-
o

bilig

AUTUMN 2023/ISSUE 107

161-195

Arastirma Makalesi / Research Article

The Main Macroeconomic Determinants of
Environmental Degradation in the Independent
Turkic Republics and Tiirkiye: Panel Data Analysis™

Sevda Yaprakh™
Dilek Ozdemir "
0zge Buzdagh™***

Abstract

Precautions to prevent environmental degradation, which
is important for the continuation of life, are among the most
important issues to which all countries attach importance. For
a sustainable environment, it is necessary to make both globally
common and individual policy arrangements appropriate to the
capabilities of each country. In the applied literature, there are
very few studies on the main macroeconomic factors affecting
environmental degradation in the independent Turkic Republics
and Tiirkiye which have an ecological deficit despite their
underground and aboveground natural resources. For this reason,
panel data analyses were conducted for the independent Turkic

Republics of Azerbaijan, Kazakhstan, Kyrgyzstan, Turkmenistan,
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Uzbekistan and Tirkiye using annual data for the period 1996-
2018, depending on data availability. In the analysis, ecological
footprint, which represents environmental degradation, is
considered as a dependent variable; GDP per capita, economic
complexity index, non-renewable and renewable energy
consumption, and trade openness are considered as independent
variables. The results of the analyses show that the most important
determinants of environmental footprint are GDP per capita,
non-renewable energy consumption, and economic complexity

index.

Keywords
Ecological deficit, ecological footprint, biocapacity, macroeconomic

determinants, independent Turkic Republics, panel data analysis.

Introduction

Environmental degradation is essential for the whole world, and almost
every single country makes significant efforts to prevent environmental
degradation. The degradation of the environment (ecosystem), which can
be defined as the economic, social, and physical environment where humans
and all other living and non-living beings are in a relationship and interact
with each other, is usually caused by human-induced activities. Considering
the natural balance between humans and the environment as links in a chain,
disruptions in the links affect the entire chain and cause environmental
degradation (T.R. Ministry of Environment and Urbanization 3). Hence,
environmental problems emerge on the basis of individual countries, but
the negative effects of this adversely affect not only the relevant countries
but also the whole world.

Until the 1960s, it was assumed that scientific and technological progress
and economic growth would make nature the servant of man, and that
the impact of land and natural resources on the economic development of
countries would diminish with technological progress. However, the energy
crises in the 1970s, the liberalization of trade and financial markets in the
1980s, and the increasing environmental problems or awareness since the
1990s showed that production and consumption had numerous direct and/
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or indirect negative impacts on the environment at the national, regional,

and global levels (Yaprakli 6-7).

Nowadays, there is a need for international cooperation to identify the
environmental problems of countries and the factors that cause these
problems, and to find sustainable and stable solutions that are specific to
each country. Therefore, international action plans for the environment, the
common property and heritage of all mankind, are being prepared, various
conventions and agreements are being adopted, and efforts are being made
to ensure that the principles adopted are part of the national policy objectives
of countries. Despite the global nature of the problem, the contribution of
countries to the emergence of environmental problems is not the same at
the local level and/or at the level of being affected by the problem or the
dimensions and impacts of the actions they take.

The environment, which is the basis for the production and consumption
activities carried out by people, is deteriorated as a result of the increase
in these activities, leading to a reduction in economic activities in a
cyclical process (Damirova and Yayla 108). Since there is a complementary
relationship between natural resources and human-created capital,
environmental degradation caused by economic activities eventually leads
to a decline in economic output and wealth levels (Ockwell 4601). The
continuation of economic activities without depleting available natural
resources depends on the ecosystem being compatible with its limited
carrying capacity (Cutler et al. 892). The ecological footprint is calculated
to show whether said compatibility exists and whether the carrying capacity
of the ecosystem is exceeded.

The ecological footprint, one of the most basic indicators of environmental
degradation, shows the extent of natural resource use in each country
and is expressed in global hectares per capita (production capacity of 1
hectare of land-gha). The ecological footprint is the amount of renewable
natural resources (fertile soil, water, air, vegetation cover, etc.) required
to produce the natural resources consumed in a country and globally,
using data production technology, and dispose of the resulting waste.
Biocapacity indicates the capacity to produce renewable natural resources
and is calculated in global hectares (gha) per capita. The ecological footprint
is compared to the amount of natural resources (biocapacity) that can
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be produced in the same period. In this way, ecological deficit (reserve)
values (= biocapacity-ecological footprint) are determined and the extent
of environmental degradation can be identified (WWEF-Turkey 6, 30-
35). An increasing ecological deficit means decreasing ecological reserves
and increasing environmental degradation. In this case, the minimum
requirement for a sustainable environment (biocapacity-ecological footprint
= 0) cannot be provided, and natural resource demand and economic
growth must be limited to return the ecological footprint to the equilibrium
level. The ever-increasing ecological deficit may lead to the collapse of many
critical ecosystems and the inability of the planet to regenerate itself, and
even to the death of life (Ewing et al. 5).

The main objective of this study is to determine the main macroeconomic
determinants of the increase in the ecological footprint of Tiirkiye and the
five Turkic Republics that became independent in 1991. The independent
Turkic Republics were chosen as the subject of research because they are
constantly facing an ecological deficit, although they are generally in
relatively good condition in terms of underground (oil, natural gas, and
precious metals) and surface (fertile agricultural land, forests, grasslands, and
water basins) natural resources (Tunay 178). Therefore, the objective of this
study is to uncover the reasons for the ecological deficit in these countries,
especially based on basic macroeconomic indicators, and to provide policy
recommendations to reduce the ecological footprint.

Based on the explanations above, the introductory section of this study
examines the impact of the main macroeconomic factors on the ecological
footprint (EF) specifically for the independent Turkic Republics and
Tiirkiye, followed by the examination of the change in the ecological deficit
over time on a graphical basis for the countries and the literature review on
the subject. After the implementation section, which provided explanations
of the scope and dataset, methodology, and analysis results, the study
concluded with the conclusions section, which evaluated the analysis results
and made policy recommendations.

