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Abstract
Geopolitical risk (GPR) and other social indicators have raised many somber environmental-related issues among government 
environmentalists, and policy analysts. To further elucidate whether or not these indicators influence the environmental qual-
ity, this study investigates the impact of GPR, corruption, and governance on environmental degradation proxies by carbon 
emissions  (CO2) in BRICS (Brazil, Russia, India, China, and South Africa) countries, namely Brazil, Russia, India, China, 
and South Africa, using data over the period 1990 to 2018. The cross-sectional autoregressive distributed lag (CS-ARDL), 
fully modified ordinary least square (FMOLS), and dynamic ordinary least square (DOLS) methods are used for empirical 
analysis. First and second-generation panel unit root tests report a mixed order of integration. The empirical findings show 
that government effectiveness, regulatory quality, the rule of law, foreign direct investment (FDI), and innovation have a 
negative effect on  CO2 emissions. In contrast, geopolitical risk, corruption, political stability, and energy consumption have 
a positive effect on  CO2 emissions. Based on the empirical outcomes, the present research invites the concentration of central 
authorities and policymakers of these economies toward redesigning more sophisticated strategies regarding these potential 
variables to protect the environment.

Keywords Carbon emissions · Geopolitical risk · Corruption · Governance · CS–ARDL approach · BRICS countries

Introduction

Climate change is one of the most important environmental 
burdens affecting the sustainable economic growth of almost 
all countries worldwide. These days, the most contentious 
problems are global warming, climate change, and envi-
ronmental destruction. The average increase in the world’s 
temperature and the occurrence of extreme weather is caused 
mainly by the aforementioned variables. Additionally, dis-
tortions in both consumption and production activities are 
mostly caused by these factors, namely climate change, envi-
ronmental degradation, and global warming (Ahmad and 
Du 2017; Jahanger et al. 2023; Saqib et al. 2023). Addi-
tionally, GHGs (greenhouse gases) are mostly to blame for 
the deterioration of the ecosystem.  CO2 emissions account 
for approximately 76% of all GHGs (Coskuner et al. 2020; 
Usman et al. 2023).

Geopolitical risk (GPR) has grown in every region over 
the past few decades. Wars, acts of terrorism, and political 
unrest among nations have all occurred across the globe. 
The GPR also affects society and politics, as well as the 
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economy. Businesses and investors must consider GPR when 
deciding where to invest or operate. For example, a company 
might avoid investing in a country experiencing political 
turmoil or economic instability, or diversify its investments 
across multiple countries to minimize risk. GPR can have 
significant effects on global markets, as well as on individual 
businesses and industries. It is essential for businesses and 
investors to stay informed about geopolitical developments 
and to have strategies in place to mitigate potential risks.

Additionally, geopolitical occurrences, such as the US-
China trade war, 9/11, and the Bombay assaults, have altered 
economic agents’ perspectives (behavior). Investors, busi-
nesses, and central banks see GPR as a crucial indicator 
of economic success. The World Bank and the IMF have 
recently reported growing worries about GPR. Numerous 
pieces of research have focused on the economic effects of 
GPR. According to Saint Akadiri et al. (2020), GPR has a 
detrimental impact on tourism and economic growth. Simi-
lar conclusions on how GPR influences tourist receipts are 
drawn by Alola et al. (2019) and Athari et al. (2021). While 
Su et al. (2019) provide evidence that GPR influences oil 
prices and financial liquidity, Rasoulinezhad et al. (2020) 
indicate that GPR affects energy use.

In addition, Wang et al. (2019) conclude that GPR and 
investments have a bad association. Olanipekun and Alola 
(2020) have discovered that positive shocks negatively 
impact oil production to geopolitical concerns. GPR could 
have an impact on the environment. GPR may hinder energy 
use and economic growth, which would reduce  CO2 emis-
sions. Additionally, GPR may hinder R&D, innovation, and 
sustainable energy use, all of which would increase carbon 
emissions, similar to how GPR could incentivize companies 
to use conventional, environmentally harmful manufactur-
ing techniques, increasing carbon emissions. Researchers 
must investigate the connection between GPR and emissions 
to reduce pollution levels. The results showed that GPR 
increased  CO2 emissions.

Furthermore, these nations’ use of renewable energy 
reduces emission levels. Syed et al. (2022) investigated 
whether uncertainty in economic policy and geopolitical risk 
increased  CO2 emissions. In BRICS countries, the finding 
reveals that geopolitical risk increases carbon emissions in 
the lowest quartiles while decreasing them in the middle and 
upper quartiles. The conditional distribution of  CO2 emis-
sions also shows that GDP per capita, renewable and non-
renewable energy, and urbanization all have different effects 
on  CO2 emissions.

Political stability can be an important factor in economic 
growth and development, as it can provide a conducive envi-
ronment for businesses and investors to operate. Countries 
with political stability are generally more attractive to for-
eign investors, as they offer a lower level of risk and a more 
predictable business environment. Additionally, political 

stability can lead to increased consumer confidence, which 
can boost economic growth. Conversely, countries that expe-
rience political instability, such as coups, civil unrest, or 
frequent changes in government, are often viewed as risky 
for investment and can lead to economic decline. Politi-
cal instability can also have negative effects on a country’s 
social and cultural fabric, leading to division and conflict 
within society. In summary, political stability is an important 
factor for a country’s economic and social well-being and is 
closely tied to its ability to maintain a reliable and effective 
system of governance.

A variety of illicit behaviors that endanger society, the 
economy, and global warming and environmental challenges 
is reflected in corruption. In empirical investigations, corrup-
tion and  CO2 emissions are linked from two different angles. 
Accordingly, Sekrafi and Sghaier (2018), Jahanger et al. 
(2022), and Akhbari and Nejati (2019) establish a negative 
association between corruption and carbon emissions and 
concludes that controlling corruption enables lowering pol-
luting emissions. The opposing viewpoint contends corrup-
tion can increase carbon dioxide emissions (Ridzuan 2019). 
Sahli and Rejeb (2015) and Hassaballa (2015) examined the 
connection between corruption and carbon dioxide emissions 
in the MENA area. Both empirical studies show that corrup-
tion has a beneficial impact on the environment. However, 
Sahli and Rejeb (2015) find a positive relationship between 
corruption and  CO2 emissions. Dincer and Fredriksson’s 
(2018) examined data from 48 US states between 1977 and 
1994. They found that corruption and trust have a positive 
effect on emissions and per capita income. Wang et al. (2018) 
examined the corruption, economic growth, and  CO2 emis-
sion nexus for BRICS countries from 1996 to 2015. They dis-
covered that the control of corruption lowers  CO2 emissions 
and that the moderating effect of corruption is critical in the 
link between economic growth and carbon dioxide emissions. 
Sinha et al. (2019) examined the BRICS countries to exam-
ine the nexus between environmental quality and corruption. 
They showed that EKCs with an inverted N form exist and 
that corruption changes where EKCs turn around.

