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Abstract

This study examines the effects of economic complexity on carbon intensity using dynamic panel data methods
including data from 36 OECD countries over the period 1995-2023. Carbon intensity, which reflects the
environmental efficiency of economic production, was used as the dependent variable, while the economic
complexity index was the main explanatory variable. The analysis was conducted using the System Generalized
Method of Moments to address potential endogeneity issues and account for dynamic dependence.

The results indicate that carbon intensity is highly persistent and that past emission levels strongly influence
current environmental performance. The coefficient for economic complexity was positive in the short run, but the
interaction term with income level (ECI % InGDPper) was negative and significant. This suggests that economic
complexity increases carbon intensity at low-income levels but decreases emissions at high-income levels.
Additionally, trade openness is found to reduce carbon intensity, while capital formation has a positive effect.

Accordingly, the findings indicate that the environmental impact of economic complexity is conditional and varies
depending on the stage of development. It is emphasized that complexity supports low-carbon production in high-
income and technology-driven economies, and therefore structural transformation should play a central role in
climate policies.
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0z

Bu calisma, 1995-2023 doneminde 36 OECD iilkesinin verilerini kullanarak ekonomik karmasikligin karbon
yogunlugu iizerindeki etkilerini dinamik panel veri yontemleriyle incelemektedir. Calismada bagimli degisken
olarak ekonomik iiretimin ¢evresel verimliligini yansitan karbon yogunlugu kullanimus, temel aciklayict degisken

ise ekonomik karmagsiklik endeksi olmugstur. Analiz, olast i¢sellik sorunlarmi gidermek ve dinamik bagimlilig
dikkate almak amaciyla Sistem Genellestirilmis Momentler Metodu ile gerceklestirilmistir.

Sonuglar, karbon yogunlugunun yiiksek derecede kalict oldugunu ve ge¢mis emisyon diizeylerinin mevcut ¢evresel
performanst giiclii bicimde etkiledigini gostermektedir. Ekonomik karmagsiklik katsayist kisa donemde pozitif
bulunmug, ancak gelir diizeyiyle etkilesim terimi (ECIxInGDPper) negatif ve anlamli ¢itknmusti. Bu durum,
ekonomik karmasikligin diisiik gelir diizeylerinde karbon yogunlugunu artirdigi, ancak yiiksek gelir diizeylerinde
emisyonlart azalttigina isaret etmektedir. Ayrica, ticaret a¢ikligi karbon yogunlugunu diigiiriirken, sermaye
birikiminin pozitif etkisi bulunmustur.

Sonug olarak, bulgular ekonomik karmagsikligin ¢evresel etkisinin kosullu oldugunu ve kalkinma asamasina bagh
olarak degistigini gostermektedir. Yiiksek gelirli ve teknoloji odakli ekonomilerde karmasikligin diisiik karbonlu
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tiretimi destekledigi, bu nedenle yapisal doniisiimiin iklim politikalarinda merkezi bir rol oynamasi gerektigi
vurgulanmaktadir.

Anahtar Kelimeler: Karbon yogunlugu, Ekonomik karmagsiklik, Sistem GMM, Siirdiiriilebilir kalkinma.
1. INTRODUCTION

A more integrated perspective is necessary to address global climate change than a policy which deals
with the environmental impacts of economic growth by focusing on greenhouse gas emissions alone. It
is a global problem that will require a total redesign of our economic systems. Carbon intensity, which
measures the ratio between carbon dioxide (CO:) emissions and gross domestic product (GDP) has
become an important indicator that can track environmental impact (Tudor & Sova, 2021; U.S. Energy
Information Administration, 2025).

A decrease in CI indicates that less carbon input is needed to produce a certain amount of economic
output and reflects higher energy efficiency and the effectiveness of clean energy utilization (Schro der
& Storm, 2020). Decarbonization can only be achieved when the energy intensity of economic activity
falls and low-carbon sources are deployed widely across all sectors (International Energy Agency, 2024).
Consequently, the long run objective is to identify and implement climate policies based on the economic
and structural factors that most effectively support CI reduction.

Studies based on the Environmental Kuznets Curve (EKC) hypothesis, which predicts an inverted U-
shaped relationship between environmental degradation and national income, are prominent in the
literature (Stern, 2017; Leal and Marques, 2022). However, the EKC approach has limited validity for
factors affecting the global environment (Shahbaz and Sinha, 2019; Almeida et al., 2024). Traditional
approaches do not sufficiently consider the fundamental structural differences that determine countries'
environmental footprints. To address this shortcoming, the Economic Complexity Index (ECI) was
incorporated into the analysis. Developed by Hidalgo and Hausmann (2009), the ECI measures a
country's production knowledge and the diversity and complexity of its export products. Higher ECI
values indicate a more advanced economic structure and long run development potential (Hidalgo and
Hausmann, 2009; Yalta and Yalta, 2021).

