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Abstract

This study investigates the impact of economic globalization, geopolitical risk and natural re-
sources on carbon emissions (CO,) in Turkey, while controlling for economic development and
renewable energy. The study uses annual data from 1970 to 2019 and employs a quantile-on-
quantile-based regularized least squares (QQKRLS) approach. The findings confirm a weak
positive association between economic globalization and CO, emissions at low and high quantiles,
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Impact of Geopolitical Risk and Economic Globalization on Turkey’s Environmental Sustainability: Novel Quantile-on-
quantile KRLS Method

while this association becomes strong at quantiles from 0.40 to 0.65 of both variables. The study
also confirms an overall positive association between geopolitical risk and CO, emissions; how-
ever, this correlation becomes stronger at quantiles from 0.40 to 0.80 for both variables. In addi-
tion, the study also finds an overall inverse relationship between natural resource rents and CO,
emissions, except for extremely low quantiles of both variables, where the correlation becomes
positive. To strengthen the reliability of our results, the study utilizes a non-parametric bivariate
quantile-on-quantile regression (QQR) method for a robustness check. Based on the findings, it is
recommended that policymakers encourage green trade practices and promote climate change
action initiatives by starting joint clean projects to make this world cleaner for current and future
generations.

Keywords: Geopolitical risk, economic globalization, quantile-on-quantile kernel-based
regularized least squares, natural resources, green energy

JEL Classification: Q56, F60, C21, P48, Q32

1. Introduction

Climate change has been recognized as the most challenging environmental issue since
the mid-20%™ century (Saadaoui et al., 2024) with global warming being its primary cause
(Kartal, 2022; Ulussever et al., 2023; Kartal et al., 2024). Global warming is caused by
the release of greenhouse gases (GHGs), primarily carbon dioxide (CO;), which is linked
to the use of polluting energy sources (Nordhaus, 2019). In this regard, it is vital to analyse
the factors that influence CO, emissions in emerging and advanced countries because each
country has unique economic structures and political settings that affect its climate change
policies. Thus, it is crucial to inquire “What factors determine the levels of CO, emissions
worldwide?” The potential answers differ among countries and cannot be generalized. Thus,
this research aims to address this query for Turkey by examining key country-specific factors,
including geopolitical risk, economic globalization, renewable energy, natural resources and

economic expansion.

Turkey, as a member of the Group of Twenty (G-20), has set a challenging goal of achiev-
ing net zero emissions by 2053. However, Turkey witnessed a substantial increase of about
180% in CO;, emissions from 1990 to 2022. Turkey accounted for around 1.1% of the global
CO; emissions in 2022, the energy sector being the primary contributor to the CO, emissions
(TurkStat, 2021). To attain its ambitious objectives of net zero emissions and conserving
the environment, the Turkish government ought to establish effective techniques for mit-
igating emissions. Conversely, geopolitical risks have an impact on energy markets, which

in turn affect the environment through two pathways. Firstly, geopolitical risks catalyse en-
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ergy conversion and lead to a decrease in oil prices, mostly driven by the substitution of fu-
els (Rasoulinezhad et al., 2020). Secondly, disputes exert a detrimental impact on investor
outlook, further influencing crude oil prices (Ji et al.,, 2019). Accordingly, these channels
have an impact on crude oil prices, which in turn affects the transition towards renewable
energy and leads to varying amounts of CO, emissions. Thus, it is crucial to assess the envi-
ronmental influence of Turkey’s geopolitical risk in this study.

Economic globalization is an important phenomenon that involves the movement
of commodities, capital, services and information among countries over large distances (Gy-
gli et al, 2019). This has led to a rise in trade and investment activities, which in turn has
had an impact on the environment and resulted in increased CO; emissions (Dumrul et al.,
2023). Despite criticism, if economic globalization is guided by deliberate policies and inter-
state contacts and collaborations, it has the potential to facilitate green growth and enhance
the environment by facilitating the transfer of technology (Li and Haneklaus, 2022). Never-
theless, the influence of economic globalization on Turkish pollution remains uncertain and

requires additional research. Therefore, we incorporated this aspect into our model.

Sweidan and Elbargathi (2022) emphasized the crucial role of natural resources
in the discourse on sustainability, as they can either facilitate or impede progress towards
achieving environmental sustainability. It is crucial for Turkey to conduct a thorough assess-
ment of its abundant mineral resources. This evaluation will enable policymakers to imple-
ment effective policies that can bring about changes in energy and environmental regula-
tions (Gozgor et al., 2018).