Numerous variables contribute to carbon emissions, 
but it is vital to remember that there is always a solution to 
any issue. Strong governance is a remedy to environmen-
tal degradation brought on by excessive carbon emission 
(Sarwar and Alsaggaf 2021; Yang et al. 2021; Mohammed 
et al. 2023). According to Sarpong and Bein (2020), who 
examined the link between good governance and  CO2 emis-
sions in SSA area nations, good governance is inversely 
associated with carbon emissions in oil-rich countries. How-
ever, nations that do not produce oil also benefit from this 
arrangement. Although there is a clear correlation between 
these two factors, effective governance also has various 
indirect effects on carbon emissions. In MENA economies, 
the link between good governance and the environment 
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was examined by Omri and Mabrouk (2020). Results of the 
investigation, which used data from 1996 to 2014, showed 
that excellent governance reduces carbon emissions because 
it alters human behavior or leads to human development that 
contributes to the drop-in emissions. Oliveira (2019) exam-
ined the connection between governance and the environ-
ment using data from Brazil and concluded that both formal 
and informal aspects of governance contributed to the addi-
tion of green practices, improving the environment overall. 
Baloch and Wang (2019) studied the BRICS nations to see 
whether governance had any bearing on the countries’ abil-
ity to reduce their carbon emissions. According to a panel 
data analysis of data from 1996 to 2017, there is a strong 
and unfavorable association between governance and car-
bon emissions in these nations. Also, good governance does 
encourage green behaviors, which are important for protect-
ing the environment and reducing carbon emissions.

This study contributes to the literature in four major 
aspects. First, this study simultaneously investigates the 
effects of geopolitical risk, corruption, and governance indi-
cators on  CO2 in BRICS countries. The inclusion of these 
variables collectively is vital because formulating appropriate 
and effective strategies for protecting environmental quality 
demands the exploration of all possible factors and quantify-
ing their impact, which has been ignored in previous studies. 
Second, along with these variables, a few other important 
variables, namely FDI and innovation, are also included, 
further strengthening the study and providing more in-depth 
information regarding the causes of carbon emissions. Third, 
in contrast to the previous research, which employed conven-
tional econometrics techniques, this empirical study employs 
more sophisticated techniques, such as second-generation 
techniques, to address the problem of heterogeneity and 
cross-sectional dependency. Finally, exploring the determi-
nants of  CO2 in the case of BRICS will provide new insight 
to researchers in the relevant area and seems to be a valuable 
addition to the literature. Considering their determined eco-
nomic development tactics demands ever-increasing energy 
and progressively sophisticated consumer commodities, it is 
significant to acquire how BRICS countries tactic ecological 
defense. The important empirical conclusions of this research 
strain the position of appropriate measures for well-organ-
ized energy consumption and reserves in the product sphere 
for complication in light of the sequence for a sustainable 
atmosphere. Long-run times of low-slung geopolitical risk 
and other study indicators need representatives to progress 
solutions to protect the environment, being the present con-
tribution’s policy-level extension.

The rest of the paper is organized as follows. The study’s 
“Literature review” section deals with the literature review, 
and the research methodology is given in the “Data descrip-
tion, model specification, and research methodology” section. 
The “Results and discussion” section presents the results, and 

the discussion, conclusions, policy recommendations, and 
further research are given in the “Conclusion, policy recom-
mendation, and future research direction” section.

Literature review

Geopolitical risk and  CO2 emission

Anser et al. (2021a) investigated the nexus between envi-
ronmental degradation, uncertainty, and geopolitical risk in 
emerging economies from 1995 to 2015. This study applied 
the IPAT theoretical model through the FMOLS economet-
rics model. They found that a 1% surge in the GDP leads to 
a rise in EFP by 0.31% in an emerging economy. Another 
study by Anser et al. (2021b) examined the nexus between 
the environment and geopolitical risk in BRICS countries. 
According to the findings, GPR increased  CO2 emissions. 
Hashmi et al. (2022) analyzed the environmental Kuznets 
Curve hypothesis amidst geopolitical risk in the global evi-
dence. The results show that a short-term increase in GPR 
of 1% reduces emissions globally by 3.50%.

On the other hand, over time, a 1% increase in GPR 
promotes a 13.24% increase in emissions. They found that 
energy consumption increases global emissions over the 
long and short terms, which is also what was predicted. Syed 
et al. (2022) investigated whether economic policy uncer-
tainty and geopolitical risk increase environmental pollu-
tion in BRICS nations. The finding reveals that geopolitical 
risk increases  CO2 emissions in the lowest quartiles while 
decreasing them in the middle and upper quartiles. The con-
ditional distribution of  CO2 emissions also shows that GDP 
per capita, renewable and non-renewable energy, and urbani-
zation all have heterogeneous effects on  CO2 emissions. Riti 
et al. (2022) worked on geopolitical risk and environmental 
degradation in BRICS. The outcomes also demonstrate that 
the disaggregated level results do not support the aggregate 
level environment-GPR findings. As a result, the following 
conclusions about aggregation bias in estimations might be 
made: Policymakers may be misled by the false evidence to 
provide improper policies about environmental issues since 
the aggregation bias may result in an incorrect environmen-
tal GPR postulation.

Corruption and  CO2 emission

Yao et al. (2021) used the STIRPAT model to analyze data 
from the BRICS and the following 11 countries between 
1995 and 2014 to assess the effects of financial develop-
ment and corruption on energy efficiency and ecological 
footprint. Brazil is the most efficient of the BRICS nations 
regarding GDP growth, input reduction, and undesired 
output  (CO2 emissions). Wang et al. (2018) used a panel 
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of BRICS nations from 1996 to 2015 to use a partial least 
square regression model to examine the moderating effect 
of corruption on economic growth and  CO2 emissions. 
By manipulating the model with urbanization, trade, and 
population growth rates for a panel of BRICS nations, they 
establish a newly designed framework to investigate the 
moderating function of control of corruption in the growth 
and  CO2 emission nexus. For the BRICS and the following 
11 countries, Sinha et al. (2019) looked at the implications 
for the sustainability of corruption in the public sector using 
a conventional EKC model with a cubic specification for 
1990–2017. This work has demonstrated the existence of 
EKCs with an inverted N form and how corruption alters 
EKC turnaround points. Sekrafi and Sghaier (2018) con-
ducted a panel analysis in the MENA region to examine the 
relationship between corruption, economic growth, environ-
mental degradation, and energy use using dynamic panel 
data techniques (Diff-GMM and Sys-GMM) over the years 
1984 to 2012. The findings support the direct impact of cor-
ruption control on economic development, but the overall 
impact is negative. Chen et al. (2018) investigated how cor-
ruption, the shadow economy, and environmental legisla-
tion affect environmental quality in China. They incorpo-
rate dynamic effects for the years 1998–2012 and adjust for 
any endogeneity using the GMM technique. This research 
examines the efficiency of environmental legislation while 
considering China’s shadow economy and corruption in full. 
Akhbari and Nejati (2019) looked at how corruption affects 
carbon emissions in both rich and developing nations. They 
applied a panel threshold model for the time frame from 
2003 to 2016. Due to this hypothesis’s theoretical under-
pinnings, the GDP coefficient is anticipated to be negative.

