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ABSTRACT: This study examines how green transition indicators are linked with Uzbekistan's macroeconomic perfor-
mance between 2010 and 2023 and complements the analysis with a comparative review of Azerbaijan's policy frame-
work. A mixed-method design is used, combining a multiple linear regression model with qualitative analysis of national
strategies and international assessments. The model includes lagged GDP growth, FDI as a share of GDP, C02 emissions
per capita, and their interaction to capture conditional effects. While the coefficients are not statistically significant, the
directions suggest that FDI's impact on GDP may depend on the emissions intensity of the sectors in which investment
occurs. Descriptive patterns indicate modest variability in emissions, fluctuating FDI inflows, and gradual improvements
in selected sustainability indicators. In addition to the main regression model, the study also estimates an Environmental
Kuznets Curve (EKC) for Uzbekistan to assess the non-linear income—emissions relationship and strengthen the empirical
evaluation of the country’s green transition. The comparison shows that Uzbekistan follows a broad, institutionally coor-
dinated transition, whereas Azerbaijan relies on more targeted and investment-heavy renewable initiatives. Overall, the
findings underline the role of institutional capacity and investment composition in shaping early green transition out-
comes.

KEYWORDS: Green Economy, Economic growth, Foreign direct investment (FDI), CO2 emissions, Green growth, Transi-
tion economies, Uzbekistan, Azerbaijan, sustainable development

Economics and Environment = No. 2(97) / 2026 = pages: 1-20 DOI: 10.34659/€is.2026.97.2.1315



ECONOMICS AND ENVIRONMENT 2(97) = 2026

Introduction

The consistent increase in global population and rapid industrialisation in different spheres have
caused a wide range of global challenges, simultaneously raising concerns towards climate change
(IPCC, 2021). Thus, world experts, including policymakers, started working on finding feasible solu-
tions towards balancing economic growth and sustainability (Hallegatte et al., 2012), as these issues
have already emerged as a persistent challenge, not only for environmental economists. Rising global
attention to sustainable development has led to the shaping of numerous international agreements
and global strategies to reduce emissions and encourage green transition without disrupting the eco-
nomic stability of nations (UNEP, 2011; OECD, 2011).

However, simple models for reducing emissions and resource-intensive growth were clearly
weak against climate change, which became even more obvious after the 2008 global financial crisis
(Hallegatte et al.,, 2012). Many countries consider a post-crisis strategy a tool that makes their econ-
omies more vulnerable to environmental, financial, and social shocks. In this circumstance, the new
“green economy” approach was initiated to stimulate short-term recovery and to build long-term
resilience, implementing resource efficiency and environmental protection.

Green economy transition is considered a difficult task for transition economies that are catching
up to global income levels, in which governments can only afford to prioritise GDP growth or foreign
investment. The high environmental pressure in these economies, such as Uzbekistan, a resource-de-
pendent country, has already created high pollution levels and a significantly vulnerable climate
(World Bank, 2023). Despite joining the Paris Agreement in 2018 and adopting green growth strate-
gies in official documents, implementing these initiatives remains difficult owing to outdated infra-
structure and limited green finance (GGGI, 2021; World Bank, 2023). Figure 1 illustrates Uzbekistan’s
recent economic and environmental trajectory.
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Figure 1. Trends in GDP growth, foreign direct investment (percent of GDP), CO2 emissions per capita in tonnes,
and Green Growth Index in Uzbekistan, 2010-2023
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This study evaluates the impact of key green transition indicators - foreign direct investment
(FDI), carbon emissions per capita, and a sustainability index - on GDP growth in Uzbekistan from
2010 to 2023. The second aim is to provide a qualitative comparative perspective on Azerbaijan.
Employing a multiple linear regression model, this study presents a quantified impact of green indi-
cators on economic performance along with the consideration of the official policy approaches of the
country, such as PQ-4477 (Cabinet of Ministers, 2019) and recent attempts at transparency (Presi-
dential Decree No. 800, 2024). Including national transparency frameworks, such as PQ-4477, the
integration of statistical evidence and actual policy documents enables this study to address the
existing gap between theoretical models and real-world institutional contexts in the green transition
(Smulders et al., 2014).

To enrich the empirical evaluation of Uzbekistan’s green transition, this study complements the
main regression analysis with an Environmental Kuznets Curve (EKC) assessment. The EKC frame-
work is widely used to examine whether economic development eventually leads to a reduction in
environmental pressure as income rises. Including an EKC model enables this study to verify not only
the direct effects of FDI and emissions on GDP growth, but also the broader long-run relationship
between income levels and carbon intensity. This addition responds to the gap identified in prior
empirical research in transition economies, where studies often rely on single-equation growth mod-
els but do not test for non-linear environmental-growth dynamics. By integrating EKC analysis, the
study provides a more comprehensive empirical foundation for evaluating Uzbekistan’s sustainabil-
ity trajectory.

The findings aim to support the strategic alignment of green investment, foreign direct invest-
ment, emissions control, and economic development for decision-makers in Uzbekistan and other
transition economies to further enhance the design of future sustainability programs (UNEP, 2011;
GGGI, 2021).

Literature Review

Researchers usually conduct their analyses on how pollution is caused or the influence of sus-
tainability on economic indicators in developed countries. The scope of the current study focuses on
how different green indicators impact macroeconomic performance through theoretical and empiri-
cal studies to form a link between them. This section examines existing academic sources in four key
areas: (i) theoretical frameworks of green growth, (ii) empirical evidence from global /regional stud-
ies, (iii) transition economy perspectives, and (iv) case-specific studies on Uzbekistan with major
policy examples from Azerbaijan’s experience. In addition, the basic target of this study includes
addressing the gap in underexplored research for the intersection of econometric and policy-level
analyses in transition economies such as Uzbekistan.

Theoretical Foundations of the Green Economy

From the perspective of environmental economics, research reveals that natural resource regen-
eration, supported by productive consumption, is likely to foster inclusive green growth. A dynamic
endogenous model promoted by Dinda (2013) also clearly highlights this point if economic growth is
stimulated not only by physical and human capital but also by productive consumption. In turn, this
approach enables the integration of environmental regeneration with capital accumulation and
bridges the economic and ecological dimensions of growth. This point significantly supports the eval-
uation of GDP growth in macroeconomic models with key green indicators, such as CO; and the sus-
tainability index, particularly in emerging economies, including Uzbekistan.