Ecological Deficit in the Independent Turkic Republics and Tiirkiye

Since the early 1990s, environmental degradation has generally increased
in Tirkiye and the independent Turkic Republics (Azerbaijan, Kazakhstan,
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Kyrgyzstan, Turkmenistan, and Uzbekistan). The values of ecological

footprint and biocapacity per capita obtained from the available data on the

independent Turkic Republics are shown in Graph 1.
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Graph 1. Ecological Footprint and Biocapacity
Values of Countries per Capita (Global Footprint Network 2022)

As shown in the graphs for the independent Turkic Republics, the

ecological deficit in Azerbaijan and Uzbekistan stabilised around a certain
value [average (-1.5) gha], while in Kazakhstan [average (-2.75) gha] the
decreasing ecological deficit in 1992-1998 turned into an ecological surplus
in 1999-2002, showing a continuous upward trend after 2003, although it
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was lower than in 1992-1998 [average (-1.67 gha)]. In Turkmenistan, which
had an ecological surplus (average 0.2 gha) in 1992-1999, the ecological
deficit [average (-1.81) gha] has increased continuously since 1999, with
the exception of 2009.

The ecological deficit in Kyrgyzstan, which followed a declining trend in
1992-1993, reached a value of 0.35 gha in 1994 and from that time until
2007 showed an ecological surplus (0.3 gha on average). During the period
2008-2018, the ecological deficit increased and amounted to [an average of
(-0.35) gha]. Based on the graphs, it can be said that the ecological footprint
is generally higher than the biocapacity. In other words, the biological
resources have difficulty in eliminating the resulting environmental
degradation in the independent Turkic Republics (Eren 47-48), which
produce and export industrial goods based on valuable minerals such as oil,
natural gas, and gold; agricultural products such as cotton, grain, and rice;
and cattle, sheep, and goat breeding.

These countries (with the exception of Tiirkiye), which had adopted a closed
and planned economic system in the period of USSR, began to implement
new policies during the transition to a market economy (liberalisation of
trade and finance), and thus achieved high export revenues. The Turkic
Republics mainly export raw materials (especially oil and natural gas) and
import capital and consumer goods. Higher prices for exported goods
prevent these countries from getting into balance of payments problems.
However, noncompetitive production and export based on nonrenewable
energy resources such as oil and natural gas can lead to both pollution and
a decline in income and foreign trade revenue, even “Dutch disease,” in the
medium and long term due to environmental concerns (Tunay 179-180).
According to the Dutch Disease, investments in other industrial and service
sectors, output and exports decrease in countries that heavily export raw
materials based on natural resources. Despite the increased export of raw
materials, this leads to a decrease in the share of total exports in GDP and a
slowdown in economic growth (Gylfason and Zoega 1098-1099).

As seen in Graph 1, this value was zero in 1982 in Tiirkiye, which had
an ecological surplus (0.43 gha on average), along with a decreasing trend
during 1961-1981. During the period 1983-2018, Tiirkiye’s ecological
deficit [(-1.1) gha on average] increased continuously except for the years
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1994 and 2001. During the period when Tiirkiye had an ecological surplus,
the strategy of import-substituting industrialization was applied and labor-
intensive goods were produced. Apart from the decreases in the years of
economic and financial crisis, the ecological deficit increased in the years
when Tiirkiye implemented the strategy of trade and financial liberalization
and open industrialization since the 1980s. In particular, in the post-1980
period, the consumption of energy resources such as oil and natural gas
and the production and export of energy-intensive goods and services were
covered to a considerable extent by imports (Yaprakli 130-131).

Literature Review

Numerous applied studies have been conducted in the literature to determine
the macroeconomic factors that affect EE and most of these studies have
focused on one and/or more factors and the relationships between them.
According to the results of these studies, the impact of macroeconomic
factors on the environment differs depending on numerous country-specific
factors such as the countries’ level of development, production and export
structures, consumption patterns, degree of globalization, industrialization,
and applied foreign trade strategies. It is possible to summarize the applied
studies under review according to the obtained results as follows:

Studies by Grossman and Krueger (353-377), Ang (4772-4778),
Hotunluoglu and Tekeli (108-126), Soytas et al. (482-489), Halicioglu
(1156-1164), Tamazian et al. (246-253), Wang et al. (4870-4875), Sharma
(376-382), Ozcan (1138-1147), Oztiirk and Acaraver (262-267), Artan et
al. (308-325), Asane and Otoo (426-435), Salahuddin et al. (1226-1235),
Dogan and $eker (1074-1085), Balogh and Jambor (217-226), Nasreen
et al. (1105-1122), Can and Gozgodr (16364-16370), Khan et al. (22850-
22860), Isik et al. (10846-10853), Cetin and Saygin (529-546), Destek and
Sarkodie (2483-2489), Neagu (1-18), Kosifakis et al. (261-271), Dogan et
al. (1-12), Destek and Sinha (118-137), Yeter et al. (405-432), Leitao et al.
(1-15), and Aller et al. (105-154) examined the impact of economic growth
on environmental degradation. These studies found that environmental
degradation generally increases as income levels increase and pollution
decreases above a certain threshold (Environmental Kuznets Curve),
although this varies by country. Thus, as long as income levels are low, the
priority is to increase production and meet basic needs. However, when
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a certain level of income is reached, environmental awareness increases,
environmentally friendly technologies and energy resources are used, and
thus environmental degradation begins to decrease.

The basic applied studies [Ang (4772-4778), Hotunluoglu and Tekeli (108-
126), Soytasetal. (482-489), Halicioglu (1156-1164), Soytas and Sar1 (1667-
1675), Wang et al. (4870-4875), Sharma (376-382), Ozcan (1138-1147),
Asane and Otoo (426-435), Dogan and $eker (1074-1085), Balogh and
Jambor (217-226), Nasreen et al. (1105-1122), Can and Gozgor (16364-
16370), Neagu and Teodoru (1-29), Isik et al. (10846-10853), Destek and
Sarkodie (2483-2489), Neagu (1-18), Destek and Sinha (118-137), Pata
(846-861), and Aller et al. (105-154)], which studied the impact of energy
consumption on the environment, found that the increase in the use of
nonrenewable energy (such as coal, oil, and natural gas), the basic input for
consumption and production (especially in the manufacturing industry),
increases environmental pollution. The studies by Dogan and Seker (1074-
1085), Balogh and Jambor (217-226), Isik et al. (10846-10853), Dogan et
al. (1-12), Destek and Sinha (118-137), Pata (846-861), and Leitio et al.
(1-15) found that the increasing use of environmentally friendly renewable
energy (such as solar energy and wind energy) has reduced environmental
degradation, increased environmental regeneration, and increased waste
tolerance, but the use of renewable energy has been low in low-income
countries due to the high cost of constructing and operating energy facilities
based on renewable energy sources.

