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Abstract
An effective implementation of the sustainable use of agricultural land program is impossible
without reliable results of the current state of the problem. In this sense, the correct selection
of indicators and methods for determining the level of stability is important. The authors proposes
the definition of the agricultural land use sustainability integral indicator based on three methodological
approaches: the construction of the indicators system, each of them reflects some aspects of the land
use sustainability at the macro level (according to the specific issues); the construction of the integral
indicator for comparing the countries’ land use sustainability. According to the given methods it has
been proved that agricultural land use in the countries of the post-socialist camp has a positive dynamics,
but the sustainability indicators for all indicators have not achieved yet. This study was
supported in part by the Erasmus SUPPA program – Jean Monnet Associations Application
No 611556-EPP-1-2019-1-UA-EPPJMO-SUPPA.
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Introduction

agricultural production in all categories of farms
(2016). And the Ukrainians remember the 30-es
years of the last century and what price they paid
for the imperial ambitions of the Soviet Union.
During that period, Stalin also aimed to increase
the production volumes and export potential.
We can assess the situation from the perspective
of modernity: the volumes of the grain production
in the country during 2013-2018 were the highest
in the last twenty-five years (Figure 1), the wheat
export from Ukraine during the last six years
increased by 42%, and the real incomes
of the population decreased by 44% (Figure 2).

In the former Soviet Union, among the 15 republics
the Ukraine was "the breadbasket" of the state:
the best black soil; a high standard of culture,
deep roots and traditions of the grain growing;
a hardworking nation. In the "Treatise on taxes
and contributions" Petty says that labor is the father
of wealth, and land is the mother (Petty, 1769).
It is hard to disagree with the prominent economist’s
opinion. So, are the Ukrainians really rich and well
fed?
There are different points of view on the fact
what kind of the country's development should be
in general and agricultural land use in particular.
All of them have their right to exist, but there
is a problem – what is the ultimate goal of their
implementation? For example, the draft
of the State Target Program of the agricultural
sector for the period to 2020 provides the following
effect as the expected result and the effectiveness
of the Program: the increase in the volume of gross

Of course, it does not mean that you need to produce
or sell less – you need to properly define the purpose
and objectively evaluate the outcomes. Who needs
a high economic performance if it does not give any
social effect and worsens the ecological situation?
In our opinion, such effects as the increase
of the production volumes and that of the export
potential are not the sustainable development goals,
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Figure 1: The indices of grain and leguminous crops production volumes in Ukraine, %.
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Figure 2: The indicators of the real income of the population, production volumes
and wheat export in Ukraine, % .

these and/or other positions may be the objectives
for sustainability. We are convinced that
sustainability of the agricultural land use can
decide for at least two global world problems
for the Ukrainians – food security and poverty
reduction in rural areas.

Thus, the methodology proposed by scientists
(Kotykova et al., 2019) for assessing
the sustainability of agricultural land use
development at the macro level using the integral
indicator is recognized as imperfect: the results
of the evaluation will have different interpretations
depending on the objective factors, which may
ultimately influence the outcome both positively
and negatively.

This is why it is necessary to change priorities
and determine the following: what indicators are
really important and, based on the results, develop
and implement the development program.

The
same
conclusion
can
be
drawn
from the results of “Global human appropriation
of net primary production doubled in the 20th
century” research, the authors of which note that
“The rise in efficiency is overwhelmingly due
to increased crop yields, albeit frequently
associated with substantial ecological costs,
such as fossil energy inputs, soil degradation,

There are several approaches to the construction
of the sustainability assessment indicators
system. From the analysts’ point of view, the
most convenient way for decision-making is to
determine a unified integral indicator, but according
to the methodology, it is difficult to develop such
kind of an indicator.
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and biodiversity loss. If humans can maintain
the past trend lines in efficiency gains, we estimate
that HANPP might only grow to 27-29% by 2050,
but providing large amounts of bioenergy could
increase global HANPP to 44%. This result calls
for caution in refocusing the energy economy
on land-based resources and for strategies that foster
the continuation of increases in land-use efficiency
without excessively increasing ecological costs
of intensification” (Krausmann et al., 2013).

The abovementioned risks can be monitored
through the “emergency” block.
Some scientists suggest the usage of intensive
technologies of land use in the context of issue
of planet's population increase and in terms
of sufficient food provision.
Lal (2000) indicates that: “Enhancing food
production would necessitate adoption ofland saving
technologies through agricultural intensification
on prime agricultural land, conversion of marginal
lands to other appropriate land uses, and restoration
of degraded lands and ecosystems. Soil-specific
technologies for agricultural intensification will
have to be developed, fine-tuned, and adopted.
These technologies will address the issue
of (i) enhancing soil structure, (ii) increasing
nutrient use efficiency through integrated nutrient
management and strengthening nutrient recycling
mechanisms, (iii) conserving soil and water through
residue management and adoption ofconservation
tillage, (iv) improving water use efficiency through
development and adoption of efficient methods
of water harvesting, recycling and irrigation,
and (v) increasing cropping intensity”.

So an objective assessment can only be achieved
if all significant influencing factors are included
into analysis' system in their interconnection and
interdependence.
The development of agricultural land use is
largely determined by the population's diet, natural
and climatic conditions.
This thesis is confirmed by the results of the research
by Lacirignola et al. (Lacirignola et al., 2014)
“Immediate action is required in the Mediterranean
to address environmental degradation that is
mainly driven by consumption patterns. Increasing
stress on biological and social systems is put
by unsustainable consumption patterns. Food
consumption patterns are important drivers
ofenvironment degradation. The objective of this
review paper is to explore natural resources-food
nexus in the Mediterranean region by highlighting
the environmental footprints of the current
consumption and production patterns. Secondary
data from different sources such as FAOSTAT,
the World Bank, Water Footprint Network (WFN),
and Global Footprint Network were used to analyze
the situation in 21 Mediterranean countries”.