Besides endogenous growth models, a theoretical examination of the green economy also con-
tains an analysis of institutional and policy-oriented frameworks. Chalil (2020) offers a rather exten-
sive conceptual examination of the green economy by reviewing definitions and guiding principles
that are currently being designed by international bodies, including UNEP, UNCTAD, and the Green
Economy Coalition. For emerging economies such as Uzbekistan, where social protection, resource
limits, and sustainable investment remain central challenges, this theory is crucial for providing a
well-structured evaluation of green transition policies.
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Empirical Evidence on Green Economy and Economic Growth

Empirical research assessing the relationship between various green indexes and macroeco-
nomic indicators through regression-based methods has also become critical over the last decade. An
example from a high-volume panel data study by Ferreira et al. (2023) to evaluate the green growth
index in 164 countries from 2000 to 2020 employed a multiple linear regression model to assess the
correlation between key variables such as foreign direct investment (FDI), carbon emissions, and
renewable energy usage. The research findings showed a huge positive connection between FDI and
green growth in developing countries, while demonstrating a direct negative impact of CO, emis-
sions. Thus, the study strongly aligns with the goal of the current study to investigate the inclusion of
FDI, CO, emissions per capita, and green growth performance indicators in evaluating the macroeco-
nomic effects of the green transition, particularly in transitional economies such as Uzbekistan. Meth-
odological consistency with the multiple regression model validates this study’s targeted economet-
ric approach.

One piece of research that remains limited to empirically investigating the difference between
developed and developing economies is a paper on financial strategy that explores the financial
mechanisms that support green growth. Nguyen et al. (2024) investigate the correlation between
green finance and the green growth index across 52 countries from 2008 to 2021, using a dynamic
panel GMM estimation approach to address endogeneity concerns. In developing economies where
institutional capacity is being enhanced, the author suggests that green finance significantly acceler-
ates green growth. Similar to Ferreira et al. (2023), Nguyen (2024) also confirms the negative influ-
ence of CO, on green growth and indicates the dependence of FDI's impact on the quality of local
governments. By supporting the importance of the current study’s research targets, it simultaneously
strengthens the rationale for considering institutional frameworks alongside econometric variables.

Green Economy Transitions in Emerging Developing Countries

A group of researchers has specifically developed their research on the impact of green economy
transition in emerging developing economies because of the importance of understanding the mac-
roeconomic response to green policy frameworks such as the Paris Agreement. One of these papers
belongs to Al Mamun et al. (2025), who used a panel VECM to study the causal relationship between
CO, emissions, GDP per capita, and energy consumption across 106 middle-income countries during
2000-2021. The analysed results showed that the effects of the Paris Agreement on reducing emis-
sions have been relatively minimal for the group of countries dealing with the problem of fractured
institutional compliance. This study highlights the importance of the simultaneous analysis of green
indicators, macroeconomic performance, and institutional policies in empirical investigations of
green transition in developing economies, such as Uzbekistan. In addition, time-sensitive economet-
ric methods directly support the methodological direction of this study.

Furthermore, Alessandri and Mumtaz (2022) assessed the macroeconomic cost of climate vola-
tility on a large cross-national panel over several decades. To separate the impact of temperature
volatility from the effects of increasing levels of temperature, researchers used a panel VAR with
stochastic volatility to cover 133 countries between 1961 and 2019. The research established that
even after considering the concentration of temperature levels, precipitation, and drastic weather
conditions, a 1°C increment in temperature volatility decreases the GDP growth by approximately
0.3% and boosts the GDP volatility by approximately 0.7%. This, in turn, demonstrates how emerging
and transition economies are vulnerable to unpredictable climate patterns and strategically high-
lights the need for robust green investment and adaptive policies. The core suggestions from that
research ensure that developing nations, such as Uzbekistan, are unlikely to rely solely on carbon
metrics in forming their sustainable growth and are recommended to consider volatility and institu-
tional readiness.

Studies Focused on Green Transition in Uzbekistan and Azerbaijan

Despite the limited academic literature on the green economy transition in Uzbekistan, there are
still valuable reports and scientific articles that critically evaluate the process. The first green transi-
tion is considered a dual response to climate and economic challenges for national policy frameworks

DOI: 10.34659/€is.2026.97.2.1315



ECONOMICS AND ENVIRONMENT 2(97) = 2026 5

in developing countries. A policy brief by UNDP and UNECE (2021), focusing on sustainable sectoral
reform, characterised Uzbekistan’s strategy of green recovery. This brief suggests that Uzbekistan fix
the bottleneck of inefficient energy usage to cut its estimated annual 4.5% reduction in GDP. Similarly,
institutional weaknesses, including outdated technology, a lack of fiscal coordination, and insufficient
investment in low-carbon infrastructure, are positioned as the main case effects in this scenario. In
this circumstance, implementing green finance instruments, including carbon pricing, green procure-
ment, and tax reforms, can provide a solid foundation for a feasible solution strategy to address the
current challenge. Additionally, aligning national planning with global commitments set under the
Paris Agreement and SDGs is an initiative towards an enhanced approach to the solution. Because of
strategic planning and institutional readiness, the policy brief contains the necessary background on
how this influences the effectiveness of green indicators, including foreign direct investment (FDI)
and the green growth index in terms of Uzbekistan.

By conducting a case study focusing on the transition of Uzbekistan to a renewable energy source
as a fundamental approach to the green economy, [sakulova et al. (2024) researched opinions on this
process with the aim of forecasting possible constraints. One of the major details in this paper con-
cerns a surge in green energy and green hydrogen infrastructure, which is propped up by investors
by more than $15.4 billion to solar and wind energy projects. The authors claim that, coupled with
tariff liberalisation, foreign direct investment is key to the medium to long-term decarbonisation
objectives. However, the absence of uniform regulation enforcement, along with poor institutional
coordination, remains an issue in the sphere of fulfilling the sustainable development agenda in
Uzbekistan. There is a gap in the need to implement market-based reforms in the electricity sector to
incentivise private and foreign participation. Therefore, this study reinforces the selection of FDI and
green growth indicators as critical explanatory variables in evaluating the green economy transition
and its impact on economic growth.