By including the ECI in the analysis, we consider how the economy produces rather than how much it
produces. This provides a structural perspective that differs from simple income measures. This
structural approach can provide a deeper understanding of the effects of economic complexity and
endogenous structural factors on carbon intensity and their interactions with other macroeconomic
variables (Laverde-Rojas et al., 2021). The dynamic approach used in the study takes into account the
continuity of environmental impacts and demonstrates the determining role of past emissions on the
current carbon load. These results contribute to the empirical literature and provide a comprehensive
analytical framework for climate policy design.

The remainder of the paper is structured as follows: Section 2 provides a comprehensive review of the
relevant literature. Section 3 details the data and methodology used and presents the empirical findings.
Section 4 provides a detailed discussion and interpretation of the analytical results. Section 5
summarizes the key findings and presents the resulting policy recommendations.

2. LITERATURE REVIEW

The relationship between economic complexity and carbon intensity has become a core research topic
in environmental economics, particularly as countries pursue sustainable development. Numerous
studies have examined this relationship in different contexts, using different methodologies and
considering various mediating factors.

Wang et al. (2024) analyzed panel data from 38 countries for the period 1995-2021 to examine how
natural resource rents, geopolitical risks, and economic complexity affect carbon emissions. Using
panel Autoregressive Distributed Lag (ARDL) and dynamic panel threshold regression models, they
found that natural resource rents increase carbon emissions in the long run, but this relationship is
nonlinear. Higher geopolitical risks strengthen the positive link between resource rents and emissions,
while higher economic complexity attenuates this link, making the impact of resource rents on
carbon emissions negative.
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Ouerghi and Hasni (2025) investigated the effects of global value chain participation and economic
complexity on environmental quality in the 10 countries with the highest emissions using data for the
period 1995-2018. Using an ARDL model and Granger causality test, they found that greater
participation in global value chains, economic growth, and energy consumption deteriorate
environmental quality in the long run, while higher economic complexity and financial development
improve it. Their results also indicate a short run causality from carbon emissions to economic
complexity and from global value chains to emissions, as well as a long run bidirectional causality
among carbon emissions, global value chains, economic complexity, financial development, energy
consumption, and GDP.

However, there are also studies showing a negative impact of economic complexity on the environment.
Sajid et al. (2024) investigated the relationship between economic complexity, institutional quality, and
carbon emissions in China and Pakistan from 1996 to 2021 using the ARDL approach. Their analysis
showed that economic complexity increases carbon emissions in both countries, indicating that
industrial and technological advancement alone does not ensure environmental improvements.
Institutional quality was found to mitigate emissions only in China, while in Pakistan its impact was
insignificant due to weaker governance structures. Moreover, when institutional quality interacted with
economic complexity, it amplified emissions rather than reducing them.

Ye et al. (2023) analyzed the relationship between economic complexity and carbon emissions in the
logistics sector of Belt and Road countries from 1998 to 2018. They employed Granger causality tests,
FMOLS and DOLS estimations using panel data within the EKC framework. The results showed that
economic complexity significantly affects carbon emissions in the logistics sector. The relationship
follows an inverted U-shaped pattern consistent with the EKC: in high-income countries, greater
economic complexity contributes to reducing emissions, whereas in lower and middle income countries,
it initially increases them. The study underscores that the effect of economic complexity on carbon
intensity in industry is contingent on development level and technological capacity.

Similarly, Saqib and Dincé (2024) examined the asymmetric effects of economic complexity, foreign
direct investment (FDI), environmental technology, and renewable energy on carbon emissions in
leading clean-energy investment countries from 1995 to 2020. Using a Panel NARDL approach,
supplemented by AMG and CCEMG estimations for robustness, they found that positive shocks in
economic complexity, FDI, environmental technology, and renewable energy reduce carbon emissions,
while negative shocks in economic complexity and FDI increase emissions in the long run. Short run
effects mirrored these patterns with varying significance. The study indicates that enhancing economic
complexity and related structural and technological factors can lower carbon intensity, but setbacks in
these areas may exacerbate environmental degradation.

Adjei et al. (2022) investigated the impact of economic complexity, globalization, and other factors on
carbon neutrality objectives in the ten largest African economies from 1990 to 2018. Using FMOLS,
DOLS, and fixed effects models, they found that higher economic complexity and GDP increase CO-
emissions, hindering carbon neutrality goals, while financial development, globalization, population
growth, and renewable energy consumption help reduce emissions. Granger causality tests indicated
bidirectional causality between GDP, population, and CO: emissions, and unidirectional causality from
CO: to renewable energy, globalization, and economic complexity. The study suggests that managing
economic complexity alongside economic growth is critical for lowering carbon intensity and achieving
carbon neutrality in African economies.