Based on our current understanding, some studies have examined the ecological cir-
cumstances of Turkey (e.g., Agboola et al.,, 2022; Dumrul et al., 2023; Saadaoui et al., 2024).
Among them, Saadaoui et al. (2024) examined the environmental impacts of hydroelectric
power, FDI and geopolitical risk. Dumrul et al. (2023) incorporated economic globalization
and renewable energy into the existing body of environmental literature. Nevertheless, all
the existing studies have relied on standard mean-based approaches. Therefore, a more ex-
tensive investigation is required to assess the environmental conditions in Turkey. Based

on this research gap, we developed the following research questions:

i.  Does geopolitical risk asymmetrically affect Turkey’s carbon emissions?
ii. Does Turkey’s economic globalization affect its carbon emissions asymmetrically?

iii. What are the asymmetric effects of natural resources, economic development and re-

newable energy on Turkey’s carbon emissions?
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This research contributes to the literature in three specific areas. Firstly, this study ex-
amines the impacts of geopolitical risk, economic globalization and clean energy on CO; lev-
els in Turkey. The incorporation of these variables together is crucial since devising suitable
and efficient strategies for safeguarding environmental quality necessitates the examina-
tion of all potential elements and quantifying their influence, which has been disregarded
in prior research. Secondly, the study incorporates other significant variables, such as nat-
ural resources and economic expansion, which contribute to a more comprehensive anal-
ysis of the factors influencing carbon emissions. Thirdly, unlike previous research, which
used customary econometrics instruments, this empirical study utilizes advanced and for-
ward-thinking econometric methods, such as quantile-on-quantile kernel-based regular-
ized least squares (QQKRLS) introduced by Adebayo et al. (2024a) and quantile-on-quan-
tile regression (QQR). This study is the first empirical investigation conducted in Turkey
to evaluate the environmental concern utilizing the novel QQKRLS approach. The QQKRLS
can incorporate non-linear relationships between outcome and explanatory factors, allow-
ing the detection of complex structures and patterns that traditional linear models may not
be able to detect. The regularization strategy implemented in QQKRLS mitigates overfitting
by redressing superfluous coefficients, improving the ability of the model to adapt to new
data Adebayo et al. (2024b). This unique strategy enhances the understanding of the rela-
tionships being examined by providing more detailed insights across various quantiles and
providing reliable findings for policy ramifications.

The remainder of the paper is organized as follows: Section 2 examines the pertinent
literature, followed by the data description and methods in Section 3. Section 4 presents em-
pirical findings to fulfil the study objectives, while Section 5 concludes the study with policy

implications and recommendations for further research.

2. Literature Review

Some research has been undertaken on the relationship between globalization and environ-
mental quality (Saint Akadiri et al., 2020). For example, Saint Akadiri et al. (2019) investigat-
ed the influence of globalization on Turkey’s ability to achieve environmental sustainability
goals. Their findings indicate that globalization has a negligible negative effect on CO, emis-
sions in Turkey. Similarly, Saint Akadiri et al. (2020) discovered comparable findings, stating
that there is no significant evidence to suggest that globalization has an impact on carbon
emissions in Turkey. Adeleye et al. (2023) conducted a study on the influence of globaliza-

tion on CO, emissions in South Asia. They employed quantile regression to analyse panel
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data and discovered a U-shaped correlation between globalization and CO, emissions spe-
cifically at the 50% and 75% quantiles.

These results have highlighted the economic and environmental consequences that
arise because of such vulnerabilities (Chen et al., 2024). Due to their substantial influence
on economic activity and environmental performance, managing geopolitical risk has be-
come one of the foremost concerns in many countries. Existing literature, however scarce,
has examined the impacts of geopolitical risk on carbon emissions. Geopolitical risk can
incentivize the shift towards cleaner and renewable energy sources (Rasoulinezhad et al,
2020), resulting in a reduction in carbon emissions. The aforementioned moderating im-
pact has been documented by Anser et al. (2021) and Husnain et al. (2022). Additionally,
geopolitical risk associated with conflict or political instability has the potential to impair
energy infrastructure, including renewable sources. This disruption can lead to an increase
in the disparity of CO, emissions (Shahbaz et al., 2023). In contrast, Chen et al. (2023a)
discovered that geopolitical risks lead to an increase in carbon emissions in emerging econ-

omies.

