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Abstract: Switching to renewable energy is key to environmental resilience, especially with the growing problems
of fossil fuel dependence and increasingnatural disasters. This study looks intohow fossil fuel consumption, natural
disasters, and adoption of renewable energy technologies affect carbon dioxide (CO2) emissions in Turkey and In‑
donesia. The analysis is based on the Method of Moments Quantile Regression (MMQR) approach, which captures
the heterogeneous effects of these variables across different emission levels. Additionally, Feasible Generalized
Least Squares (FGLS) is employed as a robustness check to validate the consistency of the results. The ϐindings
show that fossil fuel use contributes to higher CO2 emissions, especially at the lower and middle quantiles. Natural
disasters further increase emissions due to the increased energy demand for emergency response and recovery.
On the other hand, the expansion of renewable energy leads to consistent and signiϐicant reductions of emissions
across all levels. These results highlight the need for Turkey and Indonesia to invest in renewable energy infrastruc‑
ture, implement carbon mitigation policies, integrate disaster risk management in energy planning, and promote
innovation in green technologies to achieve long‑term sustainability and environmental protection.
Keywords: Fossil Energy; Natural Disaster; Renewable Energy; Carbon Emissions; MMQR Approach

1. Introduction
Climate change is a critical worldwide issue, presenting substantial issues stemming from CO2 emissions. Is‑

sues associated with elevated atmospheric CO2 emissions encompass rising global temperatures [1], heightened
frequency of climatic extremes [2], and damage to ecosystems [3]. It is imperative to address these crucial con‑
cerns, necessitating scholars, policymakers, and international organizations to prioritize sustainable energy sys‑
tems, technological advances, and effective emission control regulations.

Similar to other developing nations, Turkey and Indonesia encounter distinct challenges in achieving a balance
between economic advancement and environmental sustainability. This is due to the rapid urbanisation occur‑
ring in both countries, which has generated signiϐicant energy consumption and elevated CO2 emissions. Turkey
is endeavouring to diversify its fuel mix to incorporate renewable energy; yet, dependence on fossil fuels remains
predominant. In 2023, coal constituted 36.2% and natural gas 21.0%, leading to fossil fuels representing around
57.2% of Turkey’s energy generation sources [4,5]. Turkey has traditionally depended on fossil fuels for more than
80% of its basic energy needs [6]. By 2025, Turkey is anticipated to surpass Germany as Europe’s leading emitter
of fossil fuel pollutants, highlighting the environmental consequences of this dependency [6]. Similarly, Indonesia’s
energy sector is predominantly reliant on fossil fuels, as a signiϐicant portion of its overall energy consumption is
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derived from them [7]. This reliance not only exacerbates environmental degradation but also subjects the nation
to transition risks in accordance with global shifts towards renewable energy sources.

Natural catastrophes can also cause both short‑term and long‑term increases in CO2 emissions by damaging
clean energy infrastructure and raising the demand for fossil fuels during recovery stages. Rebuilding typically
depends on materials and energy sources that are heavy in carbon, especially in countries where renewable en‑
ergy sources are not yet fully integrated into the grid [8,9]. Also, preparing for disasters usually focuses more on
resilience than sustainability, which could accidentally lead to increased emissions during restoration.

Furthermore, the speciϐic geographical positions of Turkey and Indonesia render them signiϐicantly suscepti‑
ble to calamities. Turkey is predisposed to signiϐicant earthquakes due to its location in one of the most seismi‑
cally active regions on the planet. An extreme instance is the two catastrophic earthquakes that occurred in South‑
ern Turkey and Northwest Syria, resulting in around 16,000 fatalities [10]. Indonesia has frequent earthquakes,
tsunamis, and volcanic eruptions along the Paciϐic “Ring of Fire.” The 2004 Indian Ocean tsunami, triggered by a
9.1 magnitude earthquake near Sumatra, resulted in approximately 230,000 fatalities across multiple countries,
with Indonesia experiencing the highest toll [11]. A recent earthquake in West Java Province resulted in over 300
fatalities and around 108,000 individuals rendered homeless [12]. In addition to these recurring natural disasters
resulting in fatalities, they also devastate infrastructure and the economy.

The coupling of these calamities with increased expenditure on fossil fuels emphasizes the necessity for effec‑
tive mitigation techniques. Transitioning from fossil fuels mitigates CO2 emissions and enhances energy security,
rendering solar, wind, and hydroelectric power feasible renewable energy alternatives. Empirical evidence indi‑
cates that, particularly in the long term, heightened utilisation of renewable energy leads to a reduction in CO2 emis‑
sions [13,14]. This indicates that the principal avenue for environmental action is via renewable energy. Embracing
renewable energymitigates the detrimental effects of fossil fuels and aids in disaster recovery [15]. The centralised
structure of conventional fossil fuel infrastructure renders it vulnerable to natural disasters, leading to prolonged
power outages and economic detriment [8,16]. In the event of the disintegration of centralised systems, renewable
energy sources such as solar panels and wind turbines offer critical electricity and remain operational throughout
such calamities [9]. Renewable energy enhances energy resilience, facilitating a more dependable power supply
before, during, and after a crisis.

The implementation of renewable energy sources must be complemented with sustainable technical advance‑
ments to effectively solve environmental issues. Technological advancement may result in enhanced energy efϐi‑
ciency, the formulation of sustainablemanufacturingmethods, and the generation of environmentally friendly prod‑
ucts and services. The adoption of green building principles, the use of energy‑efϐicient gadgets, and the integration
of smart grid technology will reduce emissions and energy consumption [17,18]. Moreover, advancements in re‑
newable energy technology might enhance their cost‑effectiveness and efϐiciency, hence accelerating the shift from
fossil fuels [19]. Robust early warning systems, resilient infrastructure, and sophisticated emergency response tac‑
tics can mitigate the impacts of natural catastrophes through sustainable technological innovation [20]. Advanced
big data analytics and the use of artiϐicial intelligence (AI) provide superior predictive models for catastrophes,
assisting governments in implementing prompt actions to mitigate damage to vulnerable regions. Furthermore,
the kernel density estimates in Figure 1, provides an overview of the data distributions, offering insight into the
underlying patterns that shape the empirical analysis.

Figure 1. Cont.
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Figure 1. Kernel density graphs.

As noted in the Atlas [21], fossil fuels remain the primary source of electricity for Turkey and Indonesia, con‑
tributing over 70%. In addition, their susceptibility to climate disasters like ϐloods and earthquakes makes achiev‑
ing sustainable energy transitions more difϐicult. These two pressures of environmental vulnerability and carbon
intensity lead to a strategic policy dilemma. However, very little is known about how these factors interact at vary‑
ing levels of emissions in disaster‑prone, fossil‑reliant countries. This study bridges this gap, applying advanced
quantile techniques to evaluate the impact of fossil and renewable energies, natural disasters, economic growth,
and technological innovation on CO2 emissions.

Furthermore, although much work has been done on the factors driving CO2 emissions, the relationship be‑
tween these factors and varying emission levels is understudied. Inmost cases, traditional econometric approaches
do not account for the inϐluence of fossil energy (FE), natural disasters (lnND), and renewable energy (RE) on dif‑
ferent emissions quantiles, treating their relationships as constant.