Nan et al. (2022) used a spatial panel model to examine the interaction between globalization and
economic complexity on COz emissions, incorporating trade and geographical distance matrices and
addressing missing data via multiple imputation. Their findings indicate positive spatial spillovers of
CO:2 emissions from neighboring countries. While globalization alone does not significantly affect local
emissions, it reduces emissions in neighboring countries. Importantly, higher economic complexity
mitigates the indirect negative impact of globalization on emissions, suggesting that more economically
complex countries experience less reduction in neighboring countries’ emissions from globalization.
The study emphasizes that economic complexity and spatial spillovers are critical for understanding
carbon intensity patterns across countries.
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Murshed et al. (2022) investigated the environmental impacts of nuclear and renewable energy
consumption, economic complexity, and economic growth in G7 countries for the period 1995-2016.
The results revealed that nuclear energy reduces emissions and carbon footprints, while renewable
energy consumption worsens environmental outcomes. While economic growth increases carbon
intensity, economic complexity supports cleaner production processes. The study stated that supporting
economic complexity alongside the energy transition is necessary to reduce carbon intensity in
developed economies.

Zheng et al. (2021) examined the effects of economic complexity and renewable electricity consumption
on carbon emissions in 16 major exporting countries over the period 1990 to 2019. Using AMG and
DOLS estimators, the analysis found that increasing economic complexity and renewable energy use
reduced CI in exporting economies.

There are also studies investigating economic complexity in terms of its impact on energy transitions.
Dabbous et al. (2025) investigated the roles of economic complexity, environmental policy stringency,
and FinTech financing in facilitating energy transitions in 29 countries for the period 2010-2020. They
found that higher economic complexity and stricter environmental policies promote energy transitions.
Wu and Hussain (2025) analyzed the impact of environmental governance, economic complexity, and
geopolitical risks on energy transition in 20 OECD countries for the period 1990-2021 using a Mixed
Multiple Quantile Regression model and asymmetric analysis. They found that environmental
governance consistently promotes energy transition, while economic complexity has a positive effect
only at certain quantiles and can become negative under high geopolitical risk. Bakhsh et al. (2024),
using Westerlund cointegration and Method of Moments Quantile Regression, found that environmental
governance and economic complexity increase environmental resilience by promoting sustainable
energy transitions, but economic complexity can also offset stability in their study with OECD country
data for the period 1990-2021.

Finally, Rana et al. (2024) examined the effects of hydropower generation, economic complexity,
urbanization, technological innovation, and financial development on environmental sustainability in 13
Asian economies using data for the period 1995 to 2017. Applying Driscoll-Kraay standard errors and
Dumitrescu-Hurlin panel causality tests, they found that hydropower and technological innovation
improve environmental sustainability, while economic complexity initially reduces it but exhibits an
inverted U-shaped effect consistent with the EKC. The study shows that economic complexity can both
increase and decrease carbon intensity at higher income levels.

A general review of the literature indicates that economic complexity affects carbon intensity. This effect
can vary depending on the characteristics of countries. A country's income levels, institutional structures,
and managerial skills influence the direction and magnitude of this effect.

3. EMPIRICAL ANALYSIS
3.1. Data and Methodology

This study examines the determinants of carbon intensity across 36 OECD countries over the period
1995-2023, based on data availability. The Economic Complexity Atlas produced by the Harvard
Growth Lab (2025) was used as a data source for the ECI and the World Bank (2025) World
Development Indicators was used for all other variables.

The dependent variable, carbon intensity (CARBON), is measured as CO: emissions per unit of GDP.
The main explanatory variable is the ECI, which reflects an economy's level of development in
production.

Several independent variables were included to control for other economic factors affecting carbon
intensity. Trade openness (TRADE), measured as the ratio of exports and imports to GDP, gross capital
formation (GCF), expressed as the ratio to GDP, the natural logarithm of GDP per capita (InGDPper),
and the inflation rate (INF) were added as control variables. Inflation is included as a macroeconomic
control, as price level volatility may affect production structure, energy input costs, and demand
composition, thereby influencing carbon intensity. Finally, to examine whether the effect of economic
complexity on carbon intensity changes with income, the variable ECI_GDP representing the interaction
between ECI and InGDPper was included in the analysis.
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The estimated model can be specified as:

CARBON; = ag + a;CARBON; 1 + B1ECI;; + B,InGDPper;; + f3(ECIxInGDPper);, +
BsTRADE; + BsGCFye + BeINFie + p; + ;¢ )

where i1 denotes the country and t the time period. y; captures country-specific fixed effects, and ¢;; is
the idiosyncratic error term.

All variables are expressed on an annual basis. Prior to econometric estimation, all series were examined
for cross-sectional dependence, slope heterogeneity, and stationarity to ensure appropriate model
specification.

3.2. Preliminary Tests

Given the panel data, the analysis follows a three-stage empirical procedure to ensure robustness and
address potential econometric issues typical in macro-panel data.

First, the presence of cross-sectional dependence (CD) among the variables is tested using the Pesaran
(2004) CD test. The existence of CD indicates interdependence across countries, which is expected for
OECD economies due to trade, investment, and environmental policy linkages. The results of the
Pesaran (2004) CD test in Table 1 indicate strong evidence of CD across all variables. The CD-statistics
for all series are statistically significant at the 1% level. The presence of CD justifies the use of second-
generation panel methods, which explicitly account for such dependence.

