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Understanding the concept of the Environmental Kuznets Curve (EKC) is crucial
for analyzing how environmental degradation evolves with economic growth,
particularly as economies transition from low-income to high-income stages.
However, Uzbekistan is a developing country undergoing rapid industrialization.
Therefore, it is important to investigate whether the EKC hypothesis provides
valuable insights into the intricate relationship between carbon emissions and
economic growth. This study examines the applicability of the EKC hypothesis in
Uzbekistan using the vector autoregression (VAR) model. Key variables selected
for the analysis include CO, emissions, GDP per capita, globalization, foreign
direct investment, population density, corruption, and the square of GDP per
capita. The study utilizes quarterly data spanning from Q3 1996 to Q4 2022. The
results reveal a complex relationship between economic growth and CO,
emissions in Uzbekistan, partially supporting the EKC hypothesis. The results
show a positive relationship between GDP per capita and CO, emissions in
Uzbekistan. Furthermore, the statistically significant coefficient of the squared
GDP per capita term supports the EKC hypothesis, suggesting that Uzbekistan
may have reached the EKC turning point. This indicates short-term
environmental challenges associated with the early stages of economic
growth and industrialization. In contrast, the findings suggest enhancing the
role of government institutions and implementing effective policy measures,
such as promoting green legislation and renewable energy sources. Additionally,
the study emphasizes the importance of raising public awareness and improving
education to foster green initiatives among the population.

Environmental Kuznets Curve Hypothesis, Quarterly Data, Vector Autoregression Model,
Variance—covariance Analysis, Uzbekistan

1 Introduction

As economies progress from traditional (agriculture) systems to modern
(industrialized) systems, they often experience a complex relationship between
economic growth and environmental quality. This complex relationship is known as the
Environmental Kuznets Curve (EKC). This hypothesis states that the index of pollution
increases as the income per capita increases in the early stages of development, reaches a
maximum, and begins decreasing with further growth and development (Grossman, 1991).
After installing environmentally friendly technologies, a service-based economy replaces an
industrialized economy. The primary drivers of this phenomenon include rapid
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industrialization ~ with  high accelerated

inadequate

energy demands,

urbanization, pollution-control  measures, and

insufficient  technological ~advancement and infrastructure
development. Understanding the EKC hypothesis allows the
study the

environmental problems that may arise in the process of

government to forecasting and prevention of
economic development.

The EKC hypothesis has been repeatedly studied in various
regions of the world. Empirical data confirming its validity have
been obtained from several countries at various stages of economic
development. Grossman (1991) found a correlation between
economic growth and environmental improvement in developed
countries. It is found that openness and trade liberalization typically
impact the environment through increased economic activity and
production, structural transitions, and the introduction of new
production technologies (Du et al., 2024; Xu et al.,, 2024). In this
regard, the authors focus attention on the need for a strong
regulatory framework to ensure positive environmental outcomes.
Stern (2004) found weak statistical validity in the above mentioned
results. Analyzing the situation, it can be concluded that most
countries are guided by the standards adopted by the states. At
the same time, service delivery is often delayed and does not meet the
planned schedule, which can significantly hinder progress.

Central Asia (especially Uzbekistan) is a unique region for
studying the EKC hypothesis due to several specific factors,
including high dependence on natural resource extraction,
ongoing industrialization, and a high share of fossil fuels in the
energy balance (Caporin et al., 2024). The countries of the region,
such as Kazakhstan, Kyrgyzstan, and Turkmenistan, show trends
that partially confirm the EKC hypothesis. These economies
typically experience rising levels of environmental degradation in
the early phases of economic growth, with signs of stabilization or
reduction emerging as development progresses. In 1996, CO,
emissions in Uzbekistan were 4.28 metric tons per capita, which
decreased to 3.34 metric tons per capita by 2022—an overall
reduction of approximately 22%. In contrast, GDP per capita
1,140.3 1996 to
3,473.3 in 2022, reflecting an increase of approximately 204%
(World Bank, 2024).!