The basic studies that examine the relationship between economic
complexity and environmental degradation [Can and Gézgor (16364-
16370), Neagu and Teodoru (1-29), Dogan etal. (31900-31912), Neagu (1-
18), Kosifakis et al. (261-271), Dogan et al. (1-12), Pata (846-861), Leitao
et al. (1-15), Neagu and Neagu (78-99), and Bucak (1-16)] showed that
economic complexity is now used as an indicator of development instead of
economic growth in the global world order. Economic complexity indicates
the amount of technical knowledge in the production structure, which is
determined by the factors of production of a country. The fact that the
production technology of the goods in a country’s export basket, while other
factors are fixed, is technical knowledge and know-how-intensive shows that
the degree of complexity of these goods, and thus of the economy, is high.
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The Economic Complexity Index (ECI) measures the diversity and
prevalence of a country’s competitive (differentiated/similar) export goods
that require technical knowledge (the number of countries that can produce
these goods). Countries that produce competitive export goods with high
diversity and low diffusion make high profits, especially in intra-industry
trade. Countries with a relatively high level of development may have more
complex production structure. In other words, the degree of complexity
of trade goods produced by countries can be designed according to their
level of development (Can and Gézgor 16367; Yaprakli and Ozden 54-
55). Studies on the relationship between environmental degradation and
economic complexity found that the level of pollution was relatively higher
in countries with low economic complexity.

The main studies that examine the environmental impact of trade
liberalization [Halicioglu (1156-1164), Tamazian et al. (246-253), Sharma
(376-382), Oztiirk and Acaraver (262-267), Artan et al. (308-325), Asane
and Otoo (426-435), Dogan and Seker (1074-1085), Balogh and Jambor
(217-226), Cetin and Saygin (529-546), Destek and Sinha (118-137),
and Aller et al. (105-154)] concluded that the increase in foreign trade,
especially consumption and imports of energy-based inputs in developing
countries, has both led to an export-based export structure and increased
the environmental impact.

On the other hand, although there are numerous studies on this topic in the
literature, very few studies have been conducted on the independent Turkic
Republics and there is no common and clear opinion on these countries.
The studies by Giinel (151-164) and Yeter et al. (405-432) have shown that
factors such as economic growth and consumption of non-renewable energy
negatively affect the environment in the Turkic Republics.

Table 1 provides the basic information on the studies presented above.
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Table 1
Summary of the Literature on the Macroeconomic Determinants of the
Ecological Deficit

Period and
Researcher/s . Method Result

Countryl/ies

GDP affects environmental
Grossman and 1989-1990/ Panel data L .
) ) pollution in an inverted

Krueger/1995 39 countries analysis

U-shape

1960-2000/

France

Ang/2007

Co-integration,

VEC

Economic growth increases
energy consumption and
carbon emissions.

Hotunluoglu and  1995-2003/
Tekeli/2007 18 EU members

Panel data
analysis

Environmental pollution

is affected positively by
fossil fuel consumption and
negatively by taxes.

While energy consumption

Soytas et al./2007 1960-2004/ VAR, causality increases carbon emissions,
the US .
income does not.
Income is the variable that
has the greatest negative
Halicioglu/2009 1?60.—2005/ Co—m'tegratlon, impact on carbon emissions,
Tirkiye causality followed by energy
consumption and foreign
trade.
Economic development
Tamazian et 1992-2004/ Panel data anitr;ld;(zp ?n;lessnr;duce
al./2009 BRIC analysis ‘,:a on € SS, onsa
improve environmental
quality.
There i | li
Soytas and 1960-2000/ Granger cre 1s @ mutua’ causaity
1 . between CO, emissions and
Sar1/2009 Tiirkiye causality 2
energy consumption.
There is a reciprocal
1995-2007/28 relationship between
. Panel data .
Wang et al./2011  provinces of . CO, emissions, energy
. analysis 2 . .
China consumption, and economic
growth.
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1985-2005/
69 developed

Panel data

While per capita income
has an impact on carbon

Sharma/2011 countries and nalvsis GMM emissions, energy
developing analysis consumption and openness
countries do not.

There is an inverted
U-shaped relationship
1980-2008/ Co-Inteeration between income and carbon

Ozcan/2013 12 Middle M OLSg > emissions in 5 countries.

Eastern countries Energy consumption has
a positive effect on carbon
emissions.

GDP affects carbon
Oztiirk and 1960-2007/ Time series emissions in an inverted
Acaravc1/2013 Tiirkiye analysis U-shape, and trade openness
affects them positively.
There is a long-term

1981-2012/  Time series  c2ionship between

Artan et al./2015 1. . economic growth,
Tiirkiye analysis

trade openness, and
environmental pollution.
Per capita income and

1980-2009/  Input-Output/ <. & affect carbon

Asane and 45 African Panel data emissions in low- and

Oto0/2015 countries analvsis middle-income countries.

" Y Openness is meaningless in
all income groups.

Salahuddin et 1991-2012/  Panel data fgoi?’:‘ifrzzthnhzfoa 5

al./2016 OECD countriesanalysis gative tmpact o

emissions
While renewable energy

28(15;?3 66/: d Panel data consumption and trade

Dogan and countries E nd analysis/ openness reduce carbon

Seker/2016 deuelo i FMOLS, emissions, non-renewable
covntr}i)es & DOLS energy consumption

" increases.
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Balogh and
Jambor/
2017

1990-2013/ Panel data

168 countries

Renewable energy
consumption has a negative
impact on carbon emissions,

analysis-GMM while non-renewable energy

and trade openness have a
positive impact.