In nations such as Turkey and Indonesia, which are not only exposed to disasters but are also among the emerg‑
ing economies with the highest CO2 emissions, the impact of natural disasters on emissions is largely overlooked
[7,10]. Both nations contend with rising energy consumption, primarily fueled by swift industrial growth, and re‑
main signiϐicantly reliant on fossil fuels, despite an ongoing transition in energy sources. These nations, along with
their vulnerability to earthquakes, tsunamis, and other natural calamities, present a compelling opportunity to ex‑
amine the correlation between disaster exposure, fossil fuel reliance, and emissions [22]. Turkey and Indonesia
were selected as they illustrate the simultaneous challenges of energy transition and climate threats in growing
economies. The results facilitate the development of national energy and climate strategies and offer pertinent
insights for other economies in Southeast Asia, the Middle East, and beyond. Both nations remain signiϐicant con‑
tributors to carbon emissions, despite efforts to convert to renewable energy, underscoring the necessity for clear
and well‑structured regulatory frameworks.
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Furthermore, additional research predominantly concentrates on either the environment or the economy, ne‑
glecting the interaction among technology advancement, energy systems, and climate shocks. The literature gap
is addressed by the utilization of the MMQR estimator, which accounts for cross‑sectional dependence (CSD), non‑
normality, heterogeneity, and outliers commonly found inmacro‑panel data from emerging nations [23,24]. In con‑
trast to conventional quantile methods, MMQR provided more robust and precise estimates of emissions through‑
out their distribution. These enhanced estimations provide more accurate and reliable policy recommendations,
hence improving the projected emissions targets. The results are shown using FGLS and contour plots to reϐine the
emissions objectives for Turkey and Indonesia.

The study is organised as follows: Section 2 presents a synthesis of pertinent research about the determinants
of CO2 emissions. Section 3 delineates the methodological approach. Section 4 delineates the empirical ϐindings
accompanied by a discussion of the outcomes. Section 5 concludes the analysis and proposes potential avenues for
future research.

2. Literature Review
2.1. Theoretical Review

This study utilizes the Energy–Environment–Growth (EEG) framework, emphasizing the interconnections am‑
ong energy consumption, economic activity, and environmental factors. In Turkey and Indonesia, like in numerous
other rising countries, economic growth escalates energy consumption, primarily sourced from fossil fuels, leading
to CO2 emissions unless there is substantial integration of renewables, innovation, or structural reforms.

Bekun et al. [25] employed panel quantile regressions with FGLS on the E7 economies and validated, as the
EEGmodel posits, that economic expansion elevates emissions, while renewable energy and institutional enhance‑
ments mitigate the rise in emissions. However, their model failed to account for natural disasters, a signiϐicant
error for nations such as Indonesia and Turkey. Adewuyi and Awodumi [26] likewise excluded essential elements
in their analysis of the emissions–growth link by quantile regression in western and southern Africa. Their ϐind‑
ings revealed an inverted U relationship, wherein renewable energy acted as a crucial mitigating component at
elevated quantiles; nevertheless, it did not incorporate technical innovation and disaster shocks, which are essen‑
tial in disaster‑prone economies.

Dai et al. [27] examined the ramiϐications of the extensive expansion of the renewable energy sector in China
concerning green growth. Their conϐirmation indicated that the implementation of renewable energy resources
stimulated growth and diminished emissions, a conclusion that would delight ECG theorists. Their investigation
remained limited to China, and there was no effort to employ quantile methods to examine places beyond the sam‑
ple’s average. Danish and Ulucak [28] incorporates rising nations into a broader framework by examining green
growth in BRICS countries, asserting that green technologies signiϐicantly improve the ecological performance of
these nations. Like the majority of the literature, they failed to evaluate disaster variables and did not employ
quantile‑based methods to investigate heterogeneity.

Recent researchbyAdedoyin et al. [29] examined transitional nations anddemonstrated that economicprogress
results in heightened energy consumption and emissions. Their investigation employed a linear methodology,
which EEG theory andpertinent literature deem restricted due to the signiϐicant inϐluence of nonlinear andquantile‑
speciϐic dynamics.

The cited studies illustrate the strengths and deϐiciencies in EEG‑based literature: the mitigation of emissions
is achievable through renewable energy sources, while economic growth yields contradictory outcomes, and the
signiϐicance of technology is paramount; however, there is a lack of systematic integration of natural disaster shocks,
technological advancements, and quantile level heterogeneity in the literature.

This study enhances the identiϐied EEG frameworks by three principal additions. The initial adaptation incor‑
porates the natural disaster variable as a metric for climatic vulnerability, hence enhancing the model’s precision
for nations with a high frequency of environmental shocks. The second modiϐies the model by recognizing techno‑
logical innovation as an independent variable that both exacerbates and alleviates emissions. The ϐinal contribution
elucidated the intricate, conditional linkages and interdependencies among economic growth, energy structure, dis‑
asters, and emissions, utilizing advanced quantile approaches (MMQR+FGLS). This is particularly advantageous for
Turkey and Indonesia, which are swiftly advancing while encountering frequent natural disasters, necessitating a
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more profound and practical comprehension of emission dynamics for policy formulation.

2.2. Empirical Review
2.2.1. Carbon Emissions and Fossil Energy Nexus

Prior research has shown that fossil fuels, such as coal and gas, substantially increase global CO2 emissions
[14, 30]. The use of fossil fuels generates substantial CO2 emissions, intensifying the urgent global challenge of
climate change [31]. Furthermore, Smith, Tarui and Yamagata [32] investigated the relationship between oil prices
and carbon emissions using the ARDL model and uncovered signiϐicant results. The increase in oil prices has led
to elevated carbon emissions in Venezuela. In Saudi Arabia, CO2 emissions were notably inϐluenced by oil prices,
as evidenced by an analysis utilizing the ARDL model performed by Alshehry and Belloumi [33]. Simsek and Yigit
[34] investigated the relationship between oil prices and CO2 emissions in the BRIC countries and Turkey using
the Vector Autoregression testing model. Their investigation revealed that oil prices substantially inϐluence carbon
emissions in thesenations. Zhao, Zhang andWei [35] contended that adramatic ϐluctuation in global oil pricesmight
enhance investment and output in renewable energy sources, potentially leading to increased use of renewable
energies.

2.2.2. Carbon Emissions and Natural Disaster Nexus

Previous studies mostly focus on the social and economic impacts of natural catastrophes, whereas their en‑
vironmental effects have received scant attention. However, the detrimental impacts of natural disasters on con‑
sumption [36,37] indicate a substantial probability that these occurrencesmay decrease total energy consumption
within an economy, ultimately leading to a reduction in CO2 emissions. Research demonstrates that natural disas‑
ters negatively impact energy consumption [38]. Lee et al. [8] employ a panel dataset of 123 countries from1990 to
2015, determining that natural disasters signiϐicantly adversely affect the consumption of hydrocarbon, renewable,
and nuclear energy. The authors contend that natural disasters precipitate consumer impoverishment, which in
turn impedes energy consumption Ogbeide‑Osaretin [39]. Natural disasters may promote energy conservation by
reducing motor movement and freight transportation. In contrast, other researchers have obtained conϐlicting out‑
comes. Doytch and Klein [40] establish a positive correlation between natural disasters and energy consumption,
utilizing an unbalanced dataset from 80 countries between 1961 and 2011; nevertheless, this inϐluence varies ac‑
cording to energy types and the economic development level of the countries. Speciϐically, in afϐluent nations with
advanced technology, natural disasters that inϐlict infrastructural damage, such as climatic and geophysical phe‑
nomena, positively impact the utilization of renewable energy. In contrast, in medium‑ and low‑income nations,
natural disasters enhance residential and industrial energy demand, respectively.

