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Abstract

Turkiye’s industrialization and foreign trade strategies have contributed significantly to economic growth
but also led to environmental concerns due to rising carbon emissions. As a country heavily reliant on
fossil fuel imports to meet its energy needs, Turkiye faces growing challenges in aligning its industrial
development with environmental responsibilities. Especially under the increasing influence of
international environmental regulations and carbon adjustment mechanisms, there is a pressing need to
re-evaluate its current production structure. In this context, examining the relationship between industrial
activity, trade flows, and carbon emissions becomes increasingly important. This study investigates the
causal relationships between industrial output, exports, imports, and carbon emissions in Turkiye using
time series data from 1989 to 2022. The empirical analysis employs a Vector Autoregression (VAR) model
and Granger causality testing. The results reveal that imports significantly influence both industrial
production and exports, while exports also affect industrial activity. However, carbon emissions are not
found to have a direct causal impact on trade or industrial output within the studied period. These findings
suggest that carbon emissions have not yet emerged as a binding constraint on Turkiye’s production
structure. Nonetheless, increasing investments in renewable energy is essential for ensuring energy
security, environmental compliance, and long-term competitiveness. The study offers policy implications
for developing countries with similar economic structures and provides both theoretical and practical
contributions to the formulation of environmentally sustainable industrial strategies.
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TURKIYE’NIN SANAYILESME VE DI§ TICARET STRATEJILERININ CEVRESEL
SONUCLARI

Oz

Tarkiye'nin sanayilesme ve dis ticaret stratejileri ekonomik blylimeye 6nemli katkilar saglamis, ancak
artan karbon emisyonlari nedeniyle ¢evresel sorunlart da beraberinde getirmistir. Enerji ihtiyacinin biytk
bir kismini fosil yakit ithalatiyla karsilayan Tirkiye, sanayilesme siirecini cevresel sorumluluklarla uyumlu
hale getirme konusunda giderek artan bir baski altindadir. Ozellikle uluslararasi cevre diizenlemeleri ve
karbon uyum mekanizmalarinin etkisiyle mevcut Uretim yapisinin  yeniden degerlendirilmesi
gerekmektedir. Bu cercevede, sanayi faaliyetleri, dis ticaret akimlari ve karbon emisyonlari arasindaki
ilisgkinin incelenmesi 6énem tagimaktadir. Bu calisma, 1989-2022 doénemine ait zaman serisi verileri
kullanarak Turkiye’de sanayi Gretimi, ihracat, ithalat ve karbon emisyonlari arasindaki nedensellik iliskisini
analiz etmektedir. Ampirik analizde Vektdr Otoregresyon (VAR) modeli ve Granger nedensellik testi
uygulanmustir. Bulgular, ithalatin hem sanayi tiretimi hem de ihracat {izerinde etkili oldugunu, ihracatin ise
sanayiyle iliskili oldugunu ortaya koymaktadir. Ancak calisilan dénemde karbon emisyonlarinin sanayi ya
da dis ticaret tizerinde dogrudan nedensel bir etkisi tespit edilmemistir. Bu sonuglar, karbon emisyonlarinin
heniliz Tirkiye’'nin tretim yapisi Gzerinde sinirlayicl bir faktér haline gelmedigini gdstermektedir. Buna
ragmen, enerji gtvenligi, cevresel uyum ve uzun vadeli rekabet gilici agisindan yenilenebilir enerji
yatirimlarinin artirilmasi kritik &nemdedir. Calisma, benzer ekonomik yapiya sahip gelismekte olan tlkeler
icin politika gelistirmeye yonelik ¢ikarimlar sunmakta; ayrica cevresel strdirilebilirligi gdzeten sanayi
stratejilerinin olusturulmasina teorik ve uygulamali katkilar saglamaktadir.

Keywords: Enduistriyel Kalkinma, Dis Ticaret, ihracat, ithalat, Karbon Emisyonlari

INTRODUCTION

Climate change represents one of the most urgent challenges of the contemporary era, with
far-reaching implications for natural and human systems. According to the United Nations
Intergovernmental Panel on Climate Change (IPCC), global warming reached approximately 1°C
above pre-industrial levels, increasing at about 0.2°C per decade (IPCC, 2025). If this trend
continues, the rise in global temperatures will exacerbate critical risks such as loss of biodiversity,
threats to human health, and food security concerns, further complicating the management and
mitigation efforts (Calvin et al., 2023).

Although industrial development has played a key role in economic growth worldwide, it
has also intensified environmental challenges, making it one of the major factors contributing to
climate change through greenhouse gas emissions, particularly in developing countries (Ojeaga &
Posu, 2017; L.-Y. Zhang, 2011. Developing economies, whose economic activities—particularly
in the industrial sector—have expanded significantly in recent years, face a dilemma between
sustaining economic growth and managing rising environmental pollution, especially when this
growth is driven by fossil fuel consumption that increases carbon emissions over time (Caglar et
al., 2022). This is much more problematic for energy-importing countries, since the growth of
industrial activities also increases energy imports while worsening countries’ foreign trade
figures.

As a developing country, Turkiye has the 17th largest GDP in the world and holds a
significant geostrategic position due to its proximity to Europe, Asia, and Africa (World Bank,
2024c). Energy imports constitute a significant component of Turkiye's current account and
foreign trade deficits (Erkili¢ et al., 2019; Sacik et al., 2020), as the country's economy is heavily
dependent on fossil fuel imports, which increase its carbon footprint and pose environmental
sustainability challenges (Onder, 2021). Turkiye ratified the Paris Agreement in 2021, with a
pledge to reduce greenhouse gas emissions by 41% by 2030 and a long-term goal of achieving
net zero emissions by 2053 (Demir, 2022). Achieving the targets set by the Paris Climate
Agreement requires reducing carbon emissions, aligning export and import processes with
sustainability principles, and expanding environmentally friendly practices in industrial
production (WEF, 2023). Moreover, international regulations, such as the European Union’s
(UN) Carbon Border Adjustment Mechanism (CBAM), set to take full effect in 2026, is one the
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key instrument for enforcing environmental sustainability in international trade (European
Commission, 2025). Considering that the EU was Turkiye’s largest trading partner in
2023—accounting for 29.3% of its imports and 40.8% of its exports (Turkish Statistical Institute,
2024b), Turkiye may face a dilemma: aligning its trade-dependent industrial sector with CBAM
requirements while managing the economic impact of carbon regulations (Bayat et al., 2025;
Magacho et al., 2024). In this context, examining the environmental impacts of Turkiye’s
industrial development and foreign trade strategies has significant implications for aligning
economic growth with emission reduction targets.

In the literature review conducted at this point, many studies have explored the
environmental effects of trade and its links to energy use, particularly renewable energy, in the
context of Turkiye (e.g. Cetin et al., 2018; Karasoy & Akgay, 2019; Onder, 2021; Topcu, 2021).
However, the interconnected relationships among carbon emissions, foreign trade (exports and
imports), and industrial growth remain relatively underexplored in the Turkish context. This
study aims to fill this gap by analyzing the short- and long-term dynamics among these variables
using data from 1989 to 2022. This period is selected for several reasons. After adopting liberal
policies and fully opening its economy to global markets after the 1980s, Turkiye expanded its
role in global supply chains, increased industrial production and carbon-intensive activities, and
accelerated foreign trade. The dataset covers major economic shocks such as the 1994 and 2001
financial crises, the 2008 global recession, and the 2020 COVID-19 pandemic. These events
provide a valuable opportunity to examine how trade and industrial activity respond to crises
and how such shocks influence emission patterns. Moreover, Turkiye’s commitments to global
climate agreements—particularly the Paris Agreement (2015)—have triggered notable structural
shifts in its industrial policies and environmental strategies. Understanding these shifts is crucial to
developing sustainable trade and industrial frameworks.