As a comparative case of policy-driven deployment of renewable energy in a resource-rich tran-
sition economy, Azerbaijan is more capable of adding regional insight into the process of a green
transition of strategies. According to the Ministry of Energy of Azerbaijan (2024), the country was
targeting reducing its emissions by 35% by the year 2030 and 40% by 2050 in its Paris Agreement
Commitments. Therefore, the role of renewables in the national energy mix is institutionalised by law
No. 339-VIQ (2021). Furthermore, developments regarding the creation of a Green Energy Zone in
Karabakh and collaboration with foreign investors belong to the list of strategic moves that aid in the
rapid transition to a green economy in Azerbaijan. Following the achievements of national plans, in
2023, renewables accounted for over 20% of Azerbaijan’s energy capacity, supported by 135 GW of
onshore and 157 GW of offshore potential. Azerbaijan managed to build a finance-friendly regulatory
framework through mechanisms such as auctions and purchase agreements. These developments
provide a meaningful comparison to Uzbekistan, where similar reforms are still evolving.

Methodology

Building on prior empirical literature on green growth and sustainability drivers, this study
applies a mixed methodological approach that combines quantitative econometric modelling with a
qualitative review of policy documents. This allows the analysis to capture both statistical relation-
ships among key macroeconomic and environmental indicators, as well as the institutional and regu-
latory context relevant to Uzbekistan’s green transition.

For the quantitative part, a multiple linear regression (MLR) model was used with the inclusion
of a one-year lag in GDP growth and an interaction term between foreign direct investment (FDI) and
carbon emissions per capita. This structure was selected after reviewing earlier studies that highlight
the moderating role of environmental pressures on the growth effects of investment flows. The use of
interaction terms and lagged variables also helps account for dynamic effects and conditional rela-
tionships that cannot be captured by simpler specifications.

The qualitative component complements the econometric analysis by reviewing official govern-
ment documents, national development strategies, international assessments, and environmental
performance reports. These were examined to assess the alignment between the statistical results
and the broader policy direction of Uzbekistan’s green growth agenda.
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The empirical analysis relies on annual time-series data for 2011-2023 (n = 13 after adjusting for
the lag). The variables were sourced from internationally recognised and methodologically consist-
ent databases, including the World Bank’s World Development Indicators (WDI). Table 1 presents the
descriptive statistics of the main variables (Panel A) and the estimated regression coefficients (Panel
B).

Panel A reports descriptive statistics for the variables used in the analysis for the period 2011-2023.
Panel B summarises the results of the main regression model, estimating the effects of lagged GDP
growth, foreign direct investment (FDI), CO, emissions per capita, and their interaction on Uzbekistan's

GDP growth rate
Panel A: Descriptive Statistics of Key Variables (2011-2023)
Variable Mean SD Min Max
GDP Growth (%) 1.945 (.88 0.900 3.400
FDI (% of GDP) 3643 =0.27" 3.160 4.060
CO, per capita 1.355 =0.29' 0.900 1.700
Renewable energy share (%) 6.209 =222 1.600 8.000
Panel B: Regression Results for GDP Growth
Variable Estimate Std. Error p-value
(Intercept) 3.793 7.605 0.636
Lagged_GDP 0.119 0.489 0.815
log_FDI -1.431 5.639 0.808
log_CO2 15.841 25252 0.554
log_FDI x log_C02 -13.645 20.207 0.525

The dependent variable is annual GDP growth, while the independent variables include FDI as a
percentage of GDP, CO, emissions per capita, and lagged GDP growth. Renewable energy share is
included in the descriptive analysis but not in the regression model. Although the Green Growth
Index (GGI) was initially considered, it was excluded due to its statistical insignificance and to avoid
overfitting, given the limited sample size.

The final econometric specification is shown in Equation (1):

GDPgrowthe = B°+ B - Laggedgppe™ + B* - log(FDIy)
+ f3-1log(COz) + Ba-[log(FDIy) X log(COz)] + &,

where:

Bo is the intercept,

1 captures persistence in economic growth,

> measures the elasticity of GDP growth with respect to FD],

B5 reflects the influence of emissions intensity,

B4 shows the conditional effect of FDI under varying environmental pressures, and
€. is the error term.

Logarithmic transformations were applied to FDI and CO, emissions to reduce skewness and
allow an interpretation in terms of elasticities. The interaction between log(FDI) and log(CO,) tests
whether the impact of investment inflows differs under higher or lower environmental intensity.

Although the empirical estimation is carried out using a standard linear regression framework,
the model is employed primarily in a deterministic and explanatory sense rather than as a stochastic
or forecasting tool. The goal of the regression is to clarify stable structural relationships between
green growth variables as well as macroeconomic performance for the selected country, instead of
modelling random shocks or anticipating future outcomes. Based on the relatively short time span of
the dataset along with the transitional nature of Uzbekistan’s economy, a deterministic interpretation
of the estimated coefficients is considered more appropriate for policy-oriented inference. In this
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context, the regression results are used to assess the direction, relative magnitude, and economic
relevance of key drivers, rather than emphasising stochastic disturbance terms or predictive accu-
racy. Hence, this approach enables the model to provide clearer heuristic and policy-relevant insights
into the structural mechanism linking green economy indicators and economic growth.

Several diagnostic tests were conducted to assess model reliability. Multicollinearity was evalu-
ated through the Variance Inflation Factor (VIF). While the interaction term increased multicollinear-
ity between the transformed variables - an expected outcome in interaction models - it remained
manageable and did not distort coefficient signs. The Breusch-Pagan test confirmed the absence of
heteroscedasticity, and the Durbin-Watson statistic indicated no serial correlation. Normality of
residuals was visually inspected through Q-Q plots. In addition, robustness checks were performed
using a simplified model without the interaction term and another excluding the lagged variable.
Lower AIC and BIC values for the reduced models provide a useful comparative perspective but do
not undermine the theoretical rationale for retaining the full specification.

Given the relatively small sample size typical of transition economies with short data histories,
the results should be interpreted with caution. Nonetheless, the model provides an initial quantita-
tive assessment of how FDI and environmental factors jointly shape economic performance during
Uzbekistan’s shift toward a greener growth trajectory. Finally, qualitative comparison with Azerbai-
jan’s green transition policies helps situate the findings within the broader regional context, showing
that both economies have established strategic frameworks but still face institutional constraints
that slow the pace of implementation.