Studies indicate that several factors significantly contribute to

increased from constant US dollars in

environmental pollution in Central Asia, including the region’s
reliance on energy-intensive industries, the use of outdated
technologies, and the lack of comprehensive environmental
legislation. As a result, countries in this region appear to be in
the ascending phase of the EKC (Caporin et al., 2024). However,
Kazakhstan and Turkmenistan ratified the Paris Agreement during
the 21st United Nations Climate Change Conference held in Paris.
At this conference, both countries committed to introducing
environmentally friendly technologies and investing in renewable
energy sources. This marks the potential beginning of a downward
trend in the EKC. In particular, the government of Kazakhstan is
actively promoting the development of renewable energy to align
with the international emission standards set by developed countries

1 World Development Indicator (WDI) (2024). Retrieved from https://

databank.worldbank.org/source/world-development-indicators
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(Caporin et al, 2024; Ahmad et al, 2024). The region’s heavy
reliance on fossil fuels and the ineffectiveness of environmental
policies contribute to environmental degradation. These challenges
make Central Asia a critical case for further research on the EKC.

Uzbekistan, as one of the leading economies in Central Asia,
represents a significant case for examining the EKC hypothesis. In
the process of intensive economic growth, accompanied by the
transition from an agrarian to an industrial development model,
the country faced increasing pressure on the environment (Trushin,
2017). The recent increase in CO, emissions, driven by rapid
suggests that
Uzbekistan may currently be in the ascending phase of the EKC.

urbanization and infrastructure development,

This means that economic progress in the country is still closely
correlated with the deterioration of the environmental situation
(Caporin et al., 2024). Uzbekistan’s efforts to transition toward a
sustainable economy are evident in its growing investments in
renewable energy (Khan and Ullah, 2022). Investments in

that Uzbekistan’s
environmental

renewable energy indicate
progressing toward both
sustainable economic development. However, challenges such as

weak environmental policy

economy is
sustainability and
underdeveloped infrastructure,
frameworks, and reliance on fossil fuels continue to hinder
significant progress.

Based on the above discussion, this study investigates the validity
of the EKC hypothesis in Uzbekistan by analyzing quarterly data on
CO, emissions, GDP per capita, and its square from 1996 Q3 to
2022 Q4. The strength of this study lies in its focus on Uzbekistan, a
country that has received very limited attention in the EKC
compared to other countries in the region. This study contributes
to understanding the EKC hypothesis in Central Asia by assessing
whether economic growth in Uzbekistan leads to long-term
environmental improvement. This study employs unit root tests
to assess the stationarity of the data, and the results of the integration
analysis suggest the use of a vector autoregression (VAR) model to
explore the relationships among the variables. Moreover, the
Granger causality test is employed to examine the directional
causality between the variables under consideration. Based on the
results, this study will offer practical
recommendations for policymakers.

analysis policy
The remainder of this study is structured as follows: Section 2
provides a literature review, Section 3 explains the methodology,

Section 4 reports the main result, and Section 5 focuses on
discussion and conclusion.

2 Literature review

A substantial body of research has examined and tested the
EKC hypothesis across various countries and time periods. The
EKC hypothesis posits that economic growth follows an inverted-
U trajectory in its relationship with environmental degradation:
pollution increases in early development, peaks at a certain
then decreases as adopt
sustainable practices (Grossman, 1991). There are several

income level, and economies
research studies on the relationship between carbon emissions
and economic growth or development (Ahmad et al., 2023;
Dogan and Inglesi-Lotz, 2020; Kahia et al., 2019; Adedoyin

et al., 2022; Jan et al., 2024).
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Stern (2004) provided further empirical support for the EKC,
that
industrialization period, economies reach a turning point where

showing while pollution levels increase during the
income growth contributes to environmental improvements. This
study revealed that wealthier countries tend to invest in
environmentally friendly technologies and stricter regulations,
which gradually decouple economic growth from environmental
harm. Dogan and Inglesi-Lotz (2020) found that growth in trade
volume significantly increases CO, emissions. In addition, Zhang
(2019) examined the relationships among per capita CO, emissions,
per capita real GDP, per capita renewable energy consumption, and
urbanization in a panel of five Central Asian countries (Kazakhstan,
Kyrgyz Republic, Tajikistan, Turkmenistan, and Uzbekistan) from
1992 to 2013 and showed that renewable energy consumption has a
negative influence on CO, emissions. Caporin et al. (2024) suggested
that the EKC is linear in Central Asia and highlighted the existence
of non-linear EKCs. Furthermore, this study pointed out that
Uzbekistan’s economic growth correlates with increasing CO,
emissions, suggesting that the country may not yet have reached
the EKC turning point. This insight emphasizes the relevance of
studying the EKC in transition economies where growth drivers and
policy structures are different from those of industrialized countries
(Dinda, 2004; Balin and Strand, 2020).