Nasreen et al./2017 South Asian

1980-2012/5

Time series

GDP and energy

analysiss/ ARDL, consumption increase

countries causality carbon emissions.
In the long run, ECI is the
Can and 1964-2014/ determinant of CO2, along
G:jl, %’r 12017 Fran Dynamic EKC with income and energy
o780 anee consumption. The ECI
suppresses CO2 emissions.
1990'.2015/ Panel data Economic growth increases
Khan et al./2018  emerging market ) .
{ analysis CO, emissions.
economies
Pancl Countries with high
1995-2016/25 . ane CO._ non-renewable energy
Neagu and EU member o ceraton intensity and low ECI levels
Teodoru/2019 states FDI\g?éd S, have higher greenhouse
gas(GHH) emissions.
ECI increases carbon
emissions in low- and
Dogan et al./2019 1971_2.014/55 Panlel fiata middle-income countries
countries andlysis while controlling them in
high-income countries.
GDP and non-renewable
i energy consumption have a
Isik et al./2019 %?Sggtfi?/lo Panel regression positive effect on pollution
and renewable energy has a
negative effect.
There is a reciprocal
Giinel/2019 1992-2014/6  Panel data relationship between

Turkic Republics analysis

environmental degradation
and economic growth.
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Scaetl?niggl 9 ”11“?1?1(();2@014/ ARDL have a positive effect on
8 4 carbon emissions
In 5 countries there is
19772013/ an inverted U-shaped
Destek and 11 newly Panel data rela:o:;sihlp rbet:l:eellz d ener
Sarkodie/2019 industrialized  analysissAGM ceonomic growti and enctgy
countries consumption, in 4 countries
between economic growth
and ecological footprint
GDP influences the
ecological footprint
Destek and 1980-2014/ Panel data U-shaped, the consumption
Sinha/2020 OECD member nalvsi of non-renewable energy
: countries analyss positively, the consumption
of renewable energy and
trade openness negatively.
Panel dat PC income has a positive
1990-2004/ ;l le . a effect on carbon emissions,
Dogan et al./2020 28 OECD ;l\iéSLSS ECI and renewable energy
countries DOLS ’ consumption have a negative
effect.
Spearman’ The relationship between
Kosifakis et 2016/126 Preral t? ns ECI, PC income and
al./2020 countries CE le zil ° ecological footprint varies
analysis from country to country.
Panel dat Economic complexity,
1995-2014/ a;ale sisa—l a income and fossil fuel
Neagu/2020 48 nri FMé’)LS consumption have a positive
countres DOLS ’ long-term impact on the
ecological footprint
1995-2014/
92 developed Machine GDP PC affects fossil fuel
Aller et al./2021  countries- learnin consumption, and trade
developing & affects carbon emissions.
countries
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There is an inverted
Panel data U-shaped relationship

N 1990-2005/ finaly51sto— between P'C income and
Leitao et al./2021 . _integration carbon emissions, and there
BRICS countries . . ; .
FMOLS, is a negative relationship
DOLS between ECI and renewable

energy consumption.

ECI (above a certain
1980-2016/ Co-integration, threshold), globalization and

Pata/2021 the US VEC renewable energy reduce
pollution.
10 developed
Damirova and countrle.s and Panel data The lmPact of income on
developing . the environment varies from
Yayla/2021 : analysis
countries/ country to country
1995-2016
1992-2019/6  Dancl dara  L¢* c2pita income and
Yeter et al./2021 . . . energy consumption increase
Turkic Republicsanalysis .
carbon emissions.
1995-2017/48 There is an inverted
; . Panel data . .
Neagu and countries with analvsis.Co. U-shaped relationship
Neagu/2022 a positive ECI | Yol between the ECI and
integration . .
level ecological footprint.
Toda- The direction of the causal
1995-2017/G8 Yamamoto relationship between the
Bucak/2022 and Tiirkiye causality ECI and EF varies from
analysis country to country.

Note: PC denotes Per Capita, the ECI denotes the Economic Complexity Index,
and EF denotes the Ecological Footprint.

The main applied studies in the literature on this topic have generally
focused on the relationship between environmental degradation and one
and/or two main macroeconomic variables, and other factors have mostly
been included as control variables in the estimating equations. In the
applied literature, there are very few studies (only the independent variables
of economic growth and energy consumption are used) on the factors that
influence this in the Independent Turkic Republics, which have an ecological
deficit despite their below and above ground natural wealth. Unlike other
studies, this study examined the effects of the main macroeconomic variables
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used extensively in the literature on the ecological footprint in Tiirkiye
and the Independent Turkic Republics. In this way, it will be possible to
comprehensively show the factors affecting the ecological footprint and
the relative magnitudes of these factors, and to make appropriate policy
recommendations. It is expected that the results of the study and the policy
recommendations will guide future research.

Macroeconomic Determinants of Ecological Deficit: Panel Data Analysis

The present study attempted to identify the main macroeconomic factors
affecting the ecological footprint, one of the main indicators of environmental
degradation using econometric analysis methods in Tiirkiye and the
independent Turkic Republics, and to provide policy recommendations for
reducing the ecological footprint.

Data Set and Model

In the study, an econometric analysis was performed for Tiirkiye and
the independent Turkic Republics (Azerbaijan, Kazakhstan, Kyrgyzstan,
Turkmenistan, and Uzbekistan). The fact that very few applied studies have
been conducted on the independent Turkic Republics and a limited number
of variables have been used do not allow us to obtain a comprehensive and
clear picture. Therefore, it was necessary to conduct such a study in order
to contribute to the relevant literature and provide input to policy makers.

In the study, annual data for the period 1996-2018 were used to estimate the
main macroeconomic factors affecting the ecological footprint, depending
on data availability. The time dimension of the panel is larger than the
cross-sectional dimension (T=23 > N=6). Great care must be taken in the
selection of independent variables to avoid spurious results. Numerous
economic factors affect the ecological footprint, while other factors are
fixed. Therefore, macroeconomic variables that are both directly related and
extensively used in the literature were preferred instead of examining the
effect of each variable in this study. Table 2 provides information on the
variables used in the analysis.
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Table 2
Variables Used in Analysis

Variables Sources

Global Footprint Network (https://data.
footprintnetwork.org)

World Bank (https://databank.worldbank.org/

source/world-development-indicators)

Ecological footprint (EF)

GDP per capita (GDP)

Economic complexity index  Atlas of Economic Complexity (hteps://atlas.

(ECI) cid.harvard.edu/)

Non-renewable energy U.S Energy Information Administration
consuption (NonRenew) (hteps://www.eia.gov)

Renewable energy U.S Energy Information Administration
consumption (Renew) (https://www.eia.gov/)

World Bank (https://databank.worldbank.org/

source/world-development-indicators)

Trade openness (Trade)

Note: Except for ECI, the logarithms of the series of variables are taken

The study used the following extended basis function based on the function
used extensively in the literature, including applied studies on this topic

EF = f(GDP, ECI, NonRenew, Renew, Trade)

The representation of the basis function in the form of the estimating
equation is given in equation (1).