In addition to the main GDP growth model, the study estimates a separate Environmental Kuznets
Curve (EKC) model using CO, emissions per capita as the dependent variable and GDP per capita
(PPP, constant 2021 international dollars) and its squared term as predictors. This specification fol-
lows established EKC methodology, where the sign and significance of the linear and squared income
terms help identify whether environmental degradation exhibits a U-shaped or inverted-U trajectory
as economies grow. The EKC model relies on annual data from the World Development Indicators and
is estimated using ordinary least squares (OLS) in the R environment. Including this auxiliary model
strengthens the empirical analysis by testing for structural environmental patterns that may not be
captured by the GDP-growth-focused regression alone.

To formally test for the presence of a non-linear income-emissions relationship, the Environmen-
tal Kuznets Curve (EKC) was estimated using the standard quadratic specification commonly applied
in the empirical EKC literature.

CO4¢ = Bo + B1-GDPpc; + B2GDPpci? + &,

where CO,,t denotes CO, emissions per capita, GDPpc, represents GDP per capita (PPP), and is the error
term. A negative 3; and positive (3, indicate a U-shaped relationship, whereas a positive combined 31
with a negative (3, would support the classical inverted-U EKC hypothesis.

Results

Descriptive Trends in Key Indicators

To contextualise the regression outputs, it is necessary to begin with the underlying behaviour of
the variables. Table 1 (Panel A) presents the descriptive statistics for GDP growth, FDI (% of GDP),
CO, emissions per capita, and the Green Growth Index (GGI). The annual trajectories of these indica-
tors for 2010-2023 are displayed in Figure 1.

During the period under review, Uzbekistan’s real GDP growth averaged 6.3%, ranging between
1.6% and 8.0%. Growth accelerated around 2016-2018, coinciding with the early economic liberali-
sation phase, contracted sharply in 2020 due to COVID-19, and stabilised thereafter. These dynamics
reflect the broader transition setting in which temporary accelerations are often followed by periods
of consolidation.

FDI inflows averaged 2.12% of GDP, with substantial year-to-year variation (SD = 0.91). The mid-
2010s witnessed a gradual rise in inflows, likely associated with policy changes targeting investment
attraction, whereas 2020 marked a downturn reflecting global market disruptions. CO, emissions
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per capita remained comparatively stable (mean = 3.56 tonnes; SD = 0.27), showing minor fluctua-
tions and largely reflecting the predominance of fossil-fuel-based energy generation. The GGI main-
tained narrow variation (36.89-38.68), slightly improving in the late 2010s with the introduction of
sustainability programmes, yet showing limited short-run responsiveness to economic cycles.

Overall, the descriptive patterns illustrate that GDP growth, FDI inflows, emissions, and sustain-
ability scores evolve over different temporal rhythms. FDI and GDP growth appear loosely aligned
during certain sub-periods, while CO, emissions remain largely decoupled from short-term economic
shifts. These descriptive observations underscore the need for a formal econometric approach to
identify the direction and significance of these relationships.

Regression Analysis of GDP Growth Drivers

The regression model estimates the effects of lagged GDP growth, log-transformed FD], log-trans-
formed CO, emissions, and their interaction term on annual GDP growth (Table 1, Panel B). The coef-
ficient estimates and 95% confidence intervals are visualised in Figure 2 (left), and the interaction
surface is displayed in Figure 2 (right).

Coefficient Estimates:
Interaction Effect:
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Coefficient estimates and interaction effect for the GDP growth model

Intercept & Lagged GDP

The intercept (-3.499, p = 0.749) is not statistically meaningful, as expected in log-linear specifi-
cations. Lagged GDP growth has a negative coefficient (-0.4598, p = 0.133), suggesting a mild
mean-reversion tendency: years with unusually high growth tend to be followed by slightly slower
growth. Although statistically insignificant, this pattern is typical for transition economies where
rapid expansion often moderates once short-term reforms or shocks ease.

FDI Coefficient

FDI enters the model with a negative coefficient (-10.832, p = 0.488). While insignificant, the sign
aligns with the notion that FDI inflows may take time to materialise in output growth, particularly
when directed toward capital-intensive sectors such as energy and infrastructure. This lagged impact
- combined with the volatility of FDI levels over the sample period - offers a plausible explanation for
the weak contemporaneous link.
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CO, Coefficient

The coefficient on log-CO; is positive (10.446, p = 0.259), implying that increases in emissions are
associated with marginally higher GDP growth, consistent with growth driven by energy-intensive
production. The finding, although not statistically significant, supports the broader understanding
that Uzbekistan’s industrial base remains carbon-reliant and that structural shifts toward low-car-
bon sectors have not yet occurred at a scale sufficient to reverse this association.

Interaction Term

The interaction term (7.876, p = 0.522) is positive but insignificant. Figure 2 (right) illustrates
how the marginal effect of FDI differs across CO, emission levels. While the estimates do not reach
statistical significance, the graphical pattern indicates that FDI contributes more positively to growth
when emissions are higher - suggesting that the strongest FDI-growth links still occur in carbon-in-
tensive sectors. This underscores the relevance of policies aimed at redirecting investment flows
toward renewable energy and efficiency-enhancing projects.

Model Fit Summary

The model explains approximately half of the variation in annual GDP growth (R* = 0.493;
adjusted R? = 0.239). Given the small sample size (n = 14), modest explanatory power is expected.
The residual standard error is 1.46, and while the F-statistic (1.943, p = 0.197) is not significant, the
fitted values track the general contour of observed GDP growth (see Figure 3). The model therefore
provides structural insight rather than precise year-by-year predictions.

Predicted vs Actual GDP Growth

Actual GDP Growth

5 6 7 8
Predicted GDP Growth

Predicted versus actual GDP growth rates for Uzbekistan, 2010-2023

These results highlight the capacity of the model to capture broad patterns, rather than precise
year-to-year fluctuations. The following subsection examines diagnostic tests to assess whether the
regression assumptions are satisfied.

While some estimated coefficients do not reach conventional levels of statistical significance, this
outcome is not unexpected given the relatively short time series and the early-stage nature of the
green economic transition in Uzbekistan. In transition economies, the economic effects of the envi-
ronmental policy, green investment and structural reforms often have time delays, thus reducing
short-term statistical observability. From a heuristic perspective, the direction and consistency of
coefficient signs, as well as their interaction within the model structure, provide more meaningful
insights than isolated p-values. The results of the regression, therefore, give the structural signals as
to the interrelations between green growth-related factors and economic performance rather than
serving as the final statistical provision. The policy implications of these results are, consequently, the
ability to point to the new relationships and inform the strategic priorities, as opposed to statistical
accuracy in the short term.
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Model Diagnostics and Robustness Checks

A comprehensive set of diagnostics was performed to verify the validity of the regression assump-
tions. Four key plots are summarised in Figure 4: residuals vs fitted values, histogram of residuals,
Q-Q plot, and correlation heatmap.