Although the EKC hypothesis has been widely investigated,
Asia  (particularly
Uzbekistan) remain limited. According to existing research

studies specifically focusing on Central
studies that address the EKC phenomenon in developed
economies, they often have strong regulatory environment
policies and cleaner energy technologies. Dinda (2004) pointed
out that existing EKC models largely reflect the experiences of
high-income nations and may not apply uniformly to economies
with distinct economic and environmental characteristics. Similarly,
Leal and Marques (2022) found that Central Asia’s heavy reliance on
fossil fuels significantly contributes to rising CO, emissions in the
region. For instance, a high percentage of Uzbekistan’s energy
production depends on natural gas and oil, and the possibilities
of effective economic growth without support for investment in
renewable energy sources are limited. In the long term, adaptation
strategies may not be as effective in reducing or absorbing CO,
emissions due to the positive relationship (Caporin et al., 2024).
Koilo (2019) found that Kazakhstan exhibits the most sensitive
changes in economic growth with respect to CO, and concluded that
total energy consumption has a negative effect on the environment.

Previous studies have employed a variety of econometric
methods to examine the relationship between economic growth
and CO, emissions. Research methodologies in EKC studies have
evolved from basic regression models to more sophisticated
that
relationship between income and environmental emissions. For

econometric techniques account for the non-linear
instance, Grossman (1991) used comparable measures of three
air pollutants in a cross-section of urban areas located in
42 countries to study the relationship between air quality and
economic growth. Stern (2004) worked with a panel to prove
that environmental degradation first increases and then decreases
with economic growth. Caporin et al. (2024) utilized the
autoregressive distributed lag (ARDL) model to study EKC
trends across Central Asian economies, focusing on how

economic growth, energy use, and environmental quality interact
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over time. This approach is particularly effective in studying
Uzbekistan, where seasonal factors in industrial activity affect
energy demand and emissions. Chien (2022) used the method of
moving quantile regression to study the N-11 economies, and Dogan
and Inglesi-Lotz. (2020) applied extensive econometric analyses,
i.e,, FMOLS and DOLS, to evaluate data from RCEP economies.

There is currently a lack of empirical evidence on the application
of the EKC to transition countries, especially in Central Asia. Unlike
Europe and North America, Central Asian countries have unique
socio-economic dynamics. Dinda (2004) noted that EKC studies are
often based on economic data, which can lead to biased
interpretations in transition countries. The problems associated
with a weak environmental framework, dependence on fossil
fuels, and secured investments in green technologies necessitate
the universality of the EKC model for all regions. Uzbekistan is
undergoing significant economic transformation due to its
transition into an industrialized economy (Caporin et al., 2024).
However, as Leal and Marques (2022) pointed out, fossil fuel
consumption in the country remains high, and the legislative
framework in the field of environmental protection is still in the
process of formation.

Based on the abovementioned literature discussion, it is evident
that limited studies have focused on the economy of Uzbekistan
within the context of the EKC framework. Therefore, analyzing the
economic structure and energy profile of Uzbekistan contributes to
filling a significant gap in the empirical literature. This study will
assist policymakers and researchers in understanding the extent to
which EKC dynamics are applicable to countries undergoing
economic transformation. If the EKC hypothesis does not hold in
this context, the findings can help identify appropriate measures to
adjust the country’s development trajectory toward a more
sustainable future. Furthermore, a critical review reveals that
most existing studies on Central Asia are outdated, whereas this
research utilizes the most recent data and time period available.
Finally, unlike previous studies that examined the entire Central
Asian region using panel econometric techniques, this study adopts
a country-specific approach by applying time-series analysis and a
VAR model tailored to Uzbekistan.

3 Methodology
3.1 Theoretical framework

In the literature, the concept of the EKC is primarily examined
using two main approaches. The first approach examines the EKC
through two distinct phases: the initial stage and the advanced stage
of economic development. During the initial stages of economic
development, countries tend to rely heavily on natural resources,
which leads to increased pollution and environmental degradation
(Stern et al., 1996). Moreover, in the initial stages, countries often
lack strict environmental regulations and are generally unable to
afford or enforce environmental taxes (Wang et al., 2024). However,
in the advanced stages of development, countries tend to prioritize
environmental

quality by promoting green technological

innovation, raising public awareness, and strengthening
institutional capacity—efforts that are typically associated with

higher income levels (Khan et al, 2025; Ahmad et al, 2024).
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TABLE 1 Data sources and measurement.