Recent studies have argued that the impact of resource rents extends beyond the realm
of economics, particularly in relation to economic growth and other indices of well-being.
Lewis (2019) proposed the treadmill theory of production, which posits that the utiliza-
tion of natural resources in the creation of economic output is directly accountable for en-
vironmental damage. Danish et al. (2023) analysed the rental prices of natural resources
and the levels of CO, emissions in the USA between 1985 and 2020. They discovered that
the presence of natural resources had a beneficial impact on the level of environmental con-
tamination. Aladejare (2022) and Lei et al. (2022) have established that natural resource
usage in Africa and Asia has made a substantial contribution to environmental pollution.
Chen et al. (2023b) utilized the cross-sectional autoregressive distributed lag (CS-ARDL)
method to demonstrate that natural resource rents resulted in environmental deformation
in 27 European countries.

In the field of energy and environmental economics, it is widely recognized that
the only way to overcome the problems caused by using fossil fuels is to increase and en-
hance the use of renewable energy (REN) sources. Recent research has examined the opti-
mal level of consumption of renewable resources, specifically to reduce environmental harm
using REN. Kartal et al. (2022) examined the influence of energy usage on environmental
deterioration at both aggregated and disaggregated levels in the USA. The empirical results
emphasize the importance of renewable energy utilization in enhancing environmental
quality by reducing CO, emissions at both aggregated and disaggregated levels. Shan et al.

Politicka ekonomie, 2026, 74 (3), 490-514, https://doi.org/10.18267/j.polek.1505 494



Impact of Geopolitical Risk and Economic Globalization on Turkey’s Environmental Sustainability: Novel Quantile-on-
quantile KRLS Method

(2021) examined the impact of REN on CO, emissions and determined that REN was effec-
tive in enhancing environmental quality in Turkey. Onifade et al. (2021) investigated the im-
pact of REN usage on CO, emissions. The findings indicated that the consumption of REN had
a detrimental impact on the levels of CO, in both Turkey and the Caspian countries. Karaas-
lan and Camkaya (2022) employed the ARDL methodology to examine the impact of REN
on CO; emissions. Their findings indicate that REN consumption led to a reduction in CO,
emissions. In a similar vein, Rahian and Tuspekova (2022) discovered that the utilization
of REN has a diminishing effect on the release of CO; into the atmosphere. Similarly, Dam and
Sarkodie (2023) stated that the usage of renewable energy had a positive effect on the qual-
ity of the environment. Multiple studies have been carried out on the subject of economics
that highlight economic expansion as a crucial factor influencing the environment. Adebayo
etal. (2023)demonstrated a positive correlation. In contrast, Ayhan et al. (2023) and Sreenu
(2022) discovered a negative correlation between GDP and CO, emissions.

2.1 Research gap

Based on the analysed literature, the following deficiencies were identified: (i) There is
a lack of literature on the relationship between economic globalization and CO, emissions
in Turkey. (ii) There is a lack of research on the relationship between geopolitical risk and
CO; emissions in the specific context of Turkey, despite Turkey’s favourable geographical
position which makes it a significant participant in geopolitical matters. (iii) Furthermore,
the relationship between GDP and CO, emissions in the Turkish economy has not been de-
finitively established. (iv) In contrast to prior studies that used linear methods, this research
utilizes the unique non-linear quantile-on-quantile kernel-based regularized least squares

(QQKRLS) and Quantile-on-quantile regression (QQR) approaches.

3. Methods

3.1 Data

This study investigates the impact of economic globalization (EGI), geopolitical risk (GPRI)
and natural resources (NRR) on carbon emissions (C0O,) in Turkey, while controlling for eco-
nomic development (GDPPC) and renewable energy (REN) using annual data from 1970
to 2019. The study employs annual data on CO,, GDPPC, REN and NRR from the World Bank
(WB, 2024), EGI from the KOF index (KOF, 2024) and GPRI from GPRH (GPRH, 2024). Ta-
ble 1 shows the abbreviations, measurement units of variables and sources of the data.

The annual frequency data were converted to quarterly frequency employing the quadratic
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match-sum approach to mitigate the bias caused by the small number of observations. This
method is extensively employed when converting data from lower to higher frequencies,
as seen by its extensive use in previous studies (Balcilar et al., 2024). Additionally, the quar-
terly series of carbon emissions was converted into a natural logarithmic series to reduce

heteroscedasticity and ensure that other variables are unaffected by this issue.

