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The transition from a carbon-intensive economy to a carbon-neutral one has
become a critical global objective to address climate change. This study examines
the relationship between Low-Carbon Economic Development (LCED) and
Geopolitical Risk (GPR) in China by focusing on the challenges and
opportunities they present. We use a qualitative analysis to identify that rising
GPR, exacerbated by market instability, resource allocation conflicts, and trade
disputes, significantly hinders LCED progress. However, these geopolitical
tensions also act as a catalyst for accelerating the development of renewable
energy, reducing reliance on traditional energy sources, and fostering low-
carbon technologies. Furthermore, LCED can ameliorate GPR by decreasing
dependence on energy imports, promoting international cooperation, and
encouraging scientific innovation. These findings suggest actionable policy
recommendations to support the global transition to a low-carbon economy.
This research underscores the potential LCED has as a fundamental tool for
resolving geopolitical tensions and uniting global efforts to combat climate
change.
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1 Introduction

1.1 The relationship between LCED and GPR worldwide

This study investigates the linkages between LCED andGPR.When facing up to address
the global challenge of climate change, the transition towards a LCED experiences a growing
appeal among countries (Ren et al., 2023a; Xing et al., 2023). While low-carbon economic
transitions are seen as a pathway to environmental sustainability (Li et al., 2024; Zhao et al.,
2023a), they are deeply enmeshed in the processes of national economic restructuring,
industrial transformations, and regional energy resilience (Tong et al., 2023; Zheng et al.,
2021). These impact the whole of the geopolitical arena for that matter (Hunjra et al., 2024).
Low-energy, low-pollution, low-emission economic model accords with the consensus of
the international community to combat global warming and achieve green development
(Chen et al., 2024a; Meng et al., 2023). Some countries, previously strained in their
geopolitical relationships, have managed to ease and improve them through
cooperation in the low-carbon realm (Andrews-Speed et al., 2014). For instance, China
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and the United States released a “U.S.-China Joint Statement on
Climate Change”, pledging to lower greenhouse gas emissions
together (Jayaraman, 2014). The cooperation in this area has
helped build the Paris Climate Accords of 2015 (Cheng, 2020)
and has had a calming effect on the fraught geopolitical relations
between two countries (Liu et al., 2023). Nonetheless, the intricacies
of domestic policies required to develop a low-carbon economy are
commonly finding ground in international policy disagreements and
trade disputes (Ren et al., 2024; Böhringer et al., 2022). In other
words, GPR is influenced by these deviations and conflicts as well as
global interaction, government stability, and policy change (Caldara
and Iacoviello, 2022).

For example, the European Union’s efforts to abate carbon
leakage through the planned Carbon Border Adjustment
Mechanism (CBAM) met with much opposition to the extent of
aggravating global tension (Sun et al., 2023). In turn, GPR also
influence energy strategies, economic paradigms, and global
governance frameworks (Ugurlu-Yildirim and Ordu-Akkaya,
2022; Scheffran, 2023). In effect, they present a double challenge
to the transition to a low-carbon economy. Over the past several
decades, as efforts to reign in carbon dioxide (CO2) emissions have
deepened, resource management has become a flashpoint for
international tension and the basis for new geopolitical games
(Shang and Luo, 2021; Blondeel et al., 2021; Zhang et al., 2021).
Thus, the question “Is Low-Carbon Development Mitigating or
Exacerbating Geopolitical Conflicts?” justifies an in-depth
investigation. Furthermore, the March toward low-carbon
economic growth goes well beyond traditional environmental and
economic spheres, rising up to become a key driving force in the
global geopolitical context.

1.2 The LCED and GPR in China

China offers an ideal substrate for studying the above issues.
Firstly, from a geographic viewpoint, it is bordered by 14 nations via
land and 8 additional countries by means of the sea, boasting the
hold of vital international sea routes for trade like the South and East
China Seas (Wang et al., 2021). This unique location exposes China
to far more intricated geopolitical wrinkles over relative border and
regional security issues (Zhao et al., 2021). Secondly, it is the largest
importer of oil and natural gas and the largest emitter of CO2 in the
world (Li et al., 2023a; Chen et al., 2022a; Huang et al., 2023). As
such, its energy security and economic stability are exposed to the
fluctuations of the global energy markets and geopolitics (Song et al.,
2019; Li et al., 2020a) if chaos in the Middle East or some other
international tension would affect China’s energy supply chain (Ren
et al., 2023b). In order to decrease its dependence and reduce GPR,
China has initiated a number of measures such as promoting low-
carbon development, initiate energy mix, raise energy efficiency,
develop renewables, and move towards sustainable economy (Xin-
Gang and Ying, 2023; Qi et al., 2023a). Lastly, amidst the ever-
shifting global geopolitical dynamics, China’s political and economic
advancements have gained attention and resistance from the
United States and its allies (Lippert et al., 2020). Scholars concur
that China is balancing conflicting geopolitical environments
(Almujeem, 2021; Rogelja and Tsimonis, 2020). Western
countries use their advantages in energy and low-carbon

technologies to increase R&D costs for low and middle-income
countries through mechanisms like carbon taxes to maintain their
global economic dominance (Nong et al., 2021). In contrast, China’s
“30–60” vision—peaking CO2 emissions by 2030 and achieving
carbon neutrality by 2060—demonstrates its commitment to
adjust its energy structure and lead a new global energy
revolution (Ren et al., 2022). By establishing its own standards
for calculating carbon footprints and enhancing its CO2 discourse,
China would improve its bargaining position internationally. It can
also use the historical carbon debt of the developed countries as a
bargaining chip (Zhao et al., 2022). This mixture of intertwined
LCED and GPR confirm China as the ideal sample compared to the
rest of the world for offering a unique insight into this linkage.