10.3389/fenvs.2025.1589766

Variable Description of the variable Source
CO, emissions (CO,) Carbon dioxide emissions per capita (metric tons) World Bank
Economic growth (GDPPC) GDP per capita (constant 2015 US$) World Bank

Square of GDP per capita (GDPPC?)

Square of GDP per capita to capture the nonlinear relationship in the EKC hypothesis

Constructed using GDPPC data

Globalization (GLOB)
Foreign direct investment (FDI)
Population Density (POP)

Control of corruption (CORR)

KOF Globalization Index capturing economic, social, and political globalization
Net inflows of foreign direct investment (current US$)
Number of people per square kilometer of land area

Perception of control of corruption, reflecting good governance practices

KOF Swiss Economic Institute
World Bank
World Bank

World Governance Indicators, World Bank

Additionally, these two stages are often characterized by two key
effects (the income effect and the policy effect). The income effect
refers to the tendency of increasing national income resulting in
increased spending on environmental protection measures (Moshiri
and Daneshmand, 2020). On the other side, the policy effect
captures the role of environmental regulations and governance in
shaping those outcomes (Newig and Fritsch, 2009). In the literature,
economic development is commonly divided into three stages: pre-
industrialization, industrialization, and post-industrialization
(Huang, 2022). Pre-industrialization refers to a stage in which a
country primarily relies on traditional sectors such as agriculture
and handicrafts. The industrialization phase marks a period of rapid
industrial growth, where the economy becomes heavily dependent
on manufacturing and related industries. In the post-
industrialization stage, the country transitions toward a service-
information,

technology, and knowledge-driven sectors. During the pre-

based economy, with increased emphasis on

industrialization period, there was often extensive extraction of
natural resources despite the limited scale of economic activities
because of the reliance on traditional practices and low technological
efficiency, which led to environmental degradation (Du et al., 2023).
Figure 1 illustrates the concept of Industrial Development Stages and
Environmental Degradation.

In addition, during the industrialization period, the level of
economic activity is significantly high, with industrial production
reaching its peak. As a result, environmental degradation intensifies.
This stage typically occurs before the turning point on the EKC
2012). The
industrialization, is considered a

(Cherniwchan, final phase, known as post-

stage of  structural
transformation in which economic activity shifts from the
industrial sector to the technology-intensive and service-oriented
sectors (Shao et al., 2023). During this stage, governments tend to
place greater emphasis on achieving a cleaner environment through
sustainable policies and green innovation. This is the stage at which
the EKC reaches its turning point, indicating a shift from increasing
to decreasing environmental degradation as the income continues
to increase.

3.2 Data sources and variable measurement
This research investigates the EKC hypothesis in Uzbekistan

using quarterly data spanning from 1996 Q3 to 2022 Q4. The
secondary data include CO, emissions (metric tons per capita),
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GDP per capita (constant 2015 US$), square of GDP per capita,
globalization (KOF index), foreign direct investment (net inflows
BoP, current US$), population density (people per sq. km of land
area), and control of corruption (estimate) data collected from the
World Bank and KOF Swiss Economic Institute. Given Uzbekistan’s
economic structure and its limited representation in the existing
EKC
understanding the EKC in transition economies. Table 1 shows

literature, this research provides new insights into
the definition of the variables and the sources of the data.

A VAR model was employed to examine the dynamic
interactions among the variables under consideration and
empirically test the EKC hypothesis in the context of Uzbekistan.
The VAR model is a widely used multivariate time-series approach
that captures the linear dynamic relationships among several
endogenous variables. It allows each variable to be explained by
its own lagged values and those of the other variables in the system.
A key advantage of the VAR model is that it treats all variables
symmetrically, without requiring an a priori distinction between
endogenous and exogenous variables. Due to these advantages, the
VAR model is particularly well-suited for empirical macroeconomic
studies where variables are likely to influence each other both
contemporaneously and with time lags. LetX; be an n x 1 vector

of dependent variables, as shown in Equation 1.

X1t
Xi = % |- (1)
Xt

The standard VAR model of order p is specified as follows:
Xi=a+ A X+ AXi o+ AsXi s+ A X, + iy (2)

In Equation 2, a is an #n x 1 vector of intercept terms, A; (where
i=1,2,3,...,p) represents n x n coefficient matrices, and y denotes
the vector of error terms. Each equation in the VAR model can be
written as follows:

nop
Xip = o + chij,k Xijt—k + Uy (3)

j=lk=1

In Equation 3, x; is the dependent variable, and ¢;;x shows
the coefficient on the kth lag of the variable j in the equations for
variable i. There are several reasons for selecting the VAR
technique. First, all variables in the model were found to be
stationary at first difference, as indicated by the unit root tests. In
such cases, the literature commonly recommends the use of a

frontiersin.org
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TABLE 2 Descriptive statistics of key variables.