So, on the one hand, it is about increasing the level
of land use intensity, and on the other, the authors
emphasize the need to improve such technologies
in order to protect soil, water and other natural
resources. The same opinion is held by Chartres
and Noble (2015) “Given the current pressures
on natural resources, this will have to be achieved
by some form of agricultural intensification that
causes less environmental impact. Therefore,
it is not just intensification of agriculture,
but 'sustainable intensification' that must be
at the forefront of the paradigm shift”.

Therefore, in addition to the traditional
indicators of land use efficiency, it is necessary
to study environmental losses, pollution, health
and population's living standard because
of agricultural activity and diet.

Therefore, the level of land use intensity
and technological level are important indicators
while studying the sustainability of agricultural
land use.

The impact of natural and climatic conditions
upon the level of agricultural land use is
a poorly predicted and uncontrolled process.
Inter-Governmental Panel on Climate Change has
shown that the earth temperature has increased
by 0.74 degrees C between 1906 and 2005 due
to
increase
in
anthropogenic
emissions
of greenhouse gases. By the end of this century,
temperature increase is likely to be 1.8-4.0 degrees
C. This would lead to more frequent hot extremes,
floods, droughts, cyclones and gradual recession
of glaciers, which in turn would result in greater
instability in food production (Aggarwal, 2008).

Despite the high level of economic efficiency
resulting from land use intensification, we cannot
consider such an approach as an acceptable
one at this stage of society's development.
“On the negative side, intensification of agriculture
in many parts of the world has resulted in salinization
of irrigated lands in the drier regions and the loss
of forest vegetation in the humid tropics” (Juo
and Wilding, 2001).
Taking into account the conclusions of Lal (2015)
about the fact that “Soil degradation, characterized
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Materials and methods

by decline in quality and decrease in ecosystem
goods and services, is a major constraint
to achieving the required increase in agricultural
production”, it is reasonable to include indicators,
which depict structural shifts, to the group
of sustainability indicators of agricultural land use.

So, due to the international experience
and the national research on this issue, in our
opinion, it is advisable to use the methodological
approaches:
-

We also support the position of Tscharntke
et al. (Tscharntke et al., 2012), who states
“Under the current scenario of rapid human
population
increase,
achieving
efficient
and productive agricultural land use while
conserving biodiversity is a global challenge”.
The assessment of these factors' impact can
be determined through indicators reflecting
the protection of ecosystem functions and biological
diversity.

-

the construction of the indicators system,
each of them reflects some aspects
of the land use sustainability at the macro
level (according to the specific issues);
the construction of the integral indicator
for comparing the countries’ land use
sustainability.

The first approach to the construction of indicators
of sustainability is based on the construction
of a system of indicators that can reflect some
aspects of sustainability – environmental,
economic, social and others. Compared
to the integral indicators of sustainability, this
approach is more widely spread. However,
as it was already noted, there is no universally
accepted and well-reasoned integral indicator
for evaluating the effectiveness of the transition
to sustainability in the world. In this context,
the emphasis is on the construction of the system
of indicators. It is advisable to have a limited
number of indicators that are closely connected
with the development of the macroeconomic
policy
priorities
system.
For
example,
the system of 100-150 indicators is hardly suitable
for people who make decisions in the executive
and legislative power structures. For this purpose
the selection of the most important indicators
for a particular purpose is made. Almost all
international organizations and most countries
followed this way in the development of "core
indicators".

Therefore, the study of monitoring the sustainability
of agricultural land use, understanding the concept
proposed by the UN as a sustainable development,
is conducted by a narrow circle of scientists
(Marada et al., 2012; Smith and McDonald, 1998).
At the same time research is concentrated mainly
in one of the areas: economic (Hreshchuk, 2019;
Jansen, 2005), environmental (Turcekova et al.,
2015; Gutierrez et al., 2017), social (Huaranca
et al., 2019; Obando, 2018; Taylor, 2001).
And even these studies are mostly limited
by the experience of individual regions without
comparisons with the results of agrarian reforms
and agricultural policies of other countries, which
significantly narrows the possibilities of using their
positive practices.
In recent years studies assessing the impact
of the level of agricultural land use on the state
of food security have become especially relevant.
Integrated and systematic studies in terms
of monitoring the sustainability of agricultural land
use in Ukraine and the post-socialist countries have
not been conducted. In addition it should be noted
that there are differences in the indicators paid
attention to in the EU and Ukraine, which does not
allow for comparisons. This necessitated this study.

The use of the basic list of indicators is a necessary
condition for the initial phase of creating a national
system of indicators of sustainability. It should
be kept in mind that indicators do not always
answer the question of stability or instability
of the processes. The answer to this question can
be received only after the correct interpretation
of the results.

The hypothesis of our study is that there are
significant differences in the achieved level
of sustainability of agricultural land use in the EU
Member States.

There are two groups of indicators: gross
natural and specific indicators. The first group
of indicators is characterized by the natural
or "specific-natural" expression, the second one
is characterized by the "natural-cost" expression.
The gross indicators are better suited for the analysis

The purpose of our study is to identify a relevant
set of indicators to assess the level of sustainability
of agricultural land use development and the
changes that happened in post-socialist camp’s EU
Member States for the period of 2005-2013.
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of the current environmental situation, the degree
of its favorability for humans and the environment,
the level and magnitude of effects on nature,
the harm to health, and others. These indicators
are easy to apply for limited areas, the regional
analysis. On the other hand, the specific indicators
of the nature capacity, the specific contaminants
are more suited for the assessment of the structural
and
technological
trends,
the
changes
in the economic structure. They are also useful
for the forecasting of the economic development,
the changes of the actions for the environment
and the changes of the environmental situation
for the future. As the experience of our country
in the 1990-s shows, analyzing one environmental
problem the indicators may have the opposite
dynamics (eg, the gross water pollution decreased,
but specific pollution increased).