In contrast, the GDP square coefficient would be posi-
tive, leading to the establishment of EKC. To consider the 
simultaneity of corruption, growth, and  CO2 emission, Bae 
et al. (2017) used a multiple-equation GMM methodology 
to study the determinants of  CO2 emission for post-Soviet 
Union independent countries from 2000 to 2011. The out-
comes demonstrated that this method produced superior 
results to the other single or combined estimating methods. 
Haseeb and Azam (2020) examined the relationship between 
tourism, corruption, democracy, and environmental degra-
dation. They employed FMOLS from 1995 to 2015. The 
findings from the five panels—low-income countries, lower-
middle-income countries, upper-middle-income countries, 
high-income countries, and the global data panel—indicate 
that tourism and corruption favorably impact the capacity 
to explain variation in carbon emissions. The evidence of 
environmental deterioration from the top six Asian nations 
was studied by Zandi et al. (2019) concerning the effects of 
democracy, corruption, and military spending. For the years 
1995 to 2017, they make use of the FMOLS and DOLS 
estimators. The results of FMOLS and DOLS demonstrate 

that corruption and military spending positively and sig-
nificantly influence carbon dioxide emissions. Moreover, 
Yahaya et al. (2020) investigated the contribution of corrup-
tion and financial development to environmental degradation 
in Sub-Saharan African nations (SSA). For the years 2000 to 
2014, FMOLS methods were used in the investigation. The 
results suggest that the FMOLS method can determine the 
long-term coefficients of factors that reduce  CO2 emissions.

Governance and  CO2 emission

Baloch and Wang (2019) examine the impact of govern-
ance in reducing  CO2 emissions: The BRICS experience 
using panel data from 1996 to 2017 and the Environmen-
tal Kuznets Curve (EKC) theory. According to the study’s 
descriptive statistics, among the BRICS nations, the Rus-
sian Federation has the most significant per-capita emissions 
(10.384), and India has the lowest (1.200). Using a variety 
of econometric approaches for the years 1996–2017, Liu 
et al. (2020) investigated the connection between economic 
development and  CO2 emissions: does governance test 
the existence of EKC? The findings support the U-shaped 
EKC theory and the existence of an N-shaped trajectory. 
Mahmood et al. (2021) studied the role of the rule of law 
and corruption control in managing Pakistan’s  CO2 emis-
sions problem. They employ cointegration and unit root 
testing for the years 1996 through 2019. The outcome dem-
onstrated that environmental repercussions are positively 
impacted by economic expansion. Chen (2021) examined 
the relationship between  CO2 emissions and changes in the 
extent and degree of government digitization in the BRICS 
nations. Between 1990 and 2018, they applied the ARDL 
method. This empirical study’s primary goal is to examine 
how the BRICS countries’ varying levels of governance and 
digitalization affect  CO2 emissions. The impact of finance, 
resources, and governance on the environment and economic 
development in South Asian nations is examined by Yang 
and Khan (2021). The variables for the years 1996–2018 
have been analyzed using the panel cointegration tests and 
long-run methods capable of addressing endogeneity and 
cross-sectional dependency. According to empirical findings 
calculated using FGLS for the first specification, an increase 
in GDP growth of 1% has been found to increase environ-
mental degradation by 0.039%. In the context of the envi-
ronmental Kuznets curve, Le and Ozturk (2020) investigated 
the effects of globalization, financial development, public 
spending, and institutional quality on  CO2 emissions. Panel 
data with cross-sectional dependency and slope heteroge-
neity are used to validate the stationarity of the variables 
from 1990 to 2014. This is done using CADF and CIPS unit 
root tests. They discovered that poor governance had a det-
rimental impact on  CO2 emissions. Teng et al. (2021) used 
the panel ARDL for 1985 to 2018 to examine the impact of 
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foreign direct investment on  CO2 emission with the influence 
of globalization, and institutional quality. According to the 
findings, non-effective environmental rules and regulations, 
economic expansion to meet economic problems, and power 
consumption for economic activities are the primary causes 
of environmental deterioration in the research nations.

Energy consumption and  CO2 emission

Younis et al. (2021) examined fresh evidence from the BRICS 
nations to examine the effects of the stock market, renewable 
energy usage, and urbanization on environmental deteriora-
tion from 1993 to 2018. They used the generalized method 
of moments GMM approach. They discovered that using 
renewable energy had a negative impact on carbon emis-
sions. Additionally, other studies (Yang et al. 2022; Yue et al. 
2023; Azam et al. 2023 and Duran et al. 2023) have come to 
the same conclusions. Both Aggregate Energy Demand and 
Energy-Efficient R&D Investment: Evidence from OECD 
Countries for the years 1980 to 2006 were analyzed by Karimu 
and Brännlund (2015). Based on the empirical findings, they 
applied a second-generation test. The findings suggest that 
none of the series in our data could reject the null hypothesis 
of cross-sectional independence, indicating that each series 
is likely correlated across panel units and that the estimate 
method should consider this. Using data from 1993 to 2017, 
Isiksal (2021) will assess the impact of sustainable energy and 
military spending on environmental deterioration. The out-
come demonstrates that there is a CSD in every series. As a 
result, it demonstrates how a shock in one nation may spread 
to another. The Dynamic Connection between Energy Con-
sumption and Environmental Degradation in Pakistan was 
examined by Sharif and Raza (2016) from 1972 to 2013. The 
study used three co-integrations. This study uses annual time 
series data to determine the connection between urbanization 
and carbon dioxide emissions in Pakistan. More to the point, 
by applying the Westerlund cointegration and AMG estimation 
approach, Usman et al. (2020) explore the linkage of financial 
development, energy usage, and tourism in the EKC frame-
work from 1995 to 2017 in the 20 highly polluted countries. 
The findings of estimators signify that non-renewable energy 
usage and financial development increase the emission level. 
In contrast, tourism development has a negative impact on 
the ecological footprint in these countries. Abbasi and Ade-
doyin (2021) looked at whether China’s  CO2 emissions depend 
on its energy use and the state of its economy. Using a new 
dynamic ARDL simulation model and empirical data from 
the dynamic ARDL simulation technique from 1970 to 2018, 
the empirical data demonstrates that energy consumption has 