2.2.3. Carbon Emissions and Renewable Energy Nexus

The principal objective of renewable energy investments, as noted by researchers, is to achieve CO2 emis‑
sion neutrality and improve economic stability [41]. Sustainable investments involve the allocation of ϐinancial
resources towards environmental efforts, the mitigation of carbon emissions, and the management of the effects of
unforeseen climate catastrophes [42]. Green and Stern [43] highlight that during the past 35 years, China’s tech‑
nological industry has experienced a considerable structural transition, mostly facilitated by investments in re‑
newable energy through large‑scale project ϐinancing. Investments in environmentally sustainable practices have
consistently demonstrated an inverse relationship with carbon emissions. Sampath and Natarajan [44] assert that
investment in renewable energy can reduce the emission of inorganic compounds into the environment. The collab‑
orative efforts of public and private authorities in enhancing environmental quality undoubtedly provide remark‑
able results, as demonstrated by the outcome reported here. Yang et al. [45] assert that public‑private renewable
energy investment projects are a crucial solution necessary to address environmental degradation at its source. Be‑
tween 2005 and 2019, Nawaz et al. [46] identiϐied a correlation between carbon dioxide emissions and investments
in renewable energy within BRICS and N‑11 nations. The analysis of various renewable energy investment alter‑
natives reveals signiϐicant fundamental relationships among population, foreign direct investments, inϐlation, and
CO2 emissions. Batrancea et al. [47] examined ϐinance systems for renewable energy in the United States, Canada,
and Brazil. The research ϐindings demonstrated the substantial usefulness of renewable energy ϐinance in reducing
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emissions and mitigating the adverse effects of global warming, thereby directly lessening the environmental im‑
pact of the economy in question. According to Osman et al. [48] among Malaysian Muslims, behavioural intention
greatly affected the investment in renewable energy. The research ϐindings emphasized the necessity of ϐinancing
renewable energy to enhance living circumstances and reduce environmental harm. Their investigation encom‑
passed religious attitudes, conventions, and behavioral inclinations. Research demonstrates that investment in
renewable energy diminishes carbon dioxide emissions and promotes economic growth [49]. Du and Li [50] urged
investments in renewable energy to promote the development of innovative, low‑emission technologies that enable
carbon‑neutral environments.

2.2.4. Carbon Emissions and Technological Innovation Nexus

The signiϐicance of technical innovation in mitigating carbon emissions is corroborated by various research.
Studies in Chinese provinces indicate that technological innovation reduces carbon emissions [51]. The advance‑
ment of technological innovation in the construction sector by BRICS nations also results in reduced carbon emis‑
sions [52]. Research on 71 nations reveals a bidirectional relationship between innovation and emissions; innova‑
tion adversely affects emissions, while emissions, conversely, positively inϐluence innovation [53]. In China, tech‑
nological advancement signiϐicantly facilitates energy conservation and diminishes carbon emissions, with energy
consumption serving as a crucial mediating element. China is experiencing what is referred to as an energy con‑
sumption trap. Minimal energy usage promotes a decrease, whereas excessive energy consumption obstructs it
[54]. This emphasizes the signiϐicance of technological innovation in attaining sustainable development and miti‑
gating carbon emissions.

Industries with signiϐicant pollution, such as cement, steel, and aluminum, adopt cleaner and more efϐicient
technologies, resulting in an overall decrease in carbon emissions due to technical advancements [55]. This alter‑
ation may occur incrementally. For example, in the MENA region, it is an inverted U shape where emissions rise
with innovation and then decline after a certain threshold [56]. In some regions, like Shanghai, patent‑related inno‑
vations have different impacts on emissions [57], and in RCEP countries, innovation helps reduce emissions from
natural gas use [58]. Globally, there is a feedback loop: innovation reduces emissions, but rising emissions can in
turn drive more innovation [53].

3. Methodology
3.1. Data

This study utilises annual data from1991 to 2023 to examine the inϐluence of fossil fuels (gas and coal), natural
disasters, and renewable energy on carbon emissions in Turkey and Indonesia. This period was chosen due to data
availability and its coverage of key transitions in energy policy, disaster frequency, and technological development
in both countries. Additionally, economic development and technical innovation are incorporated into the analysis
as control variables to mitigate uncertainty from excluded components. In accordance with Ali, Igunnu and Tursoy
[14], we formulated the study model as follows (Equation (1)):

ln𝐶𝑂2𝑖𝑡 = 𝜙0 + 𝜙1𝐹𝐸𝑖𝑡 + 𝜙2ln𝑁𝐷𝑖𝑡 + 𝜙3𝑅𝐸𝑖𝑡 + 𝜙4ln𝐸𝐺𝑖𝑡 + 𝜙5ln𝑇𝐼𝑖𝑡 + 𝛿𝑖𝑡 (1)
ln𝐶𝑂2𝑖𝑡 is carbon emissions, 𝐹𝐸𝑖𝑡 is fossil energy, ln𝑁𝐷𝑖𝑡 is natural disaster, 𝑅𝐸𝑖𝑡 is renewable energy, ln𝐸𝐺𝑖𝑡

is the economic growth, and ln𝑇𝐼𝑖𝑡 is technological innovation. 𝜙0 to𝜙5 are the coefϐicients. Finally, 𝛿𝑖𝑡 represented
the error term. Furthermore, Table 1 presents extensive information regarding the research variable.

Table 1. Variable description.

Variables Abb. Measurement Source

Carbon Emissions CO2 Carbon dioxide (CO2) emissions (total)
Renewable Energy RE Renewable energy consumption (% of total ϐinal energy consumption)
Economic Growth EG GDP growth (annual %)
Gas FE Natural gas rents (% of GDP) WDI [59]
Coal Coal rents (% of GDP)
Technological Innovation TEC Patent applications, non‑residents and residents
Natural Disaster ND Total number of people affected by disasters OWD [11]
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3.2. Estimation Procedure
This study utilised panel data analysis to investigate the evolving impact of RE, EG, FE, HC, and TI on CO2 in

Turkey and Indonesia. This study uses econometric methodologies, including the cross‑sectional dependence (CD)
test, CADF and CIPS stationarity tests, Westerlund cointegration tests, and method of moment quantile regression
(MMQR) analysis, to assess the inϐluence of each variable.

3.2.1. CD‑Test

The CD test is widely used in panel data analysis to identify cross‑sectional dependence. These tests comprise
the Pesaran‑scaled LM test [60] andM.HashemPesaran CD test [61]. The basic Breusch‑Pagan LM test allows one to
discover conditional heteroscedasticity in panel data. The Pesaran‑scaled LM test robustly and efϐiciently addresses
cross‑sectional dependency in an unbalanced panel. Maintaining the quality of panel data analysis calls for precise
testing spanning extended times, including evaluation of cross‑sectional dependence (CD). Moreover, the CD test
is suitable in cases when the data contains levels (0) and (1). This study ϐirst offers the CD test, considering the
notable variations between the two countries. Equation (2) is the CD test statistic that Pesaran [60] describes, the
CD‑test statistic is shown in Equation (2).

𝐶𝐷 = ඨ 2𝑇
𝑁(𝑁 − 1) ቌ

𝑁−1

෍
𝑖=1

𝑁

෍
𝑗=𝑖+1

𝑖𝑗ቍ⟶ 𝑁(0, 1) (2)

3.2.2. Unit‑Root Test

Subsequently, we assessed the unit root to ascertain the stability of our framework indicators, which is es‑
sential for proceeding with the cointegration study [22]. Due to the CD issue in the dataset ϐindings, we opt for
the second‑generation stationary analysis instead of the ϐirst‑generation analysis, as the latter fails to address this
problem [62]. Using the CIPS and CADF stationary analysis suggested by Pesaran [63], we looked into whether the
roots are located within the unit circle. The equational representation of the CIPS and CADF analysis is as follows
(Equation (3)):

𝐶𝐼𝑃𝑆(𝑁, 𝑇) = 𝑁−1
𝑁

෍
𝐼=1

𝑡𝑖(𝑁, 𝑇) (3)

3.2.3. Cointegration Test

The study used the cointegrationmethodology fromWesterlund [64] to look into the relationship between the
dependent and independent variables. This cointegration technique may be necessary due to the interdependence
of several data pieces. According to Westerlund [64], the merger test establishes a null hypothesis (H₀) asserting
the absence of cointegration among the variables, which is challenged by an alternative hypothesis positing the
presence of cointegration. Westerlund [64] elaborates on the evaluation of these aggregation statistics as follows
(Equation (4)):