The information base for the research consisted
of legislations, regulatory acts and program
documents of the governmental authorities
of Ukraine and the United States, official
materials of the Cabinet of Ministers of Ukraine,
methodological and statistical data of the National
Statistical Office of the Russian Federation as well
as data of respective bodies and establishments
of
other countries, scientific information
from Internet (the results of the international
organizations and the FAO's researches),
and the results of the author’s own studies.
The sustainability of the agricultural land use
analysis is performed by the author’s method
in Ukraine and in the countries of the post-socialist
camp, which are now the countries of the EU.
This approach is applied for three reasons:
-

It is necessary to determinate of the indicators
system of the agricultural land use sustainability
that reflects the situation at the macro level
in the best way.

-

The construction of the integral indicator
to compare the countries’ land use sustainability:
-

-

-

-

the measurement of the partial (individual)
indicators in one dimension (in a single scale)
in relative values – the so-called method
of indicators coagulation;
the selection of partial indicators, which
have the homogeneous effect (positive
or negative) of increasing the numeric value;
weighting (scoring) of the importance
of each component.

The following abbreviations are used in tables
and figures (according to NANPP):
Lithuania – LT, Bulgaria – BG, Czech Republic
– CZ, Poland – PL, Croatia – HR, Slovakia – SK,
Estonia – EE, Latvia – LV, Romania – RO, Ukraine
– UA, Slovenia – SI.
The system of indicators and criteria’s approaches
to the agricultural land use sustainability assessment
are provided in Figure 3.

For the adequate evaluation of the agricultural
land use sustainability to compare the countries
and to rank them in order to reduce their total
capacity it is necessary:
-

-

firstly, a comparative analysis is always
more objective;
secondly, for comparison the former socialist
countries were chosen, as they had similar
to Ukraine economic, political and social
problems after the collapse of the USSR;
thirdly, the study group is only current
EU members, as Ukraine is also seeking
the membership in the European Union.

The economic methods and calculation methods are
given below.

to prove the assessment criteria (they
should be information available, simple
or calculations, the numberof them should
be not many, but they have as much
s possible to describe the development
of the land use);
to develop a methodology for calculating
the integrated indicators that sorting
by different methods do not significantly
affect the position in the ranking. In addition,
it should be quite simple and clear,
but
partial
indicators
obtained
in the calculation of integral indicators
should not be just relative coefficients
but still have economic content.

Methodology and methods of calculating
the basic indicators of the agricultural land use
sustainability proposed for the use at the macro
level (according to the specific problems)
We have developed an appropriate system based
on the following fundamental methodological
approaches:
1) the indicators of sustainability must meet
the following basic criteria: to combine
environmental, social and economic
aspects; to be clear and have unambiguous
interpretation for those who make decisions;
to have a quantitative expression; to be
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based on the existing system of the national
statistics and not to require significant
investments
to
gather
information
and calculations; to be representative
for the interregional comparisons; to be
able to assess in the time dynamics; to have
a limited number;
2) the classification of the indicators is
carried out according to the specific issues.
The indicators are constructed in the way

to give a quantitative description
of the selected issues, based only
on the state statistics database.
A very "compressed" system of the basic
indicators of the agricultural land use sustainability
at the macro level is developed on the basis
of the defined criteria. This system is recommended
for the macroeconomic government programs
and national action plans (Table 1).

The basic indicators of the agricultural land use sustainability proposed for the use at the macro level (according to the
specific problems)

The integral indicator to compare the countries’ land use sustainability
The conservation
of ecosystem
functions and
biodiversity
Health and
standard of living
of the population
Emergency.
Environmental
losses. The
technological
level
The level and
efficiency of land
use. Structural
changes in the
economy
Contamination of
land and
environment

the level of the tilled area;
the cereal production per 100 hectares of arable land;
the share of agriculture in total gross added value;
the share of fresh water usage in agriculture;
the availability of household waste per capita;
the rate of natural population growth;
the forest area (% of land area);
the protected areas in total land area

Note: In – the integral indicator to compare the countries’ agricultural land use stability; n – the number
of indicators (partial criteria).
Sourсe: own work
Figure 3: The methodological approaches to the agricultural land use sustainability assessment.
Problems

Indicators
1.1. The degree of the land resources development, %
1.2. The level of the tilled area, %

The level and efficiency
of the land use

1.3. The yield of grain, centners per 1 ha
1.4. Cereal production per 100 hectares of arable land, tons
1.5. Gross agricultural output per 100 hectares of agricultural land, thousands of units
of national currency
1.6. The area of arable land per 100 persons of the population, ha

Structural changes
in the economy

2.1. The share of agriculture in total gross added value, %

Environmental losses

3.1. The share of fresh water usage in agriculture, %

Emergency
Contamination of land
and environment

2.2. The share of urban population in country’s total population, %
4.1. Number of fires
4.2. The area of forest land traversed by fires, ha
5.1. The flow of sulfur oxide into the atmosphere per capita, kg
5.2. The availability of household waste per capita, kg

Source: own work
Table 1: The basic indicators of the agricultural land use sustainability proposed for the use at the macro level
(to be continued).
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Problems
The technological level

Indicators
6.1. The adding of the mineral fertilizers per 1 ha of arable land, kg
7.1. The rate of natural population growth
7.2. Gross agricultural output per capita, national currency units
7.3. The index of income concentration (Gini coefficient), %

Health and standard of living
of the population

7.4. The employment rate of the population, %
7.5. The average annual per capita consumption:
7.5.1. Calories, kilocalories
7.5.2 Proteins, g
7.5.3 Fats, g

The conservation
of ecosystem functions
and biodiversity

8.1. The area of the forest fund, thous. ha
8.2. The forest area (% of land area), %
8.3. The area of the protected areas, thous. ha
8.4. The protected areas in total land area, %

Source: own work
Table 1: The basic indicators of the agricultural land use sustainability proposed for the use at the macro level (continuation).

