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Abstract: The aim of the study is to elaborate an econometric model to determine the conditions
for ensuring the balanced development of environmental, economic, and social components of the
Russian agricultural sector within the Eastern European region. The method of fuzzy sets was used
to build an integral model for assessing the level of sustainable development of the agricultural sector
in Eastern Europe on the basis of economic, environmental, and social sustainability indicators. The
control indicators (independent variables) and integral economic, environmental, social sustainability
(dependent variables) helped build multifactor linear regression models and calculate the indicators
of elasticity of dependent variables from independent variables, which characterize the change in
sustainable development indicators with the growth of controlling factors by 1%. This model allows
us to define and analyze the levels of sustainable development of the industry, both in a specific
country and within the region in general. The study shows that, for Russia and Eastern European
countries, innovation is one of the crucial factors in ensuring sustainable development of agriculture
in the region, taking into account the current state and level of economic development.

Keywords: Russia; Eastern Europe; innovation; agriculture; sustainable development; efficiency

1. Introduction

Agriculture is one of the strategic sectors of economic development for Eastern Euro-
pean countries and for Russia in particular. Despite the fact that the share of agriculture
in the region’s GDP has almost halved since 2000 [1], it represents an average of 5% of
the region’s GDP [1]. However, it should be noted that agriculture is the most susceptible
branch of the economy as far as climate is concerned [2]; global warming and climate
change, which according to experts will keep getting worse, pose serious threats to crop
and livestock farming in the region [3]. As recent studies show, Europe is warming faster
than the rest of the world: by 1.7–1.9 ◦C compared to 0.94–1.03 ◦C for 2010–2019, [4] and
Eastern Europe is especially dry [5]. In addition, global warming in Russia has occurred at
a rate 2.5 times faster than the global average. Russia in the past 10 years has experienced
warming by 0.47 ◦C, while the global average is 0.18 ◦C [6]. Sustainable agriculture is
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important for Russia because of the need to ensure food security, the development of areas
outside urban settlements, as well as the guarantee of sustainable production [7]. In view
of this, the country adheres to the principles of overall sustainable growth and stability
in the framework of the strategy of good neighborhoods with the countries of Eastern
Europe [8] as strategic partners and a single natural territorial area, stretching from the
Baltic to the Black and Adriatic Seas.

Climate change affects the development of the agricultural industry in the region in
different ways, which is explained by the level of development of the national economy,
predetermining the adaptive capacity of the industry [9,10]. Russia and other Eastern
European countries are the most affected by climate change. This is due to the fact that
they cannot in practice use exactly the same advanced approaches and technologies to
adapt to climate change that are typical for agriculture in Western Europe [11]. According
to recent data from the Food Sustainable index 2020 [12], the countries of Eastern Europe,
with the exception of Poland, are mainly characterized by the lowest level of agricultural
sustainability (below 65 points). Russia’s index is 53.9 points and ranks 62nd out of the
66 countries participating in the ranking [12]. This indicates the priority of increasing
agricultural productivity both in Russia and in most Eastern European countries. At the
same time, it contradicts the main provisions of the Strategy for Sustainable Development
of Rural Areas of the Russian Federation [13], the Concept of Russia’s Development until
2020 [14], and Sustainable Development Goals (SDGs) [15]. Sustainable development
of agriculture is essential for achieving most of the strategic goals in the SDGs, so it
is important to strengthen the participation of this sector in the national development
strategies of Russia and the entire Eastern European region.

The imposition of forced quarantine measures to prevent the spread of the COVID-19
pandemic has created additional economic problems for the Eastern European region [16].
Thus, one cannot deny the fact that the economic success of these countries and the
efficiency of agriculture were largely the result of the introduction into global value chains
and the movement of many industries from the West to the East of Europe. Foreign direct
investment predetermined the level of innovation and technology development in Eastern
Europe [17], whereas the global recession caused by the pandemic has seriously threatened
the international trade supply networks on which the economies of these countries are
highly dependent [18]. Thus, climate change and its impact on the agricultural sector in
the region is already evident. Adaptation measures are disjointed and uncoordinated [19],
while the introduction of consistent comprehensive interactive approaches at this stage of
ensuring the sustainability of the industry in the region is crucial.

Most of the scientific research within the framework of sustainable agricultural devel-
opment focus on the balance of the three sustainable development components (economic,
environmental, and social) [20–23]. Such a balance is achieved through the active develop-
ment of innovation in the agricultural sector. It is open innovation and new technologies
in the management of agricultural systems in modern conditions that are a determining
factor of the qualitative improvement process that includes the capacity for development
of the most fertile agricultural land to meet the needs of the growing population [24] and
modernization of agricultural production [25] and agricultural systems [26–30]. Indeed,
the need for innovative development of the agricultural sector is obvious to ensure sus-
tainable development and prevent potential risks. However, as evidenced by the analysis
of practical achievements [31,32], there have been no significant changes in the shaping
of innovative agriculture in the region. The problem is not in the lack of high-frequency
scientific products but in a much lower level of solvent demand for their development and
practical implementation on the part of the agro-industrial sector in comparison with other
sectors of the economy in Russia and other Eastern European countries [31–33]. This, in
turn, is the result of the low level of profitability of agricultural enterprises, the high level
of their debt burden, and the lack of own funds. Thus, the potential for sustainable devel-
opment of the industry in the region is being reduced in both the medium and long term.
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The emphasis is placed on the search for cheap borrowed funds [34,35] and preferential
state financing [7,34,36] rather than on the innovative development of agriculture.

Based on the above, it can be argued that the described results of scientific research
are a set of relatively stable features of the innovative development of agriculture. The
possibility of influencing them in the framework of the implementation of agricultural
policy is not significant. However, in our opinion, it is methodologically important to
answer the following questions: How important is it to take into account the specifics of
the object (industry, state, level of economic development) where innovative practices are
implemented? Are financial factors paramount to the sustainability of the agricultural
sector? Is it possible to apply a uniform state innovation strategy without taking into
account industry-specific and territorial peculiarities? Therefore, in this paper, we tried to
answer these questions. The main contribution of this study is in the econometric estimates
of the conditions for achieving sustainable development of agriculture in Russia as a part
of the East European region.

2. Literature Review

In the academic literature, the concept of sustainable development embraces both the
macro [37–41] and micro levels [42] of agriculture. In general, there are some common fea-
tures of the concept, which are the identification of the three structural interconnected com-
ponents of sustainable industry development: environmental, social, and economic [37–39].
Environmental factors characterize the quality of inputs and the efficiency of agricultural
management [37,38]. Economic factors represent the level of productivity of an indus-
try, as well as its profitability and its payment capacity [37,38], while social factors relate
to the local context, the participation of actors in benefit-sharing, and sustainable con-
sumption [37,39]. Within this context, a significant amount of research has focused on the
relationship between agriculture, sustainability, and climate change, in terms of both the
risks associated with different climate scenarios and regions [37–40,43,44] as well as the
steps that ensure innovations required for the sustainable development [24,45,46].