both a short-and long-term positive and considerable influ-
ence on  CO2 emissions. Similarly, Jalil and Feridun (2011) 
employed the autoregressive distributed lag (ARDL) technique 
in the case of China, during the period from 1953 to 2006. 
They reported that, with a piece addition of financial develop-
ment, environmental quality also improves due to a decline 
in carbon emissions. Saqib (2018) and Mahmood and Saqib 
(2022) supported the same view that energy consumption posi-
tively impacts  CO2 emissions. According to the study, when 
energy use rises,  CO2 emissions also rise, eventually reaching 
unhealthy levels Saqib (2021, 2022). Another study by Dong 
et al. (2017) investigated whether using natural gas and renew-
able energy reduced  CO2 emissions in BRICS countries from 
1985 to 2016. They used the panel unit root, cointegration, 
causality (AMG) estimator, and EKC. The results of the panel 
AMG estimator well support the panel sample EKC hypothe-
sis. The results show that increasing natural gas and renewable 
energy consumption reduces  CO2 emissions. Therefore, for the 
BRICS nations, a 1% increase in natural gas and renewable 
energy consumption will result in a 0.1641% and 0.2601% 
reduction in  CO2 emissions, respectively. Applying the vector 
error correction model (VECM) based on Granger causality 
tests, Zhang et al. (2019) examined the association between 
energy consumption, GDP growth, and carbon emissions in 
the agricultural sector for China’s major grain-producing dis-
tricts for the period from 1996 to 2015. The findings revealed 
that bidirectional causality relation was discovered between 
agricultural economic growth and agricultural carbon emis-
sions in both, the long-run and the short-run; furthermore, uni-
directional causality relationships are exposed to running from 
agricultural energy utilization to agricultural GDP growth and 
agricultural carbon emissions. Later, Irandoust (2016) proved 
these results, who used the Granger causality approach and 
observed adverse and statistically significant effects of renew-
able energy utilization on  CO2 emission in the case of Den-
mark, Finland, Sweden, and Norway.

Data description, model specification, 
and research methodology

Data and model specification

This study examines the impact of geopolitical risk, cor-
ruption, and governance on the evidence of environmental 
degradation from BRICS countries. The model used in this 
study emerged from the previous research done by Syed et al. 
(2022), Hashmi et al. (2022), Azam et al. (2022), Yao et al. 
(2021), Haseeb and Azam (2020), Mahmood et al. (2021), 
Chen (2021), and Younis et al. (2021).

(1)
ln(CO2,it) = �0+�1ln(GPRit) + �2ln(CORit) + �3(PSit) + �4(GEit) + �5(RQit)+

�6(ROLit) + �7ln(ECit) + �8ln(FDIit) + �9(INOit) + �i,t
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where  CO2, GPR, COR, PS, GE, RQ, ROL, EC, FDI, and INO 
represent carbon emission, geopolitical risk, corruption, politi-
cal stability and absence of violence, government effective-
ness, regulatory quality, the rule of law, energy consumption, 
foreign direct investment, and innovation respectively. Where 
μit = error term, the countries are indicated by the subscript 
(i = 1….n), and the time is indicated by the subscript (t = 1….t). 
In Eq. (1),  CO2 is a dependent variable, while GPR, COR, PS, 
GE, RQ, ROL, EC, FDI, and INO are the independent vari-
ables. β0 is the intercept, while β1 − β9 are slope coefficients of 
the explanatory variables. The ln represents logarithmic form.

Variables description and data source

The study uses data from the panel of BRICS countries from 
1990 to 2018. The countries’ panel included Brazil, Russia, 
India, China, and South Africa. The definition of candidate 
series is presented as follows:

Geopolitical risk

It refers to the potential impact that political, social, and 
economic factors in a particular country or region can have 
on businesses, investments, and other activities. Geopoliti-
cal risks can arise from various factors, including conflicts, 

political instability, terrorism, trade disputes, natural disas-
ters, and regulatory changes.

Political stability

It refers to the ability of a government to maintain a consist-
ent and predictable political environment. A politically sta-
ble country is one in which the government is able to provide 
a reliable and effective system of governance, maintain law 
and order, and ensure the safety and security of its citizens. 
Such a country typically has a well-functioning legal system, 
stable institutions, and a peaceful political environment.

Government effectiveness

It refers to the ability of the government to provide public goods 
and services to its citizens efficiently and effectively. It includes 
the capacity of the government to implement policies and pro-
grams, deliver public services, and maintain social order.

Regulatory quality

It refers to the effectiveness of regulatory systems that 
govern economic and social activity. It includes the capac-
ity of the government to establish and enforce rules and 

Table 1  Data sources and variables description

Variables Acronyms Measurement unit Data sources

Carbon dioxide emissions CO2 Metric tons per capita (WDI 2022)
Geopolitical risk index GPR Number of newspaper articles having 

geopolitics-related words
(Policy Uncertainty 2022)

Corruption COR Corruption perception index (Transparency International 2022)
Political stability and absence of 

violence/terrors
PS Estimate (WDI 2022)

Government effectiveness GE Estimate (WDI 2022)
Regulatory quality RQ Estimate (WDI 2022)
The rule of law ROL Estimate (WDI 2022)
Energy consumption EC Total final energy consumption (WDI 2022)
Foreign direct investment FDI Net inflow (WDI 2022)
Innovations INO Total trademark applications (WDI 2022)

Table 2  Descriptive statistics Stats lnCO2 lnGPR lnCOR PS GE RQ ROL lnEC lnFDI lnINO

Mean 5.64 7.44 2.42  − 0.27 0.04  − 0.56  − 0.27 4.87 24.05 12.42
Median 6.90 7.35 1.57  − 0.16 0.00  − 0.50  − 0.18 4.85 24.27 12.40
Maximum 11.64 9.35 4.00 0.57 0.69 0.33 0.26 5.58 26.50 16.41
Minimum 0.90 6.39 0.92  − 1.13  − 0.50  − 1.51  − 0.97 3.85 20.37 9.61
Std. dev 3.67 0.62 1.25 0.42 0.31 0.43 0.35 0.38 1.52 1.81
Jarque–Bera 8.94 10.34 14.92 4.72 3.19 3.56 8.12 2.29 3.27 4.73
Probability 0.01 0.01 0.00 0.09 0.20 0.17 0.02 0.32 0.19 0.09
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regulations that create an environment conducive to eco-
nomic development, trade, and investment.

