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Abstract
Environmental pollution is a geopolitical problem, and researchers have not considered it seriously yet. This study examines the
asymmetric influence of geopolitical risk on energy consumption and CO2 emissions in BRICS economies using the non-linear
autoregressive distributed lag model (NARDL) testing method over the period of 1985–2019. Therefore, we observed that in the
long run, a positive and negative change in geopolitical risk has negative effect on energy consumption in India, Brazil, and
China. The outcomes confirmed that an increase in geopolitical risk has negative effect on CO2 emissions in Russia and South
Africa. Although a decrease in geopolitical risk has negative effects on CO2 emissions in India, China, South Africa, it has
positive coefficient in Russia in the long run. Based on empirical findings, we also revealed that asymmetries mostly exist in
terms of magnitude rather than direction. Our empirical results are country and group specific. The findings call for important
changes in energy and environment policies to accommodate geopolitical risks.
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Introduction

Geopolitical risks can influence environmental and economic
indicators in such a way that societies are likely to lose their

welfare gains. The ongoing efforts to achieve sustainability
largely require addressing the challenges related to the geopo-
litical crisis (Ladislaw et al. 2014; Al-Nuaimi et al. 2019). In
the contemporary world, the global challenge of environmen-
tal degradation is not just simply a matter of scientific re-
search, but it is also influencing the ways economies operate,
how interests are splitting, and the new landscape of geopol-
itics is playing a central role in the international connections.
After the release of IPCC (2014), the increasing global initia-
t ives to manage globa l warming, and pursu ing
decarbonization initiatives, climate change is exerting increas-
ingly high pressures on global securities related to energy,
water and food, and other global risks associate with econom-
ic integration (Wang and Liu 2015; Hafeez et al. 2019b;
Majeed and Mazhar 2019; Yang et al. 2020a).

In the contemporary global geopolitical economy, energy
transition and its consequences for the existing ways of em-
ployment, production, and accumulation are increasingly be-
coming the central focus of public policy all over the world. It
is widely believed that transferring existing carbon-intensive
energy systems need to be transferred in the context of global
warming and climate change. The recent decades are
witnessing a large number of policy initiatives toward devel-
oping renewable energy systems. The scale and pace needed
for decarbonizing is disproportionally higher than that of the
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ongoing substituting green technology and resources (Li et al.
2019; Galvin & Healy 2020).

These decarbonizing targets based on the energy sector rep-
resent a welcome change in Brazil, Russia, India, China, and
South Africa (BRICS) economies; however, these economies
need deep decarbonization beyond the energy sector. These goals
need to be aligned with wider social objectives like enhancing
social welfare and lowering socio-spatial disparities. The initia-
tive for energy transition sets the path for brainstorming in the
setting of “geographically differentiated political economy.” The
pathways for decarbonization depend on prevailing geographic
conditions and political institutions. That is, geopolitical issues
are becoming compelling policy challenge for energy system
transition. The Federation of Russia is the largest economy in
the world energy market. According to BP (2019), Russia is
ranked as the largest exporter of gas, the second-largest exporter
of oil, and the third largest of coal in the global economy. Russia
is playing a vital role in the global energy market of non-
renewable energy sources.

China’s geographical position comprises complex geopol-
itics. It has the largest number of neighboring countries. It has
14 neighbors which is the largest number in the world. It has
improved its international outlook and economic strengths
after the national reforms and global participation. However,
despite such strengths, it faces such challenges as security of
international pipelines for energy transportation. China is try-
ing to manage its geopolitical issues while constructing one
belt and one road initiative since 2013 (Li et al. 2021). An
empirical understanding of geopolitics, energy, and environ-
ment is necessary for the given complex geopolitical positions
of China.

The literature highlights the importance of geography and
political factors for energy and environmental outcomes (Da
Graça Carvalho 2012; Wang et al. 2012; Cao and Bluth 2013;
Lv & Xu 2019; Sun et al. 2020). However, these studies do
not provide empirical evidence as they are based on the qual-
itative discussion. Some studies provide empirical evidence
on geopolitical risk and the energy sector (Rasoulinezhad
et al. 2020; Yang et al. 2020b; Sweidan 2021; Alsagr and
van Hemmen 2021). However, these studies mainly provide
country-specific evidence. Besides, these studies mainly focus
on energy transition and deployment overlooking the environ-
mental effects of geopolitical risks.