By exploring the short- and long-term relationships between these factors, it was aimed to
address the above-mentioned gap in the existing research and generate original insights not only
for Turkiye but also for other developing countries with similar economic structures. To achieve
this objective, we first tested the stationarity properties of the variables. Then, the long-term
relationships were examined using the Pantula principle, followed by the estimation of a VAR
model. Within this model, we tested for autocorrelation, variance stability, and the normality of
residuals. The model’s stability was also assessed by checking whether the autoregressive roots lie
within the unit circle. Variable ordering was determined using variance decomposition, and
impulse response functions were applied after performing Granger causality analysis to examine
dynamic causal relationships.

The structure of the paper is as follows: The first section presents an overview of Turkiye’s
trends in exports, imports, industrial development, and carbon emissions, discussing their
interconnections. The second section reviews existing studies that examine the relationships
among the key variables of this study, with a particular focus on findings from both developing
countries and the Turkish context. The third section explains the data sources, econometric
methodology, and empirical findings. Finally, the fourth section discusses the key findings
derived from the analysis, highlights the study’s original contributions, and offers policy
implications based on these findings.

1. CONTEXTUAL BACKGROUND

Turkiye’s economic development since the late 1980s has been shaped by industrial growth,
trade liberalization, and global market integration. While these shifts boosted production and
exports, they also increased energy use and carbon emissions. This section examines key trends in
industry, trade, and energy to contextualize the link between economic activity and
environmental outcomes from 1989 to 2022.
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1.1.Industrial Development

Turkiye is the world's 17th largest economy with a GDP of USD 1.024 trillion as of 2023 and
is among the developing countries that have risen to the upper-middle-income group due to the
comprehensive reforms and high growth rates achieved between 2006 and 2017 (World Bank,
2024a). Although the country has faced economic resilience, inclusiveness, and sustainability
challenges in recent years, state-led development strategies, an export-led growth model, and
efforts to integrate into global supply chains are shaping industrialization and trade policies
(Altay, 2024). While economic growth is a critical factor in the face of challenging post-COVID
macroeconomic conditions and declining productivity shaping the country's economic outlook,
dependence on high-carbon footprint processes in industry and transportation poses a significant
challenge to environmental sustainability (World Bank, 2024b).

Economic growth in a country is driven by industrialization through improvements in
productivity, the creation of economies of scale, and the generation of positive externalities, as
posited by Kaldor's Law (Arisoy, 2013). In this regard, Figure 1 illustrates the development of the
industry sector in Turkiye, measured as a percentage of GDP, for the period from 1989 to 2022.

Figure 1. Industry Value Added as a Percentage of GDP in Turkiye (1989-2022)
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As shown in the figure, the fluctuations across the years demonstrate the Turkish economy’s
sensitivity to external shocks, particularly during major crises such as those in 2001 and 2009
(Ari, 2008; Ucan & Aktakas, 2012). Industrial performance in Turkiye is closely tied to foreign
trade dynamics due to the sector’s high dependency on imported raw materials and
intermediate goods (Varlik et al., 2024). Moreover, export markets remain vulnerable to global
and regional downturns, which further amplifies the volatility of industrial output (Gokturk et
al., 2013; Lo Turco & Maggioni, 2014).

Moreover, Figure 1 illustrates the structural significance of the industrial sector, with its share
in GDP consistently exceeding 24% even during periods of economic contraction. In absolute
terms, the industrial value added reached USD 319.47 billion in 2023 (World Bank, 2025c),
reflecting a substantial increase since 1989. This upward trajectory aligns with Turkiye’s broader
industrial and trade-oriented development strategies. However, it also raises growing concerns
regarding environmental sustainability. Notably, carbon emissions from industrial processes
reached 53.1 Mt CO.e, placing Turkiye among the highest-emitting countries in its income group
(World Bank, 2025a). Against this backdrop, the present study seeks to explore the linkage
between industrial development, foreign trade patterns, and carbon emissions, offering an
empirical assessment of their interdependence from 1989 to 2022.
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1.2.Exports and Imports

In response to the macroeconomic imbalances and external vulnerabilities that intensified
during the 1970s, Turkiye transitioned to a more liberal, export-oriented economic model after
1980 to stabilize the economy and promote sustainable growth. The new policy framework
contributed to financial stabilization and fostered export-led growth (Celasun, 1994). While
trade openness helped increase export volumes, it also led to a growing dependence on
imported intermediate and capital goods, particularly in the industrial sector. Figure 2 shows
both exports and imports of goods and services as a percentage of GDP in Turkiye from 1989 to
2022, highlighting fluctuations over time.

Figure 2. Trends in Turkiye's Exports and Imports of Goods & Services as a Percentage of GDP
(1989-2022)

Turkiye: Exports and Imports of Goods & Services (% of GDP)
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As shown in the figure, after the trade liberalization in the Turkish economy, exports
gradually increased with some fluctuations, reaching 24% of GDP in 1997, and imports were
more volatile and fluctuating between 17% and 30% of GDP. Following the 1996 Customs
Union Agreement with the EU, trade volumes expanded markedly, but the impact on exports
remained limited (Akkemik, 2011; Gullu, 2015). The country continued to experience significant
trade deficits, particularly during crisis periods such as 1994-2001. Economic instability in the late
1990s negatively affected both exports and imports, as domestic currency depreciation
substantially increased the overall import rate as a result of export-driven policies and a strong
reliance on imported inputs (Ketenci, 2017).

Between 2010 and 2022, Turkiye's foreign trade recovered strongly, aided by global
liquidity conditions and domestic monetary expansion. However, imports consistently outpaced
exports, culminating in record-high trade-to-GDP ratios in 2021 and 2022. After 2019, the share
of exports and imports in GDP rose rapidly—despite a short-term decline in 2020 due to the
pandemic—and reached unprecedented levels in the following years. This trend, while reflecting
Turkiye’s deeper integration into global markets, has also been driven by the government’s
expansionary monetary policies and export-oriented growth strategies (Cetin, 2022;
Louis-Jacques & Ay, 2023). However, due to the country's import-dependent export structure,
particularly in manufacturing, rising exports have been accompanied by a parallel surge in
imports, exacerbating the structural current account deficit (Engin & Konuk, 2022; Erkdk, 2023).
Additionally, a significant share of imports consists of energy inputs, which further deepens the
trade imbalance. Turkiye’s dependence on imported fossil fuels—especially natural gas and
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oil—places additional pressure on the current account and exposes the economy to external
energy price shocks.

1.3.  Energy Use and Carbon Emissions

Turkiye’s rapid industrialization and urban expansion since the 1990s have significantly
increased energy demand, particularly in manufacturing and transportation sectors (Kaygusuz &
Sari, 2011; Kuyuk et al., 2010). This growing demand has largely been met through fossil fuel
consumption, as domestic energy production—especially from renewables—has lagged behind
industrial needs. As of 2023, fossil fuels accounted for 60.6% of final energy consumption in the
industrial sector, underscoring the country’s dependence on non-renewable energy sources
(Turkish Statistical Institute, 2024a).