1.3 Theoretical analysis of the relationship
between LCED and GPR

To deepen the understanding of the intricate interplay between
Low-Carbon Economic Development (LCED) and Geopolitical Risk
(GPR), this study introduces a conceptual model grounded in
environmental economics and international relations theories.
The “Double Dividend Hypothesis” in environmental economics
(Bovenberg and De Mooij, 1994) suggests that policies promoting
LCED have a dual benefit: not only do they reduce greenhouse gas
emissions, but they also stimulate economic growth through
innovation and efficient resource allocation. Specifically,
technological innovation plays a crucial role in this process, as
advancements in renewable energy, energy efficiency, and carbon
capture technologies help mitigate GPR. By fostering energy
independence and reducing reliance on volatile fossil fuel
markets, LCED becomes a stabilizing force in geopolitics, helping
to mitigate conflicts over energy resources. This process also
includes energy security adjustments, wherein countries diversify
their energy sources to ensure stability and security, reducing
vulnerability to geopolitical tensions and external disruptions in
energy supply chains. Furthermore, international cooperation in
climate governance, such as agreements like the Paris Climate
Accords, enhances diplomatic relations and contributes to easing
tensions between nations with competing energy interests (Cheng,
2020). As nations work together to achieve shared environmental
goals, the potential for conflicts driven by resource competition
diminishes.

On the other hand, the “Complex Interdependence” theory in
international relations (Keohane and Nye, 1973) underscores the
interconnectedness of global economic and environmental systems.
This interconnectedness often transforms competitive dynamics
into cooperative relationships. For instance, nations investing in
low-carbon technologies often form strategic partnerships,
promoting technology sharing and resource pooling. These
collaborations not only reduce the likelihood of conflict but also
enhance the mutual benefits derived from shared innovation in
green energy. However, this interaction is not entirely
unidirectional. High levels of GPR can disrupt LCED by creating
uncertainty in energy markets, delaying cross-border investment,
and imposing barriers to the transfer of green technologies
(Scheffran, 2023; Zhao et al., 2021). Moreover, geopolitical
tensions can inadvertently accelerate LCED development, as
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countries strive to reduce dependence on external energy sources
and invest in building resilient energy infrastructures. These
adjustments, driven by geopolitical risks, push countries to
innovate and enhance their energy security through technological
and policy-driven strategies.

This conceptual model underscores the bidirectional and time-
sensitive nature of LCED and GPR. It highlights the need for a
comprehensive approach that integrates environmental and
geopolitical strategies to achieve sustainable development while
mitigating risks. Figures 1, 2 visually illustrate this dynamic,
showing how LCED and GPR interact through mechanisms of
mitigation, collaboration, and disruption. This framework
provides a theoretical foundation for the subsequent analysis of
China’s experience and policy implications.

1.4 Contribution of the study

This study offers the following contributions to the extant
literature. While previous research has discussed the impact of
LCED on GPR (Wang et al., 2023; Hunjra et al., 2024), LCED is
a gradual and non-static process (Ding et al., 2023). Even though

many countries have recently turned their attention to low-carbon
development, there is a lack of research on the long-term effects of
LCED on GPR. Our study fills this gap by exploring the bidirectional
causality between China’s LCED and GPR over a ten-year period. It
delves deeper into how the long-term implementation of its low-
carbon economic policies has changed China’s position in the global
energy market and how this shift has affected its political relations
with other major energy producing and consuming countries.
Secondly, to more accurately capture the time-varying features of
the causal connection between the two, we use a monthly sub-
sample rolling window causality test to unveil their changing
interrelationships over the 2013–2023 period. We also adopted
the GPR index proposed by Caldara and Iacoviello in 2017,
which captures the intensity of geopolitical events, to more
accurately measure the state of development of GPR. We chose
the China Low Carbon Index, a representative sample of
40 companies’ securities in the LCED sector, to more
comprehensively reflect the overall performance of LCED.
Through full-sample and sub-sample tests, we identified a
bidirectional causal relationship between the two across several
sub-periods. This signals that GPR have both advantageous and
disadvantageous effects on LCED. In turn, LCED has a negative

FIGURE 1
The impact mechanism of LCED on GPR.

FIGURE 2
The impact mechanism of GPR on LCED.
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effect on GPR. Ultimately, as China vigorously pushes forward with
its low-carbon transformation, the situation of geopolitical tensions
has been alleviated. Finally, this study will provide strategic
recommendations for policymakers to better understand the
impact of China’s LCED on GPR and how to advance the LCED
agenda globally while safeguarding the country’s energy security and
economic interests.

This study is structured as follows: Section 2 unveils the existing
research. Sections 3, 4 present the methodologies and data. In
Section 5, the quantitative analyses are discussed. Section 6 sums
up the conclusions and recommendations.

2 Literature review

The notion of a low-carbon economy (LCED) has gained
widespread recognition as a critical strategy to mitigate
greenhouse gas emissions and address the multifaceted challenges
of climate change (Tong et al., 2020). However, a growing body of
literature highlights the evolving conflicts of interest between LCED
and geopolitical risk (GPR), which have become central to
international competition (Rasoulinezhad et al., 2020; Feng et al.,
2024; Safi et al., 2023). These geopolitical tensions are not limited to
energy disputes but also encompass issues such as carbon pricing
and the allocation of carbon emission rights, with implications for
both international relations and economic strategies (Wang et al.,
2022a). Consequently, the dynamic interplay between LCED and
GPR has garnered significant attention from environmental
economists and policymakers, who now recognize its complexity
and relevance in shaping global sustainability (Ladislaw et al., 2015;
Wang and Liu, 2015).

On one hand, the transition toward a low-carbon economy has
prompted a shift in the geopolitical landscape, as countries strive to
secure resources vital for green technologies, such as critical
minerals used in batteries, wind energy, and photovoltaics. This
resource competition has introduced new geopolitical risks,
particularly in regions rich in minerals like lithium, cobalt, and
rare earth elements (Cui et al., 2023). Nakano (2021) emphasizes
that these materials are predominantly sourced from a small number
of low- and middle-income countries, creating supply chain
vulnerabilities and exacerbating geopolitical tensions. In fact,
research by Bannon and Collier (2003) demonstrates that
resource wealth can fuel geopolitical conflict, while Burgis (2015)
highlights howmineral wealth in the Democratic Republic of Congo
has led to armed conflict and long-term instability, further
underscoring the link between resource dependence and GPR.
Additionally, the “resource curse” hypothesis (Auty, 2002)
provides valuable insight into how countries rich in natural
resources are often plagued by political instability and rent-
seeking behavior, which heightens their vulnerability to
geopolitical crises.