InEF;; = ay + B1InGDP;y + B,ECI + BslnNonRenew; + B4InRenew;, +
BsinTrade;; + €;¢ 1)

In equation (1), o represents the constant term, i represents land, t represents
time, € represents the error term, P represents the slope parameter, and In
represents the logarithm. Ecological footprint (EF) is a dependent variable
in the model, while GDP per capita, economic complexity index (ECI),
nonrenewable energy consumption (NonRenew), renewable energy
consumption (Renew), and trade openness (Trade) are independent
variables.

The coefficient p, is expected to be positive (Ang, 4772-4778; Asane and
Orto, 426-435; Khan et al., 22850-22860). As an increase in GDP per capita
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increases production and consumption, the ecological footprint becomes
larger. The f, coefficient is expected to be negative (Neagu and Teodoru,
1-29; Leitdo et al., 1-15). The ecological footprint will decrease considering
that an increase in the economic complexity index leads to a more
environmentally friendly technological production. Moreover, the level of
pollution is relatively higher in countries with low economic complexity. It
is expected that B, will be positive (Hotunluoglu and Tekeli, 108-126; Isik
etal., 10846-10853; Aller et al., 105-154) and 8, will be negative (Isik et al.,
10846-10853; Destek and Sinha, 118-137; Leitdo et al., 1-15; Pata, 846-
861). While the increase in non-renewable energy consumption increases the
ecological footprint, the increased renewable energy consumption decreases
the ecological footprint. It is expected that the f, coefficient will be positive
(Oztiirk and Acaraver, 262-267; Balogh and Jambor, 217-226; Cetin and
Saygin, 529-546). Increasing trade openness of the country increases its
environmental footprint.

Method

To determine appropriate estimators in panel data models, we first test the
homogeneity of the slope parameters. The delta (A) test of Pesaran and
Yamagata is one of the methods used for this purpose. Two separate test
statistics computed in the delta test are shown in equations (2) and (3)
(Pesaran and Yamagata 57):

~ N715-k

A= VW () @
% _ N715-k 5\ _ 2k(T—k-1)

Baay= VN (Frmes) Var(zip) = 24220 )

In equations (2) and (3), N represents the cross-sectional dimension
(number of countries), T represents the time dimension (number of years), S
represents the Swamy test statistic, k represents the number of independent
variables, and Var represents the variance. The Atest statistic is used for large
samples and the A~a . test statistic is used for small samples. The null and
alternative hypotheses of the delta test are as follows.

H,: B, = B The slope parameters are homogeneous.

H,: B.# B The slope parameters are homogeneous.
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If the probability values (p-value) of the calculated test statistics are less
than 0.05, the null hypothesis is rejected, and it is decided that the slope
parameters are heterogeneous.

When analysing panel data, the problem of cross-sectional dependence
must be resolved before performing the unit root test. When the time
dimension (T) is larger than the cross-sectional dimension (N) (T > N), the
CDLM1 developed by Breusch and Pagan (1980) and the bias-adjusted CD
test developed by Pesaran et al. can be applied to the variables. The CDLM,
test statistic shows a chi-square distribution with d degrees of freedom and
is calculated as in equation (4) (Breusch and Pagan 240).

Am = TZ’L‘E Z?’:Hl ﬁlzj 4
In CDLM, test statistics, p’, represents the correlation coefficient between
the residuals of units i and j. Pesaran et al. developed a bias-adjusted CD
test by adding the mean and variance to the CDLM test statistic because
erroneous results can occur in the CDLM test if there are deviations from
the individual means and variance. The test statistic in question is shown in
equation (5) (Pesaran et al. 108).

2 N—1©N (T—-K)Pf—prij
N(N-1) i=1 4j=i+1 vrij

LMyq4; = (%)

In equation (5), the mean is given by 11, and the variance by z, .. For both
CDLM, and bias-adjusted CD tests, the null and alternative hypotheses are
as follows.

H: There is no cross-sectional dependence.
H: There is cross-sectional dependence.

If the probability values of the calculated test statistics are less than 0.05,
the null hypothesis is rejected and it is determined that cross-sectional
dependence exists.

It is important to detect cross-sectional dependence for selecting the unit
root test to be used in the analysis. If there is no cross-sectional dependence,
first generation unit root tests are used. If cross-sectional dependence is
present, second-generation unit root tests that account for this problem are
used. The CADF test developed by Pesaran, one of the second generation
unit root tests, was used in the study. The CADF test represents an extended
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version of the regression equation in the traditional ADF unit root test with
cross-sectional means of the first differences and lagged values of the series.
The regression equation of the CADF test is shown in equation (6) (Pesaran
269).

Ay = i + biyie1 + V1 + did Y + ey (6)

In the CADF regression equation, )71_1 refers to the cross-sectional mean of
the lagged value of the series, and A y, refers to the cross-sectional mean of
the first difference of the series. The regression equation is estimated for
each cross section, and CADF test statistics are generated. The arithmetic
mean of these test statistics is then calculated, and the CIPS statistics are
computed for the entire panel. The CIPS statistics are shown in equation

(7) (Pesaran 267).

CIPS = N“1 YN, CADF, 7

In the CADF test, the null hypothesis is based on unit root, whereas the
alternative hypothesis is based on stationarity. If the calculated test statistic
is greater than the absolute value of the critical values formed by Pesaran,
the null hypothesis is rejected and it is decided that the series is stationary.

In panel data analysis, model estimation is performed by determining
the appropriate method depending on the stationarity of the variables,
homogeneity/heterogeneity, and cross-sectional dependence. In this
study, the augmented mean group (AMG) estimation method developed
by Eberhardt & Bond and Eberhardt & Teal was used. An identification
problem occurs when unobserved common factors in the empirical model
are controlled for the evolution of both the dependent and independent
variables. The AMG estimator can solve this identification problem by
accounting for unobserved common factors through a Monte Carlo
simulation. The empirical model used in the AMG method is shown in

equations (8), (9), and (10) (Eberhardt and Bond 2).

