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Geopolitical relationship among the economies plays a crucial
role in the environmental sustainability. In lieu our research
reveals that whether geopolitical risk asymmetrically affects the
reduction of carbon emission? To investigate this issue, we
scrutinize the impact of geopolitical risk using annual data
spanning 1990-2018 for China. Furthermore, our study employs
nonlinear and liner autoregressive distributed lag simulations at
the same time to argue the impact of geopolitical risk on
environmental sustainability. Our empirical outcomes evidenced
the asymmetric effect of geopolitical risk on the environment by
indicating a positive association among geopolitical risk and
environmental sustainability. Moreover, increasing foreign direct
investment upsurges CO2 emanation which proves the pollution
haven proposition. The results expressed a significant positive
link of energy ingesting and GDP influence on CO2 emanation
while renewable energy consumption reduces CO2 emission.
Therefore, utmost attention must be taken to balance the
environment and geopolitical risk. It is necessary to take
initiatives to reforms policies that protect the environment
without affecting geopolitical risk. Additionally, government
officials and policymakers should articulate strategies to
encourage renewable energy consumption as the energy
combination outpouring to enrich the excellence of the
environment. The findings also advocate that policymakers to
welcome the environment-friendly foreign direct investment as
it is the perpetrator to upsurge environmental degradation in
China.
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1. Introduction

Geopolitical risk asserts tremendous effects on the economy, trade cycle, energy resources
management, and environmental sustainability. Freshly, Caldara and Iacoviello (2018)
formulated an catalogue for examination of geopolitical risk (GR) and defined GR as “the risk
connected with conflicts, battles, extremist acts, rigidities, and strains with reference to
situations that affect the ordinary sequence of national political and international associations”
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(Anser, Syed, & Apergis, 2021). Geopolitical risks are thought to distress financial markets, and
business series with geopolitical risks most of the time cited by central bankers, business
investors, and the financial press as one of the bases of investment decisions (Enamul Hoque,
Soo Wah, & Azlan Shah Zaidi, 2019). Furthermore, geopolitical risk has social, political, and
economic effects on the country. Additionally, in the previous year’s several geopolitical risk
events such as the 9/11 attack by terrorists in the United States of America, China, and the US
business relations and trade war, Pakistan and India political pressures on Kashmir and Bombay
attacks has changed the mindsets of the investors and business (Wang, Su, & Umar, 2021). At
present International Monterey funds (IMF) and the World Bank highlighted many geopolitical
risk issues in their reports (Alsagr & van Hemmen, 2021). Many authors focused on the effects
of geopolitical risk in standings of economic growth, and cleaner energy solutions (Abdul, Wengqi,
& Sameeroddin, 2023; Khan, Su, & Tao, 2021). Furthermore, geopolitical risk plays a crucial role
in environmental sustainability.

Conforming to the National year book of China (China, 2020). China has gained a dramatic
increase in the economic growth of averaged 7.2 percent in the year 2020 and retained the
position of the world’s second-largest economy (Worldometer, 2021). The intensification in
economic progress causes environmental degradation but afterward a long period, the graph
becomes inverted U shaped and the environment starts improving it is theorized as the
environmental Kuznets curve (Kuznets, 1955). However, the enhanced economic development
leads towards more fossil energy consumption (Qil, Gas, and Coal) in China that has increased
from 3.10 percent in the year 1978 to 18.01 percent in the year 2018 badly pollutes the
environment (China, 2020). So, it is a dilemma to sustain a balance between economic growth
and environmental sustainability (Abdul, Wenqi, & Tanveer, 2022a; Tanveer, Song, Faheem, &
Chaudhry, 2022). Non-renewable energy consumption asserts two-fold impacts on the economy,
on the one hand, the imports of fossil energy consumption like oil, coal, etc. deposits a huge
load on the economic progress of the country, and the other hand fossil energy consumption
produces harmful discharges in the environment (Shafig, ur Raheem, & Ahmed, 2020). The
energy mix for China indicated that as compared to the year 2018 it has reduced the crude oil
consumption by only 1 % percent in the year 2019. However, due to the COVID-19,the increase
in natural gas is 6.9% in the year 2020, and coal consumption has a minor reduction of 1 percent
in the year 2020 (China, 2020).

According to the British Petroleum Statistics Report 2020, the overall fossil energy
consumption is increased by 2.1 percent (British Petroleum Energy Statistical Review, 2020).
China is among the world's few economies that has increased the energy demand in the year
2020 (World Bank Developmnet Indicators, 2020). The increasing trend of the natural gas and
continuous use of oil and coal for the energy needs produces greenhouse gases emission in
China. From the previous 4 years, carbon emissions are rising by 0.6 percent (British Petroleum
Energy Statistical Review, 2020). Moreover, China’s global share for carbon dioxide emission
enhanced to 31 % among the entire world (British Petroleum Energy Statistical Review, 2020).
Carbon dioxide (CO2) emissions badly pollute the environment and human health. The rise in
carbon dioxide emission is caused due to many factors such as economic policy uncertainty,
economic growth, FDI, fossil energy sources, geopolitical risk and many related factor (Farooq,
Gillani, Subhani, & Shafiq, 2023).