However, there are contrasting views on the impact of the low-
carbon transition on GPR. Several studies have suggested that the
proactive development of renewable energy and the diversification
of energy sources can mitigate geopolitical risks. For example, the
transition to low-carbon energy can reduce a nation’s dependence
on fossil fuel imports, making it less vulnerable to market
fluctuations and geopolitical conflicts associated with resource

scarcity (Newbery et al., 2018). Gozgor and Paramati (2022)
argue that energy diversification enhances regional stability,
while Siciliano et al. (2021) assert that renewable energy
promotes energy self-sufficiency and strengthens international
relations by reducing dependence on finite energy sources. This
shift towards renewables is not just a strategic necessity for climate
change mitigation but also a means to foster technological
innovation, as evidenced by the Belt and Road Initiative, which
has facilitated clean energy cooperation between China and regions
like Central Asia and Southeast Asia (Liu et al., 2022; Xu et al.,
2023). Such cooperation has not only contributed to technological
advancements but has also enhanced regional energy security,
offering a model for countries seeking to reduce their
geopolitical risks through energy transition.

In contrast to the growing body of research emphasizing the
complexity and variability of GPR, recent studies have focused on
the temporal aspects of this relationship. The time-dependent
variability of LCED’s impact on GPR has been largely overlooked
in existing literature, particularly in the case of China. Research by
Zhao et al. (2021), using the Nonlinear Cointegrating Autoregressive
Distributed Lag (NARDL) approach, found that GPR’s impact on
carbon pollution can behave differently across countries, such as
those in the BRICS group. Similarly, Adams et al. (2020) pointed out
that while geopolitical tensions may initially lead to a temporary
increase in CO2 emissions, the long-term effects tend to favor green
energy investment and technological advancement, thus eventually
reducing emissions. This “investment effect” has been further
supported by Sweidan (2021), who noted that changes in
geopolitical risk could spur countries to increase their
investments in green technologies, thus mitigating the negative
impact on CO2 emissions.

From a theoretical perspective, the resource dependence theory
(Pfeffer and Salancik, 2015) highlights the vulnerability of countries
that rely heavily on finite natural resources, making them prone to
external shocks and geopolitical conflicts. Such dependencies often
lead to political alliances or trade-offs, further aggravating
geopolitical tensions. Conversely, the low-carbon transition can
reduce this dependence, helping countries avoid the pitfalls of the
resource curse while promoting greater economic and political
stability. As a global strategy, the low-carbon economy offers a
unique opportunity to reshape GPR by diversifying energy supplies
and promoting technological innovation, thereby contributing to
both environmental and geopolitical security.

Despite these advances, three critical knowledge gaps persist.
First, existing studies predominantly treat the LCED-GPR
relationship as static, neglecting its time-dependent dynamics and
country-specific heterogeneity. Second, the mechanisms through
which short-term geopolitical conflicts translate into long-term low-
carbon transitions remain underexplored, particularly in resource-
dependent economies like China. Third, there is limited empirical
evidence on how geopolitical risks influence green technology
investments and their subsequent impact on carbon emissions.
This paper addresses these gaps by (1) employing a dynamic
analytical framework to capture temporal variations in the
LCED-GPR nexus, (2) integrating regional case studies to reveal
context-specific pathways, and (3) examining the role of geopolitical
risks in driving green technology investments and their long-term
effects on emissions reduction. Through this approach, we provide
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new insights into optimizing the geopolitical dividends of low-
carbon transitions while mitigating associated risks.

3 Methodology

This study employs the rolling-window Granger causality test to
investigate the dynamic and bidirectional relationship between
LCED and GPR in China. By using a combination of bootstrap
full-sample Granger causality test, parameter stability test and sub-
sample rolling window causality test, we aim to uncover time-
varying interactions and establish actionable insights. The
methodological structure is designed to ensure statistical rigor
and robustness.

3.1 Research hypothesis

The relationship between LCED and GPR is conceptualized
within a feedback loop framework. On the one hand, GPR can
disrupt LCED by creating economic and trade uncertainties,
hindering investments in renewable energy and low-carbon
technologies. On the other hand, advancements in LCED can
reduce geopolitical tensions by fostering energy independence,
technological innovation, and cross-border cooperation. To
formalize this relationship, we test the following hypotheses:

H01: LCED does not Granger cause GPR.
If LCED influences GPR, it implies that low-carbon strategies,

such as reducing reliance on fossil fuels or increasing renewable
energy investments, have significant geopolitical implications,
potentially alleviating tensions over resource allocation and
energy security.

H02: GPR does not Granger cause LCED.
If GPR influences LCED, it suggests that geopolitical

uncertainties, such as trade wars or resource conflicts, drive
countries to accelerate their energy transitions to enhance
resilience and reduce vulnerability.

3.2 Bootstrap full-sample causality test

Studies within the classical vector autoregression (VAR)
framework present certain limitations. Firstly, the statistics used
for testing Granger causality need to follow a specific asymptotic
distribution law. Otherwise, the analysis results may be biased (Sims,
1980; Qin et al., 2023a; Chen et al., 2024b). The Residual Bootstrap
(RB) technique was here adopted to circumvent this problem. This
technique is suitable for Granger causality tests that do not conform
to the standard normal distribution (Shukur and Mantalos, 2004).
Additionally, in studies with insufficient sample sizes, using Monte
Carlo simulations to optimize the Wald test method also introduces
errors (Shukur and Mantalos, 2004). The Likelihood Ratio (LR) test
proposed by Shukur and Mantalos in 2000 offers a more accurately
correct the model when dealing with small to medium samples
(Shukur and Mantalos, 2000). Therefore, this study employs the
modified LR test based on RB technology to explore the correlation
between LCED and GPR. The following Equation 1 shows the
bivariate VAR (p) system for this study:

Xt � β0 + β1Xt−1+......βpXt−p+εt, t � 1, 2, ......,T (1)

where the p-value is chosen according to the Schwartz Information
Criterion (SIC), which indicates the optimal lag order. We denote
the variable X as: Xt � (LCEDt + GPR2t)′, and then we obtain
Equation 2.

LCEDt

GPR2t
[ ] � β10

β20
[ ] + β11 L( ) β12 L( )

β21 L( ) β22 L( )[ ] LCEDt

GPR2t
[ ] + ε1t

ε2t[ ] (2)

The error term εt � (ε1t, ε2t)′ is assumed to follow a white-
noise process:

εt � wt, wt ~ N 0,Σ( ),

Where wt is a white-noise vector with zero mean and
constant covariance matrixΣ, and it represents the purely random
component of the system. This white-noise assumption ensures
that the error terms are uncorrelated over time, satisfying
the stationarity requirement of the VAR framework.
βij(L) � ∑p

k�1βij,kL
k ; i, j � 1, 2. L are the lag operators; then

LkXt � Xt−k. We can put out the null hypothesis that LCED and
GPR do not significantly exhibit Granger causality, that is
β12,K � 0, k � 1, 2, ......, p, and vice versa, β21,K � 0, k � 1, 2, ......, p.