Vie = Bixie +wi  wi = +Aify + & (=1, N, t=1,..., T) (8)

Xmit = Tmi + 511ni.gmt + pimifime + -+ Pumifome + Vmie (m=1,..., k) ©

fe=0'fiite gi=K'giite (10)
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x, denotes observable covariates, a, refers to group-specific fixed effects, ﬁ
and g denote country-specific factor loadings and unobserved common
factors, and A, represents country-specific factor loadings. Thus, the model
is constructed by considering the cross-sectional dependence of observable
and unobservable factors. The AMG estimator is obtained from the
coeflicients of the year dummy variables in the first difference regression
equation and represents the average trend of common factors not observed
in all countries, corresponding to levels (Eberhardt and Teal 5, 7).

Analysis Results

In this study, in which analyses were conducted to determine the
main macroeconomic factors impacting the ecological footprint for
the independent Turkic Republics, first, the homogeneity of the slope
parameters, then the cross-sectional dependencies of the variables were
tested, and the results are presented in Table 3.

Table 3

Homogeneity and Cross-sectional Dependence Test Result

Homogeneity Test in Model (Delta Test)

A Probability —_ Probability
value Ay value
4.339 0.000 5.203 0.000
Cross-Sectional Dependency Tests T>N
Variables CDLM, (fl;;g;ch, Pagan Bias-Adjusted CD testi
Constant Model Constant Model
InEF 65.985 (0.000) 20.090 (0.000)
InNonRenew 82.454 (0.000) 16.700 (0.000)
InRenew 74.526 (0.000) 7.325 (0.000)
InGDP 117.520 (0.000) 29.726 (0.000)
ECI 44.314 (0.000) 10.270 (0.000)
InTrade 67.737 (0.000) 5.718 (0.000)

Note: Values in parentheses are probabilities.
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As a result of the delta test in Table 3, the null hypothesis was rejected
because the probability value (p value) of the test statistic ( Z;; ) calculated
for the small sample was less than 0.05. Therefore, the slope parameters
were found to be heterogeneous. Consistent with the results of Breusch and
Pagan’s CDLM, and Pesaran et al.’s bias-adjusted CD test applied to the
cross-sectional dependence problem, there is cross-sectional dependence in
the fixed model for all variables.

After determining cross-sectional dependence in the variables, the
stationarity of the variables was examined using the CADF unit root test
of Pesaran, which accounts for this problem; Table 4 contains the results.

Table 4
Pesaran (2007) CADF Unit Root Test Results

Constant Model
Variables
Panel CIPS Statistics * Critical Values
InEF -3.171
InNonRenew -4.174
InRenew -3.120 %1 -2,60
%5 -2,34
InGDP -3.205 %10 -2.21
ECI -3.082
InTrade -2.648

* Estimates were made at 1 lag length.

According to the results in Table 4, the null hypothesis of the unit root was
rejected because the CIPS statistics calculated for all variables are greater in
absolute values than the critical values, and it was decided that the series are
stationary.

In the study, the model was estimated using the AMG method because
the slope parameters were heterogeneous, cross-sectional dependence was
found in the variables, and the series were stationary. The results for the
entire panel are presented in Table 5 and for individual countries in Table 6.
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Table 5
AMG Results

Variables Coefficient Standard Error  z Statistic Probability Value

InNonRenew 0.270 0.089 3.02 0.003**
InRenew -0.049 0.048 -1.03 0.305
InGDP 0.303 0.128 2.37 0.018**
ECI -0.037 0.022 -1.71 0.087*
InTrade -0.027 0.080 -0.34 0.731
Constant -1.432 0.718 -1.99 0.046**

Wald chi?(5) 189.21 Prob>chi?= 0.0000

** % denotes significance at 10%, 5% and 1% significance levels.

Consistent with the AMG results for the entire panel in Table 5, the
coeflicients of InNonRenew and InGDP are positive and significant at
the 5% significance level. Thus, with an increase in non-renewable energy
consumption and GDP per capita, the ecological footprint, which represents
environmental degradation, also increases. These results are consistent
with the studies of Ang (4772-4778), Hotunluoglu and Tekeli (108-120),
Sharma (376-382), Balogh and Jambor (217-226), Isik et al. (10846-
10853), Giinel (151-164), Neagu and Teodoru (1-29), Cetin and Saygin
(529-546), Dogan et al. (1-12), Neagu (1-18), Destek and Sinha (118-
137), Aller et al. (105-154), and Yeter et al. (405-432) in the literature. The
coeflicient of the ECI was found to be negative and significant at the 10%
significance level. An increase in the economic complexity index decreases
the ecological footprint. This result supports the findings from the studies
of Can and Gozgor (16364-16370), Neagu and Teodoru (1-29), Dogan et
al. (31900-31912), Neagu (1-18), and Pata (846-861). The coeflicients of

InRenew and InTrade were found to be negative but not significant
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Table 6
AMG Results
. . Standard . . Probability
Country Variables  Coefficient Error z Statistic Value
InNonRenew 0.112 0.164 0.68 0.495
InRenew -0.087 0.064 -1.36 0.175
InGDP 0.046 0.067 0.70 0.485
Azerbaijan
ECI -0.061 0.067 -0.91 0.363
InTrade 0.272 0.121 2.25 0.025**
Constant -1.177 1.047 -1.12 0.261
InNonRenew 0.529 0.223 2.37 0.018**
InRenew 0.031 0.219 0.14 0.887
InGDP 0.460 0.141 3.25 0.001***
Kazakhistan
ECI 0.043 0.085 0.51 0.608
InTrade -0.314 0.109 -2.88 0.004***
Constant -1.448 1.326 -1.09 0.275
InNonRenew 0.538 0.139 3.87 0.000***
InRenew 0.015 0.126 0.12 0.905
InGDP 0.801 0.137 5.81 0.000***
Kyrgyzstan
ECI -0.038 0.103 -0.37 0.713
InTrade 0.037 0.133 0.28 0.782
Constant -3.99 0.730 -5.48 0.000***
InNonRenew 0.200 0.087 2.28 0.023**
InRenew -0.257 0.057 -4.52 0.000***
InGDP 0.389 0.102 3.79 0.000***
Turkmenistan
ECI -0.049 0.096 -0.52 0.605
InTrade -0.036 0.054 -0.67 0.501
Constant -2.735 0.997 -2.74 0.006***
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InNonRenew 0.003 0.156 0.02 0.983
InRenew -0.070 0.045 -1.55 0.121
InGDP -0.058 0.035 -1.66 0.096*
Uzbekistan
ECI -0.115 0.071 -1.62 0.104
InTrade 0.027 0.034 0.79 0.431
Constant 0.899 0.275 3.27 0.001**
InNonRenew 0.239 0.229 1.05 0.296
InRenew 0.070 0.068 1.04 0.299
InGDP 0.179 0.314 0.57 0.569
Tiirkiye
ECI -0.004 0.152 -0.03 0.977
InTrade -0.152 0.104 -1.46 0.145
Constant -0.133 2.567 -0.05 0.959

) denotes significance at 10%, 5% and 1% significance levels.