Table 1: Variables, sources, measurement units and abbreviations

Abbreviation | Variable Measurement unit Source

co, Carbon emissions Tonnes per capita WB (2024)
EGI economic globalization index | (0-100) KOF (2024)
GPRI Geopolitical risk Geopolitical risk historical index GPRH (2024)
NRR Total natural resource rent (% of GDP) WB (2024)
GDPPC Economic growth GDP per capita (current USS) WB (2024)
REN Renewable energy % of total final energy consumption WB (2024)

Source: Authors’ own elaboration

3.2 Methodology

Before investigating the relationship between economic globalization, economic growth, ge-
opolitical risk, renewable energy, natural resources and carbon emissions, we initially per-
formed a preliminary examination of the fundamental properties of the sample series. This
included analysing descriptive statistics, performing a BDS test initially proposed by Brock
et al. (1996) to detect nonlinear relationships in time series data and evaluating parameter
stability using the Exp-F, Ave-F and Max-F tests developed by Miao et al. (2022) and Andrews
(1993). Subsequently, we employed the quantile-on-quantile kernel-based regularised least

squares (QQKRLS) method, which is a non-parametric approach.

Numerous studies demonstrate that economic factors exhibit a fascinating, non-linear
pattern in response to the ongoing global energy crisis and the significant impact of the COV-
ID-19 pandemic on the global economy. Considering nonlinearities between the suggested
variables, we employed the QQKRLS method suggested by Adebayo et al. (2024b) to ana-
lyse the dynamic relationships among the variables. The KRLS is a machine-learning tech-
nique developed by Hainmueller and Hazlett (2014) which is utilized for regression analysis.
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Meanwhile, the QQKRLS approach has predefined limitations and assumptions that
ensure a reliable estimation. The QQKRLS regression is subject to specific limitations and
assumptions, which include the following: (i) The QQKRLS regression implies that the ob-
servations are mutually independent. (ii) Similarly, the QQKRLS regression requires that
the variability of the error terms remains consistent across all quantiles. Indeed, the selec-
tion of the kernel function in QQKRLS regression can significantly influence the performance
of the model. Various kernel functions exhibit distinct smoothing characteristics, and select-
ing a suitable kernel is essential for attaining optimal outcomes. (iii) QQKRLS regression
involves the selection of the bandwidth parameter, which defines the width of the kernel
function. Quantile regression, especially QQKRLS regression, is typically more robust to out-

liers than mean regression.

The KRLS algorithm effectively uses the Gaussian kernel to determine and under-
stand the ideal fitting function accurately, reducing the impact of misspecification bias.
Using the KRLS methodology, the influence of an independent variable on each of the data
points comprising a dependent variable is considered. Furthermore, the KRLS gives infor-
mation about the size and statistical significance of the impact of the independent variable
on the dependent variable by calculating the average pointwise marginal effects (Hainmu-
eller and Hazlett, 2014; Ferwerda et al., 2017; Ozkan et al., 2023). The KRLS method draws
on Equation (1), which estimates the average pointwise marginal effect, to analyse the im-

pact of the independent variable X on the dependent variable Y.

2
%=Xkl

BY -2 .
N B’B_Xk =Sy2eXijie ¢ (X —Xp) (1)

The equation indicates the average pointwise marginal effect of X on Y, where Ay [%]
is the variable used to denote this effect. Furthermore, the variable k denotes a singular ob-

servation, while N denotes the size of the sample.

The nonlinearity of the impact can be perceived at all points in the dependent variable
data. Statistical significance is indicated by a single value representing the average pointwise
marginal effect. To overcome these challenges, Adebayo et al. (2024a) integrated the KRLS
technique, originally developed by Hainmueller and Hazlett (2014), with the QQR method
introduced by Sim and Zhou (2015), resulting in the formulation of QQKRLS. QQKRLS can
consider all possible distributions of the explained and predictor variables and determine
statistically significant non-linear effects across all distributions of the explained and pre-
dictor variables.
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In addition, QQKRLS performs better than KRLS in other parameters, including its abil-
ity to capture subtle and non-linear associations between variables that traditional linear
models such as KRLS may fail to detect. The regularisation method in QQKRLS is employed
to mitigate overfitting, promote generalization to novel data and improve prediction accu-
racy. This is particularly beneficial for situations that involve non-linear associations or data
distributions that are not normal. QQKRLS demonstrates versatility in handling several data
types and domains, such as finance, economics and machine learning. Calculating different
quantiles provides a comprehensive understanding of data variability and conditional quan-
tiles, which KRLS may not offer.

The QQKRLS examines the effects of an independent variable X on a dependent variable

Y using the modified average pointwise marginal effect equation.