𝑊𝐺 = 𝑊𝐺0 − 𝑁 𝑀𝑊𝐺(𝓈, 𝓁)

(𝒱𝑊𝐺(𝓈, 𝓁))
→ 𝑁(0, 1) (4)

3.2.4. MMQR Estimation

The MMQR econometric estimator formulated by Machado and Silva [23] is the best approach for obtaining
reliable results from the CD test and cointegration test estimations. As previously mentioned, MMQR applies when
CD is included in the provided data. Consequently, drawing from the research conducted by Ali, Zhao and Sinha
[24,65,66], we employed MMQR to assess the relationship between RE, EG, FE, ND, TI, and CO2 emissions. This
technique effectively mitigates the challenges of endogeneity, unobserved common factors, cross‑dependence, spa‑
tial heterogeneity, and non‑stationarity. The quantile Equation (5) for MMQR is presented below:
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𝑖𝑡= 𝜑𝑖 + 𝜗𝑖𝑡𝛼 + (𝜓𝑖 + 𝑄𝑖𝑡𝜎) 𝜀𝑖𝑡0.75𝑒𝑚 (5)
The model ϐixed inϐluence and Qit is represented by𝜑𝑖 , and𝜓𝑖 , which denote differentiable transformations of

the m vector of 𝜗. The subsequent is the mathematical exposition presented as Equation (6):

𝑋𝑐 = 𝑋𝑐(𝑆), 𝑐 = 1, 2, 3…… ,𝑚 (6)
Furthermore, in the context of quantiles, estimates are derived utilising the subsequentmethodusing Equation

(7).

𝑄𝑦 ቆ
𝑇
𝜗𝑖𝑡

ቇ = (𝜑𝑖 + 𝜓𝑖(𝑝(𝑇)) + 𝜗𝑖𝑡𝛼 + 𝑄𝑖𝑡𝜎𝑝(𝑇) (7)

𝜗𝑖𝑡 denotes the vector of predictor facets in Equation (5), comprising FE, lnND, RE, lnEG and lnTI. Equation
(7) delineates the conditional quantile distribution of the endogenous variable, positioned on the left side. The
deϐining characteristic of the individual effects estimate method, relative to other LS‑ϐixed effects techniques, is the
lack of an intercept term. The variables are anticipated to be time‑invariant, suggesting that the disparities among
the units are presumed to remain constant. The solution is reϐined to compute the quantiles of the gathered data
(Equation (8)).

𝑚𝑖𝑛𝑝෍
𝑖
෍

𝑡
⊑𝑇 (𝑌𝑖𝑡 − (𝜓𝑖 + 𝑄𝑖𝑡𝜎𝑝)𝑝) (8)

Furthermore, we employ the FGLS estimator to provide robustness. Additionally, we employed the Shapiro–
Wilk test to assess the normality of data distribution, positing the null hypothesis that the variables are normally
distributed in contrast to the alternative hypothesis that they are not. Also, correlation and VIF tests are performed
to ascertain the relationships among the parameters and to evaluate multicollinearity, respectively. Furthermore,
Figure 2 illustrates the methodical ϐlow of the investigation.

Figure 2. Methodological ϐlow.

4. Results
The estimates of descriptive statistics are presented in Table 2. The average results indicate the central ten‑

dency of the examined variables, with CO2, RE, EG, GAS, COAL, TEC, and ND having values of 5.803, 3.182, 1.631,
0.632, 0.483, 8.243, and 11.886, respectively. The dispersion values of the variables (CO2, RE, EG, GAS, COAL, TEC,
and ND) are 0.387, 0.506, 0.548, 0.768, 0.753, 0.684, and 2.687, respectively.
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Table 2. Descriptive statistic estimates.

Variable Mean Std. Dev. Min Max

CO2 5.803193 0.3872059 5.068677 6.514025
RE 3.182102 0.5057065 2.433613 4.051785
EG 1.631164 0.5482009 −0.2342979 2.57465
GAS 0.6317408 0.7683766 0.0004988 2.665158
COAL 0.4834444 0.7531237 0.0028659 3.716279
TEC 8.243187 0.6839258 6.729824 9.348449
ND 11.88615 2.687465 4.60517 16.75677

Evaluating the unit roots and CSD of the variables under investigation enables the development of empirical
analysis in this study. Table 3 displays the results of the CIPS, CADF, and CSD evaluations. The presence of CSD, as
revealed in Table 3, compelled us to evaluate the unit root using second‑generation testing methods. The outputs
of CADF and CIPS indicate the existence of a mixed order unit root.

Table 3. CD and unit root estimates.

CD‑TEST CADF CIPS

Variable CD p‑Value Level 1st Diff Level 1st Diff

lnCO2 5.551 0.000 −7.281 −3.476
RE 4.874 0.000 −5.448 −2.946 −1.829 −5.888
lnND 0.632 0.527 −6.220 −3.173 −3.826
GAS −0.940 0.347 −7.819 −3.279
COAL 5.119 0.000 −7.985 −2.936
lnEG 0.735 0.462 −7.242 −6.190
lnTI 4.362 0.000 −6.135 −4.705 −3.015

Table 4 demonstrates the lack of multicollinearity, since all variables have VIF values under 5. The average
VIF of 2.48 further conϐirms that multicollinearity is not a concern, hence conϐirming the accuracy of the regression
computations.

Table 4. VIF estimates.

Variable VIF 1/VIF

RE 4.43 0.225754
GAS 4.07 0.245745
lnTI 1.39 0.720149
lnND 1.38 0.725438
COAL 1.37 0.731568
lnEG 1.1 0.905993
Mean VIF 2.29

Table5displays estimates from the Shapiro–Wilk normality test, revealing non‑normality sincemost variables
have p‑values below 0.01. Conversely, lnCO2 conforms to a normal distribution, with a p‑value of 0.16415.

Table 5. Shapiro–Wilk estimates.

Variable w p‑Value

lnCO2 0.9726 0.1642
RE 0.8923 0.0000
lnND 0.8533 0.0000
GAS 0.8010 0.0000
COAL 0.6744 0.0000
lnEG 0.8220 0.0000
lnTI 0.9528 0.0158

Table 6 presents the results of the Westerlund Cointegration Test. The variance ratio statistic is 2.461, with a
p‑value of 0.0069. We dismiss the null hypothesis of no cointegration since the p‑value is below 0.01. This indicates
that there exists a long‑term equilibrium relationship among the variables in the panel dataset. Additionally, Table
7 presents the results of the correlation test.
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Table 6. Westerlund cointegration.

Statistic p‑Value

Variance ratio 2.461 0.0069

Table 7. Correlation test.

Variable lnCO2 RE lnND GAS COAL lnEG lnTI

lnCO2 1
RE −0.0805 1
lnND 0.2233 0.4828 1
GAS 0.128 0.8549 0.4345 1
COAL 0.5201 0.2907 0.3069 0.2743 1
lnEG2 −0.1808 0.0954 0.0132 −0.0136 0.0403 1
lnTI 0.8492 0.0173 0.1761 0.1513 0.4008 −0.2351 1

MMQR Outcomes
Table 8 displays the outcomes of MMQR calculations, examining the correlation between independent vari‑

ables and CO2 emissions across several quantiles (Q1–Q5). The results demonstrate distinct effects of RE, FE (gas
and coal), lnND, lnEG, and lnTI on varying levels of CO2 emissions.