Considering the country-specific AMG estimation results in Table 6,
the coefficient for non-renewable energy consumption in Kazakhstan,
Kyrgyzstan, and Turkmenistan is positive and significant. It was found that
renewable energy consumption is significant only in Turkmenistan and has
a negative impact on the ecological footprint. This result is similar to the
results of Dogan and Seker (2016), Balogh and Jambor (217-226), Isik
et al. (10846-10853), Destek and Sinha (118-137), Dogan et al. (1-12),
Leitdo et al. (1-15), and Pata (846-861). GDP per capita has a positive and
significant impact on the ecological footprint in Kazakhstan, Kyrgyzstan,
and Turkmenistan. Trade openness has a positive and significant effect on
the ecological footprint in Azerbaijan and a negative and significant effect in
Kazakhstan. The study by Destek and Sinha (118-137) also found that trade
openness has a negative effect on the ecological footprint. In Tiirkiye, the
signs of all other variables except renewable energy consumption were found
to be statistically insignificant, although they were in line with expectations.

Conclusion

It is important that countries reduce their ecological deficits by carrying out
economic activities that are compatible with their biological capacities for
environmental and economic sustainability. The extent of the relationship
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between the environment and people and expectations for the future require
that the factors causing environmental degradation be clearly identified.
Therefore, the study examined the main macroeconomic determinants of
the environmental footprint through a panel data analysis using data for the
period between 1996 and 2018 in the six independent Turkic Republics,
including Azerbaijan, Kazakhstan, Kyrgyzstan, Turkmenistan, Uzbekistan
and Tirkiye, which continuously face an ecological deficit despite their
relatively good condition in terms of underground (oil, natural gas, and
precious metals) and surface (fertile agricultural land, forests, grasslands,
and water basins) natural resources.

According to the results of the analysis, trade openness in Azerbaijan, non-
renewable energy consumption, GDP per capita, and trade openness in
Kazakhstan, non-renewable energy consumption and GDP per capita in
Kyrgyzstan, non-renewable and renewable energy consumption and GDP
per capita in Turkmenistan, and GDP per capita in Uzbekistan are crucial
for the increase in the ecological footprint. The positive impact of GDP
per capita on the ecological footprint in Kyrgyzstan is higher than those
in Kazakhstan and Turkmenistan. While the impact of non-renewable
energy consumption on the ecological footprint is close in Kyrgyzstan and
Kazakhstan, the impact in Turkmenistan is lower compared to these two
countries. It can be said that the results of this study are consistent with the
results of the studies mentioned in the literature review in terms of the sign
of the coefficients, but differ in terms of the magnitude of the coefficients,
which is due to the differences in the time period, country group, number
and definition of variables, and the method used.

Based on the results of the analyses, it can be stated that the negative impact
of non-renewable energy consumption and GDP per capita on the ecological
footprint in Tiirkiye and the independent Turkic Republics is because of the
problems such as the backwardness of production technologies, waste from
industrial production (petrochemical, chemical, metallurgical), raw materials
extracted from underground sources (oil and gas extraction), waste generated
from processing (power generation plants) and air pollution, lack of recycling
or treatment processes, lack of sufficient capital due to inadequate functioning
of the market mechanism, financing difficulties hampering the renewal of
production technologies, and limited reverse logistics capabilities (waste
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treatment, recycling, storage, etc.). The unhealthy environmental conditions
that result if these countries maintain their production, consumption, and
export patterns based on non-renewable energy sources (which can lead to
“Dutch disease”) can threaten lives and economic and social sustainability. In
other words: Unless these countries take precautionary measures today, the
measures they will take in the future due to unacceptable living conditions
may become significantly more expensive, and even the measures taken may
not help improve environmental degradation.

Establishing programs for the local economy that are compatible with
international environmental criteria, elaborating environmental projects
and establishing various support programs for this purpose, ensuring the
participation of stakeholders (relevant public and non-governmental
organizations, sectoral producers and entrepreneurs, local governments,
etc.) for the adoption of environmental regulations, organizing training
and seminar activities to raise environmental awareness, developing
cooperation among the Turkic Republics, establishing joint strategies,
setting up joint data and information centers for today and tomorrow, and
taking a common stance against monitoring by global hegemonic powers,
so on, can be mentioned as measures to reduce the negative impact of basic
economic activities on environmental degradation in the independent

Turkic Republics.

On the other hand, it can be pointed out that it would be beneficial for the
United Nations, international environmental organizations, and developed
countries to provide physical, financial, and technical assistance to reduce
the ecological deficits of the independent Turkic Republics, which are
included among transition economies and are economically, politically, and
strategically important.
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Bagimsiz Tiirk Cumhuriyetleri ve Tiirkiye'de
Cevresel Bozulmanin Temel Makroekonomik

Belirleyicileri: Panel Veri Analizleri’

Sevda Yaprakh™
Dilek Ozdemir
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0z