In parallel to the above discussion, adopting renewable energy production has provided a
vital solution for coping with environmental degradation and climate change vulnerability (Pata,
2021). Renewable energy (RE) development is as important for China and world economies to
get cleaner environments (Wang, Zhang, Ji, & Shi, 2020). In the present time, several prior
studies stressed the tremendous role of RE sources in the national energy blend for the economy
(Abdul, Wengi, & Tanveer, 2022b; Hassan et al., 2023; Tanveer, Anwer, & Umar, 2021). After
the law passed for renewable energy on 28 February 2005 more subsidies and policies are
formulated for cleaner energy productions. Furthermore, in the year 2020, China headed the
world in addition to renewable energy foundations, comprised of about 45% (117 GW) of

423



iRASD Journal of Economics 5(2), 2023

connections and practically expanding its own add-ons of the earlier year (China, 2020). It also
persisted the worldwide spearhead in cumulative RE capacity (908 GW) at year’s end, followed
by the United States, Germany, Brazil, and India. China led global markets for concentrating
solar thermal power, hydropower, solar PV and wind power (British Petroleum Energy Statistical
Review, 2020; China, 2020). Furthermore, foreign direct investment is an important factor for
environmental degradation mitigation (Zubair, Samad, & Dankumo, 2020). There are two
directional concepts behind the FDI and CO:z radiations. On the one hand, the established country
strictly manages their environmental concerns and shifts their polluting productions towards the
economies with weak environmental policies that prove the pollution halo hypothesis (Terzi &
PATA, 2020). Conversely, several economies just focus on the economic growth by more and
more FDI inflows and pollute the environment due to the less control on environmental policies
validates the pollution haven concept (Dodan, Balsalobre-Lorente, & Nasir, 2020). However, FDI
imparts cleaner technologies in some countries with improved technological plans with clean and
green environment (Tanveer, Song, Faheem, Daud, & Naseer, 2021; Zhang & Zhang, 2018).

The present research engrossed on the dynamics of China for study due to the revealed
appealing properties. Firstly, China sustains the biosphere's major population with the world's
second-largest economy (Worldometer, 2021). Secondly, it is the world's largest oil importer
and carbon emitter. Moreover, crude oil is the mainstay for the industrialization and economic
growth of China (British Petroleum Energy Statistical Review, 2020). Thirdly, China is highly
focused on renewable energy installation projects in the world and is in the leading position
among the USA, Japan, Spain, Germany, the United Kingdom (UK) and France (China, 2020).
Chronically, geopolitical risk is a highly discussed topic these days by researchers and
policymakers. The previous studies regarding the geopolitical risk for China are highly focused
on crude oil security, cash holdings, and financial constraints (Lee & Wang, 2021; Wang, Xiong,
Mirza, Shao, & Yue, 2021). However, little contribution is grabbed for the possessions of
geopolitical risk, energy usage (Non-renewable and Renewable energy), economic development,
and FDI inflows regarding China (Yang, Wei, Li, & He, 2021).

The existing gap is estimated through econometric models in our research that adds to
the research literature in various behaviors. Firstly, previous literature misleads by proving
symmetric association but the current research estimated the asymmetric effects of geopolitical
risk for carbon dioxide emissions. For this purpose, the study applied the updated methodology
of Shin, Yu, and Greenwood-Nimmo (2014) for analyzing the negative and positive shocks of
geopolitical risk. Secondly, the study examined the comparison of fossil energy ingesting and
renewable energy usage for China. Thirdly, our work incorporated structural breaks through
Zivot and Andrews (2002) during econometric analysis which is missing in previous literature.
Fourthly, our study is supportive for government officials and bureaucrats for the formulation of
procedures concerning geopolitical risk and environmental sustainability.

The paper further elaborated in the four sections. The second unit, minutiae about a
transitory literature examination, the third sector mentioned the research method, along with
econometric strategy, variables descriptions, the fourth section describes the results and analysis
under a list of estimated tests, and the fifth section gives the concluding remarks with practical
policies for government officials and policymakers.

2. Brief Literature Review

The critical review of the study sheds light on the variables under examination that is
critically supported by the previous research. The present model of the research examined
carbon emissions as dependent variables and exogenous variables are geopolitical risk, foreign
direct investments inflows, energy consumption, renewable energy intake, and economic
development.
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2.1. Geopolitical Risk and Carbon Emissions

Geopolitical risk includes the factors like terrorism, wars, and political issues among
economies that why geopolitical became a debatable concern these days Mohsin, Zhou, Igbal,
and Shah (2018) for South Asian countries, Garlick (2020) for China and Pakistan, K.-H. Wang,
D.-P. Xiong, et al. (2021) in China, Khan et al. (2021) for Saudi Arabia, and Enamul Hoque et
al. (2019) for Malaysia.