Many scientists [24,40,46–51] believe that balancing factors of production, profitability,
environmental protection, and social considerations contributes to the sustainability of
the agricultural industry. This has been accompanied by attempts to develop practical
systems for measuring sustainability in the different systems of farming, cropping, and
livestock raising on which humanity depends for subsistence. Zhen and Routray [48] urge
agricultural researchers to recognize the importance of sustainability in agricultural sys-
tems, devise ways of measuring sustainability, and examine empirically the sustainability
of some well-defined cropping or farming systems and develop methods to measure it.
However, it is not always clear to what extent an agricultural system can be considered
sustainable. The sustainability of agriculture is not limited to the impact on the ecological
system and the impact of environmental factors on the industry. The controversial nature
of this issue has been accompanied by attempts to develop practical systems for measur-
ing sustainability in the different systems of farming, cropping, and livestock raising on
which humans depend for subsistence [48]; in other words, the question arises as to how
agricultural sustainability can be measured.

Many scientists not only have focused on recognizing and justifying the importance of
agricultural sustainability in achieving global food security [52], but also have developed
an approach to measuring the sustainability of agricultural systems. They have also consid-
ered sustainable development to be a form of economic development. Most scientists tend
to believe that accurate measurement of agricultural sustainability is not possible because
the latter is a dynamic concept and the functioning of the industry is site-specific [24,42].
Sustainability in these dimensions may be difficult to reconcile because each will have
a different time-scale and perspective in each context [42]. Moreover, what is defined
as “sustainable” depends to some extent on the perspectives of the analysts [37,38,53].
Therefore, many scientists have described the sustainability of the agricultural–industrial
complex (AIC) in terms of quality characteristics [38,39,52]. For example, Pancino et al. [52]
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examined the process of developing multi-stakeholder partnerships for sustainable inno-
vation in the food supply chain and, using qualitative characteristics, justified the most
efficient strategies for sustainable innovation. Many studies have also focused on identify-
ing various systems of factors: demographic, natural, socioeconomic, political, institutional,
governance, and others, which are drivers of sustainable agriculture [24]. These systems,
in conjunction with sustainability indicators, can serve as a basis for the development of
efficient agricultural policies that promote sustainability in the industry [24,47].

Modern economic science has accumulated considerable research on the innovative
development of agriculture, but most research studies consider innovation as a result of
sustainable development of agro-industrial production [29,54,55]. First of all, it is ensuring
the formation of new market niches for the consumption of agricultural products and
reducing the negative impact on the environment, namely plowing huge territories and
clearing forests for fields, the use of chemicals for fertilizers, pollution of waste from
livestock, degradation of aquatic ecosystems with eutrophication, etc. [29,54,56]. This
viewpoint is based on the fact that a sufficient level of technological change will make it
possible to increase agricultural productivity so much by the end of the current century
that is easy to achieve in the face of any negative impact from climate change caused by
global warming [57]. However, scientists also argue that this is possible with a certain level
of economic development that only industrialized, rich countries can afford [57]. These
countries can afford serious technological changes in the agricultural industry and ensure
its extensive development on an innovation basis [57], whereas the agro-industrial sector in
countries with developing economies is not an investment-attractive industry [58,59] and
its sustainability and development depend primarily on financial factors, such as the level
of state subsidies, the level and possibility of bank lending for agriculture in the country,
and the level of foreign investment in the industry [7,58].

Some scientists also tend to regard innovation as a magic pill for ensuring the sustain-
able development in the agricultural sector, explaining their viewpoint by the slowdown
of the “green revolution” [54]. Even if no further slowdown follows, it is very likely that
food demand and production growth will proceed at nearly the same rate [54]. Global
demand for food is expected to triple by the 2080s due to increases in world population
and income [60]. In addition, it seems likely that a significant amount of land area will
be converted to biomass production for ethanol fuel [60]. As a consequence, supply and
demand are in a rather unsteady equilibrium, which would deteriorate significantly in the
case of a major negative shock associated with global warming [60].

3. Methodology
3.1. Agriculture Sustainable Development Indicators

The set of indicators for assessing the sustainable development of the agricultural
sector was formed on the basis of the following sources [38,42,53]:

1. Economic sustainability:

• Food producer price index (in constant prices for 2010, USD), %—Prod_Cost
• Agricultural products import cost rise index, USD Million, %—Imp
• Agricultural products export cost rise index, USD Million, %—Exp
• Growth index of the real value added of agricultural products, USD Million,

%—Add_Value_GR
• AIC gross fixed capital formation growth index, USD Million, %—Accum_Cap
• Basic capital consumption growth index, USD Million, %—Consump_ Cap
• Loans disbursed in the AIC growth index, USD Million, %, %—Credit
• Foreign direct investments in the AIC growth index, USD Million, %—FDI
• Public expenditure on agriculture, food and rural affairs growth index, USD

Million, %—Gov_Spend
• Public expenditure on environmental protection in the agricultural sector growth

index, USD Million, %—Gov_Spend_EP
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• Growth index of the volume of public expenditures on research and development
(R&D) carried out in agriculture, %—Gov_Res

• Growth index of expenditures of enterprises on R&D carried out in agriculture,
%—Enter_Res

2. Ecological sustainability:

• Carbon emissions growth index, gigagrams, %—Emissions_CO2
• Methane emissions growth index, %—Emissions_CH4
• Nitrous oxide emissions growth index, %—Emissions_N2O
• SAR emissions growth index in the sector, %—Emissions_SAR
• AR5 emissions growth index in the sector, %—Emissions_AR5
• AR4 emissions growth index in the sector, %—Emissions_AR4

3. Social sustainability:

• Volume of employment growth index in the sector, %—Employ
• Customer prices index (2010 = 100%), %—CPI
• Actual wages growth index in the sector, USD, %—Wages

When calculating price indices, 2010 was used as a point of comparison and calculated
at chain growth rates.

In addition to methods of scientific generalization and systematization, the expert
assessment method (individual survey) was also used to justify the set of indicators. Fifty
representatives of the Federal State Budgetary Institution (FSBI) Federal Legal Expert Cen-
ter of Agro-industrial Complex, the FSBI Analytical Center of the Ministry of Agriculture
of Russia, and the FSBI Center for Strategic Planning in the Sphere of Agro-industrial
Complex of the Russian Federation acted as experts. Competence of experts was confirmed
by five years of working experience in the field of analytical assessment of the state of
Russian agriculture, planning and development strategies for the industry. The experts
were invited to assess the expediency of using each individual indicator to assess the
sustainable development of the agricultural sector on a 10-point scale.

The experts also assessed the ampleness of the suggested set of indicators for es-
timating sustainability of agricultural development by components such as economic,
environmental and social development. In the 10-point scale, 10 meant that the suggested
set of indicators was sufficient for assessing sustainable development of agriculture, as
it does not need to be supplemented by other indicators that are not included in the list;
0 meant that it was not appropriate to use the suggested set of indicators for assessment,
and that there are more significant indicators, according to experts, that are not included in
the list that characterize the sustainable development of agriculture. The threshold score
for deciding whether to use the indicator was 8.5 points (85% of the maximum score). To
determine the threshold score, we used the factorization index, determined by the method
of principal components. A sufficient level of informativity was reached at 80–85% [61].

According to the suggested list, the expediency of using each individual indicator to
assess sustainable development was rated an average of 9.1 points (in the range between
8.9 and 10 points), and the adequacy of the entire set of indicators was rated at 8.8 points.