3.3 Stability test of parameters

It is generally believed that the coefficients of the VAR model
used in full-sample causality tests remain constant over the
observation period (Su et al., 2020). In practice, however, these
coefficients are often unstable, which may lead to biased results. To
address this problem, Andrews (1993) and Plobberger (1994)
proposed three methods: the Sup-F, Ave-F, and Exp-F. Among
them, the Sup-F is mainly used to detect mutations in the model
structure, while the Ave-F and Exp-F are used to assess the stability
of the parameters. In addition, the LC test proposed by Nyblom
(1989) helps to determine whether the coefficients exhibit random
wandering. Due to the variation of coefficients over time, the
relationship between LCED and GPR may also become unstable.
In this case, using a full-sample approach for testing may not yield
accurate results. Therefore, this study turns into a sub-sample
approach to more accurately capture the evolution of the
dynamic relationship between LCED and GPR.

3.4 Sub-sample rolling window causality test

Balcilar et al. (2010) proposed a rolling window method that
allows a complete time series to be divided into multiple smaller sub-
sequences. These sub-sequences can be rolled sequentially and
accurately identify the time-varying characteristics between
variables (Balcilar et al., 2010). Moreover, when performing
rolling window estimation, a balance needs to be found between
parameter accuracy and the representativeness of the sub-samples.
Choosing an appropriate window size is crucial: a larger window
improves estimation precision but may make the subsample less
representative, whereas a smaller window has the opposite effect.
Pesaran and Timmermann (2005) addressed the issue of parameter
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instability in their 2005 study by proposing a restriction on the
minimum width of the window. In this study, we first set the total
length of the time series to be T and the width of the rolling window
to be r. Thus, the length of each sub-sequence is r, and the starting
points of the sequence are, in order, r, r+1, . . . , t, yielding a total of
T-r+1 time series. Next, for every sub-sample, we used the RB-based
revised-LR technique in order to figure out their causal link. Finally,
we summarized the LR statistics and p-values of these sub-
samples in chronological order. The mean N−1

b ∑p

k�1β̂21,k
* and

N−1
b ∑p

k�1β̂12,k
* can denote the effect of LCED on GPR, and vice

versa.Nb indicates the number of times a bootstrap is repeated, and

β̂21,k* and β̂12,k* are bootstrap estimators in the VAR model. In this
section, the confidence interval is 90%, with the lower limit equal to

the fifth quantiles of β̂12,k* and the upper limit equal to the 95th

quantiles of β̂21,k* (Balcilar et al., 2010).

4 Data

We selected monthly data from 2013.1 to 2023.12 to examine the
correlation between China’s LCED and GPR. This time frame was
selected because China has undertaken several of significant
regulations and actions pertaining to climate change adaptation
which have had profound impacts on global low-carbon
development. These include the establishment of the National
Low-Carbon Day (2013), the signing of the Paris Agreement
(2016), the introduction of the “Two Carbon” target (2020), the
launch of the national carbon market (2021), the release of the
Glasgow Climate Agreement (2021), and the publication of the
Green Finance Development Plan (2023). In this paper, we have
chosen an index that reflects the performance of stocks of listed
companies related to China’s LCED - CS Low Carbon Index. This
LCED Index visualizes the changes in economic activities in this
sector and better reflects China’s LCED (Chen et al., 2024c). In
addition, China experienced a series of geopolitical changes and
international relations adjustments during this period. In 2013,
President Xi Jinping announced the “BRI” project, which
strengthened China’s economic ties with the countries along the
route but also triggered concerns in the West (Rolland, 2017). In
2014, China’s construction of islands in the South China Sea led to
tensions with neighboring countries, particularly The Philippines
and Vietnam (Rolland, 2017). The South China Sea triggered
tensions with neighboring countries, especially disputes with The
Philippines and Vietnam (Biedzynski, 2015). In 2018, the trade war
between China and the U.S. increased transnational economic
uncertainty (Park, 2020). In 2020, the outbreak of the global
COVID-19 pandemic had profound impacts on the social, legal,
economic, political, and technological dimensions around the world
(Teng et al., 2020; Shaik et al., 2023). In 2021, the US military’s
withdrawal from Afghanistan altered the geopolitical landscape of
South and Central Asia, impacting China’s peripheral security
environment (Manish and Kaushik, 2023). The escalation of the
Russia-Ukraine conflict in 2022 heightened global geopolitical
tensions, and simultaneously affected China’s energy security
(Zhou and Lu, 2023). This paper uses the GPR Index, a measure
that assesses the threat of terrorism, trade disputes, and political
tensions (Caldara and Iacoviello, 2022). Higher values of the LCED

and GPR indices imply better development of China’s low-carbon
economy and higher geopolitical risk. The trend of LCED and GPR
is shown below:

Figure 3 displays the fluctuations in the LCED and GPR indices
over the period from 2013 to 2023. The relationship between LCED
and GPR is marked by several significant phases, reflecting both
internal and external dynamics:

2013–2015: A pivotal period for China as the country introduced
the LCED policy, focusing on energy savings, CO2 emission
reductions, and green energy development. The LCED index rose
sharply from 2,915 to 7,133, indicating a positive response to these
policies. However, this period also saw economic challenges,
including a bear market, which caused the LCED index to fall to
4120 by 2015.

2016–2019: During this phase, the implementation of LCED
policies matured, with a stabilizing effect on the LCED index. The
LCED continued to show slow but steady growth as China’s low-
carbon policies took root. In contrast, the GPR index saw some
volatility, reflecting geopolitical tensions, particularly territorial
disputes in the South China Sea, which increased GPR
from 83 to 139.

2020–2021: The announcement of China’s carbon peak and
carbon neutrality targets marked a new stage for LCED, driving a
sharp rise in the LCED index. This was coupled with strong
governmental support and market attention toward a carbon-
neutral economy. At the same time, the GPR index fluctuated
dramatically, with geopolitical events like North Korea’s nuclear
tests and the COVID-19 pandemic further contributing to instability
in global relations. These factors contributed to substantial shifts in
GPR, culminating in a significant peak in 2021–2022.