Anser et al. (2021) probed the effects of RE in comparison of non-renewable energy (NRE)
usage, geopolitical risk factor on the carbon discharges for the (BRICS) Brazil, Russia, India,
China, South African countries for the time 1985 to 2015. The conclusion supported that
geopolitical risk and non-renewable energy feeding enhances environment deterioration in BRICS
countries. K.-H. Wang, C.-W. Su, et al. (2021) articulated the reputation of geopolitical risk
and oil security in the perspectives for China using mixed frequency to find the causal
relationship. The results declared that China should maintain good relationships with the oil-
exporting countries for the smooth working and getting crude oil needs. Furthermore, the
scholarly work of K.-H. Wang, D.-P. Xiong, et al. (2021) asserts the inspiration of cash holding
by crude oil-related firms and geopolitical risk for China. The findings are explained that oil
exploration firms should have cash holdings to avoid geopolitical risk for getting crude oil in the
future. Sweidan (2021) discussed the geopolitical risk with adoption of renewable energy
productions for the United States of America using the autoregressive distributive lag (ARDL) co-
integration analysis, under quarterly data from 1973 to 2020. The research of Sweidan (2021)
aimed at grabbing the role geopolitical risk for the cleaner productions for the United States and
findings determined that the US is the world's leading economy and is highly influenced by the
geopolitical risk in achieving economic growth and renewable energy productions. Furthermore,
geopolitical risk plays a backbone role in attaining renewable energies for a cleaner environment.

2.2. Energy Utilization and Carbon Emanations

Fossil energy intake in relationship with carbon productions remained the most debatable
topic from the past two decades. Many researchers estimated the drawbacks and reduction
policies for energy consumption in association with environmental sustainability (Ali, Gong, Ali,
Wu, & Yao, 2021; Hanif, Nawaz, Hussain, & Bhatti, 2022; Nawaz, Ahmad, Hussain, & Bhatti,
2020; Tanveer, Anwer, et al., 2021). The exploration made by Wang, Li, Xu, and Zhang (2014)
focused on the transportation (Railways, Air transport, Road vehicles, and Water transport)
energy consumption for China. The finding showed that fossil energy consumption portrays bad
effects on the environment in China.

The research scrutinized by Ahmad et al. (2016) asserted link amid COadischarges,
economic development and energy consumption for India during 1971 to 2014 using times series
data. The outcome determined a positively increasing linking between carbon radiations and
fossil energy consumption (Bhatti, ur Raheem, & Zafar, 2020). Zakaria and Bibi (2019) explored
the association of CO2 emissions, energy utilization, and financial progress for the span of 1985
to 2015 for the South Asian countries examined the yearly data. The judgments evidenced the
endorsement of an inverted U-shaped graph for energy consumption and square energy
consumption with carbon dioxide emissions. Ahmad, Khan, Rahman, and Khan (2019) studied
the link between carbon emissions and usage of energy for China for time series data from 1980
to 2014 and determined a positive association between carbon emissions and fossil energy use.
Furthermore, many studies proclaimed that energy usage is the backbone for environmental
deprivation like Tanveer, Song, Faheem, and Daud (2023) in Pakistan, Ahmad and Zhao (2018)
among China, and Ahmad et al. (2016) for India.
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2.3. Renewable Energy Sources and Carbon Emanations

The world economies are facing the issue of energy crises with environmental
degradation. Renewable energy sources are the best alternatives for energy production in cleaner
environments (Abdul et al., 2022a). In the present decade, RE sources and environmental
sustainability become the most debatable topic for policymakers and researchers (Fazal, Gillani,
Amjad, & Haider, 2020; Nawaz, Azam, & Bhatti, 2019; Pata, 2021; Ulucak & Khan, 2020).

Chien et al. (2021) asserted research on technological developments, RE sources, and
globalization with environmental pollution for Pakistan under time-sequences since 1980 to
2018. The study estimated the quantile autoregressive distributive lag (QARDL) methodology
and suggested that renewable energy sources (solar and wind) and technological innovations aid
the environmental sustainability for each quintile. Nawab, Bhatti, and Nawaz (2021) found that
technological innovations play an important role to keep environment healthy. Green energy is
also plays a significant role in reducing emissions (Hussain, Nawaz, Ahmad, & Bhatti, 2021).
Wang, Zhang, and Zhang (2021) focused on the renewable energy sources and financial
development for China from 1997 to 2017. The research governed the ARDL-PMG model to get
the long and short run grades. The conclusion advocates that economic progress pollutes the
environment however, financial development and renewable energy clean the environment.
Financial development leads China towards developing more renewable energy sources (Zhao &
Luo, 2017). Farooq, Subhani, Shafiq, and Gillani (2023) found that environmental tax rate
decrease the pollution emissions. Ulucak and Khan (2020) advocated the link of renewable
energy, urbanization, and natural resources for cleaner environment for BRICS republics from
1992 to 2016. The outcome devised that renewable energy showed negative results with
environmental pollution. There are many other researchers that proclaimed the negative linkage
between renewable energy sources and better environmental conditions Ibrahiem (2020) in
Egypt, and Naz et al. (2019) in Pakistan.

2.4. Foreign Direct Investments and Carbon Emissions

In some economies, foreign direct investments (FDI) inflow cleans the environment while
for others it becomes a horrible factor for degrading the environment (Tanveer, Anwer, et al.,
2021). FDI gives two-dimensional effects for the economies of the world. One dimension where
FDI inflows clean the environment due to strict policies states the pollution halo hypothesis (PHH)
and on the other side weak policies lead towards environmental degradation known as the
pollution haven hypothesis (Ali et al., 2021). So, in spite of FDI that provides mixed results for
economies of the world. Some studies proved a positive association between environment and
FDI like Abbasi and Riaz (2016) in Pakistan, Zhang and Zhang (2018) in China, and Shahbaz,
Balsalobre-Lorente, and Sinha (2019) in MENA states. Conversely, several authors validate the
halo hypothesis and showed a negative link between FDI and the environment such as Ahmad,
Khattak, Khan, and Rahman (2020) for G7 countries.