The economic content of the indicators (calculation
methodology) used in this study is described
in Annex 1.

of Unit 4, and this indicator is included in the list
of partial indicators of the integrated index
for assessing the sustainability of agricultural land
use. Application of mineral fertilizers per 1 ha
of arable land (indicator 6 of block) was not included
in the list of partial indicators in determining
the integral index for assessing the sustainability
of agricultural land use, as this indicator is
representative only in dynamics and compared
to regulatory data, which have significant differences
for different soils and production technologies:
it is not possible to establish a single base for all
countries to calculate the rating.

Methodology and methods of calculating
the integral indicator to compare the countries’
land use sustainability
The partial set of criteria, in our point of view,
should include the following parameters:
-

the level of the tilled area;
the cereal production per 100 hectares
of arable land;
the share of agriculture in total gross added
value;
the share of fresh water usage in agriculture;
the availability of household waste
per capita;
the rate of natural population growth;
the forest area (% of land area);
the protected areas in total land area.

The formula of the agricultural land
sustainability assessment is the following:
,

use
(1)

where In – the integral indicator to compare
the countries’ agricultural land use stability;
n – the number of indicators (partial criteria).
The calculation of partial criteria (indices) is made
by the formula:

For the integral indicator only those baseline
indicators from each block were chosen the impact
of which was considered as decisive and that is
why weighting factors wern’t set for them because
they equal in actual impact. The selected indicators
reflect all blocks of basic indicators of sustainability
of agricultural land use, proposed for use
at the macro level. Exceptions are blocks 4 and 6.
Indicators of block 4 are not included for a number
of reasons: first, the block lacks partial indicators
that can be comparable and commensurate
with other indicators; secondly, the forest cover
of the territory is directly related to the indicators

-

for the j-s criteria, the quantitative growth
of which positively affects the level
of the country’s development:
,

-

for the j-s criteria, the quantitative growth
of which negatively affects the level
of the country’s development:
,
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which should reflect indicators are given
in the "problems". 26 basic ecological and economic
indicators and their modifications, quantitative
importance and dynamics are given in Table 2.

where iij – the partial index of the i rural area
(district) development for the certain period;
fij – the value of the j partial indicator (criterion)
for the i country; maxi fj – the maximum value
of the j partial indicator for all i countries; mini
fj – the minimum value of the j partial indicator
for all i countries.

For the agriculture in Ukraine compared to other
countries of the post-socialist camp the high
degree of the development of the land resources
and the inadequate (on this background) reduction
of the agriculture share in the total gross added
value is extremely important. Moreover, the volume
of the gross agricultural output per 100 hectares
of farmland (in the national currency) increases.

Results and discussion
1. The agricultural land use sustainability
assessment according to the system of indicators,
each of them reflects some aspects of the land
use sustainability at the macro level (according
to the specific problems)

The grain yield indicator shows the efficiency (more
precisely, inefficiency) of this approach. Ukraine
ranks the sixth place according to this indicator.
However, in Ukraine there is the highest rate
of grain production per 100 hectares of arable land.

The system of indicators is based on the structure
of
"problems-indicators",
but,
unlike
the international structures of indicators,
environmental, economic and social problems,
Indicators

BG

LV

LT

PL

RO

SK

SI

HR

CZ

EE

UA

The first block. The level and efficiency of the land use
1.1. The degree of the land resources development, %

1.2. The level of the tilled area, %

1.3. The yield of grain, centners per 1 ha
1.4. Cereal production per 100 hectares of arable land,
tons
1.5. Gross agricultural output per 100 hectares
of agricultural land, thousands of units of national
currency
1.6. The area of arable land per 100 persons
of the population, ha

48

28

45

52

62

40

25

22

55

21

61

46

30

46

47

60

40

24

23

55

23

69

29

18

30

40

39

29

9

16

42

14

51

32

19

37

35

38

29

9

16

41

15

54

33.7

28.0

28.9

32.2

33.1

44.7

59.4

55.8

46.9

26.7

26.0

44.2

33.6

36.2

37.7

38.4

44.7

45.9

54.4

52.1

30.9

39.9

110

62

72

72

82

116

80

69

129

45

123

147

122

125

86

83

121

80

114

149

65

194

113

33

231

330

374

…

…

…

2970

969

250

121

64

209

535

539

163

534

1761

2588

101

681

41

50

58

32

42

26

9

20

31

42

67

48

59

79

28

44

26

8

21

30

48

78

10.9

The second block. Structural changes in the economy
2.1. The share of agriculture in total gross added value,
%*

10.9

4.1

6.2

5.1

14.3

3.9

2.6

…

3.3

4.2

5.4

4.9

4.0

3.6

7.5

3.2

2.6

4.7

2.1

3.6

9.9

2.2. The share of urban population in country’s total
population, %

70.6

68.0

67.5

61.5

53.2

55.6

50.5

56.4

73.6

68.7

67.9

66.6

66.6

60.6

54.2

53.9

49.8

58.4

73.1

67.7

69

73.3

The third block. Environmental losses
3.1. The share of fresh water usage in agriculture, %

19.0

13.0

7.0

16.2

23.2

1.8

1.3

…

2.6

0.2

2.4

16.0

13.0

3.0

10.0

17.0

3.0

0.0

1.0

2.0

1.8

1.5

64

287

73

147

636

65

4223

The fourth block. Emergency
4.1. Number of fires

4.2. The area of forest land traversed by fires, ha

241

365

301

12803

408

422

123

4883

116

233

75

137

…

15

1113

1458

120

51

7387

162

524

280

3135

227

87

2300

3314

217

25

1289

421

270

66

1999

…

79

400

Note: * the data about the countries (except LV, LT and CZ) are given for 2003 and 2011; ** the data about LV, LT and RO are given
for 2000 and 2008; *** the Quinta coefficient of funds value is given for Ukraine; **** the numerator contains the data for 2011
Source: developed by the author according to the State Statistics Service of Ukraine (2018); Federal State Statistics Service of Russian
Federation (2015); National Statistical Committee of the Republic of Belarus (2015); Word data Center (2019)
Table 2: The agricultural land use sustainability assessment by the indicators proposed for use at the macro level (2005/2013).
(to be continued).
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Indicators