Consistency of experts’ opinions was confirmed by the value of the variation coeffi-
cient: 0–6.8% when assessing each individual indicator and 7.8% when assessing the whole
set of indicators. Since the values of the variation coefficients did not exceed 10%, this
indicates a weak variability of experts’ assessments and, therefore, the consistency of their
opinions and the reliability of the expert assessment results. The system of indicators for
sustainable development of agriculture was used for the 2001–2019 period in Russia and
other Eastern European countries: Belarus, Bulgaria, Czech Republic, Hungary, Poland,
Moldova, Romania, Slovakia, Ukraine. Among the information sources are the Federal
State Statistics Service [62], Food and Agriculture Organization [1], and OECD.Stat [63].

The possibility of using data from all Eastern European countries to model the sustain-
able development of Russia’s agricultural sector in time study was confirmed by the same
direction and force (with a 5% error probability) of causal relationships among sustainable
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development indicators of Russia and among sustainable development indicators of other
Eastern European countries. Causality between sustainable development indicators was
established using the Granger test in the EViews 10 software (IHS Markit, London, UK).
The homogeneity of the set of indicators was also confirmed by the identical range of values
of integral indicators (environmental, social, and economic components of sustainability)
[0; 1] and their calculation method (using fuzzy sets).

3.2. The Model of Assessing Sustainable Development in Agriculture

The method of fuzzy sets served as a methodological basis for constructing a model.
This method was used for the following reasons:

1. The possibility of obtaining an integral assessment. This study did not assume the
initial deterministic variable characterizing the sustainable development of the agri-
cultural sector but focused on the construction of a synthetic integral value. Obtaining
an integral indicator allowed us to combine the three directions of sustainable devel-
opment (economic, environmental, and social), thereby ensuring the comprehensive
character of the study.

2. In addition to the value of the integral indicator of sustainable development, the
method allowed us to determine its levels. The use of levels allowed us to carry out a
qualitative assessment of the development of the agricultural sector.

3. In determining the integral index, we used not the numerical data of the indicators,
but their levels. In this case, there is no possibility of a situation in which excessive
values of one indicator compensate for the low values of another. This ensured a
balanced assessment.

4. Determination of the levels of private and integral indicators implied a probabilistic
assessment. This allowed for a more accurate interpretation of the intermediate values,
determining the probabilities of their falling to adjacent levels.

The method implied that the determination of sustainable development indicators
levels was the major task. The use of the Student criterion allowed determining statistically
significant differences in the value of indicators, which served as a basis for determining
quantitative boundaries of the levels of one hundred percent confidence in the classification.
Based on the results of Student t-statistics, levels (low, medium, high) and the nature of the
classification function were determined. A trapezoidal function for determining the levels
of indicators of sustainable agriculture was written as follows:

µ1 =


1, Xmin ≤ Xi ≤ Xi(t1)

Xi(t2)−Xi
Xi(t2)−Xi(t1)

, Xi(t1) < Xi < Xi(t2)

0, Xi(t2) ≤ Xi ≤ Xmax

,

µ2 =



0, Xmin ≤ Xi ≤ Xi(t1), Xi(t4) ≤ Xi ≤ Xmax
Xi−Xi(t1)

Xi(t2)−Xi(t1)
, Xi(t1) < Xi < Xi(t2)

Xi(t4)−Xi
Xi(t4)−Xi(t3)

, Xi(t3) < Xi < Xi(t4)

1, Xi(t2) ≤ Xi ≤ Xi(t3)

,

µ3 =


0, Xmin ≤ Xi ≤ Xi(t3)

Xi−Xi(t3)
Xi(t4)−Xi(t3)

, Xi(t3) < Xi < Xi(t4)

1, Xi(t4) ≤ Xi ≤ Xmax

,

(1)

with µ1 being the probability of attributing i indicator to the low level, µ2 to the medium
level, µ3 to the high level;

Xi being agricultural sector sustainability indicators;
Xmin being a minimal value of i indicator;
Xmax being a maximal value of i indicator;
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[Xmin; Xi(t1)], [Xi(t2); Xi(t3)], [Xi(t4); Xmax], being i indicator values with statistically signifi-
cant differences of Student coefficient;
Xmin < Xi(t1) < Xi(t2) < Xi(t3) < Xi(t4) < Xmax.

Formula (1) was used to calculate integral indicators of sustainability of the agricul-
tural sector, namely economic (Econ_Sust), ecological (Ecol_Sust), and social (Soc_Sust)
sustainability, as well as an integral indicator of the industry’s sustainable development
(Sustain_Dev) based on Econ_Sust, Ecol_Sust, Soc_Sust indicators. Integral indicators are
calculated as an arithmetic mean of the sum of values (qi) for private indicators that are
part of the corresponding integrated one:

For stimulating indicators: q = 0 (low level), q = 0.5 (medium level), q = 1 (high level);
For disincentives q = 0 (high level), q = 0.5 (medium level), q = 1 (low level).

The use of q values of 0.1 or 0.3 for low levels and 0.7 or 0.9 for high levels, as defined
in certain papers [64,65], leads to a narrower range of integral indicator values. With such
values, it is impossible to obtain the minimum and maximum possible values of 0 and
1, respectively. This makes it difficult to use the t-criterion for determining the levels of
integral indicators. Therefore, the values q = 0 for low and q = 1 for high are taken in this
study. The levels of integral indicators have been determined using Formula (1).

To determine the power and nature of the influence of control indicators on the level
of agriculture development, multifactor linear regression models were built based on the
values of indicators for the countries of Eastern Europe for the 2001–2019 period [1,62,63].
Dependent variables were Econ_Sust, Ecol_Sust, Soc_Sust, and independent variables were
determined by the graph method. The use of regression analysis was driven by the need to
determine the nature and quantitative measurement of the impact of controlled indicators
(independent variables) on the economic, environmental, and social sustainability of
the industry. The construction of linear regression models became possible due to the
confirmed indicators of model adequacy (F and t-criteria) of the linear nature of the
relationship between dependent and independent variables. The power of influence of
control indicators was estimated by calculating the elasticity coefficient.

4. Results
4.1. Verification of Causal Links between Sustainability Indicators in the Agricultural Sector and
Their Hierarchy Levels

The system of indicators is formed of interdependent indicators. In this regard, in
order to ensure the adequacy of the results of further evaluation and the possibility of their
economic interpretation, the set of indicators was tested for causal relationships. For this
purpose, the Granger test was used.

The use of the Granger test to check for causal relationships between sustainability
indicators in the agricultural industry was made possible by bringing the time series of
indicators to a fixed format. Causal links between indicators were identified in three
separate groups of economic, environmental, and social development indicators.

Table 1 shows the links between economic indicators that are statistically significant at
p = 0.05. In case of significant links between two indicators at different lags, the table shows
the more significant ones, for which Prob. = min (using L = 1, L = 2, L = 3, L = 4 lags).

The cause-and-effect graph is based on test results (Figure 1).
In the direction of the edges of the oriented graph, the sets S(zi), P(zi), S(zi)∩P(zi)

are defined (Appendix A), and using the method of graphs, the levels of the hierarchy of
indicators of economic sustainability of the agricultural sector are defined.

According to the obtained results, the 1st level of the hierarchy formed Credit, FDI,
Gov_Spend, Gov_Spend_EP, Gov_Res, Enter_Res indicators. The scope of financing determines
the availability of funds, as well as production potential. Sufficient funding for research
and development improves the technological process, increases labor productivity and
land yield, and reduces emissions. Funding for expanded reproduction creates new
jobs increasing employment and real income in the industry. Credit, FDI, Gov_Spend,
Gov_Spend_EP, Gov_Res, and Enter_Res indicators influence other economic indicators of
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the industry, as well as environmental and social indicators. In addition, these indicators
can be managed by changing the amount of financing, as well as its sources and uses.
Therefore, these indicators have been defined as the managing ones for modeling the
conditions for the transition to sustainable agriculture in Russia and Eastern Europe.