2.5. Economic Development and Carbon Emanations

The goal of the global economy is to achieve ever-increasing growth. But in the race for
higher economic growth environmental sustainability is at stake (Gorus & Aydin, 2019). Many
studies validated the positive association of economic growth and environmental pollution such
as Ahmed and Wang (2019) among India, Rahman and Ahmad (2019) in Pakistan, Ahmad et
al. (2020) for OECD nations, and Ibrahiem (2020) for Egypt.

The outcomes of Sarkodie and Strezov (2019) described greenhouse showed a positive
connection with China, India, Iran, Indonesia, and South Africa. Ahmad et al. (2019) inspected
economic and financial progress, with carbon discharges in China for the time span 1980 to 2014.
The consequence showed with an upsurge in economic development environmental pollution
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increases to an advanced rate which is a global dilemma. Ali, Ashraf, Bashir, and Cui (2017)
determined the relation of economic boost and carbon productions for the years 1960 to 1990
and found positive effects on the environmental dilapidation in the agriculture division of
Pakistan.

The literature of the study motivated to work out the asymmetric special possessions of
geopolitical risk under the umbrella of RE ingestion, FDI, economic development, and CO:
emanations for the developing economy of China.

Research Data, Models and Methodology

To get valuable insights through the dynamics of long run and short run association amid
the variables of the study, the present research examined the yearly data records from 1990 to
2018 for China. The carbon dioxide emanations (CO2) work as the reliant on variable while
geopolitical risk, energy consumption, renewable energy (RE) ingesting, foreign direct
investments inflow (FDI) and economic development are estimated as the independent variables.
The descriptions of the variables, signs and foundations are briefly mentioned in Table 1. Our
research explored the symmetric and asymmetric effects of geopolitical risk with CO2 emissions.
Carbon emissions and geopolitical risk possess a strong relationship that is inspected in the
previous research outcomes by (Meirun, Mihardjo, Haseeb, Khan, & Jermsittiparsert, 2021).
Furthermore, many of the world economies import the energy needs from other countries, and
FDI that's why geopolitical risk, energy consumption, economic growth, and FDI holds a strong
association (Sweidan, 2021; Yang et al., 2021).

Table 1
Variable Details and Sources
Variable Symbol Details Data Source
Carbon emission CBE CO2 emanations World Bank
(Metric tons per capita)
Geopolitical Risk GPR Geopolitical Risk Index Policyuncertainty.com
Energy Usage ENC Energy use World Bank
(Per Kg of oil equivalence per capita)
Renewable Energy Usage RENR Renewable energy usage British Petroleum
(% of total final energy consumption)
Foreign direct investments FDIN Foreign direct investment, net inflows World Bank
(Bop, current US$)
Gross Domestic Products GDP GDP (constant 2010 US$) World Bank

3.1. Econometric Scheme

For the sake of analysis, several studies estimated different techniques to discover out
the long term and short-run families among the analyzed variables. We employed econometric
estimation of the autoregressive distributive lag technique (ARDL) for symmetric outcomes
projected by Pesaran and ]S (2001) to ascertain the influence of carbon emissions on geopolitical
risk, RE and NRE utilization in the presence of economic development, and FDI. Furthermore,
non-linear autoregressive distributive lag (NARDL) for analyzing asymmetric results by Shin et
al. (2014) to determine the positive shockwaves and negative effects of geopolitical risk and
carbon emissions.

The ARDL co-integration testing technique is quite feasible for our research to acquire the
short and long run outcomes due to surprising benefits mentioned below. In first, the ARDL
method is the finest one for the low data range and extent. Secondly, in the statistical
perspectives, it is closely equivalent to the standard correction term (ECT) model. Third, the
ARDL estimates co-integration among the variables through the bounding test criterion. The
variable's stationary values must be of the mixed sequence of integration i.e. at level I (0), and
I (1) but no value for second-order I (2). Fourthly, it gives the short with long run association
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for the data variables under discussion. Fifthly, it estimates the residual value in the form of an
error correction term known as the ECT term (Banerjee, Dolado, & Mestre, 1998).

The NARDL procedure is the extended conception of the ARDL process offered via
(Pesaran & JS, 2001). The NARDL method shows similar advantages with the ARDL estimation
with asymmetric results. However, it is the appropriate methodology to examine the negative
(GPR") and positive (GPR*) shocks of geopolitical risk with carbon emanations. The differentiated
benefits of the NARDL approach are mentioned. First, it captures the asymmetric non-linear
association in a single equation that gives a better performance for the small sample. Second, it
estimates the various lag values to validate the various models of the study. Additionally, ARDL
and NARDL methods are more appropriate than conventional techniques of Granger and
Johansen and Julius that is restricted to all the variables must be co-integrated at first order.

3.2. Mathematical Specifications of Model

The existing research investigated the impact of CO> emanations on independent
variables i.e., geopolitical risk, NRE consumption, RE use, foreign direct investments inflow, and
gross domestic product as a proxy of economic development mentioned in equation 1.

CBE = f(GPR,ENC,RENR,FDIN,GDP) (1)

Where CBE represents the carbon dioxide emissions, GRP indicates the geopolitical risk,
ENC shows the non-renewable energy consumption, RENR indicates renewable energy sources,
FDIN asserts the foreign direct investments inflows, and GDP donates the gross domestic
products.