Based on the premises above, understanding the impor-
tance of geopolitical risks for the environment and clean
energy transition in the wide spectrum is essential for
designing policies and decision-making. The aforemen-
tioned discussion reveals that the research in this field is
relatively scarce, and the literature on geopolitical con-
cerns is generally based on scholarly arguments, discus-
sions, reports, and case studies. The empirical literature is
quite limited; perhaps the datasets representing geopoliti-
cal risks were not available in the distant past.

The main motivation for selecting BRICS economies is that
these are the largest economies of the present world and represent
the interests and concerns of the developing world in the global
geopolitical landscape. According to World Bank (2020), these
economies collectively comprise a US$19.6 trillion GDP.
Besides, BRICS collectively demonstrates 42% of the world
population, 23% of global GDP, 30% of the territory, and 18%
of trade. Further, these economies are ranked among high
carbon-emitting countries. Particularly, China, India, and
Russia are ranked among the four top global emitters.
Empirical inquiry on environment, energy transition, and geopo-
litical uncertainty in the BRICS presents a strong inferencewhich
can be helpful for many other emerging and developing econo-
mies in shaping energy market security and a smooth transition
from conventional energy sources to clean energy industry. At
present, geopolitical risks have increased in the BRICS, and em-
pirical outcomes can help to better manage the interests of the
BRICS economies and the rest of the world.

Among BRICS economies, China is the leading emitter of
carbon emissions; it is consuming the largest quantity of energy
where 67% comes from primary energy consumption, and 73%
electricity is generated from the coal. China is planning to gain
16% renewables by 2030 while some studies suggest that China
needs to achieve 26% renewable energy by 2030 (Yang et al.
2016). India is planning to enhance renewable energy production
by about 40% by 2030 and expecting to mitigate emissions by
34% over 2005 levels (Schmidt and Sewerin 2017). The Russian
federation is aiming to transit for clean energy about 5% of total
energy consumption by 2030. Brazil is aiming to achieve the
target of 23% clean energy (Gielen and Saygin 2017). South
Africa is also transiting toward clean energy sources, and it has
the greatest potential of solar and wind energy due to its geo-
graphic location. South Africa plans to install 8.4 GW of wind
power by 2030 (IRENA 2015).

The extant literature on the geopolitical economy and cli-
mate change suggests complex relationships. We untangle the
complex effects using the asymmetric estimation approach
because the symmetric estimation approach can provide coun-
terfeit impacts of explanatory variables on explained variables
and discourses the hitches of behavior and interpretation of
symmetric estimation approaches. Moreover, dynamic conno-
tations among time series indicators rely on several factors
such as social-economic, political, and global circumstances,
contemplating only symmetric interactions can create vague
implications. Thus, it is crucial to separate the impacts of
positive and negative shocks of the dynamic variable to trace
out their varied influences on pollution and energy transition
in BRICS economies. In this background, we supplement the
present literature on energy and environment by incorporating
the positive and negative shocks of monetary and geopolitical
risks on CO2 emissions and energy transition. In this way, we
utilize the “Shin et al. (2014) nonlinear ARDL approach and
Hatemi-j (2012) asymmetric causality test” to enhance the
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existing literature on geopolitical risks, CO2 emissions, and
energy transition.

In this milieu, the objective of this research is to extend the
literature by estimating the asymmetric effects of geopolitical
risks on environmental pollution and energy consumption.
This study contributes to the literature on energy and the en-
vironment in the following ways. First, to the best of our
knowledge, this is the first empirical study that explores the
asymmetric role of geopolitical risks on CO2 emissions and
energy consumption for BRICS economies over the period of
1985–2019. The geopolitical risks may intervene with global
efforts for clean energy and sustainable development by
exerting external effects among BRICS member countries
and the rest of the world. Geopolitical risks may distract focus
on energy market failures and environmental regulations that
are overlooked by the member countries. Second, the prior
research does not untangle the asymmetric effects of geopo-
litical risks on emissions and energy consumption. The find-
ings of the study are useful for managing environmental sus-
tainability in an uncertain geopolitical environment. Our re-
search presents leading research studies on BRICS economies
across the world that establishes asymmetric associations be-
tween geopolitical risks, CO2 emissions, and energy transition
providing the grounds for a novel framework of the analysis in
geopolitical, environmental, and energy economics.

The empirical findings of this study are helpful for various
stakeholders in the arena of geopolitical, energy, and environ-
mental economics such as geography experts, political scien-
tists, social scholars, energy enterprises, academic scholars,
energy experts, public institutes, regional organizations, inter-
national organizations, and policymakers. Our research pro-
vides new fresh insights on geopolitical uncertainty, CO2

emissions, and energy transition for political scientists, geog-
raphy experts, and economists to implement appropriate geo-
political strategies to promote the use of clean energies and to
manage sustainable development goals. The results of this
study are useful for other large economies of the world with
similar characteristics. Further, the analysis is useful for the
economies which are seeking effective management of the
energy market and environmental performance.