Table 1. Cross-sectional dependence (CD) test results

Variable CD-test
CARBON 118.425 ***
ECI 8.434 ***
TRADE 65.966 ***
GCF 20.757 ***
InGDPper 113.73] #**
INF 45.142 ***
ECI_GDP 6.504 ***

Note: *** ** and * denote significance at the 1%, 5%, and 10% levels, respectively.

Second, the Pesaran and Yamagata (2008) test for slope homogeneity is employed to assess whether the
coefficients differ across countries. The Pesaran and Yamagata (2008) slope homogeneity test results
(Table 2) show that both the A and adjusted A statistics are significant at the 1% level. This indicates
heterogeneous slope coefficients across cross-sections, meaning that the relationship between carbon
intensity and the explanatory variables differs across countries.

Table 2. Slope homogeneity test results

Delta (~A) Adj.

23.741 *** 27.899 ***

Note: *** ** and * denote significance at the 1%, 5%, and 10% levels, respectively.

To assess the integration properties of the variables under CD, second-generation panel unit root tests
are applied, namely, the Cross-Sectionally Augmented Dickey—Fuller (CADF) and Cross-Sectionally
Augmented IPS (CIPS) tests proposed by Pesaran (2007). These tests account for common factors and
cross-sectional correlation, providing more reliable inference for macro-panels.

Table 3 presents second-generation panel unit root tests (the CADF and the CIPS) which account for
CD. The CADF results indicate that CARBON, ECI, TRADE, GCF, and ECI_GDP are integrated of
order one, I(1), while InGDPper and INF are stationary at level, I1(0). The CIPS test yields mixed but
broadly consistent results, showing that most variables are stationary either at level or after first
differencing. Specifically, CARBON and ECI appear I(0) under CIPS but I(1) under CADF, suggesting
borderline stationarity. This minor discrepancy is common, given the tests’ differing sensitivities to
cross-sectional dynamics. Overall, the mixed integration orders justify the application of the System
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Generalized Method of Moments (System GMM), which accommodates endogenous regressors and
dynamic specifications without requiring strict stationarity.

Table 3. Panel unit root tests results

Variable CADF t-bar CADF t-bar CIPS (Level) CIPS Order of
(Level) (First difference) (First difference) Integration

CARBON 21,702 2877 FFF 2200 ** 1(1)/10)
ECI 21688 2978 %%k 155 * 1(1)/1(0)
TRADE 1732 22059 % 21788 4003 ¥ (1) I(1)
GCF -1.591 23.013 ¥ 22.050 * 1(1)/1(0)
InGDPper 22140 *#* -1.937 13.405 #HE 1(0)/1(1)
INF 2,636 %% 23718 *x 1(0)/ 1(0)
ECI_GDP -1.650 22,975 *xx 2.015 25,720 ** 1(1)/ 1(1)

Note: *** ** and * denote significance at the 1%, 5%, and 10% levels, respectively.
3.3. Regression Assessment

Given the persistence of the dependent variable and the potential endogeneity among the regressors, the
study employs the System GMM estimator developed by Arellano and Bover (1995) and Blundell and
Bond (1998). This estimator combines equations in levels and first differences, thereby improving
estimation efficiency and addressing endogeneity through the use of internal instruments. The System
GMM approach is particularly suitable for this analysis, as it controls for unobserved heterogeneity
through differencing, mitigates endogeneity by employing lagged levels and differences of the variables
as instruments, and captures dynamic persistence by including the lagged dependent variable in the
model.

The System GMM results (Table 4) present a dynamic specification of carbon intensity (CARBON) as
a function of its lagged value and the explanatory variables.

Table 4. The System GMM results

CARBON Coef. Corrected Std. Err. t
CARBON L1 0.9198863 0.0122884 74.86 ***
ECI 0.0635647 0.0242327 2.62 **
InGDPper -0.0033597 0.0024215 -1.39
ECI_GDP -0.0060463 0.0022989 -2.63 **
TRADE -0.0000766 0.0000159 -4.8] ***
GCF 0.0003905 0.000207 1.89 *
INF -0.000000526 0.0000473 -0.01
Cons 0.0472871 0.0262521 1.80

Note: *** ** and * denote significance at the 1%, 5%, and 10% levels, respectively.

The lagged dependent variable (CARBON L1) is positive and highly significant, indicating strong
persistence in carbon intensity over time. This suggests that past environmental performance exerts a
substantial influence on current carbon outcomes, consistent with path dependence in energy use and
industrial structures.

The coefficient on Economic Complexity (ECI) is positive and statistically significant. This implies that,
in the short run, higher economic complexity is associated with increased carbon intensity. The result
aligns with the notion that more complex economies often rely on advanced manufacturing and energy-
intensive production processes during early stages of industrial sophistication.