CBE, = u, + uyGPR, + usENC, + ,RENR, + usFDIN, + usGDP, + 1, (2)

The coefficients p2, b3, M4, M5, and We are the elasticity value of carbon dioxide emissions
concerning geopolitical risk, fossil energy usage, renewable energy expenditure, foreign direct
investment, financial development, and economic growth. The current research applied the ARDL
and NARDL to get the symmetric and asymmetric outcomes that are employed by many
researchers in previous studies (Faheem, Azali, Chin, & Mazlan, 2022; Tanveer et al., 2022).

ACBE, =8y + X186, ACBE ,_ + %! (6, AGPR,_; + X (83,4ENC,_; + ¥1_ 64 RENR,_; +
¢ 085i AFDIN,_; + Y 86 AGDP,_; + i, CBE ,_, + jtGPR,_y + i3ENCy_y + U4RENR,_; + pusFDIN,_; +
HeGDPy_y + g (3)

In the overhead mathematical equality, A expressed the first differences I (1) assessment
for the applied variable and the resolute drift limit calculations do. The unhindered error
correction term (ECM) Banerjee et al. (1998) projected as in the below equation:

ACBE =8y + i1 814 CBEy,_; + X1 8,4GPR,_ + XL 834 ENC_; + Xi_g S44ARENR,_; + Y- 85 AFDIN, ; +

+3F 86;AGDP._; + AECT — 1+ v (4)

In the upper math model, A expresses the rapidity of regulating parameter with the error
correction stretch (ECT) that designates the enduring values from the analyzed math design.
Furthermore, the non-linear equation is projected that demonstrates asymmetric effects of
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geopolitical risk according to the NARDL technique where geopolitical risk is split into positive
and negative forms.

CBE , = 44, + £, GPR "t + 11, GPR.™ + 14, X, + ¢, ®

Constructed on the non-linear math Equation (5), p2tshows geopolitical risk influence on
carbon release in long term in equation (6), that is predictable to be positive. Where, p2 in the
math equation (7) designates the reducing impact among CO2 emission and geopolitical risk.

1, " GPR -2 AGPR; -3 maxaGPR, 0) ©)

41" GPR = AGPR, = XmaxaGPR, 0 )

Math equation (8) focuses on the positive shockwaves and negative shockwaves of
geopolitical risk on the carbon emanations for China. The long-term and short-term asymmetry
is restrained by p2*andu2, 627 and 82 separately by the below-given hypotheses:

ACBE [ =8y+ %1 8,,ACBE,,  +¥0 6%, AGPR*,_;+ Y12 87 AGPR ™, + ¥{_ 63, AENC,_; +
=084 ARENR,_; + ¥i_o 85; AFDIN,_; + ¥:5_ 86; AGDP,_; + ;s CBE ,_| + i *GPR,_;* + = ,GPR™¢_; +

MENC—y + p4RENR;_y + usFDIN,_y + usGDP_; + ¢, (8)

Ho: pot = p27 =0

pl p2
HO:Z 6+2i = Z 6_21'
i=0 i=0

For the entire values i =0... p.
Empirical Analysis

The research analysis is supported out by the autoregressive distributive lag (ARDL)
model for the symmetric outcomes and the NARDL operations for the evaluation of asymmetries
results of geopolitical risk with carbon discharges for China during the period 1990 to 2018. The
research examined the impact of carbon radiations on geopolitical risk, non-renewable energy,
renewable energy, FDI and GDP.

4.1. Description Statistical Analysis

The description statistics of the exogenous and endogenous variables has been
designated Table 2 which is based on the median, mean, maximum, probability, minimum, and
standard deviation math statistics.

The descriptive statistics mean, median, maximum, and minimum values are maximum
for GDP and lowest for carbon emissions. Furthermore, the correlation matrix shows association
among the variable. The correlation matrix indicates that carbon emissions and geopolitical risk
are positively correlated, fossil energy consumption is positively correlated with carbon emissions
and geopolitical risk, RE is negatively correlated with carbon emission, while GDP and FDI
represent a positively relationship with CO-.
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Table 2
Descriptive Statistics

CBE GPR ENC RENR FDIN GDP
Mean 1.3760 4.3120 7.1783 2.9907 25.0020 28.8167
Median 1.3741 4.2138 7.1453 3.0037 24.9445 28.7934
Std. Dev. 0.4940 0.5001 0.4455 0.4270 1.18248 0.7941
Skewness 0.0137 0.2350 0.1626 -0.0635 -0.9153 -0.0919
Kurtosis 1.3636 2.2070 1.4006 1.2347 3.4239 1.7717
Maximum 2.0021 5.3153 7.8415 3.5288 26.3963 30.0173
Minimum 0.6494 3.5006 6.6023 2.4281 21.9723 27.4421
Probability 0.1982 0.5984 0.1999 0.1507 0.1184 0.3937
Jarque-Bera 3.2362 1.0267 3.2188 3.7848 4.2668 1.8638
Sum 39.9061 125.0504 208.1735 86.7306 725.0584 835.6870
Sum Sq. Dev. 6.8338 7.0054 5.5573 5.1074 39.1516 17.6562
Observations 29 29 29 29 29 29
CBE 1
GPR 0.4180 1
ENC 0.9944 0.4443 1
RENR -0.9915 -0.3691 -0.9825 1
FDIN 0.9188 0.2634 0.8872 -0.8933 1
GDP 0.9811 0.4704 0.9789 -0.9511 0.9315 1