Rule of law

The rule of law refers to the principle that all individuals 
and institutions are subject to and accountable to the law. It 
includes the notion that the law should be applied equally to 
all individuals, regardless of their status, and that the legal 
system should be transparent, accessible, and impartial.

Energy consumption

Energy consumption refers to the amount of energy used by 
individuals, businesses, or organizations to provide products 
and services. It includes using fossil fuels, renewable energy, 
and other energy sources.

Foreign direct investment (FDI)

FDI refers to investment made by foreign entities in a coun-
try’s economy. It includes investments to start a new busi-
ness or acquire an existing business and investments in real 
estate or infrastructure projects.

Trademark application

Trademark application refers to the process of register-
ing a unique name, logo, symbol, or other identifiers that 
distinguish a product or service from others in the mar-
ket. It provides legal protection against infringement and 
allows the owner to monetize their intellectual property by 
licensing or selling the rights to use the trademark. Table 1 
presents the variables’ description, their symbol, and unit 
of measurement and data sources.

Table 3  Correlation analysis

The t–statistics and P–values are presented in ( ) and [ ], respectively

lnCO2 lnGPR lnCOR PS GE RQ ROL lnEC lnFDI lnINO

LnCO2 1.000
lnGPR 0.223 1.000

(2.210)
[0.030]

lnCOR 0.081 0.395 1.000
(0.786) (4.141)
[0.434] [0.000]

PS 0.057 0.270 0.145 1.000
(0.551) (2.703) (1.412)
[0.583] [0.008] [0.161]

GE 0.051 0.235 0.200 0.514 1.000
(0.490) (2.333) (1.964) (5.775)
[0.625] [0.022] [0.053] [0.000]

RQ –0.544 –0.058 0.022 0.381 0.675 1.000
(–6.244) (–0.562) (0.214) (3.969) (8.816)
[0.000] [0.576] [0.831] [0.000] [0.000]

ROL –0.555 0.005 0.115 0.304 0.593 0.899 1.000
(–6.429) (0.051) (1.120) (3.083) (7.108) (19.766)
[0.000] [0.960] [0.265] [0.003] [0.000] [0.000]

lnEC 0.338 –0.301 –0.591 –0.043 0.017 –0.136 –0.152 1.000
(3.464) (–3.044) (–7.072) (–0.418) (0.164) (–1.328) (–1.485)
[0.001] [0.003] [0.000] [0.677] [0.870] [0.187] [0.141]

lnFDI –0.235 0.096 0.131 –0.117 –0.196 –0.268 –0.314 –0.274 1.000
(–2.328) (0.932) (1.272) (–1.140) (–1.925) (–2.686) (–3.190) (–2.747)
[0.022] [0.354] [0.206] [0.257] [0.057] [0.009] [0.002] [0.007]

lnINO –0.067 0.182 0.193 –0.214 –0.089 –0.355 –0.364 –0.170 0.879 1.000
(–0.647) (1.790) (1.895) (–2.117) (–0.865) (–3.667) (–3.772) (–1.667) (17.782)
[0.520] [0.077] [0.061] [0.037] [0.389] [0.000] [0.000] [0.099] [0.000]
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Table 2 provides a summary of the descriptive statistics; 
the mean value of  lnCO2, lnGPR, lnCOR, PS, GE, RQ, 
ROL, LnEC, lnFDI, and lnINO are 5.64, 7.44, 2.42, − 0.27, 
0.04, − 0.56, − 0.27, 4.87, 24.05 and 12.42 respectively. 
While the standard deviation of  lnCO2, lnGPR, lnCOR, PS, 
GE, RQ, ROL, LnEC, lnFDI, and lnINO are 3.67, 0.62, 1.25, 

0.42, 0.31, 0.43, 0.35, 0.38, 1.52 and 1.81 respectively. The 
Jarque–Bera states reveal that GE, RG, lnEC, and lnFDI are 
normally distributed. Moreover, Table 3 presents the find-
ings of the correlation analysis of the study’s variables. It 
is found that there is a negative correlation between RQ, 
ROL, FDI, and lnINO with  CO2 emissions. While there is 
a positive correlation existing between lnGPR, lnCOR, PS, 
GE, and lnEC with  CO2 emissions.

Methodological framework

The initial econometric step is to estimate the cross-sec-
tional dependency (CSD) in panel data analysis. The CSD 
refers to a situation where the observations or units being 
studied are not independent of each other (Usman et al. 
2022a; Usman and Radulescu 2022). This can arise in 

Fig. 1  Modelling strategy

Table 4  Cross-sectional dependence tests results

***  represents a significance level of 1%.  CO2 = f (GPR, COR, PS, 
GE, RQ, ROL, EC, FDI, INO)

Test Statistics Prob

Breusch-Pagan LM 24.44526*** 0.0065
Pesaran scaled LM 3.230058*** 0.0012
Bias-corrected scaled LM 3.091169*** 0.0020
Pesaran CD 3.550011*** 0.0004
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statistical analysis when some common factors or influ-
ences affect multiple observations or units being analyzed 
(Usman et al. 2021). For example, in a study of the rela-
tionship between GPR, COR, PS, GE, RQ, ROL, EC, FDI, 
INO, and carbon emissions, CSD may arise if there are 
shared regional factors, such as local economic conditions 
or cultural norms, that affect the overall environmental 
conditions. In this case, the observations are not inde-
pendent, as the variation in carbon emissions level may 
be influenced by the same underlying factors (Chandio 
et al. 2022). The possible CSD can complicate statisti-
cal analysis and may lead to biased estimates of relation-
ships between variables. To address this issue, researchers 
may use techniques such as second-generation analysis 
to account for the shared influences on the observations.

The second step of panel data analysis is to specify 
the order of integration of variables. Ignoring the order 
of integration and running the conventional OLS estima-
tors will provide spurious estimates. This study used panel 

unit root tests developed by Levin et al. (2002) and CIPS 
by Pesaran (2007). The second-generation panel unit root 
(CIPS) has the ability to tackle the issue of possible CSD 
and slope heterogeneity (Yang et al. 2022). Therefore, 
it is a dire requirement to implement the CIPS unit root 
test. The null hypothesis  (H0) of all panel unit tests is the 
non-stationarity of the variables following the unit root 
process, against the alternative hypothesis  (H1) following 
the series’ stationary property with the absence of the unit 
root process.