Table 1. Indicators of the significance of causal links between the indicators of economic sustainability of agriculture in
Russia and Eastern European countries.

Links Prob. L Links Prob. L

Prod_Cost→ Imp 0.0007 1 Credit→ Consump_Cap 0.0020 1
Prod_Cost→ Exp 0.0002 1 FDI→ Add_Value_GR 0.0006 1

Prod_Cost→ Add_Value_GR 0.0009 1 FDI→ Accum_Cap 0.0016 1
Prod_Cost→ Consump_Cap 0.0012 1 FDI→ Consump_Cap 0.0021 1

Imp→ Add_Value_GR 0.0019 1 Gov_Spend→ Prod_Cost 0.0029 1
Exp→ Add_Value_GR 0.0020 1 Gov_Spend→ Add_Value_GR 0.0011 1
Add_Value_GR→ Imp 0.0001 1 Gov_Spend→ Accum_Cap 0.0020 1
Add_Value_GR→ Exp 0.0000 1 Gov_Spend→ Consump_Cap 0.0023 1

Accum_Cap→ Add_Value_GR 0.0030 1 Gov_Spend→ Gov_Res 0.0001 1
Consump_ Cap→ Prod_Cost 0.0025 1 Gov_Spend_EP→ Prod_Cost 0.0004 1

Consump_ Cap→ Exp 0.0028 1 Gov_Res→ Prod_Cost 0.0106 1
Consump_ Cap→ Add_Value_GR 0.0016 1 Gov_Res→ Add_Value_GR 0.0001 1

Consump_ Cap→ Accum_Cap 0.0005 1 Gov_Res→ Gov_Spend 0.0001 1
Credit→ Prod_Cost 0.0007 1 Enter_Res→ Prod_Cost 0.0267 1

Credit→ Add_Value_GR 0.0002 1 Enter_Res→ Add_Value_GR 0.0001 1
Credit→ Accum_Cap 0.0013 1

Note: Prob.—probability of accepting the hypothesis that there are no causal links between indicators; L—number of lags.

Figure 1. Cause-and-effect graph of the links between agricultural economic sustainability indicators in Russia and other
Eastern European countries.

Level 5 of the hierarchy was formed by Imp, Exp, Add_Value_GR indicators, which are
the result of the impact of Level 1–4 indicators when assessing the sustainable development
of the agricultural sector. These indicators are used to determine the levels of the Russian
AIC sustainable development.
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The 2nd–4th-level indicators were not used in further calculations as they would
mediate the impact of management indicators on the resulting ones.

In terms of environmental and social indicators, the application of the Granger test
did not allow statistically significant links between them to be established. Therefore, all of
the proposed indicators were used to build a model for assessing sustainable development
in environmental and social terms, characterizing environmental development (Emis-
sions_CO2, Emissions_CH4, Emissions_N2O, Emissions_SAR, Emissions_AR5, Emissions_AR4)
and social development (Employ, CPI, Wages).

This approach to the definition of indicators of sustainable development of the agri-
cultural sector made it possible to distinguish:

(1) the level of resulting indicators, which reveals the development of the industry in the
areas of economy, society, and ecology;

(2) the level of control indicators, which, when changed, make it possible to alter the
trajectory of the agricultural sector development.

The use of relevant scientific literature, expert assessments, and statistical processing
methods (Granger test, graph method) in the formation of indicators ensures their repre-
sentativeness, validity, statistical significance, and applied nature in modeling sustainable
development of Russia and other Eastern European countries (Belarus, Bulgaria, Czech
Republic, Hungary, Poland, Moldova, Romania, Slovakia, and Ukraine).

4.2. Assessment of Sustainable Agriculture Development in Russia

Applying the Student’s criterion to the values of sustainable agricultural development
indicators made it possible to determine the ranges of values corresponding to the indicator
levels. These are ranges for which the probability of attributing an indicator to a certain
level is 100% (µi = 1). The functions of the classification of levels of indicators of sustainable
development of the industry have been defined (Appendix B).

Function (2) assumes the use of minimum (Xmin) and maximum (Xmax) values as
indicators to determine the level ranges. The classification functions are applicable to the
full range of sustainable development indicators—[0; +∞].

Indicators of economic (Exp, Add_Value_GR) and social (Employment, Wages) devel-
opment are the stimulating factors for sustainable development. The impact of the Import
Indicator (Imp) is ambivalent [66–68], but in this study, import is regarded as having a
positive impact on economic development [67,68].

The consumer price index (CPI) indicator is disincentive, as an increase in the price
index leads to a decrease in real incomes, solvent demand and living standards. Environ-
mental development indicators are disincentives of sustainable development.

In defining an integral sustainable development indicator (Sustain_Dev), the growth of
individual indicators (Econ_Sust, Ecol_Sust, Soc_Sust) promotes sustainable development.
Therefore, the Econ_Sust, Ecol_Sust and Soc_Sust indicators are the stimulating ones. The
Sustain_Sust values are calculated as arithmetic mean values of private development
indicators (Econ_Sust, Ecol_Sust, Soc_Sust) taking into account the q scores that are assigned
according to the level.

The ranges of values of the integral sustainable development indicator and its compo-
nents (economic, environmental, and social development), corresponding to one hundred
percent confidence in the classification, are defined according to the following levels:

• Low level [0; 0.25]
• Medium level [0.33; 0.75]
• High level [0.83; 1]

The functions that determine inclusion in the development levels are as follows:
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µ1 =


1, 0 ≤ I ≤ 0.25
0.33−I

0.08 , 0.25 < I < 0.33
0, 0.33 ≤ I ≤ 1

,

µ2 =


0, 0 ≤ I ≤ 0.25; 0.83 ≤ I ≤ 1
I−0.25

0.08 , 0.25 < I < 0.33
0.83−I

0.08 , 0.75 < I < 0.83
1, 0.33 ≤ I ≤ 0.75

,

µ3 =


0, 0 ≤ I ≤ 0.75
I−0.75

0.08 , 0.75 < I < 0.83
1, 0.83 ≤ I ≤ 1

.

(2)

where I is an integral indicator of the development (Econ_Sust, Ecol_Sust, Soc_Sust, Sus-
tain_Dev).

The results of the assessment showed that Russia has a medium level of sustainable
development in agriculture (Figure 2).

Figure 2. Integral assessment of sustainable development of agriculture in Russia. Note: 0.81
*—intermediate level of Sustain_Dev indicator (25%—probability of relating to a medium level,
75%—probability of relating to a high level); 0.79 **—intermediate level of Sustain_Dev indicator
(50%—probability of relating to a medium level, 50%—probability of relating to a high level).

In 2014, Russia’s level of sustainable development (Sustain_Dev = 0.17) was charac-
terized as low, and in 2004–2005 and 2012, it was measured at high and medium levels.
Among the indicators of economic growth, the lack of stable growth dynamics of agricul-
tural exports was determined to be a disincentive (growth was observed in 2003–2004,
2006–2008, 2010–2013, and 2018, and declines were observed in 2001–2002, 2005, 2009,
2014–2017, and 2019).