2021–2023: Geopolitical factors, such as deteriorating Sino-
American relations, the Russia-Ukraine conflict, and other global
tensions, led to a sharp rise in GPR from 58 to 319, while the post-
pandemic economic recovery drove a temporary resurgence in high-
energy-consuming industries, negatively impacting the
development of the low-carbon economy. This was reflected in a
decline in the LCED index from 11,983 to 5,290, showing the
negative impact of geopolitical instability on China’s green
energy transition.

Table 1 provides the GPR and LCD descriptive statistics. These
two have maximum values of 11,983.26 and 318.95, and minimum
values of 2,900.190 and 58.42. Furthermore, the mean values of LCD
vs GPR are 5,906.718 and 102.106, demonstrating the dramatic
features of the chosen variables. Positive skewness reflects the right-
skewed nature of LCD and GPR. Additionally, according to the
Jarque-Bera test, these variables have a significant non-normal
distribution. The use of Granger causality test based on VAR
system causes a series of errors. Therefore, we used the RB-based
revised-LR technique and sub-sampling technique to more
accurately identify the changing transmission mechanism
between LCD and GPR.

To ensure the robustness of the analysis, we conducted an outlier
analysis on the LCED and GPR data. Outliers were identified using
the Interquartile Range (IQR) method, where any data points falling
below Q1 − 1.5 × IOR or above Q3 + 1.5 × IOR were flagged as
potential anomalies. Additionally, Z-scores were computed to
identify observations with absolute values greater than 3, which
are considered extreme. Visual inspections using boxplots and time-
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series plots were also performed to confirm the identified outliers.
For outliers caused by real-world geopolitical or economic events
(e.g., trade disputes, policy announcements, or energy crises), these
data points were retained to preserve the integrity of the analysis.
Conversely, data anomalies stemming from measurement errors or
irregular reporting were corrected using median imputation to
ensure consistency. Robustness checks were conducted by
running the analysis both with and without the flagged outliers.
The results remained consistent, affirming that the presence of these
outliers did not significantly alter the study’s conclusions.

5 Quantitative analyses and discussions

In this study, after taking first order differences for both LCD
and GPR, we employed the ADF, PP, and KPSS tests to examine the
stationarity of the two variables (Dickey and Fuller, 1981; Phillips
and Perron, 1988; Kwiatkowski et al., 1992). From the test results

shown in Table 2, we observe these two variables are essentially
stationary. Therefore, we used LCED and GPR to construct a
bivariate VAR model and examined the full-sample causal
relationship between these two variables.

We set the optimal lag length to 6 based on SIC and the number
of Bootstrap repetitions to 1,000. Table 3 below shows the results of
the full-sample causal relationship between the two variables. We
can observe that LCED and GPR do not significantly exhibit
Granger causality. This represents that LCED cannot have any
effect on GPR and vice versa. This outcome deviates from
previous studies (Wang et al., 2022b; Borozan, 2024; Chen
et al., 2024d).

Previous studies analyzed time series data under the assumption
of no structural breaks and a single causal relationship (Balcilar et al.,
2010). If structural mutations occur in the VAR (s) system, there
must be an unstable Granger causality between LCED and GPR (Sun
and Su, 2024). Thus, in order to address this issue, we examined the
temporal stability of the LCED and GPR parameters in the
aforementioned models through Sup-F, Ave-F, and Exp-F tests
(Andrews, 1993; Andrews and Plobberger, 1994). Moreover, to
determine if parameter changes follow a random walk, we
employed the Lc test (Nyblom, 1989; Hansen, 2002). Table 4
demonstrates the results of the test.

The Sup-F test shows that the LCED, GPR and VAR (s) systems
underwent structural changes at the 1% and 5% levels, respectively.
Furthermore, the Exp-F and Ave-F tests proved that the parameters
progressively alter with time. Meanwhile, the Lc test indicates that
the original hypothesis is rejected at the 5% level. This means that
the parameters do not follow a random walk process. These tests

FIGURE 3
Trends of LCED and GPR. Notes: The dotted line on the right axis indicates the LCED trend while the solid line on the left axis represents the GPR
trend. The x-axis represents years while and the y-axis represents the indexes of LCED and GPR.

TABLE 1 Descriptive statistics for LCED and GPR.

LCED GPR

Observations 132 132

Mean 5,906.718 102.106

Median 5,094.245 96.72

Maximum 11,983.26 318.95

Minimum 2,900.190 58.42

Standard Deviation 2,241.937 32.467

Skewness 1.064 2.965

Kurtosis 3.148 17.931

Jarque-Bera 25.009*** 1,419.589***

Probability 0.000 0.000

Notes: ***is the significance at a 1% level.

TABLE 2 Results of unit root tests.

Variables ADF PP KPSS

LCED −8.625 (0) *** −8.595 [8]*** 0.252 (3)

GPR −14.714 (0) *** −22.759 [20]*** 0.109 (22)

Notes: *** and ** denote significance at the 1% and 5% levels, respectively.
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demonstrate that there is a constantly changing relationship
between LCED and GPR. Therefore, this study employs a rolling
window sub-sample method to accurately capture the time-varying
relationship between LCED and GPR. We set the width for the
rolling window to 241 months to improve the accuracy of the results.
Figures 4–7 illustrate the rolling results of sub-samples from January
2015 to December 2023. From the test results, we observe whether

the null hypothesis that LCED is not Granger cause of GPR or,
conversely, GPR is not Granger cause of LCED is accepted or
rejected at the 10% significance level. Additionally, we can the
direction of their mutual influence.

Figures 4, 5 indicate the original hypothesis that LCED does not
Granger cause GPR is rejected at the 10% significance level from
March 2015 to May 2015; from December 2015 to March 2016; and
from March 2018 to July 2018, respectively. In all these periods, the
influence of LCED on GPR is negative.

From March to May 2015, LCED grew significantly from
4,918 to 7,133, while GPR declined from 112 to 76. This period
underscores how advancements in renewable energy and
international cooperation in climate policy can mitigate

TABLE 3 Outcomes of bootstrap full-sample method.

H0: LCED is not the granger cause of GPR H0: GPR is not the granger cause of LCED

Statistic p-value Statistic p-value

1.384 0.53 4.04 0.12

Notes: The research counts p-values by using 1,000 bootstrap repetitions.