4.2. Unit Root

The first step to start with the ARDL approach is finding the stationary analytics of the

examined variables. For the evaluation of the unit root test the (ADF) Augmented Dickey-Fuller
with (PP) Philips Peron tests are applied. The thumb of rule for the unit root states that the
variables must be stationary at the level I (0), and the first difference I (1) with no second degree
I (2) stationary value. The co-integration of the variables may be consisting of the mixed order
of integration. The unit root test values for the current analysis seems white sound with all the
variables i.e., CBE, GPR, ENC, RENR, FDIN, GDP expressed stationary figures at the first
difference in Table 3. Further, structural breaks analysis with break year are presented in the
Table 3 by estimating the Zivot & Andrews test.

Table 3
Unit Root Examination & Structural Year Breaks
At Level At First difference Decision

Variable ~— ApF PP ZA Year ADF PP ZA Year
CBE -0.337 -0.178 -4.096 2009 -3.328%** -3.280%** -4,114%** 2012 I(1)
GPR -2.537 -1.830 -4.385 2007 -5.353%* -4.,932%* -10.147*%** | 2004 I(1)
ENC -0.029 0.464 -3.420 1996 -2.850** -2.907** -4.234%** 2003 I(1)
RENR -1.180 0.464 -3.688 2003 -2.859%* -2.907* -4,972%** 2003 I(1)
FDIN -0.676 -0.649 -2.991 2010 -5.479** -5.479** -5.872**x* 2012 I(1)
GDP -0.697 -1.054 -3.420 2001 -2.615%* -2.9113* -5.094*** 2011 I(1)

Note: *, ** **x* and **** for 10%, 5%, 2.5% and 1 % respectively.

4.3. F-Bounds Test (ARDL)

The second step for the ARDL system is the validation of the bound test approach. The
long run integration among the affiliation of the variables is verified through the f-bound test.
The f-bound statistic figure must be at greater level than the lower critical bound (LCB) and
upper critical bound (UCB) value. The findings of the bounds test in Table 4 indicate that the f-
statistic value (14.938) is greater than upper statistics with lower critics bound statistical values.
The outcome validates the goodness of fit for the studied econometric approach.
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Table 4
Bounds test assessments: (ARDL)
F-bound Examination Null hypotheses: Not at the level relations
Significance I(0) Bound. I(1) Bound.
F-statistical 14.938 10% 2.45 3.52
K 4 5% 2.86 4.01
2.5% 3.25 4.49
1% 3.74 5.06

4.4. Long and Short Run Dynamical Estimates (ARDL)

The co-integration by limits test approves the existence of a long-term connection
between the variables in question. Using the variables in the supplementary Table 5, the ARDL
method manages the symmetric (linear) relationships of the variables and elucidates the
dynamics of long and short run values. The long and short run outcomes indicated a significant
positive link of carbon emissions with geopolitical risk. The discoveries are similar with Anser et
al. (2021) for BRICS realms, and Al-Nuaimi, Banawi, and Al-Ghamdi (2019) for Qatar that
suggesting that geopolitical risk plays a key role for the cleaner sources in the economies. The
economies with good relationships can share cleaner environment ideas and technologies while
the aims of wars, and terrorism badly move the economies towards environmental pollution.
Especially, China is highly aimed towards good relationships with the world economies and highly
inclined for a green environment.

Non-renewable energy (Gas, Coal, and Qil) resolute a positive with significant correlation
with carbon productions in terms of short and long connection that is similar to the studies of
Tanveer et al. (2022) for Pakistan, and Ahmad et al. (2019) in China. Basically, Pakistan, China,
Turkey is related to the same geographical location and badly affected by fossil energy
consumption especially due to fossil petroleum intake in the manufacture sector. However, China
along with other world economies are highly concerned about reduction policies for fossil energy
resources. Surprisingly, RE foundations (Solar, Wind) expressed a negative link with carbon
emanations in the short and long run for China that supports the previous studies of Liu, Ren,
Cheng, and Wang (2020) for G7 countries, and Rahman and Ahmad (2019) among Pakistan.
The findings suggest that while renewable energy sources have long-term economic, social, and
environmental benefits, they require an initial investment. In the year 2020, China became the
world's largest country with renewable energy installations (China, 2020). Furthermore, Pakistan
and other world countries are highly aimed towards the electrical vehicles, solar energy, and
wind power projects to get the cleaner productions and environment.

Moreover, the findings of FDI significantly proved the pollution haven theory (PHH) in
long and short run for China by validating a positive connection between carbon emissions and
FDI. The outcome is similar to the previous studies like Abbasi and Riaz (2016) in Pakistan,
Zhang and Zhang (2018) among China, and Ali et al. (2021) for Malaysia. The findings ascertain
that FDI inflows badly pollute the environment deterioration however, enhances the economic
development in the country. In this way many of the world economies pollute the environment
at the rate of environmental degradation.