Environmental development is also characterized by alternating periods of high and
low values of the Ecol_Sust integral indicator. However, since 2013, this indicator has
been at medium and low levels due to the growth of all types of pollutant emissions. The
consumer price index indicator is also characterized by constant growth (up to 189.2% in
2019), which has a negative impact on the integral social development indicator.

4.3. Conditions for Transition to Sustainable Development in the Agricultural Sector

This analysis shows that there is a lack of stable growth dynamics in the agricultural
sector. To ensure sustainable development, at least two out of three individual development
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indicators (Econ_Sust, Ecol_Sust, Soc_Sust) should be at a high level. A medium level is
allowed for one of these indicators. The combination of high and medium level indicators
is not relevant, since the Sustain_Dev indicator has the same importance for economic,
environmental, and social development indicators. In turn, the high values of integral
economic, environmental, and social development indicators are ensured by the high level
of two out of three of the private indicators included in the respective integral sustainable
development indicators and the average value of one out of three indicators. For the
integrated environmental development indicator, which consists of six private indicators, a
low level for one indicator is allowed when the others are high.

As shown by the results of the graph method (Appendix A), the controlling factors
in the transition to sustainable development are the financing indicators (Credit, FDI,
Gov_Spend, Gov_Spend_EP, Gov_Res, Enter_Res). Their impact on the values of integral
indices of economic, environmental, and social development has been described using
multifactor linear regression models (Table 2). The values of these indicators, converted
from percentage values into coefficients, are used as independent variables in regression
models. The values of the indicators Econ_Sust, Ecol_Sust, Soc_Sust are used as dependent
variables. The models are based on a sample of Eastern European countries (Russia, Belarus,
Bulgaria, Czech Republic, Hungary, Poland, Moldova, Romania, Slovakia, Ukraine) for the
period of 2001–2019. Based on data [1,62,63]. The number of observations 180 indicates the
sufficiency of the sample.

Table 2. Characteristics of models of the influence of financing indicators on the sustainability of agriculture development
of Eastern European countries.

Dependent Variable Independent Variable Model

Model Adequacy Indicators (Calculated
Criteria Values)

Elasticity Coefficients of
Dependent Variable on

Independent Variable, %F-Criterion t-Criterion

Econ_Sust

Credit Econ_Sust = 0.37 ×
Credit + 0.65 × FDI +

0.28 × Gov_Spend + 0.67
× Gov_Res + 0.72 ×

Enter_Res − 2.12

38.41

3.30 0.81
FDI 3.25 0.80

Gov_Spend 3.01 0.62
Gov_Res 4.61 1.41

Enter_Res 4.70 1.50

Ecol_Sust

Credit Ecol_Sust = 0.37 × Credit
+ 0.37 × Gov_Spend +

0.78 × Gov_Spend_EP +
0.44 × Gov_Res + 0.40 ×

Enter_Res − 1.68

19.38

3.13 0.78
Gov_Spend 3.17 0.79

Gov_Spend_EP 4.92 1.66
Gov_Res 3.51 0.90

Enter_Res 3.32 0.81

Soc_ Sust

Credit Soc_Sust = 0.45 × Credit
+ 0.39 × Gov_Spend +

0.29 × Gov_Res + 0.26 ×
Enter_Res − 0.98

22.04

3.49 0.90
Gov_Spend 3.18 0.79

Gov_Res 2.56 0.56
Enter_Res 2.49 0.49

Statistica 12.0 software (StatSoft, Tulsa, OK, USA) was used to build regression models.
The influence of the control variables was estimated by calculating the elasticity coefficients,
which characterize the percentage change in the dependent variables with a 1% change in
the independent variables. Table 2 presents statistically significant regression models. The
appropriateness of the constructed regression models is confirmed by values of Fisher’s
F-criterion and Student’s t-criterion. The calculated values of these indicators for all models
exceed the tabulated values of 2.27 for F-criterion with the number of degrees of freedom
df = (5; 174), and 2.43 with the number of degrees of freedom df = (4; 175), and 1.97 for
t-criterion with p = 0.05.

Calculations showed that there is no statistically significant relationship between
the dynamics of foreign direct investment across the industry and environmental and
social development indicators. This suggests that investment is primarily directed towards
quantitative growth (expansion of production, exports, and imports) without concern for
improving the environmental and social conditions.

The economic development of the sector is determined by the growth of lending,
foreign direct investment, government spending, and the amount of funding for R&D
carried out in agriculture financed by the state and enterprises. The highest elasticity of
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the economic development indicator is demonstrated by the volume of spending on R&D
in agriculture at the expense of the state (with an average elasticity coefficient of 1.41%)
and at the expense of enterprises (with an average elasticity coefficient of 1.50%). The
increase in the volume of loans issued by 1% contributes to the growth of the economic
development indicator by 0.81%. The 1% increase in foreign direct investment contributes
to the growth of the economic development indicator by 0.80%. The 1% increase in public
spending contributes to a 0.62% increase in the economic development indicator.

The environmental development indicator is dependent on the dynamics of lending
(elasticity coefficient 0.78%), government spending on agriculture in general (elasticity
coefficient 0.79%). The environmental development indicator showed the highest elasticity
from the amount of government spending on environmental protection (elasticity coeffi-
cient value 1.66%), government spending on R&D on agriculture (0.90%), and enterprises’
spending on R&D on agriculture (0.81%).

The social development of the agricultural sector is most significantly affected by the
dynamics of lending (elasticity coefficient 0.90%) and government spending on agriculture
(0.79%). Positive influence on the level of social development is also provided by the
growth in volumes of expenses on research and development of agriculture at the expense
of the higher amount of payment for intellectual, high-tech labor, in comparison with the
low-tech labor requiring less qualification. The growth of expenditure on R&D in this sector
contributes to the industry profitability due to the use of more efficient technologies, growth
of the number of investors, creation of new enterprises and, as a consequence, reduction of
consumer prices for goods, and growth of employment level, which is a stimulant of social
development. A 1% increase in government spending on R&D in agriculture contributes
to a 0.56% increase in the social development index, while a 1% increase in enterprise
spending on R&D on agriculture leads to a 0.49% increase in the social development index.

Changes of the Integral Sustainable Development Index (Sustain_Dev) in the face of
the change in control factors are estimated based on the sum of the percentage change of
the indices of managing factors’ impact on indicators of Econ_Sust, Ecol_Sust, Soc_Sust due
to the equal importance of these indicators.

5. Discussion
5.1. Sustainable Development of the Agricultural Sector

In this study, we proposed an approach to assess the level of sustainable development
of the agricultural sector in Russia in the framework of its development in Eastern Europe.
The developed approach is based on balancing the indicators of economic, environmen-
tal, and social development and takes into account the influence of controlling factors
on the sustainability of the agro-industrial complex, in contrast to the existing research
results [40,43,48,49]. This approach allows the current monitoring of the state of agricul-
ture, identifying the destabilizing factors that hinder the development of the industry in
interaction. This is a new approach that combines agriculture, economics, and ecology and
takes into account compromises and synergies between the sectors and components of
sustainability. It also proves that agricultural systems can be defined at different scales.