BG

LV

LT

PL

RO

SK

SI

HR

CZ

EE

UA

The fifth block. Contamination of land and environment
5.1. The flow of sulfur oxide into the atmosphere per
capita, kg**
5.2. The availability of household waste per capita, kg

113.9
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The sixth block. The technological level
6.1. The adding of the mineral fertilizers per 1 ha
of arable land, kg
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The seventh block. Health and standard of living of the population
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7.3. The index of income concentration (Gini
coefficient), %***
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7.1. The rate of natural population growth

7.4. The employment rate of the population, %
7.5. The average annual per capita consumption****:
7.5.1. Calories, kilocalories

7.5.2. Proteins, g

7.5.3. Fats, g

The eighth block. The conservation of ecosystem functions and biodiversity
8.1. The area of the forest fund, thous. ha

8.2. The forest area, %

8.3. The area of the protected areas, thous. ha

8.4. The protected areas in total land area, %
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Note: * the data about the countries (except LV, LT and CZ) are given for 2003 and 2011; ** the data about LV, LT and RO are given
for 2000 and 2008; *** the Quinta coefficient of funds value is given for Ukraine; **** the numerator contains the data for 2011
Source: developed by the author according to the State Statistics Service of Ukraine (2018); Federal State Statistics Service of Russian
Federation (2015); National Statistical Committee of the Republic of Belarus (2015); Word data Center (2019)
Table 2: The agricultural land use sustainability assessment by the indicators proposed for use at the macro level (2005/2013). (Continuation).

The change of the land provision indicator
(the area of arable land per 100 persons
of the population) is marked by the positive
dynamics in Ukraine. However, comparing this
indicator to the level of arable territory, which
is the highest value in Ukraine, it is obvious that
the positive trend is provided by the increasing
of the arable land area with the decreasing
of the population.

of the forest fund and the protected areas, the forest
area, the share of the protected areas in the total
area).
According to the natural indicators of the given
block of indicators, Ukraine ranks the first places
among the post-socialist countries, but according
to the relative indicators, it ranks the last places.
Ukraine has the largest area of the forest fund
and the lowest level of the forest cover; the share
of the protected areas is less than 3 %, while in other
countries it ranges from 10 to 55 %. Moreover,
the area of the arable land in the postsocialist countries is in times less than the area

The global issues are reflected in the indicators
of ecosystem functions saving and the conservation
of biodiversity and the protection of land
(the indicators are the following: the area
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of the protected
– on the contrary.

areas,

and

in

Ukraine

of the increasing of the proportion of rural
population is positive.

The problem of the low technological level
of production and the connected with it accidents
and disasters, leading to environmental pollution
is an extremely difficult problem for solving
for the post-socialist camp countries (the indicators
are the following: the share of the costs of fresh
water in agriculture, the number of fires, the area
of forest land traversed by fires, mineral fertilizers
per 1 ha of arable land).

According to the obtained data, the agricultural land
use in Ukraine, as well as in the other post-socialist
countries, has a positive dynamics by the majority
of indicators, but has not reached the sustainability
indicators yet. According to the six indicators
in Ukraine, Latvia, Lithuania, Slovenia, Croatia
and Estonia the negative dynamics of development
is set. Poland and Slovakia have better results
(the first one has 4 indicators with negative
value growth and the second one has 5 indicators
with
negative
value
growth).
Bulgaria
and the Czech Republic have worse results
(the first one has 8 indicators with negative
value growth and the second one has 9 indicators
with negative value growth). However, only
3 out of 25 indicators (cereal production
per 100 hectares of arable land, the area of pro
in the total area) set a positive trend for all
the countries.

The problem of the economic evaluation
of the pollution impact on the state of the soil is
extremely relevant, as the European and Ukrainian
studies showed. It is necessary for the executive
and legislative bodies of power to pay more
attention to the protection of land resources
(the indicators are the following: the flow of
sulfur dioxide into the atmosphere per capita;
the availability of household waste per capita).
Among the post-socialist countries Ukraine ranks
the eighth place according to the share of costs
of fresh water in agriculture, but at the same time
it ranks the second place according to the number
of forest fires and the flow of sulfur dioxide
into the atmosphere per capita, the fourth place
according to the area of forest lands traversed
by fires, and the last place according to the level
of mineral fertilization.

In the context of the separate blocks of indicators,
different trends are set.
As for the block "The level and efficiency
of the land use" the most indicators with negative
growth rate are set for Latvia and Estonia
(Figure 4). Ukraine together with Latvia, Slovenia,
Croatia and the Czech Republic is in the group
of countries in which the negative deviation
of growth rates is determined by two indicators.
The least negative deviations in the growth
rates indicators for this block are set in Bulgaria
(1 indicator) and Slovakia (there is no any negative
deviation).

Because of the environmental pollution
and the decrease of the agriculture efficiency
the problem of health and the living standards
of population in Ukraine is identified (the indicators
are the following: the rate of natural population
growth, gross agricultural output per capita,
the
index
of
income
concentration,
the employment rate of the population, the average
annual per capita consumption of calories,
proteins and fats).

For such countries as Latvia, Lithuania, Croatia,
Estonia and Ukraine, the problematic issue is
the pace of dynamics of the development
of the land resources and arable areas. The common
thing for these countries is the positive dynamics
of grain production per 100 hectares of arable land,
though, the yield of grain in Slovenia and Croatia
in dynamics decreased.

