. This is due to the need to pinpoint the changes in the relevant phenomena
and to show the Visegrad Group countries in relative terms against other groups which
were used as benchmarks.

3. Results and Discussion

Due to a number of national and international regulations which require countries to
reduce human impacts on the environment in all aspects of production activities, negative
environmental costs of human activity can be reasonably expected to go down [62]. In
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particular, the regulations are related to greenhouse gas emissions because their effects
are of a transboundary nature and lead to climate change, which determines a series of
complex and intensive transformations. These, in turn, entail multi-factor combinations
of stress [63], such as extreme weather events, the decline in biodiversity or hydrologi-
cal imbalance [64-67]. The global goals for environmental changes were set out by the
Kyoto Protocol, the Paris Agreement and the 2030 Agenda adopted in 2015, without lim-
itation [68-71]. In Europe, an important strategic document is the European Green Deal
(EGD) [72,73]. The environmental goals for the agricultural sector—a major source of GHG
emissions—are set out in a number of documents, including the Common Agricultural
Policy (CAP), which has been received more than one-fourth of the budget for combating
climate change since 2013 [74], and the EGD, which lays out the reduction objectives and
specifies the measures to be taken to reduce human environmental impacts of agriculture,
e.g., through projects such as Farm to Fork or Sustainable Value Chains [72].

Irrespective of informed political decisions, enhancements in environmental efficiency
are also fueled by the market mechanism [75], which forces competitors to improve the
ratio between production costs and volumes [76]. Obviously, the objective of businesses
and farms is to increase economic effects and become more competitive. However, the
use of increasingly more material and energy-efficient productive inputs also contributes
to improvements in environmental efficiency [77,78], which are somehow a secondary
effect. It is clear that the ability to use efficient technologies is made possible by consistent
scientific and technological progress spanning a number of agricultural aspects.

As expected, both globally and in all the considered groups, there has been a decline
in GHG emissions per 1000 kcal (Figure 1), which means that the environmental costs of
agricultural energy production are following a downward trend and that environmental
efficiency is on the rise. At the beginning of the study period, the highest and the lowest
environmental costs of agricultural energy production were recorded in EU-15 countries
and in the Visegrad Group, respectively. A downward trend was witnessed in the following
years. Only the Visegrad Group saw an increase in GHG emissions per 1000 kcal in the
late 1970s/early 1980s. It could have been caused by the development of conventional
agriculture and by the so-called green revolution [79], which involved agricultural mech-
anization and the consumption of large amounts of resources, fossil fuels, fertilizers and
pesticides [80]. In Eastern Bloc countries, this was due to socialist assumptions, among
other factors, and was the result of large-scale state-owned farms growing in importance. In
the V4 countries, gradual improvements in environmental efficiency have been noticeable
since the late 1970s, more than 10 years before the collapse of real socialism. Since then,
environmental cost-intensity has been falling systematically and more quickly than in
other groups of countries. The decade of the 1980s was the beginning of the crisis of the
socialist economy, including influences in the agricultural sector. Since then, there has been
a slight decrease in livestock density and stagnation of agricultural energy production.
More significant decreases were recorded in the decade of the 1990s, i.e., after the collapse
of the socialist economy, for both livestock density and fertilizer consumption. Initially, the
reduction in environmental cost-intensity was associated with a simultaneous decline in the
production results of the V4 countries. Nevertheless, since the beginning of the 21st century
(and especially after the accession period), an increase in production volumes has been
seen, despite the fact that livestock densities have consistently remained low, even below
the world average. At the same time, the process of improving environmental performance
was continuing.

Finally, Visegrad Group countries reported the smallest environmental costs in the
last period covered by the study, with only ca. 0.5 kg CO; eq. of emissions per 1000 kcal of
energy produced (vs. nearly 0.8 kg CO; eq. in EU-15 countries and more than 0.7 kg CO,
eq. globally). The study suggests that the environmental costs of producing agricultural
energy differ between the country groups that were considered. Moreover, as noted by
Poor and Nemecek [81], the environmental costs of producing the same commodities are
largely volatile and may differ 50 times between manufacturers of the same product. This
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explains the variation in environmental efficiency between groups of countries dealing
with such different economic and environmental conditions and coming from different
political pasts.
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Figure 1. Environmental costs of agricultural energy production (kg CO; eq./1000 kcal). Source: own
calculation based on www.faostat.fao.org (accessed on 5 February 2024).