The model is built on the basis of private indicators with their informativeness
proven by expert and statistical methods. This approach differs from the widespread
approach [43,49], which estimates the sustainability of development as a ratio of positive
effect to potential. This study identified the dominant factors influencing the development
of the industry. These are factors that, unlike those in [50,51], are controllable, and by
changing them, it is possible to determine the course of sustainable development of the
agricultural sector. The proposed approach makes it possible to determine the conditions
for the switch of the sector to sustainable development through changes in the structure of
R&D funding and sources of financing of the agricultural sector, taking into account the
state and level of development of the country’s economy. For the purposes of this study,
these countries are Russia and other countries of the Eastern European region (Belarus,
Bulgaria, Czech Republic, Hungary, Poland, Moldova, Romania, Slovakia, and Ukraine)
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that belong to the emerging market countries. The proposed approach made it possible to
use econometric methods to substantiate the following debatable issue: taking into account
the specifics of the countries’ economic development, the innovation factor is one of the
decisive ones in the process of ensuring sustainable development of the agricultural sector
along with the factors of state financial support [7,29,54,57]. It should be noted that the
system of indicators lacks natural factors, such as climatic conditions, land fertility, and the
amount of land used for agriculture. Their use is impractical as they are unmanageable.
That is, there is no possibility of modeling the optimal proportions in the sector due to
changes in these indicators, and their impact is reflected through the above indicators of
economic, social, and environmental development.

Due to the fact that the countries studied in this paper are emerging market countries,
government funding is essential for the sustainable development of the agricultural sector.
This puts a burden on the state budget and also weakens the motivation for the innovative
development of agricultural enterprises. To solve this problem, it is advisable to develop
a strategy of open innovation in the agricultural sector of Russia and the entire Eastern
European region. The state should stimulate the expansion of cooperation of the agro-
industrial complex with research institutes and the system of higher education to move
towards the implementation of digital technologies in the industry [69,70]. This in turn will
allow taking into account local peculiarities of fields and animals in the region’s countries,
natural variability, and the like. This may help reduce resource consumption, increase crop
yields and animal productivity, and improve the quality and speed of decision-making to
ensure the sustainability of the industry in the long term [71,72].

5.2. Open Innovation as Strategy for Sustainable Development

The intensive development of open innovations in agriculture is one of the main
directions in ensuring the sustainability of this sector in Eastern Europe and Russia in
particular. The need for open innovation lies in the fact that with the proper organization
of active cooperation between farmers and industrial partners, they will be able to access
the world’s best technologies and competencies as quickly as possible. They will also be
able to use their technologies and competencies for approaching new and diverse threats
to the sustainable development of agriculture.

In view of the identified peculiarities of agricultural development in Eastern Europe,
it seems advisable to develop a strategy for open innovation in the areas of the introduction
of geoinformation technologies and GPS in farming to develop precision agriculture. Using
geographic information technologies, farmers will be able to display current and future
changes in rainfall, temperature, crop yields, plant health, and more. These technologies
also will allow for GPS-based applications to be used along with smart technologies to
optimize fertilization and pesticide application and more. Leveraging best practices for
satellite and aerial imagery can help provide more accurate yield predictions and near
real-time field monitoring to detect a variety of threats to the industry. Furthermore, the
agricultural sector should focus on the widespread use of various kinds of digital platforms
operating based on satellite monitoring to intensify open innovation strategies. Within
the framework of achieving the sustainability of the region’s agricultural sector, these
measures will enable it to increase the efficiency of the field monitoring process by not
missing the most appropriate moment for field processing, making the fastest and most
accurate decisions by farmers, and so on. Thus, open innovation makes it possible to
obtain a larger number of effective solutions to the task at hand and shorter time frames for
obtaining favorable results, while saving financial costs to achieve sustainable agricultural
development in Eastern Europe in the near future. These outcomes will contribute to
the counteraction to technogenic and socio-cultural threats, and radically increase the
connectedness of agricultural territories.

It should be noted that the economic indicators of Eastern Europe (Russia, Belarus,
Bulgaria, Czech Republic, Hungary, Poland, Moldova, Romania, Slovakia, and Ukraine),
as emerging economies with lower levels of sector financing and lower levels of adaptive
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capacity to deteriorating climate conditions compared to Western Europe, were used to
form the sample of the econometric model of agricultural sustainability proposed within
the study. These differences arise because today, agriculture in Eastern Europe is not
at the same high level as in Western Europe and because the options for adaptation to
future climate change are not the same in these two regions. Therefore, the proposed
approach and the patterns of influence of governing factors on the sustainability of the
agricultural sector identified by the results of the study are applicable to all countries
of Eastern Europe. In case the proposed approach is used to assess the sustainability of
agricultural sector development in other countries, it is necessary to recalculate the levels
of economic, environmental and social development indicators and to re-build models of
the influence of controlling factors on the sustainability of agricultural sector development
in order to identify the patterns of their influence that are specific to these countries.

The proposed approach can also be used to assess the sustainability of any other
industry, but in this case, it is also necessary to adjust the list of indicators taking into
account the specifics of agriculture, the level of development of the national economy, and
its innovation potential.

6. Conclusions

We can conclude that under current conditions, Russia and the rest of Eastern Europe
(Belarus, Bulgaria, the Czech Republic, Hungary, Poland, Moldova, Romania, Slovakia, and
Ukraine) have unstable dynamics of agricultural sector development, which exacerbates
the development of adaptation mechanisms to worsening climatic conditions. In addition,
Russia in the Eastern European region is characterized one of the countries with the most
pronounced volatility of sustainable agricultural development and is mainly characterized
by an average level of development. As the results of the study have shown, the controlling
factors in the transition to sustainable agricultural development in the countries of the
Eastern European region are the indicators of industry financing, promoting a more active
implementation of innovative technologies in the industry, and achieving sustainability
of the agro-industrial complex in the shortest possible time. The following results were
obtained: a 1% increase in the volume of agricultural lending leads to a 2.50% increase in the
sustainable development index; a 1% increase in the volumes of direct foreign investments
in the industry leads to a 0.80% increase, a 2.19% increase in government spending on the
sector, a 1.66% increase in government spending on environmental protection in the field
of agriculture; growth of government spending on R&D in agriculture leads to an increase
of 2.87%; and growth of enterprise spending on R&D in agriculture leads to an increase
of 2.79%. Therefore, in the current conditions, in order to balance the environmental,
social, and economic development of Russia’s agriculture, it is necessary for the sector’s
innovation to develop as it leads to mutually supportive economic, ecological, and social
growth in the agricultural sector.

Consequently, in modern conditions, to ensure the balance of environmental, social
and economic development of agriculture in Russia within the Eastern European region,
the most effective way is to provide favorable conditions for lending to economic entities.
As a result, there is complementary economic, environmental, and social growth in the
functioning of the agricultural sector. In further research, scientific priority will be placed on
justification through econometric evaluation of the effectiveness of innovative approaches
for Russia and the rest of Eastern Europe in conditions of more dynamic deterioration of
the climate and level of development of the national economy, so as to ensure the greatest
synergistic effect on the development of agricultural sustainability.
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Appendix A

Table A1. Levels of the hierarchy of agricultural economic development indicators.