Ukraine compared to the post-socialist countries
occupies the top positions according to the received
gross agricultural output per capita (the second
place), the level of employment (the third place)
and the level of average calorie consumption
(within the norms). However, the death rate
in Ukraine exceeds the birth rate and fat consumption
exceeds the protein consumption.

According to the block "Structural changes"
only Latvia and Slovenia have positive dynamics
of the indicators (Figure 5). The negative rate
of the share of agriculture in total gross added
value is set in 8 countries (Latvia and Slovenia are
the exceptions), and most of all is in Romania
and Bulgaria. The accelerated pace of urbanization
can be seen in 4 countries (Bulgaria, Romania,
Croatia and Ukraine).

In turn, the changes in these indicators affect
the structural changes in the ratio of rural and urban
population: in Ukraine urbanization increases,
while in Latvia, Lithuania, Poland, Slovakia,
Slovenia and the Czech Republic the dynamics
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Source: developed by the author
Figure 4: The assessment of the dynamics of indicators of the agricultural land use sustainability according to the indicators
of the block "The level and efficiency of the land use".
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Source: developed by the author
Figure 5: The assessment of the dynamics of indicators of the agricultural land use sustainability according
to the indicators of the block "Structural changes in the economy".

According to the block "Environmental losses",
"Emergency" and "The technological level"
the negative growth rates can be seen in all
indicators, but most of all it is connected
with the adding of the mineral fertilizers (Bulgaria,
Latvia, Poland, Romania, Slovakia, the Czech
Republic, Estonia and Ukraine) (Figure 6).
On the other hand, such changes can be regarded
as positive, contributing to the greening
of production, as the growth rates of crops yield

for most of these countries are positive. It should
be noted that Bulgaria, Latvia and Romania have
a very high growth rate of the number of fires
and the area of forest land traversed by fires.
According to the block "Environmental pollution",
Ukraine should be mentioned as the only country
among the surveyed countries, which increased
the flow of sulfur into the atmosphere per capita
while reducing its number (Figure 7).
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Source: developed by the author
Figure 6: The assessment of the dynamics of indicators of the agricultural land use sustainability according
to the indicators of the blocks "Environmental losses", "Emergency" and "The technological level".
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Source: developed by the author
Figure 7: The assessment of the dynamics of indicators of the agricultural land use sustainability according
to the indicators of the block "Contamination of land and environment".

According to the block "Health and the living
standards of the population", Ukraine is the only
country which has the positive growth in all
indicators (Figure 8). Another six countries (Latvia,
Lithuania, Poland, Slovakia, Slovenia and Estonia)
have negative trends only for one of the identified
indicators. The highest growth rates of the negative
values are set by the indicator of income inequality
– in Bulgaria, Latvia, Lithuania, Romania
and Croatia.

The top trends according to the studied indicators
are set by the indicators of the block
"The conservation of ecosystem functions
and biodiversity» (Figure 9). Only in Slovenia
the negative growth rates of the area of the forest
funds and the forest area are found. However,
the largest growth rates of the protected areas are
set in Bulgaria and Lithuania.
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Figure 8: The assessment of the dynamics of indicators of the agricultural land use sustainability according
to the indicators of the blocks "Health and standard of living of the population".
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Figure 9: The assessment of the dynamics of indicators of the agricultural land use sustainability according
to the indicators of the block "The conservation of ecosystem functions and biodiversity".

Most indicators the dimension of which is allowed,
we correlated with the data for 2005. As for
some indicators because of the lack of the data
the comparison was held for other periods:

-
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the share of agriculture in total gross
added value – the data about the countries
(except Latvia, Lithuania and the Czech
Republic) are taken for 2003 and 2011;
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-

-

the flow of sulfur oxide into the atmosphere
per capita – the data about Latvia, Lithuania
and Romania are taken for 2000 and 2008;
the
average
annual
per
capita
consumption – the data for 2011 are given
in the numerator. According to the index
of income concentration (Gini coefficient)
– the Quinta coefficient of funds value
is given for Ukraine, which is calculated
according to the methodology for assessing
the living standards and incomes
of the population of Ukraine according
to the official statistics.

Ukraine, Croatia and Lithuania got the last three
places in the ranking. The main reason for such
low indicators, common to these countries, is
the low share of the protected areas in the total
area. In addition, Ukraine and Lithuania have
the high level of the share of the fresh water usage
in agriculture.
Overall, the gap between the highest and lowest
generalized indicator of the agricultural land use
sustainability assessment in 2005 was 2.34 units
(the value of the highest indicator exceeds the value
of the lowest one by 1.7 times).
During the ten years the ranking table changed
for all surveyed countries except Bulgaria.
Five countries fell by ranking, including:
Poland – by 1 position; Lithuania and Estonia
– by 2 positions; the Czech Republic
– by 5 positions; Romania – by 6 positions. Five
countries increased by rating, including: Latvia
and Croatia - by 1 position; Slovakia
– by 3 positions; Slovenia – by 4 positions; Ukraine
– by 7 positions.

2. Calculating the integral indicator to compare
the countries’ land use sustainability
According to the calculations in 2005, Estonia,
the Czech Republic and Latvia got the first three
places in the ranking (Figure 10).
Estonia had the highest share indices by two of the
eight indicators: the share of the fresh water usage
in agriculture and the share of the protected areas
in the total area.

In 2013, Estonia and Latvia retained its primacy
in the ranking, and Slovenia got into the top three
instead of the Czech Republic (Figure 11).

In the Czech Republic the value of three partial
indicators exceeded 0.7: cereal production
per 100 hectares of arable land; the availability
of household wastes per capita; the level
of employment.