Residuals vs Fitted Values Histogram of Residuals
2 © 4
o ° ® 3
© -
[ R 0% __o _ S,
3 -1 ® g O,
4
2 , [ 1]
5 6 7 8 -3 -2 -1 0 1 2
Predicted GDP Growth Residuals

Normal Q- Piot of Residuals

Figure 4. Diagnostic plots for the GDP growth regression model

Residuals vs Fitted Values

The scatter of points around the zero line (no clear curvature or funnel shape) indicates no strong
evidence of non-linearity or heteroscedasticity. Slight spread variation is visible, but this is expected
with small samples.

Histogram of Residuals

The histogram shows a roughly symmetric distribution centred near zero, with a small number
of mild outliers at both tails. The distribution does not deviate substantially from normality, support-
ing the use of OLS inference.

Normal Q-Q Plot

The Q-Q plot confirms approximate normality, with observations lying close to the theoretical
line. Minor deviations in the tails are present but not severe enough to challenge inference.

Correlation Heatmap and Multicollinearity

The heatmap reveals generally weak correlations among predictors (e.g., log_FDI-log_CO, =
-0.17; Lagged_GDP-log_CO, = 0.42). All fall comfortably below common multicollinearity thresholds.
VIF values (*1-1.2) corroborate the absence of collinearity, ensuring stable coefficient estimates.

Across the descriptive, econometric, and diagnostic findings, the analysis highlights a mixed but
interpretable relationship between foreign investment, emissions, and economic performance. While
none of the predictors reaches statistical significance - an expected outcome given the small sample
- the model captures relevant structural associations. The findings suggest that Uzbekistan’s growth
remains moderately carbon-dependent, that the immediate effect of FDI on growth is limited, and
that meaningful gains in green transition impact require both institutional strengthening and tar-
geted investment redirection.
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Environmental Kuznets Curve (EKC) Assessment

As formulated in a tradition of literature, the classic Environmental Kuznets Curve (EKC) hypoth-
esis is based on a set of institutional and measurement assumptions that are peculiar to market-ori-
ented economies. Specifically, the EKC model assumes the existence of market prices on environmen-
tal externalities, gradual institutionalisation within environmental regulation, and a fairly stable
definition of gross domestic product that inherently takes into account structural changes in the
production sector. These assumptions are inapplicable in the economic system prevalent in the Soviet
era that ruled over Uzbekistan before independence. Since it was a centrally planned economy, pro-
duction was geared towards fulfilling a set output and not economic efficiency or environmental con-
servation. There was no pricing or regulation of environmental externalities, and environmental
degradation had no presence in state planning. Moreover, the Soviet gross domestic product calcula-
tor was based on the gross material production notions which cannot be easily compared with the
modern national accounting principles. These institutional disjunctions suggest that there is a struc-
tural break between the Soviet and the post-independence era implying that the EKC pattern that has
been seen by Uzbekistan is due to the fact that it was conducted on a transition basis and does not
imply that the EKC hypothesis is wrong. This means that institution-specific turning points in the
context of EKC in Uzbek should be understood as the results of the legacy of historical effects and
systemic change.

While the GDP growth regression provides insights into the interaction between investment,
emissions, and economic performance, the EKC model allows for testing whether Uzbekistan’s long-
run emissions trajectory aligns with broader environmental-income theory. To complement the GDP
growth regression, an EKC model was estimated to examine the non-linear relationship between
income and environmental pressure. The EKC results reveal a statistically significant U-shaped pat-
tern for Uzbekistan between 2000 and 2023. The linear GDP term is negative (p < 0.001), while the
squared term is positive (p < 0.01), indicating that CO, emissions initially decline with rising income
but begin increasing again after reaching a turning point of approximately USD 9,537 (PPP, constant
2021 international dollars). This threshold lies within the observed income range (USD 3,410-
10,008), meaning the pattern is empirically relevant rather than extrapolated. Figure 5 presents the
fitted EKC curve, showing a gradual decline in CO, emissions at lower income levels and a slight
upturn as Uzbekistan approaches its recent GDP per capita levels. The EKC results suggest that
Uzbekistan remains in an early-to-middle transitional stage of decarbonisation, where growth is still
partially linked to carbon-intensive activity.

Estimated EKC for Uzbekistan
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Environmental Kuznets Curve Estimation for Uzbekistan, 2000-2023
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The resulting EKC trajectory should therefore be interpreted within the broader context of
post-socialistinstitutional adjustment rather than as a purely income-driven environmental response.

Comparative Insights: Uzbekistan and Azerbaijan

The following section is an essential part of the study to provide a well-structured integration
between quantitative and qualitative aspects. The comparative analysis of Uzbekistan and Azerbaijan
is conducted within a common theoretical framework grounded in green growth theory and the Envi-
ronmental Kuznets Curve (EKC) hypothesis, ensuring methodological consistency across cases. For
Uzbekistan, the availability of time-series data allows for a formal econometric estimation of both
GDP growth determinants and EKC dynamics. In contrast, the analysis of Azerbaijan adopts a concep-
tual EKC positioning and policy-oriented interpretation of growth-emissions linkages, reflecting data
availability constraints rather than differences in analytical logic. Despite the variation in empirical
depth, both country cases are evaluated using the same underlying theoretical assumptions regard-
ing structural transformation, environmental externalities, and green growth mechanisms. This
approach preserves methodological symmetry while acknowledging empirical asymmetry, enabling
a theoretically consistent comparison between two transition economies within the same regional
context.

Thus, the current analysis aims to compare the green transition processes in two peer countries,
Uzbekistan and Azerbaijan, to identify key institutional, investment, and policy differences that shape
their economic and environmental outcomes. Figure 5 shows the strategic sources for the current
comparison for both countries.

12

National policy
documents: PQ-4477,
Transperency
Concept 2024

National policy
documents:
Ministry of Energy
renewable energy policy

International reports:
GGGl flagship reporting
climate leadership
analysis

International reports:
——  World Bank reports and —
adaptation frameworks

Strategic sources for the comparison
Source: (GGGI, 2023; Government of Uzbekistan, 2019; Ministry of Energy of Azerbaijan, 2024).