Notably, at lower quantiles, the ϐindings indicate that fossil energy (FE), represented by gas and coal consump‑
tion, elevates CO2 emissions. In Q1, the coefϐicients for gas and coal are 0.1634 and 0.0854, respectively, while in
Q2, they are 0.1335 for gas and 0.0778 for coal. Both gas and coal exhibit a positive correlation with CO2 emis‑
sions from Q1 to Q3. This indicates that a greater reliance on fossil fuels signiϐicantly elevates CO2 emissions in
low‑emission environments. At elevated quantiles (Q4 and Q5), where fossil energy’s contribution becomes statis‑
tically insigniϐicant, the impact diminishes accordingly; this suggests that inhigh‑emissioneconomiesor sectors, the
marginal effect of further fossil energy use on emissions is reduced. These results complement the ϐindings of other
researchers [14,31,32], which indicate that in certain economies or sectors, transitioning from very low emissions
to a moderate range signiϐicantly increases the relative elasticity of emissions concerning fossil energy consump‑
tion. Interestingly, the outcomes also indicate that gas exerts a greater marginal impact than coal at lower quan‑
tiles, suggesting that gas, commonly regarded as a cleaner transitional fuel, may signiϐicantly inϐluence emissions in
low‑emission scenarios more than previously believed. This highlights the necessity of seriously re‑evaluating the
signiϐicance of natural gas in national energy programs focused on decarbonization. Moreover, enhancing energy
efϐiciency, using carbon capture technologies, and utilising renewable resources may potentially reduce the excess
emissions generated by fossil fuel consumption in high‑emission areas.

Turkey and Indonesia remain heavily reliant on fossil fuels, especially coal, which generates a substantial por‑
tion of their electricity. Despite ongoing initiatives to diversify the energy portfolio, coal‑ϐired power stations con‑
tinue to signiϐicantly contribute to emissions in Turkey. In Indonesia, coal is the primary energy source, and the
government continues to endorse coal development despite its climate obligations. The results suggest that both
nationsmust intensify their efforts to eliminate coal and natural gas in regionswith reduced CO2 emissions. Turkey
and Indonesia must accelerate the cessation of coal usage, establish carbon pricing mechanisms, and enhance in‑
vestments in renewable energy infrastructure to supplant fossil fuel power plants to achieve further reductions.

The inϐluence of lnND on CO2 emissions varies over multiple quantiles. In the lower quantiles (Q1–Q3), lnND
lacks statistical signiϐicance, indicating that in lower emission scenarios, natural disasters may not exert a direct or
substantial inϐluence on emissions. At elevated quantiles (Q4 and Q5), lnND exhibits a signiϐicant and robust posi‑
tive correlation with CO2 emissions (Q5: 0.0299, p < 0.1), indicating that natural disasters intensify CO2 emissions
in nations or regions with higher emission levels. This discovery corresponds with recent studies [8,40] indicating
that natural disasters impair energy systems, hence augmenting dependence on fossil fuels for recovery. The re‑
construction of infrastructure, rejuvenation of industry, and intensiϐied construction efforts in the impacted areas
elevate energy demand following disasters, leading to augmented emissions. Moreover, the study indicates that
the environmental impact of natural catastrophes is not only immediate but also systemic, exacerbating carbon
emissions in already susceptible, high‑emission economies. This emphasizes the essential requirement to incor‑
porate climate resilience and renewable energy strategies into post‑disaster recovery frameworks, ensuring that
reconstruction efforts do not unintentionally perpetuate carbon‑intensive energy dependencies.
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Turkey and Indonesia are often impacted by seismic activity, inundations, and volcanic eruptions. In Turkey,
signiϐicant earthquakes have devastated the energy infrastructure, hence heightening dependence on fossil fuels
during rehabilitation initiatives. In Indonesia, frequent ϐlooding and volcanic eruptions hindered advancements
in renewable energy, leading to a continued reliance on coal and diesel for electricity. The data indicate that both
nations ought to incorporate resilience to natural disasters into their energy strategies to guarantee that recovery
efforts, following a disaster, rely on renewable sources rather than fossil fuels.

The statistically signiϐicant coefϐicients from Q1 to Q4 demonstrate that renewable energy substantially de‑
creases CO2 emissions across all quantiles, suggesting that Indonesia and Turkey should include disaster recovery
into their fossil fuel energy policies. The most signiϐicant effects manifest in the lower quantiles, Q1: −0.0276, Q2:
−0.0258, whereas Q3: −0.0227 and Q4: −0.0200 exhibit a reduction at higher quantiles, while still being affected.
This indicates that low‑emission enterprises or economies rely signiϐicantly on renewables for carbon mitigation;
however, in Q5, the effect becomes statistically negligible, suggesting that in high‑emission contexts, renewable en‑
ergy proves ineffectual in reducing CO2 emissions. Furthermore, the diminishing effectiveness at higher quantiles
indicates that in highly industrialized or fossil fuel‑dependent areas, renewable energymust be combinedwith com‑
prehensive reforms such as decommissioning high‑emission infrastructure and enhancing efϐiciency to achieve a
signiϐicant impact. This aligns with previous research [14,44] indicating that renewable energy maymitigate emis‑
sions effectively only when the energy infrastructure, energymix, and technologies for storage and distribution are
sufϐiciently developed.

Turkey and Indonesia are advancing in renewable energy, particularly through the utilisation of hydroelectric,
solar, and wind power. The diminishing effect of renewables at elevated quantiles suggests that their utilisation
is insufϐicient to signiϐicantly inϐluence emission reductions in high‑emission regions. Despite Turkey’s signiϐicant
reliance on hydropower, the nation’s considerable dependency on coal‑ϐired power plants severely constrains the
effectiveness of renewable energy in mitigating emissions. Indonesia has established robust objectives to augment
the proportion of renewables in its energy portfolio; yet, coal continues to be a fundamental component. This con‑
currently diminishes the efϐicacy of renewables in high‑emission scenarios. Both nationsmust adoptmore assertive
measures to enhance grid integration, energy storage, and subsidies for non‑carbon‑intensive electricity to success‑
fully capitalise on the potential of renewable energy. Both nations must adopt more assertive policies to enhance
grid integration, energy storage, and incentives for sustainable alternatives to maximise the impact of renewable
energy.

In each quantile, the correlation between lngEG and CO2 emissions is statistically negligible, indicating that
variations in economic growth do not directly or consistently inϐluence changes in emission levels. This indicates
that additional factors, such as regulatory regulations and the type or source of energy utilized, are signiϐicantly
more inϐluential in shaping emissions patterns. The insigniϐicance of lnEG may indicate the broader structural
transformations occurring in Turkey and Indonesia as they transition towards a service‑oriented and knowledge‑
based economy. This is accompanied by enhanced energy efϐiciency andmore stringent environmental regulations
that have diminished the growth‑pollution relationship [30,38]. The lngEG in the countries might be more closely
linked to investments in renewable energy sources and sustainable development, hence reducing emissions often
associated with economic growth.

The effect of lnTI increases from Q1 (0.2579, p < 0.01) to Q5 (0.3301, p < 0.05), indicating that lnTI exhibits
a positive and statistically signiϐicant correlation with CO2 emissions across all quantiles. This suggests that while
technological advancements facilitate transformations in the energy and economic sectors, they may also corre‑
late with increased emissions. This result supports the assertion that speciϐic technical developments, especially
in carbon‑intensive industries, may result in heightened industrial activity and energy consumption, hence validat‑
ing the contention that not all technological innovations are ecologically beneϐicial. The escalating lnTI inϐluence
over quantiles indicates that, in high‑emission scenarios, technological innovationmay favor industrial growth over
emissions reduction.

Technological advancements in Turkey and Indonesia have primarily focused on industrial growth, infrastruc‑
tural enhancement, and digital transformation, rather than explicitly targeting carbon reductions. Turkey has in‑
vested in new manufacturing and transportation, while Indonesia has focused on technological advancements in
mining and energy extraction, which nevertheless produce emissions. The results emphasise the imperative for
Turkey and Indonesia to prioritise investments in green technology to ensure that technological progress aligns
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with environmental sustainability.
Table 8. MMQR estimate.