However, the interaction term (ECI_GDP) is negative and significant, indicating that the adverse effect
of complexity on carbon intensity diminishes as income levels rise. This suggests a nonlinear
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relationship: while complexity may initially increase emissions, its environmental effect becomes
mitigated in wealthier economies due to technological upgrading, energy efficiency improvements, and
environmental regulation.

The coefficient on trade openness (TRADE) is negative and highly significant, suggesting that greater
integration into global markets is associated with lower carbon intensity. This supports the hypothesis
that openness facilitates the diffusion of cleaner technologies and more efficient production practices.

Inflation (INF) and InGDPper are statistically insignificant, indicating that neither macroeconomic
stability nor per capita income directly influences carbon intensity in the short run once dynamic and
structural effects are controlled for.

Post-estimation diagnostics confirm the validity of the System GMM specification (Table 5). The
Arellano—Bond tests indicate first-order serial correlation, as expected, but no evidence of second-order
correlation. The Hansen test of overidentifying restrictions supports the overall validity of the
instruments, while the Difference-in-Hansen tests confirm their exogeneity. Although the non-robust
Sargan test is significant, its result is not considered reliable under heteroskedasticity. Overall, the
diagnostic results suggest that the model is correctly specified and the instruments are valid.

Table 5. Post-estimation diagnostic tests results

Test Statistic p-value Interpretation
Arellano—Bond test for | z=-2.04 0.041 First-order serial
AR(1) correlation (expected)
Arellano—Bond test for | z=-1.08 0.280 No second-order serial
AR(2) correlation

Sargan test of overid. | ¥*(2) =24.36 0.000 Not robust; sensitive to
restrictions heteroskedasticity
Hansen test of overid. | ¥%(2) =1.35 0.508 Instruments valid
restrictions (robust)
Diff-in-Hansen y(H=1.11 0.292 Instrument subsets
(exogeneity of GMM €x0genous
instruments)

Hansen test excluding | ¥*(1) = 0.24 0.621 Supports exogeneity of
group instrument set

3.4. Ethics Committee Approval

This research complied with ethical principles throughout the conceptual framework, application of data
collection tools, data collection, analysis, and interpretation of the data. The ANKAD Editorial Board
assumes no responsibility for any ethical violations encountered. All responsibility lies with the authors.
I hereby declare that this work has not been submitted for evaluation to any academic publication
platform other than ANKAD. All rules specified in the "Higher Education Institutions Scientific
Research and Publication Ethics Directive" have been adhered to in this study. None of the actions
specified in the second section of the directive, "Actions Contrary to Scientific Research and Publication
Ethics," have been taken. The data used in the research was obtained from publicly available data sources
such as The Economic Complexity Atlas produced by the Harvard Growth Lab (2025) and the World
Bank (2025) World Development Indicators (WDI).

4. DISCUSSION

The results of this study reveal several key insights into the relationship between carbon intensity and
economic complexity across OECD countries from 1995 to 2023. The most prominent finding is the
strong persistence of carbon intensity, indicated by the highly significant coefficient of the lagged
dependent variable. This suggests that the environmental performance of an economy is strongly path-
dependent, shaped by historical patterns of industrial structure, energy systems, and technological
adoption. Once established, carbon-intensive production pathways tend to persist over time,
underscoring the inertia in transitioning toward low-carbon growth.
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A second major finding concerns the dual role of economic complexity. The positive and significant
coefficient of ECI implies that, in the short run, higher economic complexity is associated with increased
carbon intensity. However, the negative and significant interaction between ECI and income
(ECIxInGDPper) indicates that this effect diminishes and eventually reverses as income levels rise. This
supports the view that complexity initially intensifies emissions due to industrial upgrading and energy
demand but later promotes decarbonization once technological and regulatory capacities mature. The
results, therefore refine the EKC framework by showing that the greening effect of complexity is not
automatic but depends on a country’s stage of economic development.

When placed in the context of the existing literature, these findings align with studies reporting nonlinear
or stage-dependent effects of economic complexity on environmental outcomes. Ye et al. (2023) and
Rana et al. (2024) similarly identified an inverted U-shaped relationship, where complexity raises
emissions at early stages but mitigates them in advanced economies through innovation and cleaner
technologies. The results also support the conclusions of Zheng et al. (2021) and Saqib and Dinca (2024),
who found that higher complexity reduces emissions once economies achieve a sufficient technological
base and integrate renewable energy into production. Conversely, the positive short run impact of ECI
observed here is consistent with the findings of Sajid et al. (2024) and Adjei et al. (2022), who
documented that industrial sophistication can initially worsen environmental outcomes when
institutional quality and clean technology adoption are limited.

The significant and negative coefficient of trade openness indicates that greater integration into global
markets tends to reduce carbon intensity, likely by facilitating technology diffusion, increasing
competitive pressures for efficiency, and encouraging compliance with international environmental
standards. This aligns with Ouerghi and Hasni (2025) and Wang et al. (2024), who observed that
openness and economic complexity jointly promote environmental improvement through learning and
innovation spillovers. But the result also shows that the environmental benefits of openness depend on
participation in cleaner global production networks.