This reliance on fossil fuels has led to notable environmental consequences. Carbon
emissions from industrial activity and energy use have steadily increased, placing Turkiye among
the 15 highest carbon-emitting countries globally (World Bank, 2025a). This situation has
underscored the need to balance economic growth with environmental sustainability (Demirtas
& Bas, 2023), as industrial expansion and trade integration have often advanced without
sufficient environmental safeguards. Figure 3 shows the annual carbon emissions rates for the
years between 1989 to 2022.

Figure 3. Trends in Carbon Footprint Per Person in Turkiye (1989-2022)

Carbon Footprint Per Person in Turkiye (1989-2022)

207—0— Carbon footprint per person (gha)

=

81.8’

]

a

@

a

o 1.6

=

=

)

£

s

< 14r

o

w

=

o

2

81.2'

1.0F
OO AN PP PN RLENDL TN LENDOD OB L0029 0N
Cope e gl Agils Eaie g~ Sails, ngile Is Sgie EPA N PN LN 1P SaPUN S SaP ag G RN PN R P A T S M Vg el A SR Vs e e
N RN AT R A A AT DT AST AR AR AT AR AR AR AR AR AS AR AR AR AR AR AR AR AR AR AR AR AR AR

Year

Kaynak: (Footprintnetwork, 2025)

The data reveal a clear upward trend over the period, with temporary declines in 2001 and
2009 corresponding to economic slowdowns and contractions in industrial output. Overall, per
capita carbon emissions rose in parallel with GDP growth, which expanded by approximately
8.47 times during the same period (World Bank, 2025c). These trends indicate a strong
correlation between economic activity and environmental degradation. The simultaneous
increase in exports, imports, and industrial production (as shown in Figures 1 and 2) suggests that
Turkiye’s integration into global supply chains has intensified energy use and increased carbon
emissions, as illustrated in Figure 3. These trends indicate a strong correlation between economic
activity and environmental degradation through urbanization, tourism, industrialization, and
foreign trade—key drivers of environmental pollution in developing economies (Doganlar et
al., 2021; Karaaslan & Camkaya, 2022; Malik, 2021; Raihan & Tuspekova, 2022).
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Although Turkiye has invested in diversifying its energy mix—particularly through
renewables—the transition from fossil fuels remains gradual due to high investment costs,
regulatory delays, and technological dependence. As a result, the environmental benefits of
renewables have yet to significantly offset emissions from industrial activity.

These dynamics highlight a persistent policy dilemma: how to sustain industrial growth and
export competitiveness while minimizing environmental harm. Addressing this challenge
requires @ more comprehensive understanding of industrialization, foreign trade (exports and
imports), and carbon emissions. This study seeks to inform such efforts by empirically examining
the evolving relationships among these variables over time."

2. LITERATURE REVIEW

Building on the contextual developments outlined in the previous section, this part reviews
the existing literature on the linkages between industrialization, foreign trade, and
environmental sustainability, with a focus on carbon emissions. While many studies have
addressed these relationships individually, fewer have examined their combined
impact—particularly in the case of developing economies such as Turkiye.

A broad strand of the literature confirms that in developing economies, industrial
development is one of the main contributors to rising emissions due to its fossil fuel intensity and
infrastructure-related inertia. While analyzing 23 developing nations in a panel study, Sikder et
al. (2022) found that a 1% increase in industrialization leads to a 0.54% increase in CO,
emissions, highlighting the prominent role of industrial activity compared to other factors such as
GDP growth and energy use. Similarly, a panel study of 50 developing countries reports a
statistically significant and positive relationship between CO, emissions and energy
consumption, largely driven by industrialization and fossil fuel use (X. Zhang et al., 2019). In the
case of Turkiye, a time series study (1970-2014) finds a strong positive relationship between
energy consumption and industrialization, with bidirectional causality between energy use,
industrial activity, and environmental outcomes (Malik, 2021). In parallel, Raihan & Tuspekova
(2022) emphasize that a 1% increase in industrialization leads to a 0.24% rise in carbon
emissions in Turkiye, largely due to the fossil fuel-based energy demand, pollutant-intensive
production structures, and limited adoption of clean technologies.

Research on the environmental impact of trade dynamics in developing countries presents
mixed findings regarding the effects of exports and imports on carbon emissions. While
examining seven ASEAN countries from 1990 to 2017, exports are found to increase CO,
emissions across most quantiles due to pollution-intensive industries, whereas imports show
mixed effects—raising emissions at lower levels but slightly reducing them at higher levels
(Salman et al., 2019). Hasanov et al. (2021) demonstrate that in the case of BRICS countries, a
1% increase in exports reduces consumption-based CO, emissions by 0.22%, while a 1%
increase in imports raises emissions by 0.23%, primarily as a result of increased domestic
consumption of carbon-intensive imports and the relocation of emission responsibilities through
exports. Similarly, studies conducted in the context of Turkiye reveal that while exports tend to
mitigate carbon emissions, imports are associated with an increase in emissions, highlighting the
dual role of trade in shaping the country's environmental outcomes. Haug & Ucal (2019) analyze
the asymmetric effects of trade on CO, emissions per capita in Turkiye and find that reductions
in exports are associated with increased emissions, whereas increases in imports significantly
exacerbate them. Topcu (2021) finds that exports and renewable energy consumption reduce
the ecological footprint, whereas imports increase it, likely due to the country’s dependence on
imported resources and the environmental burden embedded in traded goods. While analyzing
the impact of trade, on consumption-based CO, emissions in Turkiye from 1990 to 2019, it has
been found that a 1% increase in exports reduces emissions by 0.84%, whereas a 1% increase in
imports raises emissions by 0.43% (Mukhtarov, 2024). In this regard, studies focusing on trade
openness, typically defined as the sum of exports and imports relative to GDP, reveal contrasting
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findings regarding its environmental impact in the context of Turkiye. Onifade et al. (2021),
focusing on Turkiye and Caspian region countries, find that a 1% increase in trade openness leads
to a 0.32% rise in carbon emissions, thereby negatively affecting environmental quality.
Akhayere et al. (2022) further emphasize that trade openness in Turkiye—particularly driven by
increased imports—has adverse environmental impacts. However Kilavuz & Dogan (2021)
report no meaningful long-term relationship between trade openness and CO, emissions.

Although the existing literature on trade, industrialization, and carbon emissions is
extensive, many studies examine these relationships separately or over limited periods. This
study addresses this gap by offering an integrated analysis of the short- and long-term effects of
industrial output, exports, and imports on carbon emissions in Turkiye from 1989 to 2022. By
combining these interrelated economic drivers within a single empirical framework, the study
provides a clearer understanding of how growth strategies shape environmental outcomes in
developing countries.

3. DATA AND METHODOLOGY
3.1. Data

This study analyzes the relationship between carbon emissions, exports, imports, and
industry variables in Turkiye from 1989 to 2022. The variables used in the study and their
corresponding references are presented in Table 1.

Table 1. Definitions and Sources of Variables

Variable Name Source
Carbon Emissions Global Footprint Network
Exports WorldBank
Imports WorldBank
Industry WorldBank

3.2.Method

In this study, unit root tests were first conducted for carbon emissions, exports, imports, and
industry variables to determine their stationarity levels. Since no long-run relationship was
detected among the variables, a VAR model was established. In the VAR model, variance
instability and autocorrelation issues were examined. Finally, the residuals of the VAR model
were analyzed to determine whether they conform to a normal distribution. After reviewing the
variance decomposition table, the ordering of the variables was determined. The causal
relationships between the variables were then examined using the Granger causality test,
followed by an impulse-response analysis to assess the direction of causality among the variables.