The remaining discussion is structured as follows. The next
section provides a review of the related literature. A brief
discussion on model, data, and methodology is provided in
“Model and methods”. The empirical results and their inter-
pretation are discussed in “Results and discussion”. Finally,
“Conclusion and policy” concludes the discussion and pro-
vides some suitable policy implications.

Literature review

This section provides a discussion on geopolitical risks in
relation to the energy sector and environmental concerns.

Moreover, the available empirical literature is also discussed.
In an earlier study, Ó Tuathail (1998) introduced the idea of
geopolitics by explaining the association between geography
and global affairs by considering the perpetual rivalry, territo-
rial extension, and military tactics of colonial superpowers.
Winston Churchill altered the energy system of the British
Navy from coal to oil. Besides, oil imports sored particularly
with industrial upgrading of the emerging economies such as
Brazil, Russia, India, China, and South Africa. The transport
sector also played a vital role in increasing the demand for oil
consumption. Consequently, with such dynamics, oil security
changed from a military perspective to an economic growth
outlook, and finally, it became an important part of household
living. In this milieu, oil-producing locations like Persian Gulf
are influenced by the effects of geopolitics. Consequently, the
replacement of oil with an alternative energy resource has
become a prime focus of the leading economies. Clean energy
such as renewable energy not only improves environmental
quality by mitigating emissions, but it is also widely available
(Hafeez et al. 2019a; Overland 2019; Majeed and Luni 2019;
Sun et al. 2020).

Geopolitical economy considers the reactions of nations to
global matters and attempts to maximize their absolute and
relative advantages. Geopolitics emphasizes the pressures of
topography on worldwide connections. Geography has inher-
ent associations with climate change. After Cold War, global
and non-state players have been incorporated into the theoret-
ical viewpoints related to the geopolitical economy. Since
climate disruption is increasingly influencing the national
competitive advantages of nations and strategically significant
regional groups of countries like Middle East, Central Asia,
and the Arctic are making the links of climate change and
geopolitics more complex and disparate. From a geopolitical
stand view, large economies need to play a greater role in the
international arena in response to climate change (Chen and
Chiu 2018).

The hostility between the Eastern and the Western nations
ended in the post-cold War era. As a result, geopolitics con-
cerns in China, its neighbor countries, and the rest of the world
transformed substantially. After Cold War, the global rules
remained in the domain set by the United Nations (UN), the
World Bank, the IMF, and the WTO. The regional tussle,
energy development, economic struggles, and political econ-
omywere evolving all over the world. For instance, the “Shale
Gas Revolution” in the US caused a considerable effect on the
worldwide energy market scenario. Similarly, incasing de-
ployment of renewable energy in Europe also wielded a mas-
sive impact on the world environmental structure. The com-
plications of world geopolitics are demonstrated by the “ener-
gy dispute” behind the conflicts in Ukraine, oil pipeline alter-
ations between Russia and China, the upsurge of Southeast
Asian economies, and the clashes over the South China Sea.
Orthodoxly, geopolitics reflects efforts for the ownership and
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control of natural resources, for example terrestrial, minerals,
oil, gas, and pipelines (He et al. 2018). The research studies
highlighted the importance of geopolitics and national energy
security (Da Graça Carvalho 2012; Wang et al. 2012; Cao and
Bluth 2013; Lv & Xu 2019; Sun et al. 2020). However, these
studies are generally qualitative in their essence.

The empirical literature generally focuses on the economic
dimensions of geopolitical risks. For example, Cheng and
Chiu (2018) attempt to answer the question how are crucial
worldwide geopolitical risks to emerging countries? They pro-
vided empirical analysis based on structural VAR models for
38 emerging economies employing annual data between 1980
and 2011. The finding of their study suggests that geopolitical
risks are significantly associated with economic contractions.
The empirical literature related to geopolitical risks, energy,
and environment is quite limited.

In a recent study, Rasoulinezhad et al. (2020) investigated
energy transition behavior for Russia with a focus on geopo-
litical risks employing autoregressive distributive lag model
(ARDL) estimation approach from 1993 to 2018. The results
suggest that geopolitical risks are positively associated with
energy transition. Further, carbon emissions, financial
openness, and exchange rate also promote energy transition
while economic growth, population growth, and inflation
have negative impact on energy transition. Yang et al.
(2020a) demonstrated empirically that geopolitical risks sig-
nificantly cause risk spillover impacts on renewable energy
stock markets in China. However, their findings do not con-
firm a clear positive or negative pattern of risk spillovers.