Quantiles GAS COAL lnND RE lnEG lnTI

Q1 0.1634*
(0.0911)

0.0854*
(0.0488)

−0.0131
(0.0135)

−0.0276***
(0.0074)

0.0046
(0.0653)

0.2579***
(0.0870)

Q2 0.1335**
(0.0616)

0.0778**
(0.0356)

−0.0061
(0.0076)

−0.0258***
(0.0051)

0.0064
(0.0485)

0.2696***
(0.0636)

Q3 0.0843
(0.0508)

0.0653**
(0.0287)

0.0052
(0.0066)

−0.0227***
(0.0042)

0.0094
(0.0390)

0.2888***
(0.0514)

Q4 0.0420
(0.0735)

0.0545
(0.0412)

0.0151
(0.0099)

−0.0200***
(0.0061)

0.0119
(0.0558)

0.3053***
(0.0737)

Q5 −0.0214
(0.1278)

0.0384
(0.0719)

0.0299*
(0.0169)

−0.0160
(0.0106)

0.0158
(0.0975)

0.3301**
(0.1284)

Note: *** represents 1%, ** represents 5% and * represents 10% signiϐicance level.

This studyemployedFGLSmethodologies to corroborate the ϐindings of theMMQRmodel. Table9presents the
FGLS results, which corroborate MMQR claims that fossil energy signiϐicantly increases emissions, whereas lnND
demonstrates a positive correlation with emissions, thus afϐirming the environmental impact of activities associ‑
ated with disasters. Moreover, renewable energy reduces CO2 emissions. Despite being statistically modest, lnEG2
indicates a neutral impact on emissions. Moreover, lnTI demonstrates a signiϐicant positive link with emissions,
indicating that current advancements remain associated with energy‑intensive activities.

Table 9. FGLS robustness estimate.

Variable Coefϐicient Std. Err. p‑Value

GAS 0.180 0.052 0.001
COAL 0.137 0.031 0.000
lnND 0.012 0.006 0.038
RE −0.015 0.003 0.000

lnEG2 0.016 0.038 0.668
lnTI 0.386 0.034 0.000

The contour plots in Figure 3 provide a robustness check by visually illustrating the relationship between
CO2 emissions and the explanatory factors over multiple quantiles. The colour gradients illustrate varying levels of
interactions, with distinct patterns emerging at different degrees. Non‑uniform distributions have diverse effects,
aligning with the MMQR ϐindings that the impact of particular factors ϐluctuates with rising CO2 emissions. This
graphical conϐirmation corroborates the study’s ϐindings and underscores the intricacy of emission dynamics in
Turkey and Indonesia.

Figure 3. Cont.
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Figure 3. Contour plot outcomes.

5. Discussion
This study’s ϐindings provide signiϐicant insights into the carbon emissions of the developing nations of Indone‑

sia and Turkey. Moreover, these data underscore the persistent dependence on fossil fuel leases, such as coal and
gas, as a primary catalyst of emissions across the emissions spectrum. This outcome underscores the reliance of
these nations on fossil fuels and suggests that emissions reduction strategies must initiate with a reconϐiguration
of the energy source composition. The policy is clear; without deliberate, signiϐicant alterations away from fossil
fuels, particularly in the energy‑intensive sectors of industry, electricity generation, and transportation, achieving
lower emission targets will be unattainable.

Conversely, the utilization of renewable energy sources signiϐicantly and consistently decreases CO2 emissions,
particularly at elevated quantiles. This indicates that the utilization of renewable energy sources possesses the
most signiϐicant capacity to mitigate emissions at elevated levels. This interpretation has dual implications. Firstly,
it substantiates the fundamental principles of the Energy–Environment–Growth paradigm, which posits that the
transition to clean energy improves environmental quality. Secondly, it underscores the necessity of prioritizing
the advancement of renewable energy systems in regions and industries characterized by high emissions and those
susceptible to climate impacts. This encompasses, for Turkey and Indonesia, the industrial and urban zones, along
with the disaster‑prone and seismically active areas. Consequently, authorities must not only augment the propor‑
tion of renewables but also ensure their strategic distribution in accordance with national emission proϐiles and
catastrophe vulnerability assessments.

The insigniϐicanceof the emission andeconomic growth relationship across all quantiles of the emissionsdistri‑
butiondirectly contradicts the notion that economic growth results in heightened emissions. Thismaybe attributed
to the structural transformations that have recently occurred in both countries, encompassing the shift fromenergy‑
intensive production to service‑oriented economies, enhancements in energy efϐiciency, and the implementation
of green technologies.

However, this should not be construed as proof that economic expansion is inherently clean or benign. Rather,
it demonstrates that the correlation between growth and emissions is predominantly inϐluenced by policy, techno‑
logical innovation, and institutional capability. The absence of a direct correlation between growth and emissions
indicates potential for greater decoupling, provided that growth strategies are aligned with sustainability objec‑
tives. For Turkey and Indonesia, this entails green growth strategies centered on the advancement of low‑carbon
infrastructure, eco‑industrial reclamation, and sustainable urban development to prevent future emissions counter
growth.

Technological innovation consistently reduces emissions in higher quantiles when the ecological impact is
greater. This validates the theoretical perspective that “green” innovation might induce more innovation. This
innovation underscores the signiϐicance that innovation policy is not impartial. It necessitates organization and
equilibrium and must be directed through appropriate public policy frameworks, including regulated and policy‑
modulatedR&D funds, renewable technology innovation hubs, and national initiatives that amalgamate research on
climate and climate policy. In rising economies susceptible to disasters, internal innovations or inventions must be
resilient to external calamities. It suggests that the innovationneeds to implement speciϐic regulations and technical
frameworks to sustain itself. Earthquakes, ϐloods, and volcanic eruptions are prevalent in both studied nations.

Natural disasters exemplify a more complex and uneven framework. Although not very signiϐicant across all
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data segments, they tend to be more evident with elevated emissions. This may be attributed to the rise in fossil
energy use following the tragedy, necessitated by power generation, rehabilitation, and logistical operations. Disas‑
ters frequently compromise the infrastructure of renewable energy, delaying the implementation of clean energy
solutions. Disaster events include more than just environmental occurrences; they represent systematic shocks
capable of modifying emissions patterns for diverse durations. Consequently, energy and environmental policies
must be incorporated into a comprehensive catastrophe risk management framework. Alongside enhancing the
resilience of energy systems to catastrophes, emergency disaster responses must be organized to sustain advance‑
ments in emissions reduction.

Collectively, the ϐindings of this study hold signiϐicant implications for both policy and theory. From a policy
perspective, they point to the importance of adopting multidimensional strategies that combine energy restructur‑
ing, innovation, and disaster preparedness into a uniϐied decarbonization agenda. National policies must reϐlect
the differentiated effects observed across the emissions distribution, focusing attention where emissions are high‑
est and interventions are most effective. From a theoretical standpoint, the study contributes to the EEG literature
by integrating natural disasters as a novel variable and employing quantile regression to uncover heterogeneous
effects. This approach moves beyond traditional average‑effect models and offers a more granular, policy‑relevant
understanding of emissions drivers.

6. Conclusions
This studyutilizes theMMQRapproach alongside FGLS and contour plots to analyze the correlationbetween re‑

newable and fossil energy, natural disasters, economic growth, technological innovations, and CO2 emissions across
various quantiles. Renewable energy reduces emissions universally, whereas fossil energy, particularly in the lower
and intermediate quantiles, dramatically elevates emissions. Emissions increase due to technical progress unless
it is focused on environmental issues, while economic expansion appears to have less direct inϐluence. Lower quan‑
tiles of natural catastrophes diminish emissions, whereas higher quantiles tend to increase emissions, indicating a
scale‑dependent effect.