QY. 1% =X 551
BQY: -2 . IXsim X skl
N ﬁQXak] - ﬁZRZi]ie a2 (X&' - Xak) (2)
Here, Ay [ﬁl;%:’r ] represents the average pointwise marginal effect of the 6-th condi-
S5k

tional quantile of the independent variable X on the 7-th conditional quantile of the depend-
ent variable Y. Furthermore, QY, and QX; represent the conditional quantile series of the de-
pendent variable Y and the independent variable X, respectively, where QY, denotes the t-th
quantile and QX5 denotes the 6-th quantile. Lastly, regarding the effectiveness of the recent-
ly established QQKLRS, we also employed the QQR method developed by Sim and Zhou
(2015) for the robustness of the model. Figure 1 provides a concise overview of our anal-
ysis; the first step is data collection, followed by data transformation by taking the series.
In the next step, linearity of the series is checked using the BDS test of Brock et al. (1996). We
further assessed parameter stability using the Max-F, Exp-F and Ave-F tests developed by
Andrews (1993). In the next step, we applied the QQKRLS approach and finally, we applied
the QQR approach to check the robustness of the findings.
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Figure 1: Step chart of empirical analysis
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\

Source: Authors’ own elaboration

4. Results and Discussion

4.1 Fundamental analysis

Prior to investigating the relationships between economic globalization, economic growth,
geopolitical risk, renewable energy, natural resources and carbon emissions, we conducted
an initial exploration of the fundamental properties of the sample series. Table 2 summariz-
es the findings of descriptive statistics. Notably, GDP per capita (GDPPC) exhibits the highest
mean value (2.012425), followed by log-transformed CO, emissions (log CO,; 1.247891) and
economic globalization (EGI; 0.942668). Normality testing was performed using the Jarque-
Beratest (Jarque and Bera, 1980). The results, presented in Table 2, indicate that all the sam-

ple variables reject the null hypothesis of normality. Based on this finding and in accordance
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with Adebayo et al. (2024b) who recommend non-parametric methods for non-normal data,

we employed the QQKRLS approach to analyse the relationships between the variables.

Table 2: Descriptive statistics of parameters

EGI GDPPC GPRI log CO, NRR REN
Mean 0.942668 2.012425 0.045732 1.247891 0.138612 0.010156
Median 0.977054 2.000546 0.035275 1.257236 0.117882 0.000601
Maximum 1.015663 2.361934 0.146379 1.499122 0.340488 0.112202
Minimum 0.829191 1.526307 0.003445 0.907021 0.031521 —5.08E-05
Std. dev. 0.063252 0.237553 0.031809 0.161370 0.078549 0.024083
Skewness -0.636268 —0.103451 1.150000 —0.255547 0.829957 2.838715
Kurtosis 1.823870 1.992347 3.626704 1.969903 2.878332 10.33146
Jarque-Bera 25.02191 8.818097 47.35635 11.01930 23.08430 716.5290
Probability 0.000004 0.012167 0.000000 0.004048 0.000010 0.000000

Source: Authors’ own calculations

Having verified the non-normality of the sample series, we further enriched the anal-

ysis by employing the BDS test for nonlinearity, introduced by Brock et al. (1996). This ap-
proach aligns with recent studies by Adebayo et al. (2024a) and Jie et al. (2024), which high-

lighted the repercussions of nonlinearities in economic data. The rationale for examining

non-linear properties stems from the significant disruptions caused by recent global events.

The ongoing COVID-19 pandemic, geopolitical tensions (e.g., China-US and Russia-Ukraine

conflicts) and the global energy crisis have fundamentally reshaped the social and economic

landscape. Traditional econometric approaches may yield inaccurate inferences in the pres-

ence of such nonlinearities. Our findings, presented in Table 3, reveal that the series deviates

from the assumption of independent and identically distributed (IID) behaviour across all

dimensions. This confirms the presence of nonlinear dynamics within the time series.

Politickda ekonomie, 2026, 74 (3), 490-514, https://doi.org/10.18267/j.polek.1505

500



Impact of Geopolitical Risk and Economic Globalization on Turkey’s Environmental Sustainability: Novel Quantile-on-
quantile KRLS Method

Table 3: BDS test results

EGI GDPPC GPRI log CO, NRR REN
D[2] 59.5%** 298 34 4*** 404* 99.4*** 16.4%**
p-value 0.000 0.110 0.000 0.000 0.000 0.000
D[3] 96.3*** 584 46.2%** 830* 172.2%* 17.1%%*
p-value 0.000 0.110 0.000 0.000 0.000 0.000
D[4] 166.8%** 1,259 65.3%** 1,888* 324.1%* 18.1%**
p-value 0.000 0.110 0.000 0.000 0.000 0.000
D[5] 309.4%** 2,966 99.2%*¥* 4714* 658.2*%* 19.5%**
p-value 0.000 0.110 0.000 0.000 0.000 0.000
D[6] 601.3%** 7,506 157.1%%* 12,621* 1,439.1%* 21.5%%*
p-value 0.000 0.110 0.000 0.000 0.000 0.000