Yagsamin devami agisindan 6nem arz eden gevresel bozulmay: 6n-
lemeye yonelik tedbirler tiim diinya iilkelerinin 6nem verdikleri
temel konular arasinda yer almaktadir. Strdiirilebilir ¢evre i¢in
hem kiiresel boyutta ortak hem de her iilkenin kendi imkanlarina
gore bireysel politik tedbirler almalar1 gereklilik arz etmekeedir.
Uygulamal literatiirde yeralti ve yer tstii dogal zenginliklerine
ragmen ckolojik agik veren Bagimsiz Tiirk Cumhuriyetleri'nde
cevresel bozulmayi etkileyen temel makroekonomik faktérlerin
neler olduguna yonelik ¢ok az sayida ¢alisma bulunmaktadir. Bu
nedenle ¢alismada Tiirkiye ve Bagimsiz Tiirk Cumhuriyetleri’'nden
Azerbaycan, Kazakistan, Kirgizistan, Tiirkmenistan ve Ozbekis-
tan i¢in veri mevcudiyetine gore 1996-2018 donemine ait yillik
veriler kullanilarak panel veri analizleri yapilmistir. Analizlerde;
cevresel bozulmay: temsilen ekolojik ayak izi bagimli degisken,
kisi basina GSYH, ekonomik karmasiklik endeksi, yenileneme-

yen ve yenilenebilir enerji titketimi ile ticari disa aciklik bagimsiz

" Gelis Tarihi: 05 Kasim 2022 — Kabul Tarihi: 16 Mart 2023
Bu makaleyi su sekilde kaynak gosterebilirsiniz:
Yaprakli, Sevda, Dilek Ozdemir, ve Ozge Buzdagli. “The Main Macroeconomic Determinants of
Environmental Degradation in the Independent Turkic Republics and Tiirkiye: Panel Data Analysis.”
bilig, no. 107, 2023, ss. 161-195, https://doi.org/10.12995/bilig.10706.

" Prof. Dr., Atatiirk Universitesi, Iktisadi ve Idari Bilimler Fakiiltesi, Iktisat Boliimii — Ezurum/Tiirkiye
ORCID: 0000-0002-1902-899X

""sevdal @atauni.edu.tr
Dog. Dr., Atatiirk Universitesi, Iktisadi ve Idari Bilimler Fakiiltesi, Iktisat Boliimii — Ezurum/Tiirkiye
ORCID: 0000-0002-8048-7730
pdilek@atauni.edu.tr

" Dr. Ogr Uyesi, Atatiirk Universitesi, Iktisadi ve Idari Bilimler Fakiiltesi, Iktisat Boliimii — Ezurum/Tiirkiye

ORCID: 0000-0002-2798-9889

ozgetatlici@atauni.edu.tr

192



degiskenler olarak ele alinmisur. Analizlerden elde edilen bulgu-
lara gore ekolojik ayak izinin temel belirleyicilerinin kisi bagina
GSYH, yenilenemeyen enerji titketimi ve ekonomik karmagiklik

endeksi oldugu tespit edilmistir.

Anahtar Kelimeler
Ekolojik agik, ekolojik ayak izi, biyokapasite, makroekonomik

belirleyiciler, bagimsiz Tiirk Cumhuriyetleri, panel veri analizi.
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OCHOBHbIE MaKpO3KOHOMUYECKME
OEeTEPMUHAHTbLI Aerpagaunn oKkpyKatoLLen
cpenbl B HE3aBMCUMbIX THOPKCKNX
pecnyonukax u Typuuu: aHanus
NaHenbHbIX AaHHbIX

Cesaa Anpaknbl™
Ounek Ozgemup™
Ozre Byspgarnbl™

AHHoOTauun

MepsI IpeT0CTOPOKHOCTH IO IPEAOTBPAIICHHUIO JIeTPaTaIliy
OKpYXaroulei cpesibl, BaXKHOM JIJIs1 MPOAOJKEHUS HKU3HHU, OT-
HOCSITCS K YMCITy BaKHEHIIUX BOIPOCOB, KOTOPHIM MPUAAIOT
3HauYE€HHE BCE CTpaHbl MUpa. /{15 ycToiunBOli OKpyXatroien
cpebl HeOOXOAMMO MPUHATH KaK TI00AIbHBIE 00IIHe, TaK U
WHINBUAYaJIbHBIC TIOTHTHYECKIE MEPHI, COOTBETCTBYIOIIHE
BO3MOXKHOCTSIM Ka)KIIO# cTpaHBl. B nmuteparype oueHs Majo
UCCIIE/IOBAaHNN OCHOBHBIX MaKPOIKOHOMHYECKHUX (haKTOPOB,
BJIMSIONINX Ha Ierpaslaliiio OKpy Karolei cpesibl B He3aBUCH-
MBIX TIOPKCKHX pecryonukax u TypLuu, UIMEIOIIHNX 3KOJIOTH-
YeCcKui Ae(UINT, HECMOTPS Ha HaJM4YNe MOJ3EMHBIX U Ha-
3€MHBIX IIPUPOIHBIX pecypcoB. I1o 3Toil npuurHe aHaINU3 Na-
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HCJIBHBIX JTAHHBIX 6])1.1'1 MPOBCACH AJI HC3AaBUCUMBIX TIOPKCKHUX
pecmybnuk Asepbaiimkana, Kazaxcrana, Keiprescrana, Typ-
KMEHHCTaHa, Y30eknuctana u Typiuu ¢ HCIOIH30BaHUEM TO-
JIOBBIX JaHHBIX 3a nepuos 1996-2018 ronos, B 3aBUCUMOCTH
OT HaJIW4us JaHHBIX. B aHanuse skomorudeckuii cien, KOTo-
PBIi IpefcTaBIsieT COO0H JIerpajaliio OKpy Karolel cpesbl,
paccmarpuBaeTcs Kak 3aBucumMas nepeMenHas; BBII Ha nyury
HACEJICHUS, HHICKC SKOHOMHYECKON CIOKHOCTH, TIOTpeOIeHne
HEBO300HOBIISIEMBIX 1 BO30OHOBIISIEMBIX HCTOYHUKOB SHEPTHH,
a TaKk)Ke OTKPBITOCTb TOPTOBIIM PACCMATPUBAIOTCS KAK HE3aBU-
CUMBIE IepeMeHHble. Pe3ynbTaTel aHaIu3a MOKa3bIBAIOT, YTO
HauboJiee BaKHBIMH (paKTOpaMH BO3JCHCTBUS Ha OKPYKalo-
uryto cpeny sieisitorcst BBIT Ha nyiry HaceneHusl, moTpeoiie-
HUE HEBO300HOBIIEMOH YHEPTUU U UHACKC SKOHOMUYECKON
CIIO’KHOCTH.

KnroueBble cnoBa

DKOMOTHYECKUNA NePUIHT, YKOIOTHICCKUH ciel, OnoeM-
KOCTh, MAKPOIKOHOMHUYECKUE JCTEPMHUHAHTDI, HE3aBUCUMBbIC
TIOPKCKUE PECIyOJINKHU, aHAJIA3 MaHeIbHbBIX TaHHBIX.
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