This research offers emerging policymaking economies insights into the intersections of fossil fuel dependence,
economic growth, and disaster risk. Indonesia and Turkey illustrate the impact of fossil fuel rent’s CO2 emissions on
the reliance of quantile structures; both nations exhibit a deliberate dependence on fossil fuels that exacerbates the
environmental situation. Turkeywould beneϐit from improved policies that reduce reliance on fossil fuels. This can
be implemented by reducing fossil fuel subsidies that artiϐicially lower the price of carbon‑intensive fuels, imposing
carbon taxes to account for emission externalities, and enforcing stronger emission regulations on high‑carbon
sectors such as electricity production and heavy industry. These measures align with the ϐindings and address the
emissions‑revenue relationship prevalent in conjunction with heavy industries.

The signiϐicant inverse relationship between renewable energy use and carbon emissions necessitates the
enhancement of policies for renewable energy usage. Particular attention should be given to the deployment of
renewable energy sources, speciϐically solar, wind, and hydroelectric projects, in areas characterized by elevated
emission intensities. Moreover, the establishment of renewable energy facilities must be prioritized in disaster‑
prone regionswhere energy generation and resilience are critical. Practical tools such as feed‑in tariffs, streamlined
permitting for renewable installations, and public–private partnerships can support faster deployment. These ac‑
tions are based on the study results and facilitate a shift to cleaner energy systems while remaining grounded in
the evidence.

This study found technological innovation to be a crucial reason for enhanced emissions in the higher quantiles.
Therefore, a strategic innovation policy is essential. The government is advised to prioritize allocating research and
development funds towards ecologically sustainable technology advances, such as clean energy systems, managed
smart grids, and industrial efϐiciency advancements. Innovation clusters and collaborations between academia and
the corporate sector can create an ecosystem that integrates national technological advancement with sustainabil‑
ity.

Although economic growth is deemed statistically insigniϐicant in this analysis across all quantiles, it is essen‑
tial to note that this does not imply it is neutral for environmental impact. The insigniϐicance suggests that theremay
not be automatic rises in emissions corresponding with economic growth, structural changes, or enhancements in
efϐiciency. This fosters potential for green growth policies that maintain the existing decoupling trend. It is prudent
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to allocate capital towards the low‑carbon sector and promote sustainable corporate practices. Moreover, enhanc‑
ing energy efϐiciency, implementing ecological standards in production, and broadening training in the green sector
facilitate sustained emission regulation.

The increased emissions resulting from natural disasters, together with their indirect and unpredictable ef‑
fects, underscore the necessity of including disaster risk management in environmental and energy strategies. In‑
frastructures must be deliberately engineered to endure disasters and economically integrate with decentralized
renewable energy systems to support communities during emergencies. Emergency preparedness plans must in‑
corporate sustainable energy use and swift recovery to avert signiϐicant emissions increases following a disaster.
This integration guarantees that climate adaptation and emissions reduction efforts align with the same objectives,
as seen by the study’s quantile‑level variation.

This study theoretically incorporates natural catastrophes into the Energy‑Environment‑Growth (EEG) frame‑
work as a variable that inϐluences the energy structure and emissions intensity. This integration enhances the EEG
framework by including additional pertinent and adverse environmental shocks and their effects on emissions in a
more vulnerable economy. Furthermore, utilizing the Method of Moments Quantile Regression (MMQR) technique,
the study demonstrates that the factors inϐluencing emissions do not have uniform effects but vary in their emission
intensity. This has signiϐicant theoretical implications for policy formulation: attempting to maximize the average
effect of interventions may be ineffective, necessitating a more nuanced approach to distribution.

The paper proposes policy recommendations based on the empirical ϐindings. These recommendations are
speciϐic, sector‑relevant, and aligned with both national and environmental strategy frameworks, thus delineating
a viable trajectory towards low‑carbon and climate‑resilient economic development in Turkey, Indonesia, and other
rising nations.

Limitations
Despite its numerous strengths, this study is nonetheless constrained in certain aspects. The study’s focus en‑

compasses Turkey and Indonesia, which may limit the applicability of the ϐindings to other emerging economies.
Subsequent research could involve amore extensive sample of countries, facilitating enhanced comparisons across
diverse economic and environmental contexts. This research employs a quantitative methodology and utilizes sec‑
ondary data to estimate the connection. Consequently, future researchers may utilize this model in geographically
diverse economies to enhance the generalizability of results. Moreover, integrating qualitative methods would en‑
rich our understanding of how policy mechanisms inϐluence emissions outcomes on the ground. Finally, examining
additional structural factors like ϐinancial market development, governance quality, and global integration could
provide deeper insights into sustainable emissions management.
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4. Bača, P.; Mašán, V.; Vanýsek, P.; et al. Evaluation of the Thermal Energy Potential ofWaste Products from Fruit

Preparation and Processing Industry. Appl. Sci. 2024, 14, 1080.
5. Fuhr, H. The Rise of the Global South and the Rise in Carbon Emissions. Third World Q. 2021, 42, 2724–2746.
6. Ersoy, A.E.; Ugurlu, A. Bioenergy’s Role in Achieving a Low‑Carbon Electricity Future: A Case of Türkiye. Appl.

Energy 2024, 372, 123799.
7. McCauley, D.; Pettigrew, K. Building a Just Transition in Asia‑Paciϐic: Four Strategies for Reducing Fossil Fuel

Dependence and Investing in Clean Energy. Energy Policy 2023, 183, 113808.
8. Lee, C.C.; Wang, C.W.; Ho, S.J.; et al. The Impact of Natural Disaster on Energy Consumption: International

Evidence. Energy Econ. 2021, 97, 105021.
9. Zhao, X.X.; Zheng, M.; Fu, Q. How Natural Disasters Affect Energy Innovation? The Perspective of Environ‑

mental Sustainability. Energy Econ. 2022, 109, 105992.
10. Oǆ ver, S.; Demirci, A.; Oǆ zden, S. Tectonic Implications of the February 2023 Earthquakes (Mw 7.7, 7.6 and 6.3)

in South‑Eastern Türkiye. Tectonophysics 2023, 866, 230058.
11. Our World in Data. Ritchie, H.; Rosado, P.; Roser, M. Natural Disasters. 2022. Available online: https://ourw

orldindata.org/natural‑disasters?fbclid=IwAR2C1uQR2N1_jegLjxUHjMuLP_ClFJMz5CHdLuSf5ce9L46yQx
e9Ls0H1OE#article‑citation (accessed on 14 May 2025).

12. Supendi, P.; Winder, T.; Rawlinson, N.; et al. A Conjugate Fault Revealed by the DestructiveMw5.6 (21 Novem‑
ber 2022) Cianjur Earthquake, West Java, Indonesia. J. Asian Earth Sci. 2023, 257, 105830.

13. Rahman, M.H.; Majumder, S.C. RETRACTED ARTICLE: Empirical Analysis of the Feasible Solution to Mitigate
the CO2 emission: evidence from Next‑11 countries. Environ. Sci. Pollut. Res. 2022, 29, 73191–73209.

14. Ali, M.; Igunnu, P.O.; Tursoy, T. Do Green Finance and Energy Prices Unlock Environmental Sustainability in
Pakistan? Fresh Evidence from RALS‑EG Cointegration. OPEC Energy Rev. 2024, 48, 370–390.

15. Schreurs, M.A. Reconstruction and Revitalization in Fukushima a Decade After the “Triple Disaster” Struck:
Striving for Sustainability and a New Future Vision. Int. J. Disaster Risk Reduct. 2021, 53, 102006.

16. Achakulwisut, P.; Erickson, P.; Guivarch, C.; et al. Global Fossil Fuel Reduction Pathways Under Different Cli‑
mate Mitigation Strategies and Ambitions. Nat. Commun. 2023, 14, 5425.