One strand of the literature suggests that spatial factors play
a critical role in explaining environmental performance of
economies. The main argument is that economies are spatially
dependent on each other, and the environmental and energy-
related policies have spillover effects on the neighbor econo-
mies (Samreen & Majeed 2020). According to Wang and Ye
(2017)’s hypothesis “All the subjects that are related to envi-
ronmental issues are inherently spatial.” In a recent study,
Bridge and Gailing (2020) concluded that “the geographical
conditions of possibility for energy system transformation are
now emerging as a compelling public policy challenge.”

Another strand of the literature suggests political economy as
an important factor in explaining environmental performance of
the economies. The political economy and the role of the public
sector are conducive in the energy market because this sector
needs strong commitment, coordination, information, and expe-
rience (Burke and Stephens 2018). Moreover, the dynamic asso-
ciation between clean energy and institutions can be linked by
non-pecuniarymotives. That is, institutional factors can be linked
with political constrictions, environmental ethics, democratic
values, control for corruption, statutory topographies, and bu-
reaucratic quality (Sequeira and Santos 2018). In this milieu,
the political stability and geography landscapes play a critical
role in founding and upholding clean energy reforms.

Recently, some studies predicted a positive association be-
tween geopolitical risk and clean energy deployment. In this
regard, Sweidan (2021) explored the association between geo-
political risk and renewable energy deployment for United
States (US) using quarterly data from 1973: q1 to 2020: q1.
The empirical analysis was conducted using cointegration
analysis and ARDL approach. The findings of the study
suggest that geopolitical risk has a positive and significant
impact on renewable energy diffusion. Thus, geopolitical
drives renewable energy diffusion instead of discouraging it.
Similarly, Alsagr and van Hemmen (2021) investigated the
effect of geopolitical risk on renewable energy consumption
in emerging economies over the period 1996–2015. They
employed a two-step system generalized method of moments
(GMMs) approach. The results showed that geopolitical risk
has a positive and significant impact on renewable energy
consumption. Besides, financial development also supports
renewable energy consumption in emerging economies.

The empirical literature on geopolitical risks, energy con-
sumption, and CO2 emissions is quite limited. Particularly, the
impact of geopolitical risk on environmental quality is not
determined. Moreover, an empirical investigation for BRICS
economies is not yet available. Besides, few available studies
use conventional estimation approaches such as ARDL,
Granger causality tests, GMM, and structural VAR model.
These studies mainly focus on the linear associations between
geopolitical risks and clean energy overlooking the nonlinear
dynamic effects. The present research, however, introduces a
novel inquiry on the association among geopolitical risks,
environmental pollution, and clean energy transition in
BRICS countries from 1985 to 2019.

Model and methods

The increasing role of geographical standpoint on energy tran-
sition within the public policy domain is important. Energy
transition in a geopolitical economy is shaped by many factors
such as innovations, competition, and social mobility among
others which are formed spatially (Bridge and Gailing 2020).
Therefore, geopolitical risk has also a dynamic significant im-
pact on the environment. Based on previous empirical studies
on the geopolitical risk (Adams et al. 2020 and Rasoulinezhad
et al. 2020), we observe the impact of the geopolitical risk on
the carbon emissions and energy consumption in BRICS econ-
omies; we have created the following models (1 and 2) based
on the information provided by previous studies:

ECt ¼ β0 þ β1GPRt þ β2iX t þ ϵt ð1Þ
CO2;t ¼ α0 þ α1GPRt þ α2iX t þ μt ð2Þ

Equations (1 and 2) are long-run models in which carbon
emission (CO2) and energy consumption (CE) in BRICS
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economies depend on the geopolitical risk (GPR). Regarding
control variables, Xt is a vector of government stability (GS)
and GDP per capita (GDP). A complete description of vari-
ables along with their sources is provided in Table 1.
However, specifications (1 and 2) will only provide us with
the long-run estimates of our variables, and to get short-run
estimates, and we need to state them in the error correction
format as shown below:

ΔECt ¼ δ þ ∑
n1

p¼1
δ1pΔECt−p þ ∑

n2

P¼0
δ2pΔGPRt−p

þ ∑
n3

p¼0
δ3pΔX t−p þ φ1CE2;t−1 þ φ2GPRt−1

þ φ3iX t−1 þ ϵt ð3Þ

ΔCO2;t ¼ γ þ ∑
n1

p¼1
γ1pΔCO2;t−p þ ∑

n2

P¼0
γ2pΔGPRt−p

þ ∑
n3

p¼0
γ3pΔX t−p þ π1CO2;t−1 þ π2GPRt−1

þ π3iX t−1 þ μt ð4Þ

Specifications (3 and 4) are known as the ARDL model pro-
vided by Pesaran et al. (2001). These equations provide both the
short-run and long-run estimates; the coefficients attached to the
Δ sign provide the short-run estimates and the other gives the
long-run estimates. However, the long-run estimates are consid-
ered genuine only if they are co-integrated. For that purpose,
Pesaran et al. (2001) trusted on the bounds F-test and also devel-
oped its critical values. Besides, there is no need for pre-unit root
testing as thismethod can be applied even if the variables are I(0),
I(1), or a combination of both.

The major goal of our study is to see the response of CO2

emissions and energy consumption to asymmetric changes in
the geopolitical risk. To that end, we follow the footpath of
Shin et al. (2014) and decomposed the GPR variable into its
positive and negative components using the partial sum pro-
cedure.

GPRþ
t ¼ ∑

t

n¼1
ΔGPRþ

t ¼ ∑
t

n¼1
max ΔGPRþ

t; 0ð Þ ð5Þ

GPR−
t ¼ ∑

t

n¼1
ΔGPR−

t ¼ ∑
t

n¼1
min ΔGPR−

t; 0ð Þ ð6Þ

Equation (5) shows the positive change in the GPR, while
Eq. (6) represents the negative change in the GPR. We then
replace the positive and negative components in Equations (1
and 2) in place of the GPR variable which will, in turn, be-
come the asymmetric or non-linear ARDL.

ΔECt ¼ δ þ ∑
n1

p¼1
δ1pΔECt−p þ ∑

n2

p¼0
δ2pΔGPRþ

t−p

þ ∑
n3

p¼0
δ3pΔGPR−

t−p þ ∑
n4

p¼0
δ4pΔX t−p þ φ1CEt−1

þ φ2GPR
þ
t−1 þ φ3GPR

−
t−1 þ φ4iX t−1 þ μt ð7Þ

ΔCO2;t ¼ γ þ ∑
n1

p¼1
γ1pΔCO2;t−p þ ∑

n2

p¼0
γ2pΔGPR

þ
t−p

þ ∑
n3

p¼0
γ3pΔGPR

−
t−p þ ∑

n4

p¼0
γ4pΔX t−p

þ π1CO2;t−1 þ π2GPRþ
t−1 þ π3GPR−

t−1

þ π4iX t−1 þ μt ð8Þ

Arrangements (7 and 8) are known as the NARDL model
proposed by Shin et al. (2014), and we can estimate this model
in the same way just like the linear model. Shin et al. (2014)
treated both the positive and negative components of the var-
iable as one; hence, the bounds F-test of the linear ARDL
model is applicable in the case of the NARDL model.
Moreover, other diagnostic tests of the linear ARDL model
are also equally applicable in the case of NARDL. Though,
we have to perform a few additional tests to confirm whether
the positive and negative components or our main variable
perform asymmetrically or not. Firstly, to test the short-run
adjustment asymmetry, we see whether the number of lags
attached to ΔGPR+ is different from the lag length attached
to ΔGPR−, and if different asymmetric effects of the variable
are confirmed. Secondly, if the aggregate of estimates of pos-
itive components is not equal to the aggregate of negative
components, i.e., ∑γ2p ≠ ∑ γ3p, ∑δ2p ≠ ∑ δ4p, this is an as-
surance of combined short-run asymmetric impacts. Finally,

Table 1 Description of variables
Variables Symbol Definition Source

Carbon dioxide emissions CO2 Carbon dioxide emissions (kilotons) WDI

Energy consumption EC Energy use (kg of oil equivalent) WDI

Geopolitical risk GPR Geopolitical risk index Matteo Iacoviello website

Government stability GS Government stability index ICRG

GDP per capita GDP GDP per capita (constant 2010 US$) WDI
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the long-run asymmetric impacts are confirmed if we can ap-
prove this condition π2

−π1≠
π3
−π1 ,

φ2
−φ1

≠ φ3
−φ1

through Wald’s test.