The overall comparative pattern is based on metrics from the Global Green Growth Institute
Technical Report (GGGI, 2023).

As the previous analysis focused on regression models to clarify the influence of green drivers on
GDP growth in Uzbekistan, this comparative part employs qualitative and secondary statistical data
to examine how distinct policies along with investment initiatives in Azerbaijan are likely to explain
variations in green GDP growth dynamics. Therefore, the crucial dimensions that serve as the foun-
dation of the comparison are policy frameworks, investment patterns, and green growth performance
(GGGI, 2023; Government of Uzbekistan, 2019; Ministry of Energy of Azerbaijan, 2024).
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The policy frameworks of Uzbekistan and Azerbaijan reveal shared goals for sustainable develop-
ment and notable differences in strategic scope and institutional integration. A comprehensive long-
term plan, serving as the key national strategy for sustainable growth in Uzbekistan, is the 2019-2030
Green Economy Strategy with special number PQ-4477 (Government of Uzbekistan, 2019). The gov-
ernmentinitiated the Transparency Concept 2024 to introduce tracking progress and ensure account-
ability the following year (Government of Uzbekistan, 2024). The GGGI Sankey diagram highlights
natural capital protection, efficient resource use, and low-carbon development as key focus areas
(Global Green Growth Institute [GGGI], 2023a). Thus, broad policy coverage, implementing mul-
ti-ministry coordination, integration with development plans, and legal reforms to support sustaina-
bility are linked with the regression findings on the balanced but slower short-term GDP effect of
green drivers.

On the other hand, Azerbaijan, emphasising economic diversification, also shaped a strategic
roadmap for the national economy perspective. The GGGI reports that weak performance in green
economic opportunities and social inclusion is the main coverage gap for the strategic roadmap of the
country (GGGI, 2023a). Although the current energy system is over-reliant on fossil fuels, the future
target aims to reach a 30% renewable energy share by 2030. The country’s potential for renewable
energy development is estimated to achieve 27 GW of economically viable capacity through a major
project in cooperation with large organisations, such as Masdar and ACWA Power (Ministry of Energy
of Azerbaijan, 2024; GGGI, 2023a). Azerbaijan’s institutional framework demonstrates a strong exe-
cution capacity for implementing large-scale energy projects. However, it exhibits a narrower inte-
gration of social and small- and medium-sized enterprise (SME)-level green initiatives. The GGGI
Sankey diagram from its report in 2023 suggests that Uzbekistan has “longer edges” connecting mul-
tiple green policy domains with higher integration of green indicators into policies, while Azerbaijan
has concentrated links in renewable energy and infrastructure, but less in governance and inclusion
(GGGI, 2023a). From the policy framework perspective, the overall picture indicates that the main
contrast is that Uzbekistan has a broad and integrated gradual policy, while Azerbaijan has a targeted
and investment-heavy narrow scope.

Investment trends reflect the extent to which green growth priorities translate into tangible eco-
nomic activities. The World Bank report on Uzbekistan highlights climate-related investments by the
World Bank and Asian Development Bank on project financing, irrigation modernisation, and ener-
gy-efficient updates in the country (World Bank, 2023). The Uzbek government’s strategic action
through the Transparency Concept 2024 critically underlines investor confidence metrics as well as
tracking systems (Government of Uzbekistan, 2024). The increasing amount of FDI in Uzbekistan
emphasises manufacturing and infrastructure, with a growing share of renewable energy and envi-
ronmental projects. Having green investment to shape long-term infrastructure and capacity-build-
ing projects clarifies why the econometric model of this study showed an insignificant impact of FDI
on GDP growth in the country.

Azerbaijan stands in stark contrast to Uzbekistan in terms of its rapid and decisive path to huge
renewable energy investments. The nation has established strategic alliances with major players,
including Masdar and ACWA Power, thus leading to the establishment of two trail-blazing creations,
including the 230 MW Garadagh Solar Power Plant and the 240 MW Khizi-Absheron Wind Power
plant. Another capacity is to implement via competitive auctions conducted by the European Bank of
Reconstruction and Development (Ministry of Energy of Azerbaijan, 2023). Although such high-pro-
file projects drive the national agenda of achieving a 30 percent renewable energy quota by 2030, the
capex is largely centralised in centralised power generation and has shown little diversification into
smaller-scale or community-based green ventures. The point of contrast highlights the gradual, large-
scale investment orientation and more precise investment paradigm in Azerbaijan.

The two countries, Uzbekistan and Azerbaijan, can be viewed using the Global Green Growth
Institute (GGGI) performance metrics to gain further insight into the relative progress of economies.
The ability to move its Green Growth Index (GGI) on an upward trend since 2010 is an achievement
that Uzbekistan has continued to develop. The fact that its current score (56.5) implies that it contin-
ues to boast a significant level of resource use efficiency, sustainability, and natural capital protection.
Balanced performance demonstrates competent policy coverage, and the incorporation of the goals
of environmental protection into economic planning and the alignment of activities of different min-
istries contribute to it (GGGI, 2023a).
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The GGI score of 2023 reflects an above-average score of about 48.6 for Azerbaijan, which has
been pegged by high material use efficiency and somewhat strong social equity indicators. However,
in the GGI component of green economic opportunities (GEO), the country fails to perform to the best
of its abilities, performing poorly in green innovation, employment, and trade, which are factors
attributed to the less extensive policy base. Uzbekistan, on the other hand, has more even accessibil-
ity in terms of the GGI dimensions of advancement, as opposed to Azerbaijan, which has the improve-
ments stuck within the areas firmly allied to major infrastructure investment.

Uzbekistan’s more balanced policy coverage is expected to achieve broader sustainability out-
comes through slower short-term GDP impacts, consistent with the regression results. By contrast,
Azerbaijan’s targeted big-ticket renewable investments are estimated to yield faster capacity growth,
while the approach could also shape risk-missing social and SME-level benefits. In summary, Azerbai-
jan’s policy gaps in gender equality and SME participation could limit inclusive growth benefits,
whereas Uzbekistan’s challenge is to mobilise large-scale green investments. Further paragraphs in
the Discussion section will explore the implications for sustainable economic growth strategies in
resource-dependent transition economies.