17. Ma, Z.; Awan, M.B.; Lu, M.; et al. An Overview of Emerging and Sustainable Technologies for Increased Energy
Efϐiciency and Carbon Emission Mitigation in Buildings. Buildings 2023, 13, 2658.

18. Guerhardt, F.; Silva, T.A.F.; Gamarra, F.M.C.; et al. A Smart Grid System for Reducing Energy Consumption and
Energy Cost in Buildings in São Paulo, Brazil. Energies 2020, 13, 3874.

19. Rao, A.; Kumar, S.; Karim, S. Accelerating Renewables: Unveiling the Role of Green Energy Markets. Appl.
Energy 2024, 366, 123286.

20. Yulianto, E.; Yusanta, D.A.; Utari, P.; et al. Community Adaptation and Action During the Emergency Response
Phase: Case Study of Natural Disasters in Palu, Indonesia. Int. J. Disaster Risk Reduct. 2021, 65, 102557.

21. global Carbon Atlas. Available online: http://www.globalcarbonatlas.org/en (accessed on 13 May 2025).
22. Khan, Z.; Ali, S.; Dong, K.; et al. How Does Fiscal Decentralization Affect CO2 Emissions? The Roles of Institu‑

tions and Human Capital. Energy Econ. 2021, 94, 105060.
23. Machado, J.A.F.; Silva, J.M.C.S. Quantiles via Moments. J. Econom. 2019, 213, 145–173.
24. Ali, M.; Seraj, M. Nexus Between Energy Consumption and Carbon Dioxide Emission: Evidence from 10 High‑

est Fossil Fuel and 10Highest Renewable Energy‑Using Economies. Environ. Sci. Pollut. Res.2022, 29, 87901–
87922.

25. Bekun, F.V.; Gyamϐi, B.A.; Onifade, S.T.; et al. Beyond the Environmental Kuznets Curve in E7 Economies:
Accounting for the Combined Impacts of Institutional Quality and Renewables. J. Clean. Prod. 2021, 314,
127924.

62

https://ourworldindata.org/natural-disasters?fbclid=IwAR2C1uQR2N1_jegLjxUHjMuLP_ClFJMz5CHdLuSf5ce9L46yQxe9Ls0H1OE#article-citation
https://ourworldindata.org/natural-disasters?fbclid=IwAR2C1uQR2N1_jegLjxUHjMuLP_ClFJMz5CHdLuSf5ce9L46yQxe9Ls0H1OE#article-citation
https://ourworldindata.org/natural-disasters?fbclid=IwAR2C1uQR2N1_jegLjxUHjMuLP_ClFJMz5CHdLuSf5ce9L46yQxe9Ls0H1OE#article-citation
http://www.globalcarbonatlas.org/en


New Energy Exploitation and Application | Volume 04 | Issue 02

26. Adewuyi, A.O.; Awodumi, O.B. Environmental Pollution, Energy Import, and Economic Growth: Evidence of
Sustainable Growth in South Africa and Nigeria. Environ. Sci. Pollut. Res. 2021, 28, 14434–14468.

27. Dai, H.; Xie, X.; Xie, Y.; et al. Green Growth: The Economic Impacts of Large‑Scale Renewable Energy Devel‑
opment in China. Appl. Energy 2016, 162, 435–449.

28. Danish; Ulucak, R. How Do Environmental Technologies Affect Green Growth? Evidence from BRICS
Economies. Sci. Total Environ. 2020, 712, 136504.

29. Adedoyin, F.; Abubakar, I.; Bekun, F.V.; et al. Generation of Energy and Environmental‑Economic Growth
Consequences: Is There Any Difference Across Transition Economies? Energy Rep. 2020, 6, 1418–1427.

30. Liu, H.; Pata, U.K.; Zafar, M.W.; et al. Do Oil and Natural Gas Prices Affect Carbon Efϐiciency? Daily Evidence
from China by Wavelet Transform‑Based Approaches. Resour. Policy 2023, 85, 104039.

31. Voumik, L.C.; Ridwan, M.; Rahman, M.H.; et al. An Investigation into the Primary Causes of Carbon Dioxide
Releases in Kenya: Does Renewable Energy Matter to Reduce Carbon Emission? Renew. Energy Focus 2023,
47, 100491.

32. Smith, L.V.; Tarui, N.; Yamagata, T. Assessing the Impact of COVID‑19 on Global Fossil Fuel Consumption and
CO2 Emissions. Energy Econ. 2021, 97, 105170.

33. Alshehry, A.S.; Belloumi,M. Energy Consumption, CarbonDioxide Emissions andEconomicGrowth: The Case
of Saudi Arabia. Renew. Sustain. Energy Rev. 2015, 41, 237–247.

34. Simsek, T.; Yigit, E. Causality Analysis of BRICT Countries on Renewable Energy Consumption, Oil Prices, CO2
Emissions, Urbanization and Economic Growth. Eskisehir Osmangazi Univ. J. Econ. Adm. Sci. 2017, 12, 117–
136.

35. Zhao, Y.; Zhang, Y.; Wei, W. Quantifying International Oil Price Shocks on Renewable Energy Development in
China. Appl. Econ. 2021, 53, 329–344.

36. Sakai, Y.; Estudillo, J.P.; Fuwa, N.; et al. Do Natural Disasters Affect the Poor Disproportionately? Price Change
and Welfare Impact in the Aftermath of Typhoon Milenyo in the Rural Philippines.World Dev. 2017, 94, 16–
26.

37. Warr, P.; Aung, L.L. Poverty and Inequality Impact of a Natural Disaster: Myanmar’s 2008 Cyclone Nargis.
World Dev. 2019, 122, 446–461.

38. Acheampong, A.O. Economic Growth, CO2 Emissions and Energy Consumption: What Causes What and
Where? Energy Econ. 2018, 74, 677–692.

39. Ogbeide‑Osaretin, E.N. Analysing Energy Consumption and Poverty ReductionNexus in Nigeria. Int. J. Sustain.
Energy 2021, 40, 477–493.

40. Doytch, N.; Klein, Y.L. The Impact of Natural Disasters on Energy Consumption: An Analysis of Renewable
and Nonrenewable Energy Demand in the Residential and Industrial Sectors. Environ. Prog. Sustain. Energy
2018, 37, 37–45.

41. Li, Z.Z.; Li, R.Y.M.; Malik, M.Y.; et al. Determinants of Carbon Emission in China: How Good Is Green Invest‑
ment? Sustain. Prod. Consum. 2021, 27, 392–401.

42. Huang, Y.; Xue, L.; Khan, Z. What Abates Carbon Emissions in China: Examining the Impact of Renewable
Energy and Green Investment. Sustain. Dev. 2021, 29, 823–834.

43. Green, F.; Stern, N. China’s Changing Economy: Implications for Its Carbon Dioxide Emissions. Clim. Policy
2017, 17, 423–442.

44. Sampath, K.; Natarajan, P. Traditional Procurement vs Public‑Private Partnership Model—A Solution‑Based
Approach for Indian Sub Continent. Annamalai Int. J. Bus. Stud. Res. 2020, 12, 20–35.

45. Yang, Q.; Huo, J.; Saqib, N.; et al. Modelling the Effect of Renewable Energy and Public‑Private Partnership in
Testing EKC Hypothesis: Evidence from Methods Moment of Quantile Regression. Renew. Energy 2022, 192,
485–494.

46. Nawaz, M.A.; Seshadri, U.; Kumar, P.; et al. Nexus Between Green Finance and Climate Change Mitigation in
N‑11 and BRICS Countries: Empirical Estimation ThroughDifference in Differences (DID) Approach.Environ.
Sci. Pollut. Res. 2021, 28, 6504–6519.

47. Batrancea, I.; Batrancea, L.; Rathnaswamy, M.M.; et al. Greening the Financial System in USA, Canada and
Brazil: A Panel Data Analysis.Mathematics 2020, 8, 2217.
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