TABLE 4 Outcomes of parameter stability techniques.

Tests LCED GPR VAR (s) process

Statistics p-values Statistics p-values Statistics p-values

Sup-F 60.421*** 0.000 52.628*** 0.000 27.226*** 0.000

Ave-F 18.383*** 0.000 14.947*** 0.000 19.207*** 0.000

Exp-F 25.943*** 0.000 21.826*** 0.000 11.372** 0.043

Lc 3.536* 0.065

Notes: ***, ** and * are the significance at 1%, 5% and 10% levels.

FIGURE 4
Examining the null hypothesis that LCED is not a Granger cause of GPR. Notes: The study uses 1000 bootstrap iterations to count p-values. The
dashed line shows that the p-value is 0.1 and the solid line represents the Bootstrap p-values. The x-axis represents years while the y-axis represents the
Bootstrap p-value.

1 This paper also uses rolling-window widths of 20-, 28- and 32- months to

explore causality. The results do not change significantly which confirm

their robustness.
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geopolitical risks. First, building on the foundation of the 2014 “U.S.-
China Joint Statement on Climate Change,” China made further
commitments to reduce greenhouse gas emissions. In March 2015,
multiple high-level meetings between the two nations deepened
collaboration on climate change, which not only contributed to
achieving global climate goals but also alleviated tensions in their
bilateral relations (Lu and Zhu, 2022). This highlights how shared
environmental objectives can serve as a platform for reducing
geopolitical risks. Second, China substantially increased its
investment in renewable energy. As reported by Sun (2020), the
Inner Mongolia Autonomous Region launched several large-scale

wind power projects during this period. These projects helped to
diversify China’s energy mix and reduce dependence on coal and
other traditional energy sources, thereby mitigating risks associated
with global energy market volatility. By decreasing reliance on fossil
fuels imported from geopolitically unstable regions, such
investments significantly enhance energy security and reduce
vulnerabilities to external shocks. Third, China’s leadership in
establishing the Asian Infrastructure Investment Bank (AIIB) in
2015 further promoted green and sustainable infrastructure
development across the region (Morris, 2023). A portion of the
AIIB’s funds was allocated to renewable energy projects, fostering

FIGURE 5
Coefficients of the influence from LCED to GPR. Notes: The period where NUC exhibits significant Granger causality to LCED which is represented
by the shadow bars. The x-axis represents years while the y-axis represents the Sum of Rolling-Window Coefficients.

FIGURE 6
Examining the null hypothesis that GPR is not a Granger cause of LCED. Notes: The study uses 1,000 bootstrap iterations to count the p-values. The
dashed line shows the p-value of 0.1 while the solid line represents the bootstrap p-values. The x-axis represents year while the y-axis represents the
Bootstrap p-value.
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regional cooperation in low-carbon economic development and
reducing tensions over energy resource competition. Additionally,
China’s 863 Program (National High Technology Research and
Development Program) accelerated the development of clean
technology projects such as electric vehicles, battery storage, and
smart grids (Su et al., 2015). For instance, the launch of BYD’s
electric vehicle in April 2015 marked a significant milestone for the
global electric vehicle industry, showcasing how technological
advancements can reduce carbon footprints and contribute to
global climate goals (Wang et al., 2017). These developments not
only bolster China’s leadership in green technologies but also reduce
reliance on fossil fuel-based energy, which has historically been a
source of geopolitical conflict. These examples illustrate how LCED
can act as a stabilizing force in the global geopolitical landscape by
addressing underlying dependencies that fuel conflicts. However,
they also highlight the importance of sustained investment and
international cooperation to ensure that such progress remains
resilient to geopolitical shocks.

Between December 2015 and March 2016, China’s low-carbon
economy was further developed. This was mainly due to China’s
active participation in climate change issues in the international
arena. At the 2015 Paris Climate Change Conference, China worked
with other countries to promote the Paris Agreement (Zhao et al.,
2023b). This spirit of cooperation has enhanced trust with major
economies and to some extent reduced the issue of geopolitical
tensions arising from climate change. On this basis, China continues
to participate in and promote international climate cooperation. In
2016, China launched collaboration initiatives in developing
countries, including 1,000 climate change assistance slots,
100 coping and adapting programs, and 10 carbon-free
demonstration areas. Additionally, China continued to advance
international collaboration in sustainable energy and the
construction of low-carbon smart cities (Weigel and Demissie,
2021). Furthermore, China and the nations along the BRI have
inked several agreements for green energy cooperation (Cheng and

Wang, 2023). For example, China’s green energy projects with
Kazakhstan have promoted the development of renewable energy
in Kazakhstan (Yesmurzayeva and Mrzabayeva, 2023). This has not
only increased the energy autonomy of these countries but also
reduced geopolitical tensions arising from energy dependence.

In contrast to the previous two periods, fromMarch 2018 to July
2018, LCD and GPR exhibited completely opposite trends. This
means that the growth of China’s green economy was hindered,
leading to a rise in geopolitical risk. This was primarily due to the
China-U.S. trade war. Following American taxes on Chinese
commodities, China responded by imposing duties on American
goods. This move led to the blocking of cooperation between the two
countries in new energy technologies and clean energy equipment
(Pepe et al., 2023). For example, the U.S. tariffs on Chinese
photovoltaic (PV) products have made Chinese PV firms less
competitive internationally and hindered the development of
clean energy globally. In addition, the trade war has disrupted
supply chains in both countries (Sullivan, 2022). It has also
increased production costs and market uncertainty especially in
the production of clean energy equipment and supply chain lines.
The investment climate has also deteriorated, with international
investors’ confidence in the markets of both countries declining.
GPR were exacerbated by growing political tensions between the two
countries. Meanwhile, in the first half of 2018, international oil
prices experienced significant fluctuations causing a profound
impact on China (Khan et al., 2021). The high costs and risks
associated with finding alternative sources of oil made difficult for
China to reduce its dependence on fossil fuels in the short term. This
not only increased the difficulty of transitioning to renewable energy
but also slowed the pace of developing a low-carbon economy.
Furthermore, the economic pressures and energy supply risks
associated with high oil prices have led to increased competition
for China in the international energy market, as well as increased
geopolitical tensions with other energy-importing countries (Gong
et al., 2022).