3.3. Empirical Findings
3.3.1. Unit Root Tests

The stationarity properties of the variables are examined using the Augmented Dickey-Fuller
(ADF) and Ng-Perron tests, which are widely used unit root tests in time series analysis. The ADF
test, introduced by Dickey & Fuller, 1981 assesses the presence of a unit root in a given time
series, with the following null and alternative hypotheses:

Hg: The series is non-stationary.
Hj: The series is stationary.

The results of the ADF unit root test, presented in Table 2, indicate that the variables are
non-stationary at their level values, as the null hypothesis (Hy) cannot be rejected at the 5%
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significance level, confirming the presence of a unit root. However, after taking the first
differences and reapplying the unit root tests, the null hypothesis (H,) is rejected, indicating that
the series become stationary at their first differences.

Ng & Perron (2001) stated that when the moving average roots of errors converge to -1, a
higher-order lag length should be employed, whereas Bayesian and Akaike criteria tend to favor
shorter lag lengths. As part of the Ng-Perron unit root test, new information criteria were
developed, leading to the calculation of four different test statistics (Sarikovanlik et al., 2019, p.
22). While the MZa and MZt tests adopt the same null hypothesis as the ADF test, the null
hypothesis in the MSB and MPT tests is formulated as follows:

H,: The series is stationary.
Hs: The series is non-stationary.

Accordingly, if the calculated MZa and MZt test statistics are smaller than the critical values,
the null hypothesis of a unit root cannot be rejected (Ng & Perron, 2001). Similarly, if the MSB
and MPT test statistics are smaller than the critical values, the null hypothesis of no unit root
cannot be rejected (Goktas, 2011, p. 54). As shown in Table 2, the results of the Ng-Perron unit
root test indicate that the MZa and MZt test statistics are smaller than the critical values, leading
to the failure to reject the null hypothesis (H,), confirming the presence of a unit root in the
series. Additionally, since the MSB and MPT test statistics are greater than the critical values, the
Hs hypothesis is rejected, further supporting the conclusion that the series contain a unit root.

Table 2. ADF and Ng-Perron Unit Root Tests

Variables Lag Length Critical Value t-Statistics Pr(::’:;z:'ty
ADF Test
Test Critical Value -3.184371
carbon 0 5% level -3.552973 0.1049
Test Critical Value -6.784618
Sl ! 5% level -1.951687 0.0000
Test Critical Value -2.280650
export 0 59 levial -3.552973 0.4322
Test Critical Value -4.873408
export ! 5% level -1.952066 0.0000
. Test Critical Value -2.193670
import 0 59 levial -3.552973 0.4773
. Test Critical Value -4.654216
import ! 5% level -1.951687 0.0000
. Test Critical Value -1.821507
industry 0 5% level -2.954021 0.3640
. Test Critical Value -5.338016
industry ! 5% level -1.951687 0.0000
Ng-Perron Test
Carbon Mz, MZ, MSB MPT
Asymptotic critica 12.7334 -2.48329 0.19502 7.37362
5% level -17.3000 -2.91000 0.16800 5.48000
Export Mz, MZ; MSB MPT
A‘Vmsg‘l’::*f”t"a' -10.3186 -2.05689 0.19934 9.77459
5% level -17.3000 -2.91000 0.16800 5.48000
import MZ, MZ, MSB MPT
Asymptotic critica 110.9388 2.02324 0.18496 9.77519
5% level -17.3000 -2.91000 0.16800 5.48000
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industry Mz, Mz, MSB MPT
A‘Vmsg‘l’::*f"t“a' -2.48165 1.09684 0.44198 9.77879
5% level -8.10000 -1.98000 0.23300 3.17000

3.3.2. Cointegration Test

In the VAR model, all variables must be stationary. If a variable is non-stationary, it is
transformed into a stationary series by taking its differences. Since all variables in this study are
non-stationary at their level values, they are made stationary by taking their first differences.

Before conducting the cointegration test, the optimal lag length of the variables must be
determined. The lag length with the smallest information criterion is selected as the optimal
value. The statistical software used in this study marks the most suitable lag length with stars.
However, there is an ongoing debate in the literature regarding whether the Akaike Information
Criterion (AIC) or the Schwarz Criterion (SC) should be preferred, as the criterion with the most
assigned stars is generally considered the best choice. As shown in Table 3, these criteria suggest
a lag length of 0. However, since the minimum required lag length must be at least 1, the
appropriate lag length for this study is determined as:

Table 3. Common Lag Length of the Variables

Lag LR FPE AlC sC HQ

0 NA* 1.046725* 11.39708* 11.58212* 11.45740*
1 23.45321 1.205814 11.52730 12.45245 11.82887
2 16.95019 1.659225 11.78909 13.45437 12.33193

*The optimal lag length that minimizes the information criterion

The Pantula Principle is applied to determine the appropriate model for Johansen
cointegration analysis. According to this principle, inferences are made based on the stage at
which the null hypothesis (Hy) of no cointegration is accepted (Yavuz & Zhalelkanova, 2018, p.
57). When examining the summary table of cointegration test specifications based on the
Pantula Principle (Table 4), the numbers indicate the number of cointegrated vectors for each
case. Since the trace statistic is smaller than the critical value at all stages, or the probability value
does not allow for rejecting the null hypothesis (H,) at any stage, it is concluded that there is no
cointegration relationship between the variables.

Table 4. Pantula Principle

Critical Value

Hypothesis Eigenvalue Trace Statistics (0.05) Probability Value
(0] 0.462629 43.70008 54.07904 0.3000
1 0.334949 23.82595 35.19275 0.4740
2 0.234678 10.77341 20.26184 0.5640
3 0.066870 2.214732 9.164546 0.7347

3.3.3. VAR Analysis

The VAR model must be free from autocorrelation and variance instability issues, and its
residuals are expected to follow a normal distribution. Additionally, the estimated
autoregressive roots must lie within the unit circle to ensure the stationarity and stability of the
VAR model. Autocorrelation tests are conducted for variables that have been made stationary
by taking their differences, as determined by the unit root test. For the second-lag
autocorrelation test, the hypotheses are formulated as follows (Kakacak et al., 2020, p. 3095):
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H,: There is no autocorrelation.
Hs: There is autocorrelation.

According to the probability values in Table 5, the null hypothesis (Hs) cannot be rejected,
indicating the absence of an autocorrelation problem.

Table 5. Autocorrelation Test for the VAR Model

Lag LM Value Probability Value
1 15.76187 0.4697
42.01494 0.1108

The model is analyzed for heteroskedasticity (variance instability), and the hypotheses are
formulated as follows:

He: There is no heteroskedasticity.
Hz: There is variance instability.

According to the probability value from the heteroskedasticity test in Table 6, the null
hypothesis (Hs) cannot be rejected, indicating the absence of variance instability in the model. In
other words, the assumption of constant variance holds.