i S(zi) P(zi) S(zi)∩P(zi) Level

1st iteration

Prod_Cost Prod_Cost, Imp,
Add_Value_GR, Exp

Prod_Cost, Consump_Cap, Credit,
FDI, Gov_Spend, Gov_Spend_EP Prod_Cost -

Imp Imp, Add_Value_GR, Exp

Imp, Prod_Cost, Consump_Cap,
Credit, FDI, Gov_Spend,

Gov_Spend_EP, Add_Value_GR,
Accum_Cap, Exp

Imp, Add_Value_GR,
Exp -

Exp Exp, Add_Value_GR, Imp

Exp, Prod_Cost, Consump_Cap,
Credit, FDI, Gov_Spend,

Gov_Spend_EP, Add_Value_GR,
Accum_Cap, Imp

Exp, Add_Value_GR,
Imp -

Add_Value_GR Add_Value_GR, Imp, Exp

Add_Value_GR, Imp, Exp,
Prod_Cost, Consump_Cap, Credit,
FDI, Gov_Spend, Gov_Spend_EP,

Accum_Cap

Add_Value_GR, Imp,
Exp -

Accum_Cap Accum_Cap, Add_Value_GR,
Imp, Exp

Accum_Cap, Credit, FDI,
Gov_Spend, Consump_Cap,
Prod_Cost, Gov_Spend_EP

Accum_Cap -

Consump_ Cap
Consump_Cap, Accum_Cap,
Add_Value_GR, Imp, Exp,

Prod_Cost

Consump_Cap, Credit, FDI,
Gov_Spend, Prod_Cost,

Gov_Spend_EP

Consump_Cap,
Prod_Cost -

Credit
Credit, Consump_ Cap,

Accum_Cap, Add_Value_GR,
Imp, Exp, Prod_Cost

Credit Credit 1

FDI
FDI, Consump_Cap,

Accum_Cap, Add_Value_GR,
Imp, Exp, Prod_Cost

FDI FDI 1

Gov_Spend
Gov_Spend, Consump_Cap,

Accum_Cap, Add_Value_GR,
Imp, Exp, Prod_Cost, Gov_Res

Gov_Spend, Gov_Res Gov_Spend, Gov_Res 1

Gov_Spend_EP Gov_Spend_EP, Prod_Cost,
Imp, Add_Value_GR, Exp Gov_Spend_EP Gov_Spend_EP 1

Gov_Res
Gov_Res, Prod_Cost, Imp,

Add_Value_GR, Exp,
Gov_Spend

Gov_Res, Gov_Spend Gov_Res, Gov_Spend 1

Enter_Res Enter_Res, Prod_Cost, Imp,
Add_Value_GR, Exp Enter_Res Enter_Res 1
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Table A1. Cont.

i S(zi) P(zi) S(zi)∩P(zi) Level

2nd iteration

Prod_Cost Prod_Cost, Imp,
Add_Value_GR, Exp Prod_Cost, Consump_Cap Prod_Cost -

Imp Imp, Add_Value_GR, Exp Imp, Prod_Cost, Consump_Cap,
Add_Value_GR, Accum_Cap, Exp

Imp, Add_Value_GR,
Exp -

Exp Exp, Add_Value_GR, Imp Exp, Prod_Cost, Consump_Cap,
Add_Value_GR, Accum_Cap, Imp

Exp, Add_Value_GR,
Imp -

Add_Value_GR Add_Value_GR, Imp, Exp
Add_Value_GR, Imp, Exp,
Prod_Cost, Consump_ Cap,

Accum_Cap

Add_Value_GR, Imp,
Exp -

Accum_Cap Accum_Cap, Add_Value_GR,
Imp, Exp

Accum_Cap, Consump_Cap,
Prod_Cost Accum_Cap -

Consump_ Cap
Consump_Cap, Accum_Cap,
Add_Value_GR, Imp, Exp,

Prod_Cost
Consump_Cap, Prod_Cost Consump_Cap,

Prod_Cost 2

3rd iteration

Prod_Cost Prod_Cost, Imp,
Add_Value_GR, Exp Prod_Cost Prod_Cost 3

Imp Imp, Add_Value_GR, Exp Imp, Prod_Cost, Add_Value_GR,
Accum_Cap, Exp

Imp, Add_Value_GR,
Exp -

Exp Exp, Add_Value_GR, Imp Exp, Prod_Cost, Add_Value_GR,
Accum_Cap, Imp

Exp, Add_Value_GR,
Imp -

Add_Value_GR Add_Value_GR, Imp, Exp Add_Value_GR, Imp, Exp,
Prod_Cost, Accum_Cap

Add_Value_GR, Imp,
Exp -

Accum_Cap Accum_Cap, Add_Value_GR,
Imp, Exp Accum_Cap, Prod_Cost Accum_Cap -

4th iteration

Imp Imp, Add_Value_GR, Exp Imp, Add_Value_GR, Accum_Cap,
Exp

Imp, Add_Value_GR,
Exp -

Exp Exp, Add_Value_GR, Imp Exp, Add_Value_GR, Accum_Cap,
Imp

Exp, Add_Value_GR,
Imp -

Add_Value_GR Add_Value_GR, Imp, Exp Add_Value_GR, Imp, Exp,
Accum_Cap

Add_Value_GR, Imp,
Exp -

Accum_Cap Accum_Cap, Add_Value_GR,
Imp, Exp Accum_Cap Accum_Cap 4

5th iteration

Imp Imp, Add_Value_GR, Exp Imp, Add_Value_GR, Exp Imp, Add_Value_GR,
Exp 5

Exp Exp, Add_Value_GR, Imp Exp, Add_Value_GR, Imp Exp, Add_Value_GR,
Imp 5

Add_Value_GR Add_Value_GR, Imp, Exp Add_Value_GR, Imp, Exp Add_Value_GR, Imp,
Exp 5

Note: i—indicator; S(zi)—attainability set; P(zi)—precursor points set.



J. Open Innov. Technol. Mark. Complex. 2021, 7, 74 17 of 22

Appendix B

Table A2. Functions for determining the level of sustainable development indicators in agriculture.

Indicator Classification Function

Economic Sustainability Indicators

Imp

µ1 =


1, Imp ≤ 96.7

97.3−Imp
0.6 , 96.7 < Imp < 97.3

0, 97.3 ≤ Imp

µ2 =


0, Imp ≤ 96.7; Imp ≥ 109.8
Imp−96.7

0.6 , 96.7 < Imp < 97.3
109.8−Imp

1 , 108.8 < Imp < 109.8

1, 97.3 ≤ Imp ≤ 108.8

µ3 =


0, Imp ≤ 108.8

Imp−108.8
1 , 108.8 < Imp < 109.8

1, Imp ≥ 109.8

Exp

µ1 =


1, Exp ≤ 96.2

97.1−Exp
0.9 , 96.2 < Exp < 97.1

0, Exp ≥ 97.1

µ2 =


0, Exp ≤ 96.2; Exp ≥ 108.6
Exp−96.2

0.9 , 96.2 < Exp < 97.1
108.6−Exp

1.5 , 107.1 < Exp < 108.6

1, 97.1 ≤ Exp ≤ 107.1

µ3 =


0, Exp ≤ 107.1

Exp−107.1
1.5 , 107.1 < Exp < 108.6

1, Exp ≥ 108.6

Add_Value_ GR

µ1 =


1, Add_Value_ GR ≤ 90.1

92.8−Add_Value_ GR
2.7 , 90.1 < Add_Value_ GR <

0, Add_Value_ GR ≥ 92.8

92.8

µ2 =


0, Add_Value_ GR ≤ 90.1, Add_Value_ GR ≥ 106.9
Add_Value_ GR−90.1

2.7 , 90.1 < Add_Value_ GR < 92.8
106.9−Add_Value_ GR

1.5 , 105.4 < Add_Value_ GR < 106.9

1, 92.8 ≤ Add_Value_ GR ≤ 105.4

µ3 =


0, Add_Value_ GR ≤ 105.4
Add_Value_ GR−105.4

1.5 , 105.4 < Add_Value_ GR < 106.9

1, Add_Value_ GR ≥ 106.9
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Table A2. Cont.