FIGURE 7
Coefficients of the influence from GPR to LCED. Notes: The period where NUC exhibits significant Granger causality to LCED which is represented
by the shadow bar. The x-axis represents years while the y-axis represents the Sum of Rolling-Window Coefficients.
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Figures 6, 7 show the p-values and the direction of GPR’s
influence on LCD. From July 2017 to September 2017; June to
October 2020; and February 2022 to December 2023, the original
hypothesis that GPR does not Granger lead to LCED is rejected at
the 10% significance level. Only during June to October 2020 is the
effect of GPR on LCED positive while in the other two periods the
effect of GPR on LCED is negative.

China’s declining GPR in 2017 provided favorable conditions
for the LCED. Reduced GPR usually mean more stable international
relations. This facilitates the country’s focus on promoting internal
economic transformation and sustainable development policies. A
stable geopolitical environment bolstered the confidence of domestic
and foreign investors in the Chinese market, leading to a large inflow
of capital into the renewable energy sector (Guo and Shi, 2024).
Between July and September 2017, several large-scale wind power
and photovoltaic (PV) projects received financial support and
accelerated construction (Sun, 2020). Additionally, the Chinese
government expanded its backing for low-carbon technologies
and renewable energy, such as wind energy, solar energy, and
electric vehicles (Guilhot, 2022). The Chinese government further
clarified subsidy standards and application processes to ensure the
availability of funds and the smooth advancement of projects (Wu
et al., 2022). For example, the National Energy Administration
(NEA) issued the “2017 Photovoltaic Power Generation
Construction Implementation Plan,” which provides clear subsidy
support for new PV power generation projects (Li et al., 2020b).
Local governments have also introduced purchase subsidy policies
and charging infrastructure construction plans for electric vehicles,
which have driven the rapid growth of the new energy
vehicle market.

In complete contrast to the previous cycle, the rise in GPR from
June to October 2020 has instead led to further LCED growth. This
means that despite the rise in geopolitical risk due to global
uncertainty due to the intensifying trade war between the US and
China, and the global COVID-19 outbreak, it also promoted the
development of China’s low-carbon economy to some extent. The
uncertain international situation spurred China to accelerate the
localization and diversification of its supply chains, particularly in
low-carbon technologies and materials (Panwar et al., 2022). This
strategic pivot aimed to reduce reliance on external instability while
enhancing domestic capacities. First, China prioritized the
development and utilization of its domestic rare earth resources,
which are critical for renewable energy technologies such as wind
turbines and electric vehicles. By introducing supportive policies for
rare earth mining and processing enterprises, China secured key
material supplies essential for its energy transition (Li et al., 2023b).
Second, the localization of the battery materials industry chain
became a focus. Substantial investments in lithium and cobalt
production facilitated domestic production of key battery
components, enhancing the autonomy and resilience of China’s
new energy vehicle supply chain (Melin et al., 2021). Moreover, the
Chinese government’s “dual circulation” development strategy,
introduced during this period, emphasized mutual reinforcement
between domestic and international markets (Tan et al., 2023). This
strategy prioritized internal economic development, directing more
resources toward low-carbon technologies and renewable energy,
thereby accelerating the growth of related industries. Additionally,
China’s international commitments, such as President Xi Jinping’s

September 2020 pledge at the United Nations General Assembly to
achieve carbon neutrality by 2060, provided further impetus. This
commitment not only demonstrated China’s determination to
combat climate change but also catalyzed domestic policy
innovation and market demand for low-carbon infrastructure
(Han et al., 2021; Tong et al., 2023). These developments
underscore how heightened GPR can act as a catalyst for low-
carbon investments, as countries seek to strengthen domestic
resilience and reduce dependence on volatile global supply chains.

From 2022 to 2023, GPR has had a negative impact on LCED.
We analyze it in three time periods. From February 2022 to April
2022, GPR sharply increased from 139 to 319, while LCD declines
from 10,921 to 9,152. It stems largely from the expansion of the
Russia-Ukraine conflict in February 2022. The conflict was not an
only military concern in Europe but also had global effects on the
political and economic grounds. The global energy market went into
chaos, pushing oil and gas prices to the extreme legible limit
(Balsalobre-Lorente, 2023). Being a big importer of global energy,
China is confronted with the challenge of sporadic energy supply
and prices, which in the short term, compels it to turn back more to
conventional fossil fuels in order to guarantee energy security (Liu,
2024). The challenges and uncertainties for China to promote LCED
were thus exacerbated. From April to July, international focus on the
Russia-Ukraine conflict waned (Chen et al., 2022b). Oil and gas
prices started to slip, and the energy market slowly stabilized. This to
some extent reduced the uncertainty of energy supply in China and
also re-configured the external environment for a low-carbon
economy. In this context, the NEA released a series of policies to
facilitate low-carbon economic development, including the “14th
Five-Year Plan for a Modern Energy System,” which further
supports investment and construction of wind and photovoltaic
power plants (Yang et al., 2023). However, from July 2022 to
December 2023, the GPR rose again, and the LCED declined.
There are three reasons behind this phenomenon. First, in
August 2022, U.S. Speaker of the House visited Taiwan. This act
was regarded by China as a serious interference in China’s internal
affairs, which led to a further deterioration of the U.S.-China
relations (Al Obaidy, 2023). Moreover, China held extensive
military drills across the Taiwan Strait, intensifying geopolitical
tensions. Second, between 2022 and 2023, China and its
neighbors’ territorial disputes in the South China Sea grew more
intense. Countries like The Philippines sought international
arbitration. Additionally, the U.S. and its allies conducted
multiple “freedom of navigation” operations, sending warships
and aircraft through disputed waters in the South China Sea,
further escalating tensions (Murphy and Turek, 2024).
Deteriorating diplomatic relations have hindered international
cooperation on low-carbon technologies and environmental
policies. As a result, multinational corporations and international
organizations have delayed or cancelled investments in low-carbon
projects in China. Moreover, tensions in the South China Sea have
also affected the stability of global supply chains, increasing
production costs and project implementation difficulties in low-
carbon industries (Qin et al., 2023b). Finally, the U.S. and its allies
imposed multiple technological blockades on China, particularly in
high-tech products, advanced manufacturing, and new energy
technologies (Piao, 2023). These sanctions include export bans
on semiconductors and high-end chips, restrictions on
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communications equipment, and export restrictions on key
manufacturing equipment, affecting China’s development of 5G
networks and smart grids. For new energy technologies, the U.S. has
restricted exports of solar energy, electric vehicle batteries, and wind
power technologies, and put pressure on key raw material supply
chains, increasing production costs (Canuto, 2023). These sanctions
have significantly hindered China’s progress in low-carbon
technology R&D, industry chain stabilization and international
cooperation. Consequently, the development of the low-carbon
economy experienced a downward trend during these 2 years.