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

Source: Authors’ own calculations

Following Meo et al. (2024) and Shahbaz et al. (2024), we further assessed parameter
stability using the Max-F, Exp-F and Ave-F tests developed by Andrews (1993) and Miao et al.
(2022). Table 4 presents the results, which confirm the instability of the parameters within
the series. In summary, the preliminary normality tests indicated non-normality, the BDS
test confirmed the presence of nonlinearities and the parameter stability tests revealed in-
stability. Collectively, these findings suggest that traditional parametric approaches for ex-
amining the relationship between the proposed variables may not be suitable. Therefore,
considering the fundamental characteristics of the sample series, we opted for a non-para-
metric approach known as the QQKRLS method.

Table 4: Parameter stability test

EGI GDPPC GPRI log CO, NRR REN

Max-f 1,107* 512*% 317* 560* 380* 585*
p-value 0.000 0.000 0.000 0.000 0.000 0.000
EXP-F 549* 252% 154*% 276* 186* 287*
p-value 0.000 0.000 0.000 0.000 0.000 0.000
AVE 417*% 321* 73* 354* 147* 90*
p-value 0.000 0.000 0.000 0.000 0.000 0.000

Note: * denotes statistical significance at the 1% level.

Source: Authors’ own calculations
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4.2 Quantile-on-quantile kernel-based regularized least squares
(QQKRLS) results

The findings from the QQKRLS analysis are presented in Figure 2(a-e). Each panel in the fig-
ure includes a colour bar representing the strength of the correlation between the examined

variables.

Figure 2a depicts the QQKRLS results for EGI and CO,. The analysis reveals a weak
positive correlation between the variables at low quantiles (0.05 to 0.35). This correlation
strengthens at mid-range quantiles (0.40 to 0.65) but weakens again at extremely high
quantiles (0.90 to 0.95). These findings align with the observations of Kalayci and Hayalog-
lu (2019), Khan et al. (2019) and Muhammad and Khan (2021), who have also reported
a significant positive association between economic globalization and CO, emissions. This
connection is likely driven by several key factors. Firstly, Turkey’s rapid industrial growth,
fuelled by its integration into the global market, often relies on traditional energy sourc-
es such as coal and natural gas. This dependence on fossil fuels directly translates into in-
creased carbon emissions. Secondly, globalization can incentivize foreign companies to re-
locate production to countries such as Turkey, potentially bypassing stricter environmental
regulations in their home countries. Finally, the transportation boom associated with in-
creased global trade necessitates significant movement of goods by land, air and sea.

Figure 2b depicts the QQKRLS association between GDPPC and CO,. The results reveal
a strong positive correlation overall but with variations across quantiles. A weak positive
correlation is observed at both low quantiles of CO, and low to high quantiles (0.05 to 0.95)
of GDPPC. However, a strong positive correlation is observed at low to high quantiles (0.05
to 0.80) of €O, and medium to high quantiles (0.40 to 0.80) of GDPPC. These findings align
with previous studies by Miti¢ et al. (2017), Aye and Edoja (2017), Mikayilov et al. (2018)
and Sikder et al. (2022), who also reported a positive association between economic growth
and CO, emissions. There are various reasons for the positive association between economic
growth and €O, emissions. Firstly, economic expansion often spurs growth in industrial ac-
tivity. Secondly, rising economic output translates into growing demand for energy across all

sectors. Finally, economic growth often leads to increased transportation needs.

Figure 2c explores the QQKRLS association between GPRI and CO,. The analysis re-
veals an overall positive correlation but with variations in strength across quantiles. At low
quantiles (0.05 to 0.35) of CO; and low to high quantiles (0.05 to 0.95) of GPRI, a weak pos-
itive correlation is observed. This correlation strengthens at mid-to-high quantiles (0.40
to 0.80) for both variables but weakens again at extremely high quantiles (0.80 to 0.95).

These findings can be explained from various perspectives. Firstly, geopolitical tensions can
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push countries towards prioritizing energy security over environmental concerns. Secondly,
geopolitical instability can disrupt international cooperation and investment in clean en-
ergy technologies. Additionally, governments facing geopolitical tensions might prioritize
short-term economic stability, leading to policies that encourage increased fossil fuel use
to stimulate economic activity, even at the cost of higher CO, emissions.