10.3389/fenvs.2025.1589766

Variable (0] Mean Standard deviation Minimum Maximum
CO, 108 4.163 0.663 3.174 5.14
GDPPC 108 2,117.881 775.553 1,140.38 3,473.362
GLOB 108 43.694 4.575 36.752 52.2
FDI 108 8.473e+08 8.105e+08 65,300,000 2.654e+09
POP 108 65.495 8.029 54.596 79.991
CORR 108 -1.115 0.148 —-1.388 -0.758
GDPPC Square 108 5,064,623.7 3,481,441.1 1,300,466 12,064,241
TABLE 3 Correlation matrix of variables.
Variable CO, GDPPC GLOB FDI POP CORR GDPPC_Squa
CO, 1.000
GDPPC —-0.900 1.000
GLOB —-0.700 0.895 1.000
FDI -0.732 0.877 0.791 1.000
POP -0.886 0.997 0.902 0.881 1.000
CORR 0.095 0.072 0.306 0.109 0.097 1.000
GDPPC_Squa —-0.896 0.992 0.901 0.884 0.992 0.163 1.000

TABLE 4 Unit root test results.

Variable ADF

First-difference

PP

First-difference

CO2 -0.549 —6.125%** —-0.521 —6.014***

GDPPC 3.027 —3.153*** 2.456 —3.045%**

GLOB —0.487 =3.727** —0.644 =3.762%**

FDI —-1.145 —=7.609*** -0.593 —8.392%*

POP 2.680 -2.935%* 2.371 —2.923**

CORR -0.946 —4.762%** -1.101 —4.758***
GDPPC_Square 5.096 -2.786 ** 5.190 -2.596*

Please note that 10, 5, and 1% levels are indicated, respectively, by *, **, and ***.

VAR model (Johansen, 1991). Second, the primary objective of
this study is to explore the short-run interactions and dynamic
feedback effects between economic growth and environmental
degradation in Uzbekistan. The VAR model is particularly
suitable for capturing these endogenous relationships and
contemporaneous shocks among multiple variables, making it
well-aligned with the goals of the analysis. The VAR model can be
used if there is no co-integration among the variables (Johansen,
1991). The study uses time-series econometric techniques to
check the validity of the EKC in Uzbekistan and provides
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insight into the relationship between the variables. The core
regression (Equation 4) is expressed as follows:

CO,emissions; = ay + $,GDPPC, + B,GDPPC? + ,GLOB,

+ B,FDI, + B,POP, + B,CORR; + ¢;. (4)

For the analysis, we will use descriptive statistics and correlation
analysis to understand data structure and relationship between
variables. The next step is to check the stationarity of data using
unit root tests: the Dickey-Fuller and Phillips—Perron tests. The
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TABLE 5 Variance—covariance test results.

10.3389/fenvs.2025.1589766

Lag-order selection criteria

Sample: 2000-2022

Number of observations = 23

LL LR FPE AIC HQIC
0 -1,025.85 NA NA NA 2.4e+30 89.813 89.8999 90.1586
1 -834.918 381.86 49 0.000 1.3e+25 77.4711 78.1664 80.2358
2 ~724.67 220.5° 49 0.000 44e-73° 270.686° 268.687* 262.738°
3 -125.82 198.25 49 0.001 3.0e423 84.254 73.4489 77.329
4 3,273.89 192.49 49 0.000 2.5e+25 72.1452 81.548 81.426

*Optimal lag.
Exogenous: -cons.

TABLE 6 Breusch—Godfrey LM test for serial correlation and
Durbin—Watson test for autocorrelation.

Breusch—Godfrey LM test for autocorrelation chi-square

F-statistics Df Prob > chi-square Decision
6.827 3 0.178 Accept

‘ Durbin-Watson test for autocorrelation
D-statistic Df Prob > chi-square Decision
1.606339 7.27 0.0865 Accept

HO: no serial correlation.

nature of the variables is guaranteed by lag selection and diagnostics.
Finally, the VAR model explores short-term interactions and the
persistence effect.