6 Conclusion and recommendations

In this paper, we investigated the relationship between Low-
Carbon Economic Development (LCED) and Geopolitical Risk
(GPR) in China, emphasizing the dynamic interplay between
these two factors. We first tested the relationship between the
two using the full sample Granger causality test, followed by
parameter stability tests that highlighted the continuously
evolving nature of this relationship. To capture these dynamic
effects more accurately, we applied a sub-sample rolling window
causality estimation. The results revealed that LCED negatively
impacts GPR, suggesting that the development of a low-carbon
economy can reduce geopolitical risks. Conversely, GPR influences
LCED in both positive and negative ways: while instability in the
geopolitical environment can hinder LCED progress, rising
geopolitical risks can also spur nations to reduce their
dependency on external instability by accelerating the transition
to a low-carbon economy.

This study not only sheds light on the domestic context of
China’s low-carbon transition but also offers valuable insights for
broader global transitions. The bidirectional relationship between
LCED and GPR underscores the significance of reducing
geopolitical dependencies to build resilient and sustainable
economic systems. In the context of the global transition to
circular economies and decarbonization, these findings carry
substantial policy implications. Specifically, reducing reliance on
finite and geopolitically sensitive resources such as rare earth
elements and lithium is crucial. By promoting resource efficiency
through recycling, reuse, and sustainable management, countries
can mitigate tensions arising from the global competition for these
materials. This aligns with the principles of a circular economy and
offers a path toward greater global cooperation. For developing
nations, China’s strategies—such as its investments in renewable
energy, the localization of supply chains, and energy
diversification—serve as important models for decarbonization
pathways. By prioritizing renewable energy and building local
industries for low-carbon technologies, nations can reduce their
vulnerability to external shocks and improve their energy security.
For example, China’s “dual circulation” strategy and Belt and Road
Initiative (BRI) showcase how a combination of international
cooperation and domestic policy alignment can drive low-carbon
transitions while promoting regional stability. China’s commitment
to carbon neutrality by 2060 further provides a compelling example
for other developing nations, demonstrating how clear, long-term
commitments can attract investment, incentivize technological
innovation, and contribute to global climate goals. In conclusion,

the findings from this study emphasize the broader geopolitical and
economic implications of low-carbon transitions. By reducing
geopolitical dependencies, fostering international cooperation,
and aligning energy policies with sustainability goals, countries
can pave the way for a more resilient, secure, and
environmentally stable global economy. This research not only
contributes to the understanding of LCED and GPR in the
context of China but also offers valuable lessons for the ongoing
global transition to sustainable development, offering pathways for
mitigating geopolitical tensions while advancing climate goals.

The above-mentioned findings suggest the following policy
recommendations. Firstly, governments should focus on
diversifying the supply of energy and lowering reliance on a
single energy source. To that end, they can increase investment
in and development of renewable energy, especially renewable
energy sources such as solar, wind and hydropower. In addition,
countries should strengthen international cooperation on low-
carbon technology and environmental policies through
multilateral platforms and bilateral cooperation mechanisms. This
will not only show China’s optimistic approach to combating
climate change but also garner support and understanding from
the international community to mitigate geopolitical conflicts.
Secondly, at the corporate level, companies should implement a
low-carbon supply chain management system and reduce their
carbon footprint by selecting low-carbon suppliers and
optimizing the supply chain structure. At the same time,
ensuring the diversity and resilience of the supply chain can also
effectively mitigate the potential threats due to the escalation of
GPR. Finally, social organizations should encourage the public to
take an active role in carbon-free initiatives, such as energy
conservation and green travel. Governments can also support the
implementation of low-carbon public behaviors through policy
incentives, such as tax incentives and subsidies. Promoting the
development of low-carbon economies within regions through
community participation and local government support can
enhance local resilience and mitigate the negative impacts of
escalating GPR.

This study reveals the complex relationship between China’s
Low-Carbon Economic Development (LCED) and Geopolitical Risk
(GPR), but several limitations warrant further exploration. First,
while the study utilizes existing LCED and GPR indices, these may
not fully capture the impact of non-market factors, such as policy
uncertainty or social dynamics, on their interaction. Future research
could expand this framework by incorporating a broader set of
indicators, including regional low-carbon project data, socio-
economic variables, and other geopolitical or environmental
factors, to uncover more nuanced and dynamic relationships at
different scales and levels. Additionally, environmental variables
such as climate-related risks (e.g., natural disasters or extreme
weather events) could offer further insights into how
environmental changes influence both LCED and GPR. Second,
while the study is grounded in China’s experience, the
generalizability of the findings to other countries or regions may
be limited due to contextual differences in geopolitical and economic
conditions. Future studies could explore the applicability of China’s
low-carbon transition model to other regions, particularly emerging
economies or those with varying levels of development. This
research could provide tailored policy recommendations that
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consider local challenges, resource endowments, and geopolitical
contexts, thereby fosteringmore context-specific strategies for global
decarbonization efforts. Third, as the world transitions to low-
carbon and circular economies, understanding the interplay
between LCED and GPR is crucial for crafting more inclusive
and resilient energy policies. This understanding not only helps
reduce resource dependence and mitigate supply chain
vulnerabilities but also promotes global low-carbon economic
development through strengthened international cooperation,
technology sharing, and policy alignment. In particular,
enhancing cooperation on technological innovation, energy
diversification, and cross-border green investments can
contribute to achieving sustainable geopolitical stability,
providing pathways for countries to jointly address both
environmental and geopolitical challenges. Furthermore,
integrating additional variables, such as regional trade dynamics,
security risks related to energy supply chains, or the role of
multinational corporations in the low-carbon transition, could
help further illuminate the broader economic and geopolitical
impacts of LCED. As future research continues to develop in this
field, it will be crucial to incorporate these multidimensional factors
to gain a deeper understanding of the forces shaping the global low-
carbon economy.
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