The distribution of places among these countries
according to the partial indicators also changed.
For example, Slovenia had the highest share
indicators in four out of eight indicators:
the level of the tilled area; the forest area; the share
of the protected areas in the total area
and the share of the fresh water usage

In Latvia the value of three partial indicators
exceeded 0.7: the availability of household wastes
per capita; the level of employment; the forest area;
the share of the protected areas in the total area.
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Source: developed by the author
Figure 10: The rating of the post-socialist countries according to the agricultural land use sustainability
assessment in 2005.
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Figure 11: The rating of the post-socialist countries according to the agricultural land use sustainability
assessment in 2013.

in agriculture, in which there was a significant
increase (of 0.761 units).

Similar approaches to assessing the sustainability
of agricultural land use, based on a system
of indicators describing the economic, social
and environmental results of land use, have been
introduced by Marada et al. (2012) and Smith
and McDonald (1998).

In Estonia and Latvia according to the three partial
indicators their value exceeded 0.7: the availability
of the household wastes per capita; the level
of employment and the forest areas.

Marada et al. (2012) presents the importance
and possibilities for assessing the sustainability
of farming on arable land. The methodology
SAGROS was developed at the Mendel University
in Brno to provide tool for these assessments
in the Czech conditions. It covers environmental
as well as economic and social dimension
of sustainability using set of 21 main and 32 partial
indicators. Final result is presented by overview
of normalised values in radial graph to make
identification of week points of farm management
easier. Unfortunately, this method was used
to assess particular agricultural enterprise
in the period 2009-2011. At the same time, the study
confirms the representativeness of the assessment
of the sustainability of agricultural land use
according to our proposed method at the macro
level, which has already been tested at the micro
level.

Croatia, Lithuania and Romania took the last
three places in the ranking instead of Ukraine.
In Romania in 2013 compared to 2005 the value
of five out of eight partial indicators decreased
(cereal production per 100 hectares of arable land,
the share of the fresh water usage in agriculture,
the level of employment, the share of the protected
areas in the total area, the share of agriculture
in the total gross added value). In Ukraine during
this period the values of four indicators significantly
improved (cereal production per 100 hectares
of arable land, the share of agriculture in total
gross added value, the forest area, the availability
of the household wastes per capita).
The main reason for such poor indicators, common
for these countries, also changed. If in 2003 it was
a low proportion of the protected areas in the total
area, in 2013 it was a high proportion of the fresh
water usage in agriculture. Besides, Lithuania
and Romania had a high level of the tilled area.

Smith and McDonald (1998) review the current
state of knowledge in defining sustainable
agriculture within the broader sphere of sustainable
development. They conclude that agricultural
sustainability
encompasses
biophysical,
economic and social factors operating at the field,
farm, watershed, regional and national scales.

Overall, the gap between the highest and lowest
general indicator of the agricultural land use
sustainability assessment in 2013 was 2.51 units
(the value of the highest indicator exceeds the value
of the lowest indicator by 1.7 times).
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The immediate challenge is to determine what
are sustainable agricultural uses before they are
implemented – at the planning stage. The final
section outlines a framework within which current
land evaluation, environmental impact and strategic
environmental assessment approaches to land use
planning may be extended, and argues that these
approaches must include, from the beginning,
sustainability criteria.

are general for all countries studied, so they can
not be compared with the results obtained in our
study, although the list of indicators is significant
in number.
The latest report on a large-scale study
of the sustainability of agricultural land use
on identified issues in EU member states was
published in 2014 (Keenleyside et al., 2014). Unlike
previous documents, this study focuses on assessing
the results achieved through the implementation
of the Common Agricultural Policy. This factfinding study provides recommendations for future
EU policy on the development of High Nature
Value farmland. All the digital information
in the study is given in aggregate for the 27 EU
member states in 2014, so it is impossible
to compare the results of the report with the research
of the article, but the main recommendations
of the report are consistent with the conclusions
of the article in the economic block.

For the first time, a comprehensive study assessing
the level of sustainability of agricultural land
use in the countries of the post-socialist camp,
which are full members of the EU, as well
as Ukraine, was published in 1999. Countries
reports on the current environmental situation
in agriculture were presented at the Central
and Eastern European Sustainable Agriculture
Network seminar (FAO, 1999). This document best
reflects the objectives of our study in terms of content
and list of countries studied. All reports have
the same structure, which simplifies their
comparative
assessment,
and
are
built
on the principle of identified problems,
which corresponds to the first methodological
approach of our study. On the other hand, the reports
are more descriptive, which makes it impossible
to compare them quantitatively by measuring
the indicators according to the second
methodological approach proposed in our study.
At the same time, the conclusions declared
in the report are in full agreement
with the conclusions of our study, in particular,
obtained by the first methodological approach.

Further research focuses mainly on the ecological
component of agricultural land use. This approach
may be due to the fact that social issues related
to land use are not as critical for EU member
states as for Ukraine. In particular, a report was
published in 2014 that includes aspects of data
on the various relationships between agriculture
and the environment (Elbersen et al., 2014).
The report describes data gaps in the field
of ecologically valuable pastures and lands,
provides examples of best practices in agricultural
land use and practical recommendations
for optimal design and management of coastal
buffer zones. The conclusions of the report coincide
with the conclusions of the study in terms
of proposals for solving environmental problems,
which is explained by the purpose of the report.
However, the proposals and recommendations
presented in the report are mostly generalized
without country detail.