In the very next step, this study further applies the Kao 
(1999) cointegration test to check the long-run cointegration. 
This study applies Kao’s (1999) residual-based cointegration 
test to the ADF panel version to approximate the residuals. 
This study applies the first-generation panel cointegration 
because there are more than six regressors. However, the 
authors cannot apply the second-generation unit root test 
in this regard. The functional form of ADF test statistics is 
Eq. 2 as follows:

After the presence of a long-term cointegration connec-
tion is verified between the considered variables, the fourth 
step of this study is to examine the long-run impact of GPR, 

(2)ADF =

tp +

√

6Nσ̂r

2σ̂0r

√

σ̂2
0r

2σ̂2
r

+ 3σ̂2
r
r2
r
∕10(6σ̂0r

Table 5  First generation panel 
unit root estimates (Levin Lin 
and Chu (LLC))

*** , **, and * indicate a significance level at 1%, 5%, and 10%, respectively. ∆ indicates the first difference

Level 1st difference

Variables Constant Constant and trend Variables Constant Constant and trend

lnCO2  − 1.88576**  − 0.34473 ∆(lnCO2)  − 2.76295***  − 2.88503***

lnGPR 1.16653  − 0.56082 ∆(lnGPR)  − 3.56609***  − 2.70910***

lnCOR 0.30575 0.65628 ∆lnCOR  − 5.14995***  − 4.16460***

PS  − 0.90653  − 1.61866* ∆(PS)  − 4.28761***  − 3.35064***

GE  − 0.05699  − 1.09404 ∆(GE)  − 3.64052***  − 2.89611***

RQ 0.55395  − 0.47797 ∆(RQ)  − 2.38862***  − 2.28060**

ROL 0.94846 1.16711 ∆(ROL)  − 2.78898***  − 2.56683***

LnEC 6.53883 3.12816 ∆(LnEC)  − 3.67972***  − 2.17635**

LnFDI  − 3.76920***  − 1.79437** ∆(lnFDI)  − 2.71515***  − 2.00133**

LnINO  − 6.34149***  − 8.07786*** ∆(lnINO)  − 10.7778***  − 9.05828***

Table 6  Second-generation panel unit root estimates (CIPS test)

*** , **, and * show 1%, 5%, and 10% significance level. The CIPS 
critical value for 1%, 5%, and 10% are − 2.62, − 2.35, and − 2.21, 
respectively

Level First difference

lnCO2  − 1.7988 ∆(lnCO2)  − 2.4164***

lnGPR  − 2.0314 ∆(lnGPR)  − 3.6152***

lnCOR 0.4878 ∆lnCOR  − 3.8815***

PS  − 3.2601*** ∆(PS)  − 3.8332***

GE  − 2.1145 ∆(GE)  − 10.6216***

RQ  − 1.0013 ∆(RQ)  − 2.2285***

ROL  − 3.4956*** ∆(ROL)  − 6.7661***

LnEC  − 3.1038*** ∆(LnEC)  − 15.1608***

LnFDI  − 1.4001 ∆(lnFDI)  − 2.7573***

LnINO  − 3.4386*** ∆(lnINO)  − 11.2626***

Table 7  Kao residual cointegration test

***  represents a significance at a 1% level

Test t-statistic Prob

ADF  − 3.87569*** 0.0001
Residual variance 0.057245
HAC variance 0.046918
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COR, PS, GE, RQ, ROL, EC, FDI, and INO on  CO2 emis-
sions, by using the cross-sectionally autoregressive distrib-
uted lag model (CS-ARDL) and for robustness, panel fully 
modified–OLS (FMOLS) and panel dynamic–OLS (DOLS) 
techniques. Consider the conventional panel ARDL general 
form given in Eq. 2. The term Xi,t−j denotes lagged of the 
dependent variable, yi,t−j is the vector of all explanatory vari-
ables. In the subscripts, i and t stand for countries (1, 2…., 
n) and time periods (2002 to 2020), respectively. The Zi , �ij , 
¥ij and eit represent the fixed effects, coefficient of the lagged 
regressed, m × 1 coefficient vectors (lagged regressors), and 
the error term, respectively.

In the occurrence of CSD, the conventional panel ARDL 
given in Eq. 3, results are biased (Phillips & Sul 2003). Con-
sequently, a different estimating technique known as the CS-
ARDL is utilized to address the issue of the presence of 
CSD. According to Chudik and Pesaran (2013), the cross-
sectional averages of the regressors should be included as 
extra lags to the ARDL specification in Eq. 4. The updated 
equation is stated as follows with the inclusion of the cross-
sectional lag term:

where in Eq. 3, Mt−1 = (CO2,i,t−j, yi,t−j) are the averages of 
regressed and regressor. Moreover, p, q, and r represent lags 
for each variable and the number of lags of the cross-sec-
tional averages to be involved. While M essentially depicts 
cross-section averages and eliminates cross-section depend-
encies (Azam et al. 2022). The CS-ARDL approach’s long-
run coefficient estimations may be computed in Eq. 5 as 
follows:

Furthermore, Eq. 6 can be presented in error correction 
form as given below:

(3)Xi,t =

p
∑

j=1

�ijXi,t−j +

q
∑

j=0

¥ijyi,t−j + Zi + eit

(4)

CO2i,t =

p
∑

j=1

𝛿ijCO2i,t−j +

q
∑

¥ij

j=0

yi,t−j +

r
∑

j=0

𝛽ij, IMt−1 + Zi + eit

(5)£̂CS−ARDL,ij =

∑q

j=0
¥̂ij

1 −
∑p

j=1
�̂ij

(6)ΔCO2i,t = 𝜗i,
[

CO2i,t−j − 𝜆i,jyi,t
]

−
∑p−1

j=1
𝛿ijΔICO2i,t−1 +

∑q

j=0
¥ijΔyi,t +

∑r

j=0
𝛽i, IMt−1 + Zi + eit

where ΔI = t − (t − 1) 
For robustness analysis, this study applies the FMOLS 

and DOLS tests. The FMOLS method was developed by 
Pedroni (2001a), whereas the DOLS method was proposed 
by Pedroni (2001b). The justification behind applying both 
methodologies is to confirm the long-run relationship amid 
the studied variables in a heterogeneous panel together with 
accounting for problems like serial correlation and endoge-
neity that commonly arise in the OLS procedure (Pedroni 
2001a, 2001b). The FMOLS and DOLS employ paramet-
ric as well as non-parametric techniques to overwhelm the 
basic endogeneity and serial correlation problems in the 
panel dataset (Ibrahim et al. 2022; Usman et al. 2022b). The 
computed FMOLS and DOLS long-run coefficients can be 
expressed as follows in Eqs. 7 and 8.