Variables and data description

The current study used annual data series over the period
1985–2019 for the BRICS economies such as India, Brazil,
Russia, China, and South Africa. The definition and descrip-
tion of variables are represented in Table 1, and the data has
been taken from the World Bank (2020), except for two var-
iables. This study transforms all the concerned variables in the
natural logarithm, and descriptive analysis is denoted in
Table 2. Besides, the results show that China has discharged
high carbon emissions into the atmosphere, and the approxi-
mate average value is 6.678, and the lowest mean value is
5.510 in Brazil. Thus, the highest mean value of energy use
is 2.422% for China, and the lowest average value of 1.961%
for Brazil. Meanwhile, 2.006 high average value of geopolit-
ical risk for Russia, and the lowest mean index value is 1.952
for India in BRICS economies. Similarly, the average value of
government stability 8.921 is higher, and the lowest is 6.957
for China and India, respectively. The descriptive statistics of
GDP indicate that the maximum average value of 12.43 be-
longs to China and aminimum average value of 11.40 belongs
to South Africa.

Results and discussion

In the first step, we employed PP and ADF unit root tests to
inspect the order of integration of all the selected variables.
The estimated results are given in Table 3, and the turn out
indicates the variables have a mixed order of integration such
as I(1) or I(0), and the none of variable integrated order is I(2).
In order to examine the short-run and long-run elasticity’s of
coefficient, we used ARDL and NARDL estimation methods.

Symmetric ARDL both short-run and long-run empirical
turns out are reported in Table 4. Besides, panel A offered the
short-run outcomes for both the models. Thus, in model 1, we
take energy consumption as the dependent variable and inde-
pendent variables are a geopolitical risk, government stability,
and GDP, while carbon emissions are a dependent variable in
model 2. The short run turns out to indicate that geopolitical
risk has a negative association with energy consumption for
India and South Africa while geopolitical risk has an insignif-
icant effect for Brazil, Russia, and China, respectively.
Moreover, the empirical results demonstrate that government
stability leads to reduce energy consumption in Russia. On the
contrary, the results show an insignificant effect for Brazil,
India, South Africa, and China. However, surprisingly the
results revealed that GDP has a negative link with energy
use in the BRICS economies except for Brazil; it has an in-
significant impact in the short run. However, panel B repre-
sents the long-run estimates for the BRICS economies. The
ARDL estimates indicate that geopolitical risk is negatively
associated with energy use in the long run for India, Brazil,
and South Africa while China and Russia have an insignifi-
cant result. Furthermore, our outcomes indicate that govern-
ment stability leads to an increase in energy use, and results
also indicate that government stability shows a statistically
significant and negative impact on energy use for Russia in
the long run, while other countries have insignificant results.
Meanwhile, GDP is negatively associated with energy use in
BRICS economies.

Symmetric ARDL results for model 2 are also given in
Table 4. The results highlight that geopolitical risk shows a
negative impact on carbon emissions in the short run for South
Africa and other country gives insignificant results in the short
run for India, Brazil, China, and Russia, respectively.
Additionally, the outcome also demonstrates that the coeffi-
cient of government stability leads to mitigate the pollution
emissions in the short run for China while other BRICS econ-
omies show insignificant results. Hence, the results revealed
that an increase in the output growth contributes to pollution
emissions in the BRICS countries except India in the short
run. Panel B shows the long-run estimates, and the results
elaborate that the geopolitical risk reduces the carbon emis-
sions in the long run for India and South Asia. Also, govern-
ment stability plays a key role in the reduction of pollution
emissions in China in the long run. The empirical results in-
dicate that increase in output stimulates the pollution emis-
sions in the BRICS economies except for India and Russia
in the long run.

Panel C demonstrates the various diagnostic statistics of the
ARDL model. The results revealed that F-statistics are signif-
icant for India, China, and South Africa in bothmodels; model
1 for Brazil is also significant and shows a long-run relation-
ship. Additionally, the value of ECM in model 1 and 2 con-
firms the presence of cointegration in mostly economies. The

Table 2 Descriptive statistics of data

CO2 EC GPR GS GDP

India Mean 6.047 2.184 1.952 6.957 12.00

Std. Dev. 0.228 0.086 0.122 1.855 0.272

Brazil Mean 5.510 1.961 1.998 7.109 12.22

Std. Dev. 0.142 0.000 0.104 1.619 0.117

Russia Mean 6.271 2.388 2.006 7.770 12.11

Std. Dev. 0.172 0.091 0.102 3.378 0.107

China Mean 6.678 2.422 2.004 8.921 12.43

Std. Dev. 0.254 0.232 0.116 2.241 0.410

South Africa Mean 5.603 2.368 2.004 7.650 11.46

Std. Dev. 0.073 0.030 0.179 1.656 0.115
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diagnostic statistics show that most models are free from any
statistical issues because LM and RESET statistics are insig-
nificant. Besides, RESET test statistics indicate that our entire
model has been correctly specified for each BRICS econo-
mies. Additionally, CUSUM elaborates that all the models
are stable while CUSUM squares display instability for few
economies in both model.