Table 6. Heteroskedasticity Test for the VAR Model

Chi-Square df Probability Value

86.19866 36 0.2979

Applying a normality test is essential for a VAR model that is free from autocorrelation and
variance instability issues. Under the normality assumption, all estimated roots are expected to
lie within the unit circle to ensure stationarity. If even one root is located on or outside the unit
circle, the VAR model would be deemed non-stationary (Kakacak et al., 2020, p. 3097). As
shown in Figure 4, since all roots of the model lie within the unit circle, the series are considered
stationary.
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Figure 4. Unit Root Graph for the VAR Model
Inverse Roots of AR Characteristic Polynomial
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Variance decomposition analysis is a useful tool for identifying the most influential variable
on a given variable within a VAR model. Therefore, this analysis should be performed in the
VAR model to determine which variable has a greater impact on another variable (Ozgen &
Guloglu, 2004, p. 97).

Table 7 presents the explanatory power of each variable for itself and other variables in the
first period. The ranking is based on the values observed in this period. The self-explanatory
power of the carbon emissions variable in the first period is 100%, making it the most
endogenous variable. The second most endogenous variable is exports, with a self-explanatory
power of 91.24%, followed by imports at 50.52%, and industry at 92.88%.

Accordingly, the variable ordering is determined as follows: carbon emissions, industry,
exports, and imports.

Table 7. Variance Decomposition for the VAR Model

carbonperson

Period S.E. dcarbonperson dexport dimport dindustry
1 0.114644 100.0000 0.000000 0.000000 0.000000

2 0.124285 92.02179 3.502807 0.335104 4.140300

3 0.124856 91.23474 3.580691 0.697269 4.487302

4 0.124895 91.17778 3.578975 0.74918 4.494125

5 0.124901 91.17030 3.578891 0.756089 4.494717

6 0.124902 91.16882 3.578898 0.757407 4.494873

7 0.124902 91.16855 3.578896 0.757659 4.494897

8 0.124902 91.16850 3.578895 0.757705 4.494900

9 0.124902 91.16849 3.578895 0.757713 4.494900
10 0.124902 91.16849 3.578895 0.757714 4.494901

export
Period S.E. dcarbonperson dexport dimport dindustry
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1 2.553969 8.756755 91.24324 0.000000 0.000000
2 3.139895 25.08236 60.70733 14.10519 0.105118
3 3.177161 25.09283 59.64664 14.88237 0.378158
4 3.179030 25.06351 59.57653 14.98183 0.378131
5 3.179545 25.05559 59.55839 15.00505 0.380976
6 3.179647 25.05399 59.55467 15.00980 0.381542
7 3.179665 25.05372 59.55402 15.01063 0.381635
8 3.179668 25.05367 59.55390 15.01078 0.381654
9 3.179669 25.05366 59.55388 15.01080 0.381658
10 3.179669 25.05366 59.55388 15.01081 0.381658
import
Period S.E. dcarbonperson dexport dimport dindustry
1 3.270822 19.77274 29.70515 50.52210 0.000000
2 3.319457 21.66285 28.89483 49.14177 0.300556
3 3.330835 21.74026 28.86303 48.91415 0.482564
4 3.332123 21.72418 28.84575 48.92699 0.503072
5 3.332268 21.72235 28.84331 48.93049 0.503852
6 3.332291 21.72209 28.84294 48.93100 0.503978
7 3.332296 21.72204 28.84287 48.93109 0.504009
8 3.332296 21.72203 28.84285 48.93111 0.504014
9 3.332297 21.72203 28.84285 48.93111 0.504015
10 3.332297 21.72203 28.84285 48.93111 0.504015
industry
Period S.E. dcarbonperson dexport dimport dindustry
1 1.213811 2.721287 2.574535 1.820400 92.88378
2 1.347910 5.424712 3.413389 13.97456 77.18734
3 1.368718 5.731144 3.362607 16.04261 74.86364
4 1.370816 5.713860 3.352450 16.29722 74.63647
5 1.371244 5.71110 3.351865 16.34228 74.59474
6 1.371331 5.710491 3.351742 16.35120 74.58657
7 1.371347 5.710382 3.351710 16.35283 74.58508
8 1.371350 5.710364 3.351705 16.35312 74.58481
9 1.371350 5.710360 3.351704 16.35317 74.58476
10 1.371350 5.710360 3.351704 16.35318 74.58475

Once the time series used in the causality test for the VAR model become stationary, the
causal relationships between them can be examined (Kakacak et al., 2020, p. 3098). If a causal
relationship exists among the series, the impulse response analysis can be interpreted based on
the direction of causality.

In Table 8, the Granger causality test results indicate statistical significance at the 10% level
for the relationship between the industry and export variables. Accordingly, a causal relationship
is identified from exports and imports to industry and from imports to exports. One of the most
notable findings of the Granger causality analysis is the absence of any statistically significant
causal relationship between the carbon footprint variable and other macroeconomic indicators.
This result may be attributable to the use of carbon footprint per capita instead of the more
conventional CO, emissions variable. The carbon footprint variable captures a broader set of
consumption-based emissions, which may exhibit weaker short-term dynamics with trade and
industrial activity compared to production-based emissions. The use of this indicator was a
deliberate methodological choice, reflecting its growing adoption in the recent environmental
economics literature and its ability to capture cross-border emission responsibilities. Although
this may have limited the detection of direct causality, it allowed the study to incorporate a
more holistic measure of environmental impact.
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Table 8. Granger Causality Analysis

Carbon Person Chi-Square Probability Value
Industry 1.546041 0.2137
Export 1.803482 0.1793
Import 0.029467 0.8637
All 2.657821 0.4474
Industry Chi-Square Probability Value
Carbonperson 0.716149 0.3974
Export 4.958638 0.0260
Import 3.999516 0.0455
All 6.757152 0.0801
Import Chi-Square Probability Value
Carbonperson 0.562420 0.4533
Industry 0.098356 0.7538
Export 0.000329 0.9855
All 0.995859 0.8023
Export Chi-Square Probability Value
Carbonperson 0.480858 0.4880
Industry 0.050481 0.8222
Import 6.034626 0.0140
All 12.55945 0.0057

According to the causality test results, a causal relationship is identified between exports and
imports and between industry and exports. Therefore, the impulse response analysis should be
interpreted in this context.

As shown in Figure 5, industry’s response to a one-unit shock in imports initially increases
until the middle of the second period, then decreases until the middle of the third period, rises
again until the middle of the fourth period, and finally dissipates. The response starts off
positive, turns negative in the intermediate periods, and displays a fluctuating pattern over
time. The observed fluctuations may indicate that industrial performance is sensitive to external
trade shocks, with the direction and persistence of these effects possibly influenced by factors
such as global demand conditions, exchange rate volatility, and the timing of input usage.
These patterns could reflect the inherent vulnerability of an import-dependent industrial
structure, where responses to trade shocks vary depending on production cycles, supply chain
flexibility, or temporary adjustments in inventory and procurement strategies.

Industry’s response to a one-unit shock in exports initially decreases until the middle of the
second period, then increases, with the shock's effect dissipating in the third period. This
fluctuating response may suggest that the industrial sector does not immediately benefit from
export shocks, potentially due to temporary production rigidities or adjustment lags. The
delayed positive reaction could indicate a gradual alignment with external demand conditions.
However, since the effect dissipates without becoming strongly positive, it is possible that such
shocks generate only short-lived or uneven impacts on industrial output.

Exports’ response to a one-unit shock in imports initially rises, followed by a decline until the
middle of the second period, then exhibits another cycle of increase and decrease, with the shock
effect dissipating in the fourth period. This oscillating pattern may point to the dual role of
imports in export performance. While an initial boost could be related to improved access to
intermediate inputs, the subsequent decline might reflect exchange rate fluctuations or rising
import costs. The partial recovery that follows suggests a possible short-term adjustment by
export-oriented firms. Overall, the effect appears temporary and may vary depending on the
nature of imported goods, production cycles, and external market conditions.