In contrast, GDP per capita and inflation exert no statistically significant effect on carbon intensity once
structural and dynamic factors are controlled for. The insignificance of GDP per capita implies that
income alone is not a reliable determinant of environmental performance in advanced economies,
consistent with the growing critique of the traditional EKC hypothesis (Stern, 2017; Shahbaz and Sinha,
2019). Likewise, the weak role of inflation suggests that short run macroeconomic fluctuations have
limited bearing on structural environmental outcomes.

An unexpected but noteworthy finding is the weakly positive coefficient of gross capital formation,
suggesting that higher investment may slightly increase carbon intensity. This may reflect that a portion
of investment in OECD economies still targets infrastructure and capital goods with relatively high
embodied carbon content. Although the effect is small, it highlights the importance of steering
investment toward low-carbon technologies and energy-efficient capital formation.

5. CONCLUSION

This study examines the relationship between economic complexity and carbon intensity using data for
36 OECD countries for the period 1995-2023. The study's findings reveal that carbon intensity is
persistent and that carbon reduction efforts yield slow results. Furthermore, while economic complexity
increases carbon intensity at low-income levels, it reduces it at higher income levels. This result extends
the Environmental Kuznets Curve approach by indicating that the environmental impacts of economic
complexity depend not only on income levels but also on structural transformation.

The findings emphasize that focusing solely on income levels is insufficient in explaining environmental
performance; economic structural characteristics should also be considered. Economic complexity is a
key factor in explaining carbon efficiency differences across countries. The results demonstrate its
influential role in sustainable development.

The study has some limitations. Because the analysis covers only OECD countries, it is not possible to
argue that the findings have the same implications for all economies. Furthermore, because macro-level
data is used, it may not fully reflect the effects of differences across sectors. Future research should
include other country groups and factors such as institutional quality and energy transition, and conduct
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sectoral analyses to provide a more detailed understanding of the environmental impact of economic
complexity.

The study provides empirical guidance for policymakers. It demonstrates that economic complexity
alone is not sufficient to achieve carbon reduction. First, it emphasizes the need to design industrial
policies in line with green innovation and clean energy investments. Second, trade openness and
international technology diffusion should be encouraged, as integration into cleaner global production
networks can accelerate the transition to low-carbon production. Finally, implementing long run,
consistent, and innovation-oriented climate policies is crucial to mitigate the persistence of carbon-
intensive production structures.

Consequently, while economic complexity may lead to increased emissions in the short run, it becomes
a key element of sustainable development in the long run. When supported by appropriate innovative
and environmentally friendly policies, complex, knowledge-based economic structures will support
low-carbon growth.
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GENISLETILMIS OZET

GIRIS

Kiiresel iklim degisikligi, yalmizca ¢evresel degil ayn1 zamanda ekonomik bir doniigiim sorununa isaret
etmektedir. Bu nedenle, ekonomik biiylimenin ¢evresel etkilerini yalnizca sera gazi emisyonlari
{izerinden degerlendiren yaklasimlar yetersiz kalmaktadir. Iklim degisikligi, iiretim sistemlerinin yapisal
bicimde yeniden tasarlanmasimi gerektiren kiiresel bir sorun haline gelmistir. Bu baglamda, CO:
emisyonlar ile gayri safi yurtici hasila (GSYIH) arasindaki oran1 6lgen karbon yogunlugu, cevresel
etkinin Olc¢iilmesinde temel bir gosterge olarak kullanilmaktadir (Tudor ve Sova, 2021; U.S. Energy
Information Administration, 2025). Karbon yogunlugunun azalmas, belirli bir iiretim diizeyine ulagmak
icin daha az karbon girdisi gerektigini, bu sebeple enerji verimliliginin ve temiz enerji kullaniminin
arttigini gostermektedir (Schroder ve Storm, 2020).

Karbon yogunlugunun diisiiriilmesi, yalnizca enerji verimliligini artirmakla degil, ayn1 zamanda
ekonomik yapilarin doniigiimiiyle miimkiin olabilmektedir. Bu anlamda, Ekonomik Karmasiklik
Endeksi (ECI), bir iilkenin iiretim yapisindaki bilgi derinligini, teknoloji yogunlugunu ve ihracat
gesitliligini 6lgen dnemli bir degisken olarak 6ne ¢ikmaktadir (Hidalgo ve Hausmann, 2009). Geleneksel
Cevresel Kuznets Egrisi (EKC) yaklasimi, ¢evresel bozulma ile gelir arasinda ters-U seklinde bir iligki
ongormektedir (Leal ve Marques, 2022; Stern, 2017). Ancak bu model, iilkelerin iiretim
teknolojilerindeki farkliliklari, enerji karistmimi ve yapisal doniisiim dinamiklerini yeterince
yansitamamaktadir.