Table 5 displays both short-run and long-run turns out of
nonlinear ARDL for energy consumption. In Panel A, the
results indicate that the positive change in geopolitical risk
has a negative linkage with energy use in Russia and China
while the negative change in geopolitical risk leads to reduce
the energy use in the short run in only India and South Africa.
However, a negative change of geopolitical risk improves the
energy consumption in Russia, but government stability leads
to a decline in energy use in only Russia. Additionally, the

results show that GDP has a significant negative impact on
energy use in the BRICS economies except India, China, and
South Africa, respectively, in the short run. In long-run
NARDL estimates, empirical results imply that positive
change in geopolitical risk leads to reduce the energy use by
approximately 0.043% in Brazil, 0.777% in China, and
0.069% in India while negative change in geopolitical risk
leads to a decrease in the energy use by approximately
0.064% in India, 0.065% in Brazil, and 1.119% in China in
the long run. On the other hand, Russia has a significant pos-
itive coefficient, which means that geopolitical risk increased
0.048% energy consumption in only Russia. Moreover, the
results also indicate that government stability leads to reduce
energy use in the long run in Russia, and the remaining
BRICS economies give us insignificant outcomes. The turn-
out shows that a 1% increase in GDP leads to reduce the

Table 3 ADF and PP unit root tests

CO2 EC GPR GS GDP

India ADF test

I(0) −3.026*** 1.027 −3.755*** −3.238** 1.007

I(1) 2.853** −2.916***
PP test

I(0) −3.026*** 1.071 −2.759*** −3.283** 1.009

I(1) 2.870** −2.965***
Brazil ADF test

I(0) −1.027 −3.199** −3.942*** −3.232*** −1.221
I(1) −2.853** −3.743***
PP test

I(0) −1.072 −4.193** −5.945*** −4.264*** −1.122
I(1) −3.853*** −5.764***

Russia ADF test

I(0) −1.032 −1.015 −3.243*** −0.057 −0.159
I(1) −4.994*** −4.502*** −3.813*** −2.833***
PP test

I(0) −1.521 1.522 −3.724*** −0.067 −0.192
I(1) −4.929*** −4.509*** −3.851*** −3.368***

China ADF test

I(0) −0.110 −3.063*** −3.334*** −1.094 −0.042
I(1) −2.924** −2.754** −3.347***
PP test

I(0) −0.102 −3.063**** −3.534*** −1.094 −0.042
I(1) −2.494** −2.754** −3.367***

South Africa ADF test

I(0) −0.138 −0.179 −0.109 −3.336*** −0.108
I(1) −3.159*** −3.201*** −3.473*** −2.964***
PP test

I(0) −0.138 −1.079 −0.122 −3.936*** −1.108
I(1) −3.192*** −3.321*** −3.783*** −3.634***
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energy use by approximately 0.036% in India, 0.048% in
Russia, 1.148% in China, and 0.427% in South Africa
respectively.

Table 5 describes the nonlinear ARDL turns out for model
2. Short-run empirical results indicate that a positive change in
geopolitical risk has negatively connected with carbon emis-
sions for South Africa and positively in only India, and other
countries give us insignificant results in the short run.
Furthermore, the outcome indicates that a negative change in
geopolitical risk is negatively connected with carbon emis-
sions in the short run for China and South Africa. While, on
the other hand, the results show that negative change in geo-
political risk leads to enhance carbon emissions in Russia in
the short run. The outcome indicates that government stability
leads to reduce pollution emissions in Russia and China.
Besides, the empirical results demonstrate that GDP contrib-
utes to pollution emissions in BRICS economies except for
India and South Africa.