4 Results and discussion

Before examining the applicability of the EKC hypothesis in
Uzbekistan, we checked the descriptive statistics of the dataset,
correlation matrix, stationarity tests, and lag selection and diagnostics.
This section also uses the time-series economic technique, VAR model,
for this analysis. Table 2 summarizes the descriptive statistics; the mean
values of CO,, GDPPC, GLOB, FDI, POP, CORR, and GDPPC square
are 4.163; 2,117.881; 43.694; 8,473.0; 65.495; —1.115; and 5,064,623.7,
respectively. Meanwhile, the standard deviations of CO,, GDPPC,
GLOB, FDI, POP, CORR, and GDPPC square are 0.663; 775.553;
4.575; 8,105.0; 8.029; 0.148; and 3,481,441.1, respectively. On one
hand, the mean and standard deviation values of foreign direct
investment and GDP per capita square are significantly higher than
the results of other variables. On the other hand, the control of the
corruption rate has both the lowest mean and standard deviation value.

Table 3 reveals the correlation analysis of the presented
variables. According to the results, there are strong negative
correlations between CO, emissions, GDP per capita, square of
GDP per capita, population, foreign direct investment, and
globalization, and the results are —0.900, —0.896, —0.886, —0.732,
and —0.700, respectively. These findings suggest that as the values of
these negatively correlated variables rise, CO, emissions tend to
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decline. Only the control of the corruption rate has a slightly positive
correlation result of 0.095, suggesting that this variable is not
significantly associated with CO, emissions.

Table 4 displays the stationarity level of each variable, assessed
using the ADF (Dickey-Fuller) and PP (Phillips-Perron) unit root
tests, before examining the VAR model. The results show that all
variables are stationary after indicating the first difference. At first,
when the stationarity of the variables was checked at their initial
levels, they were found to be non-stationary.

Table 5 indicates the lag length selection criteria to determine
the correct number of lags for the VAR model. Usually, there are
four common criteria for the lag length selection process, namely,
FPE, AIC, HQIC, and SBIC. We have selected these four criteria to
identify the optimal number of lags.

Table 6 shows the results of the Breusch-Godfrey LM test for
serial correlation and the Durbin-Watson test for autocorrelation.
The results of the LM test indicate a chi-square statistic of 6.827 with
a p-value of 0.178, which is greater than the 5% significant level, and
this suggests that there is no evidence of serial correlation. However,
the test statistics of the Durbin-Watson autocorrelation range from
0 to 4. The value of this test is 1.606339, indicating a weak positive
autocorrelation as the result falls between 0 and 2.

Table 7 presents VAR results, with CO, emissions as the dependent
variable. This test is important for gaining significant insights and
exploring the dynamic interrelationships between time-series variables.
The results indicate that GDP per capita and its squared term are
statistically significant, with GDP per capita exerting a positive effect
and the squared term exerting a negative effect on CO, emissions. This
supports the existence of an inverted U-shaped relationship, providing
empirical evidence for the EKC hypothesis in the short run.
Additionally, globalization and FDI are both statistically significant
and negatively associated with environmental degradation. This
suggests that these variables play a stabilizing role, reflecting their
persistent influence in shaping economic dynamics and contributing
to long-term environmental improvement.

The results show that the economic growth of Uzbekistan leads to
an increase in environmental degradation. The logic behind these
results is straightforward, Uzbekistan’s economy has recently shifted
from agriculture toward the industrial and manufacturing sectors,
which are typically energy-intensive and contribute to increased
carbon emissions. Moreover, Uzbekistan’s economy is in the
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TABLE 7 Vector Autoregression Model Results.

10.3389/fenvs.2025.1589766

Equation Chi-square P > chi-square
Co, 15 0.124708 0.9690 1,394.527 0.0000
GDPPC 15 442789 0.9971 35,901.7 0.0000
GLOB 15 0721148 0.9772 1,633.926 0.0000
EDI 15 2.7e+08 0.9045 1,003.573 0.0000
POP 15 0.486045 0.9967 6,690.606 0.0000
CORR 15 0.050072 0.9004 948.244 0.0000
GDPPC_Square 15 225,289 0.9962 28,160.66 0.0000
Number of obs 106

Sample 1996 Q3-2022 Q4
AIC 74.60218
Log likelihood -3,848.916

Variable Coefficient Standard error [95% confidence interval]