Indicator Classification Function

Ecological Sustainability Indicators

Emissions_CO2

µ1 =


1, Emissions_CO2 ≤ 97.9

98.8−Emissions_CO2
0.9 , 97.9 < Emissions_CO2 <

0, Emissions_CO2 ≥ 98.8

98.8

µ2 =


0, Emissions_CO2 ≤ 97.9, Emissions_CO2 ≥ 100.7
Emissions_CO2−97.9

0.9 , 97.9 < Emissions_CO2 < 98.8
100.7−Emissions_CO2

0.4 , 100.3 < Emissions_CO2 < 100.7

1, 98.8 ≤ Emissions_CO2 ≤ 100.3

µ3 =


0, Emissions_CO2 ≤ 100.3

Emissions_CO2−100.3
0.4 , 100.3 < Emissions_CO2 < 100.7

1, Emissions_CO2 ≥ 100.7

Emissions_CH4

µ1 =


1, Emissions_CH4 ≤ 96.1

97.8−Emissions_CH4
1.7 , 96.1 < Emissions_CH4 < 97.8

0, Emissions_CH4 ≥ 97.8

µ2 =


0, Emissions_CH4 ≤ 96.1, Emissions_CH4 ≥ 101.4
Emissions_CH4−96.1

1.7 , 96.1 < Emissions_CH4 < 97.8
101.4−Emissions_CH4

1.3 , 100.1 < Emissions_CH4 < 101.4

1, 97.8 ≤ Emissions_CH4 ≤ 100.1

µ3 =


0, Emissions_CH4 ≤ 100.1

Emissions_CH4−100.1
11.3 , 100.1 < Emissions_CH4 < 101.4

1, Emissions_CH4 ≥ 101.4

Emissions_N2O

µ1 =


1, Emissions_N2O ≤ 96.4

97.2−Emissions_N2O
0.8 , 96.4 < Emissions_N2O <

0, Emissions_N2O ≥ 97.2

97.2

µ2 =


0, Emissions_N2O ≤ 96.4, Emissions_N2O ≥ 107.0
Emissions_N2O−96.4

0.8 , 96.4 < Emissions_N2O < 97.2
107.0−Emissions_N2O

1.1 , 105.9 < Emissions_N2O < 107.0

1, 97.2 ≤ Emissions_N2O ≤ 105.9

µ3 =


0, Emissions_N2O ≤ 105.9
Emissions_N2O−105.9

1.1 , 105.9 < Emissions_N2O < 107.0

1, Emissions_N2O ≥ 107.0

Emissions_AR5

µ1 =


1, Emissions_AR5 ≤ 97.9

98.1−Emissions_AR5
0.2 , 97.9 < Emissions_AR5 < 98.1

0, Emissions_AR5 ≥ 98.1

µ2 =


0, Emissions_AR5 ≤ 97.9, Emissions_AR5 ≥ 105.1
Emissions_AR5−97.9

0.2 , 97.9 < Emissions_AR5 < 98.1
105.1−Emissions_AR5

0.3 , 104.8 < Emissions_AR5 < 105.1

1, 98.1 ≤ Emissions_AR5 ≤ 104.8

µ3 =


0, Emissions_AR5 ≤ 104.8
Emissions_AR5−104.8

0.3 , 104.8 < Emissions_AR5 < 105.1

1, Emissions_AR5 ≥ 105.1
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Table A2. Cont.

Indicator Classification Function

Ecological Sustainability Indicators

Emissions_SAR

µ1 =


1, Emissions_SAR ≤ 96.0

97.0−Emissions_SAR
1 , 96.0 < Emissions_SAR <

0, Emissions_SAR ≥ 97.0

97.0

µ2 =


0, Emissions_SAR ≤ 96.0, Emissions_SAR ≥ 104.5
Emissions_SAR−96.0

1 , 96.0 < Emissions_SAR < 97.0
104.5−Emissions_SAR

0.6 , 103.9 < Emissions_SAR < 104.5

1, 97.0 ≤ Emissions_SAR ≤ 103.9

µ3 =


0, Emissions_SAR ≤ 103.9
Emissions_SAR−103.9

0.6 , 103.9 < Emissions_SAR < 104.5

1, Emissions_SAR ≥ 104.5

Emissions_AR4

µ1 =


1, Emissions_AR4 ≤ 95.8

96.1−Emissions_AR4
0.3 , 95.8 < Emissions_AR4 <

0, Emissions_AR4 ≥ 96.1

96.1

µ2 =


0, Emissions_AR4 ≤ 95.8, Emissions_AR4 ≥ 103.0
Emissions_AR4−95.8

0.3 , 95.8 < Emissions_AR4 < 96.1
103.0−Emissions_AR4

0.6 , 102.4 < Emissions_AR4 < 103.0

1, 96.1 ≤ Emissions_AR4 ≤ 102.4

µ3 =


0, Emissions_AR4 ≤ 102.4
Emissions_AR4−102.4

0.6 , 102.4 < Emissions_AR4 < 103.0

1, Emissions_AR4 ≥ 103.0

Social Sustainability Indicators

Employ

µ1 =


1, Employ ≤ 94.6

95.0−Employ
0.4 , 94.6 < Employ < 95.0

0, Employ ≥ 95.0

µ2 =


0, Employ ≤ 94.6, Employ ≥ 101.4
Employ−94.6

0.4 , 94.6 < Employ < 95.0
101.4−Employ

0.5 , 100.9 < Employ < 101.4

1, 95.0 ≤ Employ ≤ 100.9

µ3 =


0, Employ ≤ 100.9

Employ−100.9
0.5 , 100.9 < Employ < 101.4

1, Employ ≥ 101.4

CPI

µ1 =


1, CPI ≤ 99.0

101.3−CPI
2.3 , 99.0 < CPI < 101.3

0, CPI ≥ 101.3

µ2 =


0, CPI ≤ 99.0, CPI ≥ 120.3
CPI−99.0

2.3 , 99.0 < CPI < 101.3
120.3−CPI

0.9 , 119.4 < CPI < 120.3

1, 101.3 ≤ CPI ≤ 119.4

µ3 =


0, CPI ≤ 119.4

CPI−119.4
0.9 , 119.4 < CPI < 120.3

1, CPI ≥ 120.3
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Table A2. Cont.

Indicator Classification Function

Social Sustainability Indicators

Wages

µ1 =


1, Wages ≤ 97.4

99.0−Wages
1.6 , 97.4 < Wages < 99.0

0, Wages ≥ 99.0

µ2 =


0, Wages ≤ 97.4, Wages ≥ 99.0
Wages−97.4

1.6 , 97.4 < Wages < 99.0
106.8−Wages

1.2 , 105.6 < Wages < 106.8

1, 99.0 ≤Wages ≤ 105.6

µ3 =


0, Wages ≤ 105.6

Wages−105.6
1.2 , 105.6 < Wages < 106.8

1, Wages ≥ 106.8

Note: µ1—probability of attributing the indicator to a low level; µ2—probability of attributing the indicator to an average level; µ3—
probability of attributing the indicator to a high level.
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