Discussion

Overview of Key Findings

The findings of this study reveal distinct patterns in the behaviour of green growth drivers and
the policy frameworks that shape Uzbekistan’s economic trajectory between 2010 and 2023. By inte-
grating econometric results with a comparative policy review, the analysis offers a more complete
understanding of how green transition indicators influence annual GDP growth. The model demon-
strates that FDI does not exert a statistically significant short-term effect on growth, although its
longer-term relevance - especially when linked to structural upgrades and technological investment
- remains clear. CO, emissions, in turn, display a positive association with GDP growth, and the inter-
action term indicates that this relationship shifts depending on the level of FDI, suggesting differen-
tiated outcomes depending on the direction and composition of investment flows.

These results highlight an important contrast between Uzbekistan and Azerbaijan in their
approaches to green transition. Uzbekistan has adopted a broad, gradually expanding framework
that emphasises incremental policy improvements, investment scaling, and institutional alignment.
Azerbaijan, meanwhile, has prioritised more targeted, high-intensity investments in renewable
energy, creating a narrower yet more aggressive penetration into green sectors. This divergence
reflects differences in institutional capacity, investment ecosystems, and national development strat-
egies.

The contribution of this study to academic literature lies in its mixed-method structure. While the
econometric model allows for the quantitative assessment of how environmental and investment
variables relate to macroeconomic performance, the qualitative policy review helps uncover institu-
tional, legal, and strategic nuances that are otherwise difficult to capture. By bringing together econo-
metric evidence, GGGI indicators, and national policy documents, the study provides a deeper insight
into the green transition paths of two emerging economies. The following sections interpret these
findings against the backdrop of existing research and discuss their implications.

Interpretation of Econometric Results

While none of the variables in the model reaches conventional levels of statistical significance,
the coefficients nevertheless provide meaningful indications of how economic performance relates to
investment, emissions, and structural change in the context of a transitioning economy.

The coefficient for FDI is negative but insignificant, which reflects the nature of FDI composition
in Uzbekistan. Much of the country’s foreign investment is directed toward industries with long ges-
tation periods - energy, basic infrastructure, and capital-intensive manufacturing - where economic
returns are realised over several years rather than within the same period. Institutional readiness,
regulatory clarity, and sectoral absorption capacity also shape the effectiveness of FDI. These findings
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align with patterns observed in other emerging and transition economies, where green-oriented FDI
tends to have a delayed but eventually positive impact on growth (OECD; Liu et al., 2024).

CO, emissions show a positive association with GDP growth. This is consistent with the contin-
ued reliance on fossil-fuel-based production and energy-intensive sectors such as metallurgy, con-
struction materials, and utilities. Similar relationships have been reported in the early phases of
green transition across resource-dependent economies: environmental pressure tends to rise along-
side output growth before decoupling occurs as cleaner technologies and efficiency measures expand
(OECD, 2022). Uzbekistan’s trajectory remains within this expected early-transition pattern.

A particularly noteworthy finding is the interaction between FDI and CO, emissions. Although
statistically insignificant, the sign and direction reveal that the effect of FDI on growth differs depend-
ing on the carbon intensity of the economy. When emissions are high, FDI’s marginal contribution to
growth tends to reflect investment in traditional carbon-intensive industries. Conversely, when
aligned with cleaner technologies, the same investment can enhance both growth and environmental
performance. This conditionality is widely discussed in green finance literature, where the impact of
investment is shown to depend heavily on its orientation and environmental quality (Liu etal., 2024).
For Uzbekistan, this indicates that the effectiveness of FDI is not fixed but depends on how strongly
investment flows are channelled into low-carbon or sustainability-enhancing sectors.

The EKC findings further reinforce this interpretation. The statistically significant U-shaped
curve suggests that Uzbekistan has not yet reached the stage where economic growth naturally leads
to sustained reductions in emissions. Instead, emissions decrease only up to a moderate-income level
and then rise again as industrial and energy-intensive sectors expand. This pattern is consistent with
the early-transition dynamics observed in resource-dependent economies, where structural diversi-
fication and renewable energy penetration remain limited. The EKC result, therefore, complements
the regression model by showing that both investment composition and income dynamics contribute
to continued environmental pressure, highlighting the importance of targeted green investment and
institutional strengthening to prevent a long-term return to higher emissions intensity.

The U-shaped EKC pattern observed in Uzbekistan aligns with EKC trajectories noted in ear-
ly-transition economies where carbon-intensive industrialisation precedes structural diversification
(Dinda, 2013; OECD, 2022). Similar patterns of partial decoupling are reported for resource-depend-
ent countries in Grubb et al. (2023).

Overall, the econometric results emphasise the importance of aligning investment priorities with
green transition objectives. While short-term statistical significance is limited, the broader structural
relationships observed in the model remain consistent with theoretical expectations of economies in
transition, where the timing, quality, and direction of investment determine whether growth becomes
progressively decoupled from emissions.

Policy Insights from Comparative Analysis

Comparative analysis reveals that contrasting policy frameworks shape the pace, scope, and
inclusivity of the green transition in Uzbekistan and Azerbaijan. The following paragraph highlights
the comparative policy analysis insights from both countries.

A broad and integrated policy model strengthened by 2019-2030, The Green Economy Strategy
and Transparency Concept 2024 in UzbeKkistan, fosters several positive aspects, which are demon-
strated below:

Multi-ministry coordination;

Integration of environmental goals into economic planning;

Balanced focus across GGGI dimensions (natural capital, efficient resource use);

The overall insights suggest that Uzbekistan’s approach is likely to support long-term sustaina-
bility but slower short-term GDP impacts, which are directly aligned with the regression findings.
Hallegatte et al. (2012) also noted that integrated green growth strategies prioritise systemic resil-
ience over immediate returns.

Whereas Azerbaijan developed its targeted and investment-heavy policy model with the founda-
tion of the National Strategic Roadmap and the renewable energy share goal (30% by 2030). The
strengths and weaknesses of this approach are as follows.

Strengths:

Rapid renewable capacity growth through large-scale projects (Masdar, ACWA Power);
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Strong institutional execution in infrastructure delivery;

Weaknesses:

Narrower policy coverage (weak in green economic opportunities, social inclusion - GGGI 2023);

Overall, Azerbaijan might achieve fast sectoral gains, but the risk of limited spillovers to SMEs and
inclusive green growth remains high.