CO,

L1 0.882 0.112 7.860 0.000 0.662 1.102

L2 ~0.924 0.112 -8.25 0.000 ~0.244 0.196
GDPPC

L1 0.002 0.001 2.007 0.001 -0.002 0.003

L2 0.004 0.001 4,001 0.000 ~0.003 0.002
GLOB

L1 ~0.016 0.020 ~0.800 0.021 ~0.041 0.037

12 —0.014 0.020 ~0.700 0.483 -0.025 0.052
FDI

L1 ~0.019 0.000 ~0.020 0.981 ~0.000 0.000

L2 ~0.001 0.000 ~0.320 0.752 ~0.000 0.000
POP

L1 0.013 0.047 0.280 0.083 0.105 0.079

12 0.005 0.046 0.110 0.016 0.096 0.086
CORR

L1 0.039 0.291 0.130 0.093 ~0.531 0.609

12 0.091 0.294 ~0.310 0.056 -0.667 0.484
GDPPC_Square

L1 ~0.001 0.000 ~0.070 0.000 ~0.000 0.000

L2 ~0.002 0.000 -0.280 0.071 ~0.000 0.000

Cons 1.409 1.023 1.380 0.168 ~0.596 3415

development stages, which often leads to urban expansion, increased
construction, and the growth of transportation infrastructure. These
activities rely on carbon-intensive inputs (cement, steel, vehicles, etc.).

In addition to this, the results found that globalization and FDI are
both statistically
environmental degradation. Usually, the foreign firms are more
efficient and follow global environmental standards, due to which

significant and negatively associated with

carbon emissions decrease. This will lead to the reduction of
pollution per unit of output, even if the total output increases.
However, the global integration exposes domestic industries to
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international best practices, environmental norms, and sustainability
goals. The country’s participation in global value chains (GVCs) often
requires compliance with environmental and labor standards.
Globalization and FDI may help a country to shift the economy
away from pollution-heavy sectors (e.g., mining and heavy industry)
toward services and light manufacturing (as the concept of structural
transformation). This finding is in line with the results of Ying et al.
(2014), which show that economic globalization has a significant
positive influence on economic growth and carbon emissions. These
findings align with those of Demena and Afesorgbor (2020), who
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TABLE 8 Pairwise Granger causality tests result.

10.3389/fenvs.2025.1589766

Variable CO, GDPPC CORR POP FDI GLOB GDP_S
CO, (0.990) (0.307) (1.058) (1.169) (3.175) (1.351)*
GDPPC (1.370) (0.348)* (4.285) (0.554)%% (1.100) (6.754)*
CORR (1.339) (14.094)* (3.464) (2.741)* (0.566) (11.143)
POP (0.256) (2.437) (1.068) (3.355) (3.319) (0.619)
FDI (0.110) (0.371)* (0.041)* (0.871) (1.070) (0.370)
GLOB (0.205) (1.883) (1.367) (1.110) (0.000) (0.048)
GDP_S (0.943)** (0.107) (0.028) (5.098) (1.424) (0.636)

Note: ***, *¥, and * represent the 1%, 5%, and 10% level of significance.
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Concept of industrial development stages and environmental
degradation

conducted a meta-analysis of the influence of FDI on environmental
emissions using 65 primary studies.

This study supports the existence of an inverted U-shaped
relationship between the squared term of GDP and CO,
emissions, which provides empirical evidence for the EKC
hypothesis. This is because as the income level of the country
increases, it leads to greater public demand for environmental
quality. Similarly, the government may respond by implementing
stricter environmental regulations, increasing investment in green
infrastructure, and promoting the adoption of cleaner industrial
practices. More specifically, the government of Uzbekistan is
becoming increasingly active in environmental policy reforms
and in aligning with global sustainability goals. On one hand,
this contrasts with the findings of Grossman (1991) , which
provided empirical evidence that the concentrations of pollutants
(sulfur dioxide and smoke) increase with per capita GDP at low
levels of national income but decrease as GDP continues to grow at
higher income levels. On the other hand, this result aligns with the
results of Caporin et al. (2024), where they linked the fact that
Central Asian countries are in the first stage of the EKC, and the
observations displayed that gross domestic product, ecological
footprint, energy consumption, and climate change positively
influence CO, emissions in the long-term.
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FIGURE 2
Granger causality relationship schemas.

Finally, the results indicate that corruption has a positive impact
on carbon emissions, suggesting that higher levels of corruption
contribute to increased environmental degradation. According to
the literature, corruption undermines the effective enforcement of
standards, thereby exacerbating
environmental degradation. The findings are similar to those of
Grossman (1991), which highlighted the significant role of
corruption  in

environmental laws and

implementing  environmentally  friendly
technologies and reducing emissions.