At the global level, the growing demographic pressure was among the driving forces
behind the steadily growing amount of greenhouse gases per hectare (Figure 2). Due to the
abovementioned agricultural industrialization, it was also the case for European countries
until the early 1990s. However, the later part of the study period saw a slight decline in agri-
cultural GHG emissions per hectare of utilized agricultural area (UAA). It was particularly
noticeable in V4 countries, which can be explained by a turbulent economic transformation
following the downfall of communism, or even a little earlier. The privatization of farms
resulted in attracting greater attention to a reduction in production costs. Furthermore, the
political transformation took place in the context of an economic crisis, which naturally
forced the post-socialist countries (including V4 members) to extensity production. In EU-
15 countries, the situation was slightly different. After 1990, they recorded a relatively small
decline (but had the greatest emissions volume per hectare of all groups anyway). However,
in these countries, growth in emissions was stopped because of political measures rather
than economic factors. Indeed, that period saw the adoption of environmental regulations
provided for in the MacSharry Reform of the Common Agricultural Policy (including a
reduction in the use of chemical fertilizers) [47], which considerably contributed to prevent-
ing further growth in emissions. After 2000, European countries saw only modest changes
in the levels of greenhouse gas emissions. Note, however, that the lowest emissions per
hectare were recorded in the Visegrad Group countries. Their volumes were much smaller
than those in other groups of European countries covered by this study, despite being
similar in the 1970s [82].

Plant protection products and fertilizers used in agriculture are one of the major
sources of agricultural GHG emissions. However, their usage strongly differs between
countries and crop types. The consumption of fertilizers and pesticides varies from 1 kg
of nitrogen per hectare in Uganda to 300 kg of nitrogen per hectare in China [81]. Hence,
the necessary condition for making agricultural production sustainable is to find the
optimal balance between using plant protection products and fertilizers and keeping a
satisfactory level of productivity that is sufficient to feed more than 8 billion people around
the world [83]. This is all the more urgent since the global population is forecasted to
exceed 10 billion by 2050. Thus, is it necessary to adapt to the growing population in the
context of climate change [84], which may become less and less beneficial to productivity.
The intersecting challenges [85] related to environmental protection, adapting to climate
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change, the growing population and the need to ensure food security must be tackled
by different branches of science, including economics, agriculture, ecology and law [73].
Research carried out so far suggests that all groups of European countries experienced
growth in NPK consumption starting in the early 1960s (Figure 3). After 1990, there was a
clear reduction in NPK volumes in V4 countries. This was due to the abovementioned crisis
that accompanied the political transformation, including changes in ownership within
agriculture itself. EU-15 members also witnessed a decline, yet at a slower rate. It could
be explained by the new structure of the CAP following the MacSharry reform and by
successive scientific and technological enhancements. Over the following years, the Union
saw a fluctuation in NPK consumption levels, and the trend differed between country
groups. After 2000, there was a slight reduction in NPK consumption in EU-15 countries,
especially in 2009, for reasons which included the global crisis and fluctuations in fossil
fuel prices. Ultimately, NPK consumption in the last period was similar to that recorded in
the initial period. After a decline in the late 1980s/early 1990s, Visegrad Group countries
saw a gradual increase in NPK levels; as a consequence, NPK consumption in the last
period was more than double the amount they reported in the early 1990s. This was
due to the stabilization in ownership and production conditions following the political
transformation and to the opportunities brought by European Union membership. In this
context, an important role was played by their eligibility for support under the first and the
second pillars of the CAP and by their participation in the single EU market. According to
Sadowski and Antczak [86], Polish farms allocate most of the funds they derive from direct
payments to financing the purchase of productive inputs, including mineral fertilizers.
Globally, there is a continuous growth trend resulting from the intensification of agricultural
production that is fueled by demographic pressure.

World UE28 UE15 emmmm\/isegrad Group

Figure 2. Agricultural emissions (t CO; eq./ha UAA). Source: own calculation based on www.faostat.
fao.org (accessed on 5 February 2024).

In the initial period, the animal density in the V4 countries was at a level similar
to that of other European countries (EU-28 and EU-15) and much higher than the world
average (Figure 4). The crisis of the socialist economy, especially its collapse in the late
1980s, led to a dramatic decline below world level. Initially, the cause was the collapse
of state and cooperative farms where animal production was concentrated. However,
unlike in the case of fertilizer consumption, after accession there was no increase, but
rather stagnation at a low level. This situation was caused in part by the increase in the
capital intensity of production as a result of the introduction of EU standards. Animal
production therefore moved to countries with surpluses of capital in relation to land
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and labor resources. The economic essence of animal production is to add value to crop
production. The reduction in livestock density had a negative impact on the situation of
the entire agricultural sector of the V4 countries. At the same time, however, a reduction in
the environmental cost of agricultural production was recorded. The temporal coincidence
of the decline in animal stocking, expressed as livestock units (LUs), (Figure 4) and the
improvement of environmental efficiency (Figure 1) should be noted. If the importance of
animal production for greenhouse gas emissions is taken into account, it can be assumed
that there is a cause-and-effect relationship between both phenomena.