Each pathway offers lessons for the other: Uzbekistan could incorporate more flagship projects
to attract investment and public attention, whereas Azerbaijan could broaden its policy coverage to
secure more inclusive and sustainable growth outcomes.

Theoretical and Practical Implications

The findings of this study contribute to the growing body of green growth theory while offering
practical insights for policymakers and investors in transition economies. Consistent with existing
academic literature, the results reaffirm that integrated policy frameworks - those combining regu-
latory alignment, investment incentives, and long-term sustainability planning - tend to produce
more balanced outcomes over time. At the same time, targeted investments, especially in renewable
or high-impact green sectors, can accelerate sector-level transformation, though such focused
approaches may leave broader structural gaps if not supported by systemwide reforms.

The econometric evidence suggests that institutional capacity and the quality of investment com-
position are central mediators of the growth-sustainability relationship. Economies with stronger
institutional frameworks appear better positioned to channel FDI into productive and environmen-
tally sustainable activities, whereas countries with weaker institutional coordination may experience
slower or uneven benefits, including prolonged reliance on carbon-intensive growth. These observa-
tions align with broader theoretical expectations that transition economies require a simultaneous
strengthening of institutions and investment structure to achieve meaningful decoupling.

From the author’s perspective, if a developing country intends to implement a green economic
development strategy while maintaining long-term growth objectives, it must be prepared to accept
lower short-term gains in exchange for more resilient, sustainable outcomes in the future. This
includes a willingness to gradually discontinue environmentally damaging but profitable activities
and replace them with greener alternatives. Such a trajectory allows for sustainable structural change,
even if immediate returns are more modest. These theoretical and practical reflections set the stage
for addressing the limitations of the current study and identifying areas for future research.

Limitations and Directions for Future Research

Despite its contribution to the literature, this study has several limitations that should be taken
into account when interpreting the results. The first and most significant limitation is the short time
series, which includes only 14 annual observations (2010-2023). The small sample size naturally
constrains statistical power and limits the ability to capture long-term dynamic effects. Future work
with extended datasets, once available, could provide stronger econometric evidence.

A second limitation relates to the use of secondary data drawn from international databases,
policy reports, and environmental indicators. While these sources are widely used in academic stud-
ies, they may vary in measurement consistency or undergo revisions over time, which could influence
model accuracy. In addition, the comparative component of the study for Azerbaijan was carried out
qualitatively due to data limitations; therefore, direct econometric comparison across both countries
was not feasible. A symmetrical econometric evaluation for both cases would enhance cross-country
comparison.

The current model also excludes variables such as renewable energy share, energy efficiency
indicators, and innovation-related indices due to incomplete or inconsistent time-series availability.
Including such variables could deepen the analysis and yield more comprehensive insights into green
transition dynamics. Another dimension worth exploring is the potential bidirectional relationship
between FDI and GDP - something that extends beyond the scope of the current model but is well-doc-
umented in the literature.

Future research could extend this work by employing multi-country panel data models across
Central Asian economies to strengthen statistical inference and allow for comparative assessment. A
sector-specific econometric approach may also uncover industry-level dynamics that macro-level
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models cannot fully capture. Finally, qualitative case studies on specific green investment projects
could complement quantitative findings by illustrating how institutional capacity, policy design, and
investor behaviour interact on the ground.

Closing Synthesis

Overall, the study underscores the interconnected roles of green investment, institutional capac-
ity, and environmental performance in enabling sustainable economic development in emerging
transition economies. By combining econometric modelling with comparative policy analysis, the
research provides a more nuanced, evidence-based perspective on Uzbekistan’s green transition
while situating it within a dual-country context through comparison with Azerbaijan. These findings
offer valuable lessons for developing economies seeking to design effective green transition strate-
gies. The insights presented here form the basis for the targeted policy recommendations and con-
cluding reflections in the next section.

Conclusion

This study employed a dual mixed-method approach - combining econometric modelling for
Uzbekistan with a comparative policy review of Azerbaijan - to examine how the green economy
transition interacts with macroeconomic performance in emerging economies. The descriptive pat-
terns, including the behaviour of GDP growth, FDI inflows, CO, emissions, and sustainability indica-
tors, suggested that short-term statistical significance remains limited. Nevertheless, the direction of
these relationships aligns closely with theoretical expectations in green transition literature, where
early-stage reforms tend to produce structural rather than immediate quantitative effects.

The econometric results highlighted the conditional importance of the interaction between FDI
and CO, emissions. Although not statistically significant, the combined influence of these variables
suggests that the effectiveness of investment depends on the carbon intensity of the sectors it reaches.
In other words, when FDI is directed toward carbon-intensive industries, its contribution to growth
follows a more conventional pattern, whereas investment aligned with green technologies and
low-emission infrastructure can accelerate a transition toward more sustainable long-term out-
comes.

The inclusion of EKC analysis provides an additional perspective on Uzbekistan’'s environmental-
economic trajectory. The presence of a U-shaped income-emissions relationship indicates that the
country has not yet reached the point where higher income leads to systematic reductions in CO,
emissions. This reinforces the study’s broader conclusion that structural reforms, investment reori-
entation, and institutional capacity building remain essential for achieving sustainable long-term
growth. The EKC findings, therefore, serve as an important complement to the main regression model,
demonstrating that Uzbekistan’s growth path still relies partly on carbon-intensive production,
despite policy commitments to green transition.

The comparative policy assessment with Azerbaijan further reinforced these insights. While
Uzbekistan has opted for a broader, gradual green transition strategy, Azerbaijan has undertaken
more targeted, flagship renewable energy projects that generate higher visibility and faster sectoral
transformation. This contrast suggests that Uzbekistan may benefit from integrating large-scale
renewable initiatives alongside its existing multi-ministry coordination efforts to strengthen institu-
tional visibility and attract green-oriented investment.

From a theoretical perspective, the study contributes to ongoing discussions on how the compo-
sition of investment and institutional capacity shapes the growth-sustainability nexus in transition
economies. By combining quantitative modelling with qualitative policy analysis, the research
demonstrates that FDI's influence on GDP is not uniform but conditional, varying with sectoral orien-
tation, environmental context, and the maturity of national policy frameworks. Overall, these findings
provide valuable evidence for policymakers seeking to balance economic expansion with environ-
mental commitments and offer a foundation for future empirical research in the region.
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