Figure 5. Impulse-Response Functions of the VAR Model
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CONCLUSION

This study examined the relationship between carbon footprint, industrial activity, exports,
and imports in Turkiye between 1989 and 2022, using a VAR model framework supported by
unit root tests, cointegration analysis, variance decomposition, and Granger causality tests.
While Turkiye has pursued an export-led industrialization strategy in recent decades, its heavy
reliance on imported intermediate goods and fossil fuels has posed challenges not only for
economic resilience but also for environmental sustainability. Global and regional crises, such as
COVID-19 and the Ukraine-Russia war, have caused fluctuations in commodity prices, increasing
Turkiye's economic vulnerability, while its reliance on fossil fuels exacerbates carbon emissions,
posing further challenges with the EU's CBAM. Without a shift to sustainable energy and
production, Turkiye risks not only challenges in sustaining its export-driven growth but also the
potential loss of its most important trade partner, the EU, as this transition failure could lead to
increased trade restrictions and costs.

The findings reveal that carbon footprint is the most dominant variable in the system,
preceding industrial production, exports, and imports in terms of influence. However, contrary
to expectations and much of the existing literature, no direct causal relationship was found
between trade or industrial activity and the carbon footprint variable. This divergence may be
attributed to the methodological choice of using carbon footprint per capita—a broader,
consumption-based environmental indicator—rather than conventional production-based CO,
emissions data commonly used in previous studies. Unlike CO, emissions, which measure
emissions at the point of production, carbon footprint accounts for both direct and indirect
emissions that occur across various stages of the supply chain, including embedded emissions in
imported goods. This broader scope introduces temporal dispersion, as the environmental
impact of trade activities—particularly imports—may materialize with a delay and in
geographically dispersed contexts. Therefore, short-term causality tests such as the Granger
analysis may not capture these lagged and diffuse effects effectively. Furthermore, although
Turkiye’s industrial and export structures are known to be carbon-intensive, the relatively stable
pattern of emissions over the period may have limited the statistical variability required to detect
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causality. This methodological shift provides a meaningful contribution by challenging
traditional measures and offering new insights into the environmental consequences of trade
and industrial activity in emerging economies. In this context, the study contributes to the
literature by adopting an alternative environmental metric that allows for a more
comprehensive evaluation of the trade—environment nexus.

The Granger causality analysis shows significant causal links from exports and imports to
industry and from imports to exports, confirming that foreign trade remains a key driver of
industrial performance in Turkiye. These results suggest that the industrial sector responds
dynamically to changes in external demand and the availability of imported inputs, reflecting the
country’s reliance on global supply chains and imported intermediate goods. Complementing
this finding, the impulse response functions indicate that industrial output reacts to trade shocks
in a delayed and fluctuating manner, underlining the sector’s sensitivity to external economic
conditions.

In line with the empirical findings of this study, the following policy recommendations are
proposed to support Turkiye’s efforts to align industrial growth with environmental
sustainability and enhance trade resilience. For Turkiye and other developing countries with
similar economic structures, enhancing trade resilience requires reducing reliance on imported
raw materials and intermediate goods by diversifying trade partners and strengthening local
supply chains. Reducing this dependency is crucial to minimize vulnerability to external shocks
and ensure more stable industrial performance. Export-oriented industries should be supported
through technology-driven efficiency improvements and strategic investment in
high-value-added manufacturing. Promoting environmentally friendly supply chain practices,
carbon-conscious logistics, and sustainable industrial zones will be essential to mitigate the
environmental impact of trade-driven industrialization and to comply with evolving global
regulations. Moreover, environmental inspections should be strengthened in industrial
production, particularly regarding the use of high-emission raw materials. Exporting firms that
adopt low-emission technologies and cleaner production processes should be rewarded through
targeted incentives such as tax reductions, subsidies, and access to green financing.

Finally, policymakers should consider developing mechanisms to monitor indirect
emissions—such as those embedded in imported goods—that may not be captured in short-term
economic analyses but are reflected in broader environmental indicators like carbon footprint.
Establishing reliable emissions tracking systems and promoting environmental certification
schemes can support more comprehensive sustainability monitoring. Additionally, strong
coordination between public institutions, industry representatives, and research organizations
will be essential to ensure the effective implementation and long-term adaptability of industrial
and environmental policies.

Cikar Catismasi Bildirimi/ Conflict of Interest Statement:

Yazar, bu makalenin arastiriimasi, yazarligi ve yayimlanmasina iliskin herhangi bir potansiyel
cikar catismasi beyan etmemistir. / The authors declared no potential conflict of interest
regarding the research, authorship, and publication of this article.

Destek/Finansman Bilgileri/ Support Financing Information:

Yazar, bu makalenin arastiriimast, yazarligi ve yayimlanmasi i¢in herhangi bir finansal destek
almamistir. / The authors have received no financial support for the research, authorship,
and publication of this article.

Etik Kurul Karari/ Ethics Committee Decision: Etik kurul gerektiren bir calisma degildir. /
Ethics committee pieces are not a study.

Yazar Katki Orani: / Author Contribution Rate: Yazarlarin katki orani esittir. / The
contribution rates of all authors are equal.

199



inént Universitesi Uluslararasi Sosyal Bilimler Dergisi, Cilt 14, Say1 1, (2025), http://dergipark.org.tr/tr/pub/inijoss

REFERENCES

Akhayere, E., Kartal, M. T., Adebayo, T. S., & Kavaz, D. (2022). Role of energy consumption
and trade openness towards environmental sustainability in Turkey. £Environmental Science
and Pollution Research, 30(8), 21156-21168. https://doi.org/10.1007/s11356-022-23639-9

Akkemik, K. A. (2011). Customs Union and Competitiveness of Turkish Exports in the EU
Market. Global Journal of Emerging Market Economies, 3(2), 247-274.
https://doi.org/10.1177/097491011100300205

Altay, S. (2024). Trade Policy Review of Turkey. The World Economy, 47(9), 3861-3892.
https://doi.org/10.1111/twec.13609

Ari, A. (2008). An Early Warning Signals Approach for Currency Crises: The Turkish Case (1045).

Arisoy, I. (2013). Kaldor Yasasi Cercevesinde Tuarkiye'de Sanayi Sektorl ve iktisadi Buytme
lliskisinin Sinanmasi. Eskisehir Osmangazi Universitesi Iktisadi ve Idari Bilimler Dergisi, 8(1),
143-162.