However, some economies proved the negative relationship of FDI and CO2 emanations
by confirmative the pollution halo hypothesis like Zakaria and Bibi (2019) for Asian economies,
and Ahmed, Zafar, and Ali (2020) for G7 countries. In fact, the pollution halo hypothesis holds
in the countries with strict environmental policies that only permit pollution-free inflows in their
countries. For the economic growth that provided insignificant positive consequences in short
terms and long run for carbon emissions in China. The consequences same to the previous
contributions of Tanveer, Song, et al. (2021) in Pakistan, and Charfeddine and Kahia (2019)
among MENA states. The findings explain that economic growing causes more fossil energy
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ingesting and manufacturing activities in the country that badly destroy the environment.
Another way to verify the long run dynamics amongst the variables of the study is the error
correction term (ECT) criterion. It is determined that the ECT term bears a negative sign with
the significant coefficient value (Pesaran & ]S, 2001). The ECT term for the current estimated
model seems up to the standard.

Table 5

Long & Short Run Evaluations (ARDL Approach)

Long Run

Variable Coefficients Stdn. Error t-Statistics Prob
GPR 0.0471%%%* 0.0122 3.8339 0.0016
ENC 0.5724%*x* 0.0590 9.7025 0.0000
RENR -0.4209%** 0.0339 -12.3858 0.0000
FDIN 0.0836*** 0.0141 5.8932 0.0000
GDP -0.0526 0.0381 -1.3824 0.1871
CONSTANT -2.2307%** 0.4926 -4.5281 0.0004
Short-run

Variable Coefficient Stdn. Error t-Statistics Prob
D(GPR) 0.0340*** 0.0088 3.8386 0.0016
D(GPR(-1)) -0.0246** 0.0087 -2.8379 0.0125
D(ENC) 0.3929*** 0.1137 3.4548 0.0035
D(RENR(-1)) -0.4911%** 0.0464 -10.5769 0.0000
D(FDIN) 0.0486*** 0.0156 3.1061 0.0072
D(FDIN(-1)) -0.0214 0.0123 -1.7405 0.1022
D(GDP) 0.3424 0.2274 1.5057 0.1529
D(GDP(-1)) -0.4727%x* 0.2396 -1.9730 0.0672
ECT -1.1667%** 0.0916 -12.7329 0.0000

Note: *, **, ***x* gnd ***x* for 10%, 5%, 2.5% and 1 % respectively.
4.5. Diagnostic Stability

The diagnostic estimates are conducted through various stability criterions like the Serial-
lag range multiplier (LM) test, Durbin-Watson (DW) trial, Histogram normality trial, normality
statistics by Jarque-Bera (JB), Hetero trial, Ramsey reset test, R-square and adjusted R-square
in Table 6. The articulated values for the R-square is 0.999, Durbin-Watson 2.443, adjusted R-
square 0.999, 1.B test 0.789, Ramsey reset test 0.213, and Hetero test value is 0.213. All the
values in the diagnostic test seem white sound and lie in the acceptable region.

Table 6

Diagnostic Estimations (ARDL)

Diagnostic tests Statistics
R2 0.999

Adj R? 0.999
Durbin Watson Stat 2.443 (0.000)
LM test 1.894 (0.189)
J.B test 0.789 (0.673)
Hetro test 0.637 (0.789)
Ramsey reset test 0.213 (0.834)

4.6. Non-Linear ARDL Estimates

Shin et al. (2014) use NARDL operations to evaluate the dynamics of expected unequal
outcomes. The purpose of our study was to identify the dynamical impacts, both positive and
negative, of geopolitical risk on carbon releases. Narayan and Smyth (2005) provided upper and
lower critical bound standards to verify the long-term co-integration among the variables, and
the calculated f-statistic value shown in Table 7 is greater than both. Furthermore, the Wald test
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is used to confirm the validity of long- and short-term asymmetry association in the NARDL.
Table 7 shows the results of a Wald test, which confirms that there is a significant difference
between the short- and long-term results.

Table 7
F-Bounds Estimates and Wald Test (N-ARDL)
Null hypotheses: Not at level relations

Significance. I (0) Bound I (1) Bound
F statistics 11.0555 10% 2.75 3.79
K 5 5% 3.12 4.25
2.5% 3.49 4.67
1% 3.93 5.23
NARDL Wald Estimates
Test F-statistics Probabili Conclusion
ty
W-r 2.884 0.0124 Long Track asymmetric linkage occurs
W-gr 0.671 0.04231 Short Track asymmetric linkage occurs

4.6.1.Short and Long Run Analysis (NARDL)

Our research explored the asymmetric association of geopolitical risk (GPR* and GPR")
with carbon dioxide emanations and presented in Table 8. The findings for the positive shocks of
geopolitical risk (GPR*) determined a significant positive result in short and long path. While the
consequences for the negative effects of geopolitical risk (GPR") determined positive and
insignificant result that validates the asymmetrical association of geopolitical risk and CO:
emanations for China. The results show how both rising and falling geopolitical risk negatively
affect ecosystems. There is also an adverse effect on the economy and the environment from
terrorism, trade disputes, border concerns, political risk, and conflicts. The consequences like
with Anser et al. (2021) for BRICS states. The findings revealed that geopolitical risk significantly
enhances carbon emissions due to some tremendous factors. Firstly, GPR creates hindrance in
the way of renewable energy sources, innovations, economic growths. Secondly, foreign direct
investments inflows (FDI) is most of the time discouraged due to the geopolitical risk factors that
ultimately escalates the carbon emissions. Thirdly, policymakers and government personnel
deviate from environmental concerns under the geopolitical risk pressures in the economies.