In long run, empirical turnout indicates that a positive
change in geopolitical risk is negatively linked with carbon
emissions in Russia and South Africa, and estimates are
0.272% and 0107%. On the other hand, a negative change
of geopolitical risk leads to a decrease in carbon emissions
by 0.397% in India, 0.673% in China, and 0.065% in South
Africa in the long run, while it has a positive coefficient in
only Russia in long run. This means that increased and de-
creased geopolitical risk has a significant negative effect on
carbon emissions because energy consumption is also reduced
in the long run. This also infers that geopolitical risk has dra-
matically changed the energy consumption and CO2 emis-
sions in BRICS. Geopolitical risk is of the time-varying pro-
cess which has a similar effect on the environment. This also
infers that geopolitics is becoming a more efficient tool to
reduce carbon emissions, which also affects clean energy con-
sumption. Geopolitical risk is also sudden changes in the sup-
ply routes, which in return reduces carbon emissions. The
empirical result suggests that geopolitical uncertainties can
cause economic activities negatively by reducing economic
growth. Geopolitical risk destabilized the environment in
Russia. Geopolitical risk also increases the energy transition;
therefore, BRICS economies have a smaller speed of climate
change. Besides, the empirical results depict that a 1% in-
crease in government stability declines in carbon emissions
by approximately 0.011% in Russia and 0.013% in China.
Thus, the results depict that a 1% increase in GDP stimulates
the carbon emissions by 0.634% in Russia and 0.791% in
South Africa while other BRICS counties show insignificant
results.

Panel c describes the various diagnostic statistic tests of the
nonlinear ARDLmodel. The ECM results show that the long-
run relationship exists in each model of BRICS economies.
Furthermore, F-statistics also confirms the presence of the
long-run relationship, and it improves the reliability of the

outcomes. The diagnostic tests revealed that outcomes are
not suffered from statistical issues. Additionally, RESET,
CUSUM, and CUSUMsquare tests show that the entire model
has been correctly specified and depicts the stability in models
in BRICS economies. The Wald test demonstrates positive
and negative shock in geopolitical risk asymmetrical effect
on energy use and carbon emissions in each model in the short
run and long run.

Conclusion and policy

This study scrutinized the asymmetric influence of geopoliti-
cal risk on energy consumption and carbon emissions in
BRICS economies. The findings of the study are based on
ARDL and NARDL by using a data span of 1985–2019.
The symmetric ARDL outcomes suggest that geopolitical risk
reduces the energy consumption in only India, while it also
reduces the CO2 emissions in South Africa in the short run.
While, geopolitical risk variable has also reduced the energy
consumption in India, Brazil, and South Africa, it reduced the
carbon emissions in only South Africa in long run. Our basic
analysis shows that short- and long-run outcomes are also
important in energy consumption and CO2 emissions.
Therefore, we also deviate from the short- and long-run anal-
ysis in asymmetric ARDL. The non-linear estimates for the
energy consumption model suggest that a positive change in
geopolitical risk significantly reduces energy consumption in
India, Brazil, and China in the long run. However, the nega-
tive change of the geopolitical risk is negatively significant in
Brazil, China, and South Africa; however, their impacts on
energy consumption are also positive in only Russia in the
long run. These outcomes are more important in the context
of the policy-making of energy consumption. Similarly, the
long-run non-linear estimates propose that a positive change
in geopolitical risk decreases the carbon emissions in Russia
and South Africa. Likewise, it also estimates that a negative
change in geopolitical risk has also decreased the carbon emis-
sions in India, China, and South Africa. Our empirical results
are country and group specific. Thus, based on findings, cli-
mate change is not a geopolitical phenomenon. The outcomes
show that geopolitical risk has asymmetric influence in the
direction and even in magnitude.

Based on the findings, we suggest a few policy implica-
tions for BRICS economies. Therefore, clean energy con-
sumption can be a useful tool to reduce the geopolitical risks
in BRICS economies, while clean energy is a suitable option
for energy-poor economies. Clean energy can be a useful and
effective tool to buffer against the possible geopolitical risks
from economies that use interventions of gas and oil as geo-
political weapons. Developed and BRICS economies should
strengthen their collaboration in the field of clean energy.
However, BRICS authorities should stimulate the
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development of electric bikes, buses, cars, and public trans-
port to surge the electricity demand and inspire demand for
clean energy. The environmental quality of BRICS economies
is a major challenge, but they are not impossible in the future.
BRICS economies should balance political targets and energy
consumption, and the environment is particularly important.
Another recommendation is to regulate rapid decarbonizing
policies in the BRICS economies. Energy and environment
diplomacy also need to be made a central foreign policy
consideration.

This study hurts from one limitation which is that geopo-
litical risks data is available for limited economies. Future
empirical research should more focus on the effects of geopo-
litical risk on renewable energy and the environment in devel-
oping economies. More, using a novel estimation dynamic
ARDL technique is suggested to carry out upcoming studies.
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