Figure 1 reports the graphical presentation of the meth-
odological framework of this study.

Results and discussion

Cross‑sectional dependency and panel unit root 
tests

In this study, the authors employed the CSD test and panel 
unit root test such as Levin et al. (2002), the Levin Lin and 
Chu (LLC) test (first-generation unit root test), and Pesaran 
(2007) the cross-sectionally Augumented Im Pesaran and 
Shin (CIPS) test (second generation unit root test) to study 
the stationary properties of the variables of interest. Table 4 
shows the CSD test estimates, and all statistics reject the 
null hypothesis of no CSD at the 1% level of significance. 
While Table 5 shows the LLC estimates at level and first 
difference, the results of the LLC test show that  lnCO2, PS, 
LnFDI, and LnINO are stationary at level. While, all the 

(7)�̂FMOLS = N
−

1

2

N
∑

n=1

t�FMOLS,n

(8)�̂DOLS = N
−

1

2

N
∑

n=1

t�DOLS,n

potential series (i.e., lnGPR, lnCOR, GE, RQ, ROL, and 
LnEC) are following the stationary process after the first 
difference. The LLC estimates are biased in the presence 
of CD; the study used the second-generation unit root test 
for unbiased estimates. The estimates of the CIPS Test are 

shown in Table 6. The results of the CIPS test show that PS 
GE, ROL, lnEC, and lnINO are stationary at level, while the 
 lnCO2, lnGPR, lnCOR, GE, RQ, and lnFDI are stationary 
after the first difference. It was discovered that the model’s 
variables had a mixed order of integration, i.e., stationary 
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levels for both I(0) and I(1). In this instance, CS-ARDL is 
the best-suited approach for the data analysis.

Panel cointegration test

We employed the Kao residual co-integration test to deter-
mine panel cointegration. Table 7 shows the results of the 
Kao cointegration test. The null hypothesis of no integration 
has been rejected at a 1% significance level, which depicts 
the existence of long-run cointegration among the variables.

CS‑ARDL estimates

The panel CS-ARDL findings are shown in Table 8. In the 
long run, GE, RQ, ROL, lnFDI, and lnINO have a negative 
effect on  CO2 emissions, while the lnGPR, lnCOR, PS, and 
LnEC have a positive effect on  CO2 emissions. The coeffi-
cient of lnGPR is 0.1120%, which means that a 1% increase 
in GPR leads to an increase of 0.1120% in  CO2 emissions. 
This finding is consistent with the findings of Bildirici 
(2021), Abid (2016), and Mikkelsen et al. (2010). Accord-
ing to Anser et al. (2021a), the reasons for GPR’s having a 
positive effect on  CO2 emissions are as follows: first, the use 
of renewable energy sources may be discouraged by GPR, 
leading to an increase in  CO2 emissions. Second, GPR may 
deter international FDI, leading to more  CO2 emissions. 

Third, growing security concerns about GPR push manu-
facturers to continue employing production methods harmful 
to the environment (e.g., production plants that use fossil 
fuel energy). Fourth, geopolitical policies may receive more 
attention from policymakers than environmental protection 
measures as a result of GPR. The coefficient of lnCOR is 
positive, indicating that a 1% rise in corruption leads to a 
surge in  CO2 emissions by 0.0267% in the long run. This 
finding is consistent with the findings of Ridzuan (2019) and 
Makhdum et al. (2022).

Moreover, Wang et al. (2018) used partial least squares 
regression for BRICS for the period from 1996 to 2015. 
They found that corruption, economic growth, and urbani-
zation all positively affect pollution emissions. The coef-
ficient of governance indicators such as GE, RQ, and ROL 
are negative, while other indicators, such as PS, are positive. 
More specifically, a one-unit surge in the GE, RQ, and ROL 
led to a rise in  CO2 by 1.5229%, 0.9992%, and 1.0979% in 
the long run. According to Sarpong and Bein’s (2020), good 
governance has a detrimental effect on carbon emissions 
in oil-rich nations. Additionally, Baloch and Wang (2019) 
studied the BRICS nations to see if governance has any bear-
ing on the countries’ ability to reduce their carbon emis-
sions. According to a panel data analysis of data from 1996 
to 2017, there is a strong and negative association between 
governance and carbon emissions in these nations. The coef-
ficient of LnEC also has a positive effect on  CO2 emissions, 
indicating that a 1% rise in energy consumption leads to a 
surge in  CO2 emissions by 0.5705% in the region. Elevated 
energy consumption degrades the environment since the 
conformist energy source releases greenhouse gases (GHGs) 

Table 8  CS-ARDL estimates (dependent variable:  CO2 emission)

*** , **, and * represent 1%, 5%, and 10% levels of significance

Variable Coefficient Std. error t-statistic Prob

Long-run elasticity estimates
  lnGPR 0.112003* 0.057123 1.960726 0.0575
  lnCOR 0.026757 0.054099 0.494600 0.6238
  PS 0.11932*** 0.00393 30.36183 0.0000
  GE  − 1.522922*** 0.116011  − 13.12735 0.0000
  RQ  − 0.999216*** 0.173843  − 5.747797 0.0000
  ROL  − 1.097941*** 0.247124 4.442870 0.0001
  LnEC 0.570558 0.347120 1.643689 0.1087
  LnFDI  − 1.452704*** 0.238513  − 6.090663 0.0000
  LnINO  − 0.041126** 0.013386  − 4.648811 0.0205

Short − run elasticity estimates
  ECM (− 1)  − 0.538100* 0.282859  − 1.902364 0.0649
  lnGPR 0.050955 0.078805 0.646602 0.5219
  lnCOR 0.073165** 0.032376 2.259856 0.0298
  PS 0.250824 0.221127 1.134297 0.2640
  GE  − 0.454027** 0.180388  − 2.516945 0.0163
  RQ  − 0.340179 0.564548  − 0.602570 0.5505
  ROL  − 1.558451 1.116907  − 1.395328 0.1712
  LnEC  − 0.036161 0.078724  − 0.459337 0.6487
  LnFDI 1.019961 0.967266 1.054478 0.2985
  C  − 9.587392* 4.656371  − 2.058983 0.0466

Fig. 2  Graphical presentation of empirical findings
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into the atmosphere. Omri (2013) investigated the MENA 
region from 1990 to 2011, and they found that environmen-
tal variables and energy policy are to blame for influencing 
the relationship between energy usage and economic growth.