Figure 2d depicts the QQKRLS association between NRR (natural resources) and CO,.
The results reveal an overall negative correlation, indicating that an abundance of natural
resources is associated with lower CO, emissions. However, this correlation is not uniform
across quantiles. At extremely low quantiles (0.05 to 0.25) of both variables, a positive cor-
relation is observed. Interestingly, a strong negative correlation emerges between low-to-
high quantiles of NRR (0.05 to 0.90) and low-to-medium quantiles (0.30 to 0.60) of CO,.
This aligns with the findings of Balsalobre-Lorente et al. (2018) and Baloch et al. (2019),
who have suggested that natural resources can contribute to environmental sustainability.
The findings can be justified in various ways. Turkey possesses a unique set of natural re-
sources that offer significant potential for reducing CO, emissions. Forests, for example, act

as vital carbon sinks, absorbing and storing atmospheric CO, through photosynthesis.

Figure 2e presents the QQKRLS association between REN (renewable energy) and CO,.
The analysis reveals a complex relationship, with the strength of the negative correlation
varying across quantiles. At low quantiles of CO,, a strong negative correlation is observed
with increasing levels of renewable energy. This suggests that promoting renewable ener-
gy can be particularly effective in reducing emissions at lower pollution levels. However,
the correlation weakens at mid-range CO, quantiles and even becomes positive in some cas-
es. This might indicate diminishing returns or limitations of renewable energy in signifi-
cantly reducing emissions at higher pollution levels. Finally, a strong negative correlation
re-emerges at high CO, quantiles. These findings align with previous studies by Adams and
Acheampong (2019), Sharif et al. (2021), Chang et al. (2022) and Adebayo et al. (2024),
who have also reported a negative association between renewable energy and CO, emis-
sions. Turkey’s abundant sunshine, wind and geothermal resources offer a clean alternative
to coal, a major source of the country’s CO, emissions. Replacing fossil fuels with renewables

directly reduces greenhouse gas releases, helping Turkey achieve its climate goals.
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Figure 2: Quantile-on-quantile kernel-based regularized least squares (QQKRLS)
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c) QQKRLS between GPRI and CO,
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4.3 Robustness check based on quantile-on-quantile regression

To further solidify the robustness of our findings from the QQKRLS approach, we em-
ployed a complementary non-parametric method: bivariate quantile-on-quantile regression
(QQR). This method facilitates the comprehension of correlations between factors beyond
the mean/average of the data, rendering it advantageous for analysing outcomes that are
non-normally distributed and exhibit nonlinear associations with predictor variables (Oz-
can et al., 2024; Kartal et al.,, 2024). For this reason, this method is employed for checking

the robustness of the QQKRLS technique, which is applicable to non-linear relationships.

The results of the QQR analysis are presented in Figure 3(a-e). Figure 3a depicts
the QQR findings for EGI and CO,. The results confirm that EGI has a positive and statistically
significant effect on CO, emissions. However, the strength of this correlation varies across
quantiles, with a stronger positive correlation observed at higher quantiles of both varia-
bles. Figure 3b presents the QQR output for GDPPC and CO,. The findings reveal an overall
positive correlation, although it varies across quantiles. At extremely low quantiles, both
variables exhibit a negligible correlation. However, a positive correlation emerges at all oth-
er quantile levels. Figure 3c displays the QQR findings for GPRI and CO,. The results con-
firm an overall positive correlation between the variables, but with varying strengths across
quantiles. Furthermore, Figure 3d showcases the QQR outcomes for NRR and CO,. The anal-
ysis reveals that NRR generally has a negative correlation with CO, emissions. However, both
variables have an exceptionally negative correlation at extremely low quantiles. Interest-
ingly, a positive correlation is observed between extremely high quantiles of CO, emissions
and low quantiles of NRR. Finally, Figure 3e reveals a somewhat comparable outcome with
the QQKRLS estimation.
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Figure 3: Results of QQR estimation

a) QQR EGI/ vs CO, b) QQR GDPPCvs CO,
4
15
4
1
3 |
0.5
2
0
1] -0.5
1 ] )
0.5 0.5 0.5 0.5
0
co, 0 EGI co, GDPPC
c) QQR GPRI vs CO, d) QQR NRR vs CO,
5.5 0.
6 5 2
4.5 <o
4 | ‘ 4 0
3.5
2 | -2 |
3
0| 2.5 -4 ]
1 2 1
! 15
0.5 0.5 '
0 0
co, GPRI co, NRR
e) QQR REN vs CO,
6
6 .
4
2 |
0
1
1
0.5 0.5
co, 0 REN

Source: Authors’ own elaboration

Politickd ekonomie, 2026, 74 (3), 490-514, https://doi.org/10.18267/j.polek.1505

507



Ashar Awan, Atif Jahanger, Mohammad Emran Hossain, Muhammad Saeed Meo, Nora Yusma bte Mohamed Yusoff

5. Conclusion and Policy Recommendations

This study examined the effects of various factors on carbon emissions in Turkey in the pe-
riod from 1970 to 2019 employing the quantile-on-quantile kernel-based regularized least
squares (QQKRLS) approach. These factors include the economic globalization index, economic
growth, geopolitical risk, renewable energy and natural resources. We also employed the quan-

tile-on-quantile regression (QQR) method to ensure the robustness of the QQKRLS approach.