Bayat, T., Ozsalman, E., & Derindag, O. F. (2025). Evaluating export vulnerability through
import demand elasticity in carbon border adjustment contexts: a focus on Turkiye.
Environmental Science and Pollution Research, 32(5), 2238-2250.
https://doi.org/10.1007/5s11356-024-35861-8

Caglar, A. E., Guloglu, B., & Gedikli, A. (2022). Moving towards sustainable environmental
development for BRICS: Investigating the asymmetric effect of natural resources on CO 2.
Sustainable Development, 30(5), 1313-1325. https://doi.org/10.1002/5sd.2318

Calvin, K., Dasgupta, D., Krinner, G., Mukherji, A., Thorne, P. W., Trisos, C., Romero, J.,
Aldunce, P., Barrett, K., Blanco, G., Cheung, W. W. L., Connors, S., Denton, F.,
Diongue-Niang, A., Dodman, D., Garschagen, M., Geden, O., Hayward, B., Jones, C., ...
Ha, M. (2023). IPCC, 2023: Climate Change 2023: Synthesis Report. Contribution of
Working Groups I, Il and lll to the Sixth Assessment Report of the Intergovernmental Panel/
on Climate Change [Core Writing Team, H. Lee and J. Romero (eds.)]. IPCC, Geneva,
Switzerland. https://doi.org/10.59327/IPCC/AR6-9789291691647

Celasun, M. (1994). Development Policy and Industrialization in Turkey. /nternational Journal
on World Peace, 11(2), 41-57. http://www.jstor.org/stable/20751973

Getin, M. (2022). Para Politikasi Uygulamalarinin iktisadi Blylme Uzerindeki Etkisinin Vektor
Otoregresif Modeli lle Analizi 2006-2022 D6nemi Tirkiye Ornegi. Bilge Uluslararast Sosyal
Arastirmalar Dergisi, 6(1), 17-29. https://doi.org/10.47257/busad.1145838

Cetin, M., Ecevit, E., & Yucel, A. G. (2018). The impact of economic growth, energy
consumption, trade openness, and financial development on carbon emissions: empirical
evidence from Turkey. Environmental Science and Pollution Research, 25(36), 36589-
36603. https://doi.org/10.1007/s11356-018-3526-5

Demir, A. (2022). Turkey Evaluation at the Paris Agreement and the 26th Conference of the
Parties (COP 26): Obligations and Responsibilities. Biological Diversity and Conservation,
15(2), 162-170. https://doi.org/10.46309/biodicon.2022.1088410

Demirtas, l., & Bas, B. (2023). An Econometric Analysis on The Determinants of Energy
Consumption in Turkey. Ydnetim ve Ekonomi Arastirmalari Dergisi, 21(3), 393-4009.
https://doi.org/10.11611/yead.1335624

Dickey, D. A., & Fuller, W. A. (1981). Likelihood Ratio Statistics for Autoregressive Time Series
with a Unit Root. Econometrica, 494), 1057. https://doi.org/10.2307/1912517

200



inént Universitesi Uluslararasi Sosyal Bilimler Dergisi, Cilt 14, Say1 1, (2025), http://dergipark.org.tr/tr/pub/inijoss

Doganlar, M., Mike, F., Kizilkaya, O., & Karlilar, S. (2021). Testing the long-run effects of
economic growth, financial development and energy consumption on CO2 emissions in
Turkey: new evidence from RALS cointegration test. Environmental Science and Pollution
Research, 28(25), 32554-32563. https://doi.org/10.1007/511356-021-12661-y

Engin, C., & Konuk, T. (2022). The Relationship Between Foreign Trade and Economic Growth:
An Econometric Analysis For Turkey and Policy Recommendations. Finansal Arastirmalar
ve Calismalar Dergisi, 14(27), 324-339. https://doi.org/10.14784/marufacd.1145682

Erkilig, T., Ding, D. T., Gékmen, A., & Yazici, M. (2019). The Effect of Energy Importation from
Russia on Turkey’s Current Account Deficit. /International Journal of Sustainable Economies
Management, 8(4), 29-46. https://doi.org/10.4018/1JSEM.2019100103

Erkok, B. (2023). The Effects of Globalization and Multinational Companies on Turkey’s Export.
Fiscaoeconomia, 7(3), 1837-1855. https://doi.org/10.25295/fsecon.1281452

Footprintnetwork. (2025). Country Trends-Turkiye.
https://data.footprintnetwork.org/? ga=2.146573175.2106564863.1725874076-928719
372.1725874076#/countryTrends?cn=223&type=BCtot,EFCtot

Goktas, O. (2011). Tirkiye Ekonomisinde Bitce Agiginin Siirdrilebilirliginin Analizi. /stanbul
University Econometrics and Statistics e-Journal, ((8), 45—64.

Gokturk, M., Bostan, T., & Akin, C. (2013). The Importance of Export Market Diversification
Strategy on the Overcoming Economic Crises: The Case of Turkey. /nternational
Conference on Economic and Social Studies, 213-214.

Gullu, I. (2015). An Application on the Efficiency of CustomsUnion Turkey EU Customs Union.
Revista Economica, 67(6), 158-177.

Hasanov, F. J., Khan, Z., Hussain, M., & Tufail, M. (2021). Theoretical Framework for the
Carbon Emissions Effects of Technological Progress and Renewable Energy Consumption.
Sustainable Development, 29(5), 810-822. https://doi.org/10.1002/5d.2175

Haug, A. A., & Ucal, M. (2019). The role of trade and FDI for CO2 emissions in Turkey:
Nonlinear relationships. Energy Economics, 8i, 297-307.
https://doi.org/10.1016/j.eneco.2019.04.006

IPCC. (2025). FAQ Chapter I. https://www.ipcc.ch/sr15/fag/faqg-chapter-1/

Kakacak, K., Meric, E., & Esen, E. (2020). Altin Fiyatlarinin BiST100 Endeksi Uzerine Etkisinin
VAR Modeli ile Analizi. /nsan ve Toplum Bilimleri Arastirmalari Dergisi, 95), 3086-3103.
https://doi.org/10.15869/itobiad.743616

Karaaslan, A., & Camkaya, S. (2022). The relationship between CO2 emissions, economic
growth, health expenditure, and renewable and non-renewable energy consumption:
Empirical  evidence  from  Turkey.  Renewable  Energy, 190, 457-466.
https://doi.org/10.1016/j.renene.2022.03.139

Karasoy, A., & Akcay, S. (2019). Effects of renewable energy consumption and trade on
environmental pollution. Management of Environmental Quality: An International
Journal, 30(2), 437-455. https://doi.org/10.1108/MEQ-04-2018-0081

Kaygusuz, K., & Sari, A. (2011). Sustainable Energy Policies in Turkey. Energy Sources, Part B:
Economics, Planning, and Policy, 6(3), 207-219.
https://doi.org/10.1080/15567240802458799

Ketenci, N. (2017). The Effect of the European Union Customs Union on the Balance of Trade in
Turkey. Foreign Trade Review, 52(4), 219-232.
https://doi.org/10.1177/0015732516660801

201



inént Universitesi Uluslararasi Sosyal Bilimler Dergisi, Cilt 14, Say1 1, (2025), http://dergipark.org.tr/tr/pub/inijoss

Kilavuz, E., & Dogan, i. (2021). Economic growth, openness, industry and CO2 modelling: are
regulatory policies important in Turkish economies? /nternational Journal of Low-Carbon
Technologies, 16(2), 476—487. https://doi.org/10.1093/ijlct/ctaa070

Kuyuk, H. S., Kayikci, R., Ozkan, O., & Bayraktaroglu, S. (2010). Modelling Turkey’s Energy
Consumption Based on Artificial Neural Network. 2070 Ninth International Conference on
Machine Learning and Applications, 681-685. https://doi.org/10.1109/ICMLA.2010.105

Lo Turco, A., & Maggioni, D. (2014). The micro evolution of trade and turnover in Turkey under
the global crisis. Economic Systems, 38(3), 397-414.
https://doi.org/10.1016/j.ecosys.2013.09.005