Using the ARDL technique, Dogan and Turkekul 
(2016) studied the American economy from 1960 to 2010. 
They found a causal relationship between GDP and  CO2, 
energy usage and  CO2, urbanization, and GDP in both 
directions. The coefficient of lnFDI is negative, which 
indicates that a 1% rise in the lnFDI leads to a reduction 
in  CO2 emissions of 1.4527%. The study on the effects of 
stock market growth on CO2 emissions found that, over 
the long term, FDI inflows reduce  CO2 emissions (Para-
mati et al. 2017; Uddin et al. 2023). The coefficient of 
innovation also has a negative effect on  CO2 emissions, 
indicating that a 1% surge in innovation will reduce  CO2 
emissions by 0.0411% in the long run. Sohag et al. (2015) 
studied how technological advancements have affected 
Malaysia’s energy use. They discovered that increased 
trade openness and GDP per capita growth cause tech-
nological innovation to have a rebound impact on energy 
use. According to Li et al. (2020), Sharif et al. (2022), 
Zhang et al. (2022), Saqib et al. (2022a; 2022b, and Wang 
et al. (2023), technological innovation may be crucial 
in easing environmental problems. For instance, tech-
nological advances can result in environmental-related 
technologies, which can be considered environmental 
regulations that stop garbage from being disposed of in 
the ecosystem.

Table 8 also shows the short-run estimates of the CS-
ARDL test. In the short run, the coefficient of lnGPR, 
lnCOR, PS, and LnFDI positively affect CO2 emission, 
while GE, RQ, ROL, and LnEC have a positive effect on 
 CO2 emission. The ECM coefficient is − 0.538100, nega-
tive and statistically significant at the 10% significance level. 
These findings show that the model’s adjustment to long-run 

equilibrium is around 53% each year. ECM negative and 
statistically significant outcomes backed with theoretical 
predictions. Figure 2 shows the graphical presentation of 
empirical findings.

Robustness checks

As a robustness analysis, this study also applied the FMOLS 
and DOLS to assess the reliability of the CS-ARDL 
approach’s long-term estimates. Table 9 presents the results 
of these two tests. As per the findings, in the long run, GE, 
RQ, ROL, lnFDI, and lnINO have a negative effect on  CO2 
emission, while the lnGPR, lnCOR, PS, and LnEC have a 
positive effect on  CO2 emission. These studies produced 
results precisely the same as those from earlier ones, proving 
the reliability and consistency of the CS-ARDL approach 
findings.

Conclusion, policy recommendation, 
and future research direction

This empirical study examined the impact of geopolitical 
risk, corruption, and governance on environmental degra-
dation evidence from BRICS countries for the period from 
1990 to 2018. This study used LLC, CIPS unit root tests, CS-
ARDL, FMOLS, and DOLS estimators. The LLC and CIPS 
unit root tests confirmed the mixed order of integration. The 
long-run CS-ARDL, FMOLS, and DOLS estimates reveal 
that GE, RQ, ROL, lnFDI, and lnINO have a negative effect 
on  CO2 emission, while the lnGPR, lnCOR, PS, and LnEC 
have a positive effect on  CO2 emission.

Based on the study’s findings, several policy recom-
mendations for reducing  CO2 emissions in the BRICS were 
proposed. First, government representatives and policymak-
ers should work to reduce GPR through talks, accords, and 

Table 9  Robustness check

*** , **, and * presents a 1%, 5%, and 10% level of significance

Variables FMOLS DOLS

Coefficient t-statistics Prob Coefficient t-statistics Prob

lnGPR 0.201593*** 5.14044 0.000 0.019322*** 4.91653 0.000
lnCOR 0.08769*** 10.31161 0.000 0.205128* 1.68462 0.0974
PS 0.422227 0.92993 0.3563 0.026083 1.20654 0.8309
GE  − 0.330256***  − 0.05826 6.5586  − 0.312117**  − 2.58135 0.0124
RQ  − 0.402152*  − 2.33506 0.0844  − 0.423731**  − 3.10318 0.003
ROL  − 0.859805***  − 7.46604 0.0000  − 0.095228***  − 0.0171 9.2685
LnEC 1.146601*** 3.31661 0.0016 0.920715*** 16.40531 0.0000
LnFDI  − 0.035096 1.47202 0.7098  − 0.028066  − 3.09608 0.7978
LnINO  − 1.52860*** 8.32855 0.0000  − 0.973374***  − 33.62026 0.0000
R2 0.991593 0.986844
AdjR2 0.989709 0.983895
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peace treaties. Second, governments should thus increase 
their regulatory, oversight, and anti-corruption efforts since 
this unfair behavior affects competitive laws and policies. 
Third, policymakers should focus on more comprehensive 
governance to stop environmental deterioration and include 
environmental policy in fundamental national legislation. 
To increase environmental protection and awareness, which 
reduces carbon emissions, government effectiveness needs 
to be improved. Fourth, to reduce  CO2 emissions, the pro-
portion of renewable energy in overall energy consumption 
should be raised.

Similarly, the budget allocation needs to be increased on 
innovation to achieve a more sustainable energy agenda, 
ultimately ensuring the well-being of society. Finally, to 
impulsion the firms towards implementing these explana-
tions, the representatives might gradually upsurge the fossil 
fuel-based/nonrenewable energy price solutions. This will 
dishearten companies practicing nonrenewable energy, and 
the petition for cleaner energy explanations might increase 
progressively. Moreover, in order to provide cleaner energy 
demand explanations and lessen carbon emissions, the com-
panies will initiate availing the disinfectant technological 
solutions. This advanced financialization procedure might 
support producing a sustained watercourse of attention 
income without causing damage to the cash stream of the 
companies. This revenue might be abstracted toward sup-
porting the green energy discovery and technological inno-
vation projects.

This study has several limitations, suggesting a direc-
tion for future research. This study uses  CO2 emissions per 
capita instead of ecological footprints and their sub-com-
ponents, such as grazing lands, carbon footprints, cropland, 
and bio-capacity. This opens new ways for future research 
work. The research is limited to only BRICS countries. It 
may be extended to all the developing and developed Asian 
countries and more globally. There are many other variables, 
such as financial devolvement, globalization, and popula-
tion growth, which can also affect the  CO2 emissions of a 
country. This study has been conducted under the CS-ARDL 
FMOLS and DOLS estimators, but one can also use AMG 
and CCEMG estimators and many other tests and tech-
niques for such types of studies. The study can be extended 
to asymmetric ARDL techniques.
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