Bu ¢aligma, karbon yogunlugu ile ekonomik karmasiklik arasindaki iliskiyi yapisal bir bakis agisindan
36 OECD iilkesine ait 1995-2023 donemi verileriyle analiz etmektedir. Aragtirma ayrica ekonomik
karmagikligin ¢evresel performans iizerindeki etkisinin gelir diizeyine gore degisip degismedigini de
test etmektedir. Bu dogrultuda, ECI ile kisi bagina diisen gayri safi yurtici hasila (InGDPper) arasindaki
etkilesim terimi analizde kullanilmistir. Ayrica modelin dinamik yapisi, ge¢mis donem karbon
yogunlugunun mevcut deger iizerindeki etkisini dikkate alarak analiz gergeklestirmistir. Bu yaklagim,
karbon yogunlugunu sadece enerji veya gelir diizeyiyle degil, liretim yapisinin karmagikligi ve
teknolojik derinligiyle iligkilendirerek literatiire yapisal bir katki saglamaktadir.

YONTEM VE ANALIZ

Caligma, 36 OECD iilkesi igin 1995-2023 dénemine ait panel verileri kullanmaktadir. Ekonomik
Karmasiklik Endeksi (ECI) verileri Harvard Growth Lab (2025)’ten, diger degiskenler Diinya Bankasi
(2025) Diinya Kalkinma Gostergeleri’nden alinmustir.

Bagimli degisken, CO: emisyonlarinin GSYH’ye orani olan karbon yogunlugu (CARBON) olarak
tanimlanmigtir. Temel agiklayict degisken ekonomik karmasiklik endeksi (ECI)’dir. Kontrol
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degiskenleri olarak ticari agiklik (TRADE), sabit sermaye olusumu (GCF), kisi bagina diisen gayri safi
yurti¢i hasila (InGDPper) ve enflasyon orani (INF) analize eklenmistir. Ayrica, ekonomik karmasikligin
gelir diizeyine bagli etkisini 6l¢mek i¢in ECIXInGDPper etkilesim terimi (ECI_GDPper) analize dahil
edilmistir.

Tahmin edilen dinamik panel modeli asagidaki sekildedir:

CARBON; = ag + a;CARBON; 1 + B1ECI;; + ,InGDPper;; + f3(ECIxInGDPper);;
+ B4TRADElt + BSGCFit + ﬁ6INFit + Ui + Eit

Burada i iilkeyi, t ise zaman dilimini ifade etmektedir. p; tilkeye 6zgii sabit etkileri, ¢;; ise hata terimini
ifade etmektedir.

Modelde dinamik yap1 ve olasi igsellik sorunlar1 bulundugundan Sistem Genellestirilmis Momentler
Yontemi (Sistem GMM) kullanilmistir (Arellano ve Bover, 1995; Blundell ve Bond, 1998). Bu yontem,
degiskenlerin gecikmeli degerlerini ara¢ degisken olarak kullanarak igsellik sorunlarin1 azaltmakta ve
iilkeler aras1 heterojenligi kontrol etmektedir.

Analiz 6ncesinde serilerin kesit bagimlilig1 (Pesaran, 2004) ve egim heterojenligi (Pesaran ve Yamagata,
2008) test edilmistir. Her iki testin sonuglari, OECD iilkeleri arasinda giiclii karsilikli bagimlilik ve
heterojenlik bulundugunu gostermistir. Bu nedenle ikinci nesil panel birim kok testleri olan CADF ve
CIPS (Pesaran, 2007) testleri uygulanmistir. Bulgular, serilerin karisik biitiinlesme derecelerine sahip
oldugunu gdstermis, bu da Sistem GMM yaklasimimin gegerliligini desteklemektedir. Model tan1 testleri
tahminlerin giivenilir oldugunu dogrulamaktadir.

Sistem GMM tahmin sonuglari, karbon yogunlugunun yiiksek derecede siireklilik gosterdigini ortaya
koymaktadir. Bu sonug, karbon emisyonlarmin gegmis diizeylerinin bugiinkii emisyon performansini
belirledigini gdstermekte ve ¢evresel performansta yol bagimliligini teyit etmektedir.

Ekonomik karmasiklik (ECI) katsayisi pozitif ve anlamli bulunmustur. Bu sonug, kisa vadede {iretim
yapisindaki karmagsikligin artmasinin enerji ve emisyon yogunlugunu artirdigimi ortaya koymaktadir.
Ancak ECIXInGDPper etkilesim katsayisinin negatif ve anlamli olmasi, gelir diizeyinde meydana gelen
artisgin karmagikligin karbon yogunlugu iizerindeki olumsuz etkisini azalttigin1 ve belirli bir esik
sonrasinda tersine dondiirdiigiinii gostermektedir.

Ticari agiklik (TRADE) degiskeni negatif ve anlamli bulunmus, disa acikligin karbon yogunlugunu
azalttig1 tespit edilmistir. Bu bulgu, kiiresel {iretim zincirlerine entegrasyonun temiz teknoloji yayilimini
hizlandirdig1 goriisiinii destekler niteliktedir.