Table 8
Short and Long Period Evaluations (NARDL)
Long Run Results

Variable. Coefficients Stdn. Error t-Statistics Prob.
GPR* 0.0150%** 0.0076 1.9830 0.0613
GPR 0.0040 0.0156 0.2581 0.7989
ENC 0.5110*** 0.0852 5.9964 0.0000
RENR -0.4201*** 0.0570 -7.3620 0.0000
FDIN 0.0442*** 0.0095 4.6298 0.0002
GDP 0.0298 0.0488 0.6099 0.5487
C -3.0340 0.6548 -4.6332 0.0002
Short Run Results

Variable. Coefficients Stdn. Error t-Statistics Prob.
D(GPRY) 0.0170%** 0.0081 2.0837 0.0502
D(GPR) 0.0045 0.0177 0.2574 0.7994
D(ENC) 0.5778*** 0.1100 5.2527 0.0000
D(RENR) -0.4751*** 0.0697 -6.8113 0.0000
D(FDIN) 0.0292** 0.0125 2.3196 0.0311
D(GDP) 0.0337 0.0557 0.6054 0.5517
ECT -1.1308*** 0.0807 -14.0072 0.0000

Note: *, ** ***x gnd **** for 10%, 5%, 2.5% and 1 % respectively.
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Concerning fossil energy use and renewable energy ingesting that presented significant
positive and negative outcomes respectively in short-term and long run under the NARDL
estimates. The outcomes are same as Le, Le, and Taghizadeh-Hesary (2020) for Asian countries.
FDI indicated the same findings with ARDL i.e., significant positive effects with carbon
emanations in short and long run. The outcome is the same as Tanveer, Anwer, et al. (2021) in
Pakistan, while Ali et al. (2021) for Malaysia which stress that FDI inflows improve economic
growth while badly affecting environmental pollution. The key issue is that FDI inflow causes
more fossil energy consumption that result in environmental degradation. Further, concerning
with economic growth revealed significant positive results in short and long terms that is in line
with Zaidi, Hussain, and Zaman (2021) for OECD economies. In the end of Table 8 an alternative
criterion for validation of long run co-integration showed significant and negative coefficient
values.

4.6.2.Diagnostic Test

The R-square values 0.999, modified R-square values 0.999, serial LM test for normality
1.781, Jarque-Bera test 1.129, Hetero estimate 1.547, and Ramesy reset test 0.763 are used to
validate the diagnostic analysis stability of the NARDL model. Table 9 displays the diagnostic
stability results. This demonstrated that all of the values are inside the permitted range.

Table 9

Diagnostics Statistical Tests (NARDL)

Diagnostic Estimate. Statistics.
.R? 0.999
Adj. R? 0.999

LM test 1.781 (0.196)
Jarque-Bera Analysis 1.129 (0.568)
Hetrodest test 1.547 (0.203)
Ramsey-Rreset test 0.763 (0.454)

4.6.3.Stability of Models

Figures 1 and 2 display cumulative sum graphical view and cumulative sum of square
graphs, respectively, for ARDL models in order to demonstrate their stability. In addition, the
cumulative sum and cumulative sum of square graphs for the asymmetric models are depicted
in figures 3 and 4, respectively. The graphs are all at a good, steady spot. Figure 5 shows a
multiplier graph, which further confirms the durability of the obtained asymmetric findings.
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Figure 1: CUSUM (ARDL) Figure 2: CUSUM(SQ) (ARDL)
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5. Conclusion

This study calculates China’s CO2 under the asymmetric effect of geopolitical risk over
1990 to 2018. To achieve the objective, the study hires linear and nonlinear autoregressive
distributed lag simulations at the same time to deliberate the impact of geopolitical risk in terms
of asymmetry. Our paper also discusses the other factors like non-renewable and renewable
energy consumption, real GDP including foreign direct investments to test the pollution haven
hypothesis whether exists or not in China. The study's main conclusions are as follows:

The geopolitical risk for the country is a much more crucial factor that would affect the
environment. To plug the existing cavity in prior literature our study results challenge the
previous symmetric relation of geopolitical risk with the environment performance. Our empirical
consequences revealed the asymmetric effect of geopolitical risk on the environment. The
positive and negative change in geopolitical risk affects the environment differently. Further,
geopolitical risk showed a significant positive linkage with environmental sustainability in China.
The outcomes suggest that China should maintain good relationships with the oil rich countries
to fulfill their energy needs. In parallel foreign direct investment (FDI) indicated positive linkage
with environmental performance. Moreover, increasing FDI increases CO: emission which
evidences the authentication of the pollution haven hypothesis. Adopting pollution-free foreign
investment that reduces emission is one way for the Chinese economy to adapt its FDI structure.
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According to the findings, using renewable energy sources instead of fossil fuel has a negative
conclusion on CO2 emissions but increasing GDP does. To minimize carbon dioxide emissions in
China, renewable energy consumption must be balanced with other environmental factors.
Reforming environmental protection regulations without increasing geopolitical instability
requires action. As the energy blend should be pouring out to create a cleaner, higher-quality
atmosphere, the findings also indicate that government authorities and lawmakers create
legislation to boost renewable energy consumption. Given its role in accelerating environmental
deprivation in China, the study's conclusions also urge governments to welcome environmentally
benign foreign direct investment.
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