250.0

200.0

150.0

100.0

50.0

Figure 3. NPK consumption (kg/ha of agricultural land). Source: own calculation based on www.
faostat.fao.org (accessed on 11 February 2024).
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Figure 4. Livestock density (LU /ha of agricultural land). Source: own calculation based on www.
faostat.fao.org (accessed on 11 February 2024).
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Interestingly, despite the reduction in GHG emissions, all groups under consideration
saw an increase in production (measured in thousand kcal per hectare of agricultural
land) over the study period (Figure 5). A slight temporary decline in productivity was
experienced in European countries after 1991, and was particularly pronounced in Visegrad
Group countries. It was caused by the downfall of communism, accompanied by a general
economic downturn (stagnation is already apparent in the 1980s). Production growth
restarted after 2000; the stabilization that followed in the 2010s was mostly due to the
accession of Visegrad Group countries to the EU. Integration with global markets increased
the trade volume, which also had a boosting effect on productivity [87]. At the global level,
productivity followed a slight upward trend throughout the study period.

Figure 5. Agricultural energy production (thousand kcal/ha UAA). Source: own calculation based
on www.faostat.fao.org (accessed on 16 February 2024).

4. Conclusions

Today’s agriculture faces two challenges that contradict each other. The first one is
to provide enough food for the ever-growing population, whereas the second regards
reducing environmental and climate pressures. Furthermore, the sector is sensitive to both
positive and negative political impulses. The countries of the Visegrad Group presented in
this paper are located in Europe, which, in addition to having good natural and geographic
conditions, also enjoys high levels of economic development. For about half of the study
period, the specificity of the Visegrad Group countries resulted from them being dominated
by the socialist system, in which the agricultural sector was mostly composed of (usually
large) state-owned and cooperative farms, with the sole exception of Poland. The need
to address the demand for food is what focused country-level agricultural policies on
production growth fueled by industrial productive inputs, including fertilizers. Therefore,
between the 1960s and the 1970s, the environmental efficiency of production (calculated
as the relation between greenhouse gas emissions and production expressed in kcal) in
that group deteriorated against other country groups, both in Europe and globally. Indeed,
although Visegrad Group countries had the best parameters at the beginning of the study
period, the levels they recorded in the 1980s were similar to those found in other aggregates.
The downfall of real socialism was a breakthrough event which took place in the context of
an economic crisis and changes in agricultural ownership, causing a considerable decline in
the use of fertilizers and a stagnation of agricultural energy production (calculated in kcal).
Some symptoms of this phenomenon were even noticeable as early as the 1980s, i.e., at a
time when the socialist economy was breaking down. That moment marks the beginning
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of improvements in environmental efficiency in these countries. Initially triggered by
historically driven agricultural extensification, that trend later became the consequence of
implementing the assumptions behind the Common Agricultural Policy. However, these
improvements are not only specific to V4 countries, as similar phenomena took place in all
country groups used as benchmarks. Nevertheless, the accession to the EU marks another
milestone for Visegrad Group countries. In 2020, a number of factors—including support
for agricultural modernization and being part of the single market—resulted in V4 countries
demonstrating the best environmental efficiency (compared to other groups covered by
this study), just like in the early 1960s, despite the growth in production volumes and the
increased use of fertilizers.

Changes in the environmental cost-intensity of the V4 countries lead to one more
conclusion. Improvement has been taking place since the beginning of the 1980s, but the
reasons were different in subsequent historical periods. Initially, it was a side effect of
the crisis, production stagnation and reduced animal livestock density. This was contrary
not only to the economic interests of the countries themselves, but also to the need to
produce food for the growing population. The later period, before and especially after
accession to the EU, is the time of participation in the CAP. Support instruments and legal
regulations allowed for a simultaneous increase in production and further reduction in
environmental costs. This state of affairs may be an indication for future agricultural policy,
which should simultaneously pursue nutritional and climate—environmental goals. Above
all, solutions should be found in more innovative production, taking into account not only
economic but also environmental effects. In addition, there is a need to develop effective
support instruments that encourage farmers to take environmental considerations into
account in their decisions. The study was based on data relating to estimated agricultural
energy production and its environmental costs. Although these were large aggregates
determined at the level of countries over a long period of time, they allowed for the correct
identification of the state and dynamics of the analyzed phenomena.
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