The QQKRLS findings reveal a weak positive correlation between economic globaliza-
tion and carbon emissions at lower quantiles. This correlation becomes more pronounced
in the middle-range quantiles but becomes less significant again at the highest quantiles. Simi-
larly, there is a strong and consistent positive correlation between economic growth and carbon
emissions, although this correlation varies among different quantiles. A slight positive correla-
tion has been found between low quantiles of carbon emissions and low to high quantiles of eco-
nomic growth. However, a substantial positive correlation is shown between carbon emissions
at low to high quantiles and economic growth at medium to high levels. Furthermore, the anal-
ysis demonstrates an overall positive correlation between geopolitical risk and carbon emis-
sions, while the intensity of this relationship varies across different quantiles. A slight positive
correlation is found when carbon emissions are at low quantiles and geopolitical risk fluctuates
between low and high quantiles. This correlation becomes more robust at quantiles that range
from mid to high for both variables but decreases again at extremely high quantiles. Conversely,
the QQKRLS findings suggest an overall negative correlation between natural resources and
carbon emissions, suggesting that higher availability of natural resources corresponds to re-
duced carbon emissions. Nevertheless, this correlation does not exhibit a consistent pattern
across quantiles. A strong negative correlation is observed between the lower to higher quan-
tiles of natural resources and the lower to middle quantiles of carbon emissions. Additionally,
the analysis indicates a complex relationship between renewable energy and carbon emissions,
with the intensity of the negative correlation varying among quantiles. At lower quantiles of car-
bon emissions, there is a strong negative correlation with higher levels of renewable energy.

Based on these findings, we suggest the following policy revision: (i) The results indicate
that economic globalization has a detrimental effect on the environment; therefore, policymak-
ers should prioritize enforcement of strict environmental regulations and encourage sustain-
able practices for resource extraction as well as within industries, especially in terms of col-
laborating with other countries for trade and investment. Turkey should exclusively engage
in trade in items and services that are both ecologically benign and free from pollution. Moreo-
ver, in international trade agreements, environmental sustainability clauses must be included.

In addition, governments should impose penalties on high-carbon-emission imports and pro-
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vide incentives for low-carbon imports. (ii) The study discovered a direct correlation between
geopolitical risk and CO, emissions. Therefore, it is crucial to enhance the quality of institutions
in Turkey in order to successfully implement and reap the advantages of global efforts that
aim to promote environmental sustainability. Policymakers should prioritize promotion of in-
ternational cooperation, enhancing institutional capacity and accelerating integration of global
knowledge and technology to achieve sustainable development. Moreover, it is recommended
that Turkey’s government promote cooperation with international countries for climate change
actions and initiate joint projects, such as clean energy projects. (iii) Enhancing the proportion
of REN sources in Turkey’s energy composition is important. This can be accomplished by con-
ducting research and development in REN sources and establishing public-private collabora-
tions to enhance innovation and competitiveness. Renewable energy use can also be stimulated
by subsidies and advantageous tax regimes. (iv) While a positive GDP shock does increase CO,
emissions, the solution lies not in reducing the production of goods and services, but rather

in embracing environmentally sustainable technologies.

This study does possess several limitations. Firstly, the analysis focused exclusively
on Turkey. Subsequent inquiries could include a wider array of countries (either through time
seriesorpanelanalysis), therebybolsteringthe formulation of morerobustpolicies. Furthermore,
it is possible to perform an investigation of the impact of disaggregated globalization and
disaggregated energy sources on the environment. Furthermore, the current study utilized
the bivariate QQR approach; however, future research studies can use the multivariate QQR

approach so that the effects of other control variables can be considered for more robust policies.

List of acronyms

CAT Climate Action Tracker

CO, Carbon dioxide

QQKRLS Quantile-on-quantile-based regularized least squares
QQR Quantile-on-quantile regression
GHGs Greenhouse gases

COP Conferences of Parties

EGI Economic Globalization Index
GPRI Geopolitical risk

NRR Total natural resource rent
GDPPC Economic growth

REN Renewable energy
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