Initially, this study used several tests to examine the validity of
the EKC hypothesis in Uzbekistan. This analysis indicates a complex
relationship between economic growth and carbon dioxide
emissions in Uzbekistan and partially supports the EKC
hypothesis in this country. The negative correlation between CO,
emissions and GDP per capita suggests progress in sustainability as
the economy increases. However, the VAR model results show that

GDP per capita and square of GDP per capita do not support this
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hypothesis, highlighting challenges in the short term. The VAR
model values underscore the importance of long-term plans and
policy changes to achieve environmental improvements and the
need for big investments in renewable energy.

The results of the pairwise Granger causality test, presented in
Table 8 and illustrated in Figure 2, reveal several important
relationships. A bi-directional causality is observed between CO,
emissions and GDP per capita squared (GDPPC_Square), GDP per
capita (GDPPC) and GDPPC_Square, GDPPC and corruption
(CORR), and foreign direct investment (FDI) and CORR.
Additionally, a unidirectional causality runs from CO, emissions
to globalization (GLOB), GDPPC, CORR,
(POP), and FDI.

population

5 Conclusion

The aim of this study is to examine the applicability of the
environmental Kuznets curve hypothesis in Uzbekistan along with
other macroeconomic variables. Checking the validity of this
hypothesis is important for a country such as Uzbekistan, whose
economy is transitioning from traditional sectors (agriculture) to
modern sectors (industrial sector), and it helps us understand the
dynamic relationship between carbon dioxide emissions, economic
growth, globalization, FDI, population, and corruption. The
environmental Kuznets curve hypothesis postulates that pollution
levels initially increase with income in the early stages of economic
development. After reaching a peak, pollution begins to decrease as
the economy moves toward cleaner technologies and service-
oriented structures.

The study highlights a strong positive correlation between CO,
emissions and GDP per capita, suggesting that current patterns of
economic growth are linked with increasing environmental
pressure. Globalization and foreign direct investment display
strong persistence, and they both manifest a moderate and
minimal impact on CO, pollution. However, there are some
limitations to this study. The results reveal a statistically
significant relationship between GDP per capita and its squared
term in relation to CO, emissions, supporting the EKC hypothesis
for Uzbekistan and indicating the existence of a turning point in the
income-emissions trajectory. Corruption in the correlation analysis
shows a weak positive correlation; in the short term, it has a
minimum impact on CO, emissions, which means that the
government can have issues in implementing green policies and
preventing environmental problems during economic growth.

On the basis of the above results, this study suggests policy
recommendations for the Government of Uzbekistan to
implement reforms aimed at attracting FDI. The policymakers
may provide tax incentives, customs duty exemptions, or grants for
foreign investment in renewable energy (i.e., solar, wind, and
hydro), energy-efficient technologies, and clean transport and
logistics. Moreover, the government may create a green
investment tax credit for firms meeting eco-efficiency
benchmarks. Developing eco-industrial parks and green special
economic zones (SEZs) plays a vital role in promoting sustainable
economic growth and reducing environmental degradation.
Strengthening institutional frameworks also plays an important
role. Building strong institutions can positively impact efforts to
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address pollution, implement green policies, and overcome
pollution challenges. Raising public awareness is beneficial for
promoting sustainable development. Educating the population can
be effective in implementing green initiatives among citizens.
Additionally, policymakers may focus on the creation of a
“green fast-track” to establish a mechanism for approving
environmentally sound FDI. The role of this system will be to
ensure that investment procedures are transparent, digital, and free
from rent-seeking behavior.

This study has some limitations; the corruption index used
may be subjective or broad, which might not capture localized or
sector-specific governance failures affecting the environment.
Moreover, because the study focused on a specific country,
Uzbekistan, the findings may not be generalizable to other
countries, especially those at different income or institutional
levels. As the literature indicates that energy consumption is a
direct cause of CO, emissions, future research could incorporate
disaggregated data on renewable and non-renewable energy
(including both
desired and undesired outputs), and eco-innovation variables to

consumption, energy efficiency indicators

more accurately capture the determinants of emissions in
Uzbekistan. Moreover, future research could disaggregate the
analysis by regions (e.g., Samarkand, Bukhara, and Tashkent) or
sectors (such as agriculture, industry, and services) within

Uzbekistan to examine how environmental degradation varies
spatially and across different economic activities.
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