The next similar study was conducted in 2005,
the results of which were published Agriculture
and environment in EU-15 – the IRENA indicator
report (EEA, 2005). The project covered 15 EU
Member States in 2002 and aimed to develop
a system of agri-environmental indicators
to monitor progress towards integrating
environmental concerns into the CAP. The report
covers the period from 1990 to 2000
on 42 indicators. The evaluation was performed
for each indicator on a score system from 0 to 2,
which generally gave a result in the range
from 6 to 19 points: 13 indicators are in the range
of 15 points and above, which characterizes them
as positive; 28 indicators are in the range
from 8 to 14 points and are characterized
as potentially positive; only 1 low potential indicator
(ground water levels – IRENA 31). Thus, this study
is more consistent with the first methodological
approach proposed by us in the article. However,
the conclusions of the report are not detailed
for specific countries, and the recommendations

A number of other reports were published before
2014, but the conclusions cannot be compared
with those obtained in the article, as the reports
either covered a narrow range of research problems
or considered a set of problems in the context
of a single country or 2-3 countries.
After 2014, no studies similar in content
and coverage to countries were conducted.
Summarizing the above, in general, for all studied
countries, the following three criteria for sustainable
land development in the long-term perspective
could be identified.
First, for land resources, their number or ability
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to produce biomass must, at least, not decrease
over time, that is to ensure a simple mode
of reproduction. This means preserving the area
of the most valuable agricultural land or – in the case
of reducing their area – maintaining (increasing)
the level of agricultural production, forage potential
of land for farm animals, etc.

by the impending global environmental
crisis;
5) the laws of nature exclude ownership
of ecosphere resources, including land.
Resources should not belong to individuals,
groups of people or states. They belong
to all mankind as a whole, including all
future generations of people. Therefore,
the ownership of land resources established
by human laws is always relative and can
never be complete. Land ownership, which
harms nature and through it man, must be
excluded;
6) land resources used by man must be
reproduced, restored both quantitatively
and qualitatively. This means the qualitative
characteristics of the soil. Expecting
natural recovery in conditions of violation
of the environmental regulatory function
of the biosphere in most cases are not
justified;

Secondly, it is necessary to develop and implement
systems of low-waste and resource-saving
technologies, which will significantly reduce their
workload per person or unit of area.
Third, pollution of land resources (both total
and by type) in the future should not exceed
its current level, it is necessary to predict
the possibility of minimizing pollution of socially
and economically acceptable level (unrealistic
to expect "zero" pollution).
This approach to determining the main criteria is
based on the fact that land belongs to the category
of inexhaustible renewable resources. Thus changes
in economy of land resources should be based
on methodological principles of modern resource
science:

The implementation of these principles essentially
means the application of a high biosphere
environmental tax on land resources, which will
ultimately lead to an increase in the cost of the entire
resource base of the economy and, accordingly:
general quantitative restrictions on the extraction
of agricultural land resources; the need for fuller
use of useful components from raw materials;
stimulation of all means and technologies that
allow to reduce the volume of land resources
in the process of production and consumption;
the need to find technologies for agricultural
production that would replace the use
of land resources with new, cheaper and highly
environmental.

1) inexhaustible resources do not exist.
On the Earth in relation to human activity
there is an inviolable law of exhaustion
of all natural resources. Even sources
of cosmic energy – solar radiation
and gravitational (tidal) energy can be
limited in time due to changes in their quality
on Earth under the influence of anthropogenic
actions;
2) exhaustibility of land resources depends
on the level of their renewable. The amount
of land extraction that exceeds the amount
of their self-restoration, in fact, puts these
resources in the category of non-renewable.
Excess of extraction over recovery, even
short-term, is dangerous not so much
by reduction of stocks of resources, how
many disturbance of natural regulatory
mechanisms of recovery;
3) no research or economic activity can
be qualified as the reproduction of land
resources. As a rule, it is only a matter
of expanding the front of their operation.
In the best and very special case man can
only partially restore the previously impaired
ability of natural mechanisms to recover;
4) large-scale exploitation of land resources
on
the
scale
of
the
evolution
of the biosphere on Earth can be maintained
only for a relatively short time, limited

All these criteria must be taken into account
in the process of developing the concept
of sustainable development. Taking into account
certain criteria will preserve the environment
for future generations and will not worsen
the ecological conditions of their habitat.

Conclusion
The generalization of the foreign and domestic
methodological
experience
to
develop
the sustainability indicators sets the following
trends:
-

[75]

the increase of the number of indicators used
to assess sustainability necessitates their
classification. The totality of the indicators
characterizing the relations in the "society-
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-

nature" system is proposed to attribute
to the ecological and economic indicators.
The indicators of the balance type that show
the ratio between "the reserves of the natural
capital" and the degree of its use, taking
into account compensation measures, are
recommended to attribute to the indicators
of sustainability;
the value of the component-wise indicators
(with a total increase in their number) is
kept at the regional level, and the role
of the integral indicators, including
the assessment of the natural resources
and human potential, increases. As part
of the regional programs of ecological
and economic development the componentwise indicators are used that can be
transferred to the integral indicators using
integrated environmental and economic
accounts.

in the ranking of sustainability of the agricultural
land use for the countries of the post-socialist camp.
To solve the problems in the field of the agricultural
land use, Lithuania, Bulgaria, the Czech Republic,
Poland, Slovakia, Latvia, Romania and Ukraine
should focus on the issues of the land resources
use; Poland, Slovenia, Estonia, Romania should
concentrate on the issues of the efficiency
of the land use; Lithuania, the Czech Republic,
Poland, Croatia, Slovakia, Slovenia, Estonia
and Latvia should centre on the issues
of the improvement of the system of the structural
changes in the economy; all countries, except
for Slovenia, should focus on the issues of reducing
the environmental losses; Lithuania and Estonia
should be concentrated about the issues
of the reduction of the environmental pollution;
Croatia should stick to the issues of raising the level
of employment; Lithuania, the Czech Republic,
Croatia, Estonia, Latvia, Romania and Ukraine
should pay attention to the issues of the preservation
of ecosystem functions and biodiversity.

The expediency is proved and methodological
approaches for the agricultural land use stability
assessment has been made up: the construction
of the system of indicators, each of which reflects
some aspects of the land use sustainability
at the macro level; the construction of the integral
indicator to compare the countries’ land use
sustainability.

The obtained results should be used in the future
in the construction of national and regional models
of optimal use of agricultural land on the example
of the study Ongsomwang and Lamchuen (2015).
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