Louis-Jacques, P. R., & Ay, S. (2023). Evaluating the Efficacy of Monetary Policy in Driving
Economic Growth in Turkey. Journal of Economics, Finance and Accounting Studies, 5(6),
92-98. https://doi.org/10.32996/jefas.2023.5.6.9

Magacho, G., Espagne, E., & Godin, A. (2024). Impacts of the CBAM on EU trade partners:
consequences for developing countries. Climate  Policy, 242), 243-2509.
https://doi.org/10.1080/14693062.2023.2200758

Malik, M. A. (2021). Economic growth, energy consumption, and environmental quality nexus
in Turkey: Evidence from simultaneous equation models. Environmental Science and
Pollution Research, 28(31), 41988-41999. https://doi.org/10.1007/5s11356-021-13468-7

Mukhtarov, S. (2024). Do renewable energy and total factor productivity eliminate CO2
emissions in Turkey? Environmental Economics and Policy Studies, 26(2), 307-324.
https://doi.org/10.1007/5s10018-023-00377-x

Ng, S., & Perron, P. (2001). LAG Length Selection and the Construction of Unit Root Tests with
Good Size and Power. Econometrica, 69(6), 1519-1554.
https://doi.org/10.1111/1468-0262.00256

Ojeaga, P., & Posu, S. (2017). Climate Change, Industrial Activity and Economic Growth: A Cross
Regional Analysis. Global Economic Observer, 5(2), 7-17.

Onder, H. G. (2021). Renewable energy consumption policy in Turkey: An energy extended
input-output analysis. Renewable Energy, 175, 783-796.
https://doi.org/10.1016/j.renene.2021.05.025

Onifade, S. T., Erdogan, S., Alagdz, M., & Bekun, F. V. (2021). Renewables as a pathway to
environmental sustainability targets in the era of trade liberalization: empirical evidence
from Turkey and the Caspian countries. £nvironmental Science and Pollution Research,
28(31), 41663-41674. https://doi.org/10.1007/5s11356-021-13684-1

Ozgen, F., & Gloglu, B. (2004). Tirkiye'de i¢c bor¢larin iktisadi etkilerinin VAR teknigiyle
analizi. METU Studies in Development, 93-114.

Raihan, A., & Tuspekova, A. (2022). Dynamic impacts of economic growth, renewable energy
use, urbanization, industrialization, tourism, agriculture, and forests on carbon emissions in
Turkey. Carbon Research, I(1), 20. https://doi.org/10.1007/s44246-022-00019-z

Sacik, S. Y., Yokus, N., Alagdz, M., & Yokus, T. (2020). Optimum Renewable Energy Investment
Planning in Terms of Current Deficit: Turkey Model. Energies, 13(6), 1509.
https://doi.org/10.3390/en13061509

Salman, M., Long, X., Dauda, L., Mensah, C. N., & Muhammad, S. (2019). Different impacts of
export and import on carbon emissions across 7 ASEAN countries: A panel quantile
regression approach. Science of The Total Environment, 686, 1019-1029.
https://doi.org/10.1016/j.scitotenv.2019.06.019

202



inént Universitesi Uluslararasi Sosyal Bilimler Dergisi, Cilt 14, Say1 1, (2025), http://dergipark.org.tr/tr/pub/inijoss

Sarikovanlik, V., Koy, A., Akkaya, M., Yildirim, H. H., & Kantar, L. (2019). Finans Biliminde
Ekonometri Uygulamalari. Seckin Yayincilik.

Sikder, M., Wang, C., Yao, X., Huai, X., Wu, L., KwameYeboah, F., Wood, J., Zhao, Y., & Dou,
X. (2022). The integrated impact of GDP growth, industrialization, energy use, and
urbanization on CO2 emissions in developing countries: Evidence from the panel ARDL
approach. Science of The Total Environment, 837, 155795.
https://doi.org/10.1016/j.scitotenv.2022.155795

Topcu, B. A. (2021). The impact of export, import, and renewable energy consumption on
Turkey s ecological footprint. Journal of Economics Finance and Accounting, 8(1), 31-38.
https://doi.org/10.17261/Pressacademia.2021.1376

Turkish Statistical Institute. (2024a). Statistics on Final Energy Consumption in Industry, 2023.
https://data.tuik.gov.tr/Bulten/Index?p=Statistics-on-Final-Energy-Consumption-in-Industr
y-2023-53806&dil=2

Turkish  Statistical Institute. (2024b). Foreign Trade Statistics, December 2023.
https://data.tuik.gov.tr/Bulten/Index?p=Foreign-Trade-Statistics-December-2023-49630

Ucan, O., & Aktakas, B. G. (2012). Transmissior} Mechanism of Shocks for Global Economic Crisis
Preiod: Turkey Case. Nigde Universitesi Iktisadi ve Idari Bilimler Fakdiltesi Dergisi, 5(2), 1—
11.

Varlik, S., Sevgi, N. H., & Berument, H. (2024). Analyzing Turkiye’s Import Dependency of
Exports: A Sectoral Approach. Fiscaoeconomia, 82), 807-824.
https://doi.org/10.25295/fsecon.1448406

WEF. (2023, January 19). Trade can help us address climate change. Here’s how trade ministers
are working together to make that possible.
https://www.weforum.org/stories/2023/01/trade-address-climate-change-trade-ministers-
davos-wef23/

World Bank. (20244, April 9). The World Bank in Tlirkiye.
https://www.worldbank.org/en/country/turkey/overview

World Bank. (2024b, October 23). The World Bank in Tirkiye-Overview.
https://www.worldbank.org/en/country/turkey/overview

World Bank. (2024c, December 18). Gross domestic product ranking table.
https://datacatalog.worldbank.org/search/dataset/0038130

World Bank. (2025a). Carbon dioxide (COZ2) emissions from Industrial Processes (Mt COZ2e).
https://data.worldbank.org/indicator/EN.GHG.CO2.IP.MT.CE.AR5

World Bank. (2025b). Exports of goods and services (% of GDP) - Turkiye.
https://data.worldbank.org/indicator/NE.EXP.GNFS.ZS?locations=TR

World Bank. (2025¢). GDP (constant 2015 Uss) - Turkiye.
https://data.worldbank.org/indicator/NY.GDP.MKTP.KD?locations=TR

World Bank. (2025d). /mports of goods and services (% of GDP) - Turkiye.
https://data.worldbank.org/indicator/NE.IMP.GNFS.ZS?locations=TR

World Bank. (2025e). /ndustry (including construction), value added (% of GDP) - Turkiye.
https://data.worldbank.org/indicator/NV.IND.TOTL.ZS?locations=TR

Yavuz, E., & Zhalelkanova, N. (2018). ikiz Ack Hipotezinin Ampirik Olarak  Test
Edilmesi: Johansen Es-Butlinlesme Analizi. Gdmriik ve Ticaret Dergisi, 11, 50-61.

203



inént Universitesi Uluslararasi Sosyal Bilimler Dergisi, Cilt 14, Say1 1, (2025), http://dergipark.org.tr/tr/pub/inijoss

Zhang, L.-Y. (2011). Is industrialization still a viable development strategy for developing
countries under climate change? Climate Policy, 11(4), 1159-1176.
https://doi.org/10.1080/14693062.2011.579263

Zhang, X., Zhang, H., & Yuan, J. (2019). Economic growth, energy consumption, and carbon
emission nexus: fresh evidence from developing countries. Environmental Science and
Pollution Research, 26(25), 26367-26380. https://doi.org/10.1007/s11356-019-05878-5

204