Sabit sermaye olusumu (GCF) istatistiksel olarak diisiik anlamlilik géstermekle birlikte pozitif olarak
bulunmustur. GCF karbon yogunlugunu artirmaktadir. Bu sonug, yatirim faaliyetlerinin hald enerji
yogun sektdrlerde yogunlastigini isaret etmektedir. Kisi basma diisen gayri safi yurti¢i hasila
(InGDPper) ve enflasyon (INF) katsayilari ise istatistiksel olarak anlamli olarak bulunmamugtir.

TARTISMA ve SONUC

Bu calisma, 1995-2023 doneminde OECD {ilkelerinde ekonomik karmasiklik ile karbon yogunlugu
arasindaki iligkiyi inceleyerek gevresel siirdiiriilebilirligin yapisal belirleyicilerine dair nemli bulgular
ortaya koymaktadir. Bulgular, 6ncelikle karbon yogunlugunun giiclii bir siireklilik gdsterdigini, yani
cevresel performansin ge¢gmis liretim ve enerji yapilarindan giiglii bicimde etkilendigini gostermektedir.
Bu durum, diisiik karbonlu biiyiimeye gegisin yapisal bir duraganlikla karsi karsiya oldugunu ve politika
miidahalelerinin kisa vadede sinirhi etkiler yapabilecegini gostermektedir.

Calismanin 6nemli sonuglarindan biri, ekonomik karmasikligin ¢evresel etkisinin gelir diizeyine bagh
olarak degistigini ortaya koymasidir. Diisiik gelir diizeylerinde karmasiklik, daha fazla sanayi ¢esitliligi
ve enerji talebiyle karbon yogunlugunu artirmakta; yiiksek gelir diizeylerinde ise teknolojik yenilikler,
enerji verimliligi ve cevre politikalar1 sayesinde emisyonlar1 azaltmaktadir. Bu sonug, ekonomik
gelismislik diizeyine bagli kosullu bir g¢evresel fayda mekanizmasinin varligini desteklemektedir.
Boylece calisma, gevresel Kuznets egrisi yaklasimini genigleterek, ¢evresel iyilesmenin yalnizca gelir
artisiyla degil, aynm1 zamanda ekonomik yapimin bilgi yogunlugu ve yenilik kapasitesiyle de iligkili
oldugunu savunmaktadir.
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Ticari acikligin negatif ve anlamli katsayisi, kiiresel piyasalara entegrasyonun karbon yogunlugunu
azalttigini ortaya koymaktadir. Bu bulgu, teknoloji yayilimi, verimlilik baskist ve uluslararast ¢evre
standartlarina uyum mekanizmalar1 iizerinden agiklanabilir. Ancak bu etkinin yonil ve giici, iilkelerin
temiz liretim aglarina entegrasyon derecesine baglidir. Bu durum, ticaretin tek basina degil, yesil {iretim
zincirleriyle biitlinlestiginde ¢evresel kazanimlar sagladigini gostermektedir.

Kisi basina gelir ve enflasyonun karbon yogunlugu izerinde anlamli bir etkisinin bulunmamasi, ¢evresel
performansin yalnizca makroekonomik biiyiikliiklerle agiklanamayacagin1 gostermektedir. Bu bulgu,
gelir diizeyinin g¢evresel stirdiiriilebilirligin belirleyicisi olarak yetersiz kaldigim1 savunan giincel
literatiirle uyumludur. Sermaye olusumunun pozitif ancak zayif katsayisi ise OECD iilkelerinde yapilan
yatirimlarin bir kisminin halen karbon yogun sektdrlerde yogunlastigini gdstermekte, yatirimin yéniiniin
yesil teknolojilere kaydirilmasinin énemini vurgulamaktadir.

Politika acisindan ii¢ temel sonug 6ne ¢ikmaktadir. 11k olarak, ekonomik karmasikligin ¢evresel faydaya
doniisebilmesi icin, yiiksek teknoloji iiretimi temiz enerjiyle desteklenmelidir. ikinci olarak, disa
acikligin olumlu etkilerinin siirdiiriilmesi i¢in, temiz iiretim standartlarina dayali uluslararasi isbirlikleri
tesvik edilmelidir. Son olarak, karbon yogun sektorlerin doniisiimii igin siirdiiriilebilir, yenilik¢i ve
istikrarli politika ¢erceveleri olusturulmalidir.

Sonu¢ olarak, ekonomik karmasiklik kisa vadede karbon yogunlugunu artirsa da uzun vadede
stirdiiriilebilir kalkinmanin 6nemli bir unsuru haline gelmektedir. Uygun politika gerceveleriyle
desteklendiginde karmagik ve bilgi temelli iiretim yapilari, diisiik karbonlu biiylime siirecinin en etkili
araclarindan biri olarak islev gorecektir.
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