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Abstract
Although West African nations are flourishing economically of late, they still have environmental issues due to the high rate of
emissions in the bloc. Despite the worsening environmental condition, there have been limited studies on the causal agents of this
situation in the region. Therefore, drawing strength from the United Nations’ Sustainable Development Goals (SDGs)
and their targeted impacts of 2030, this study explored the nexus between financial development and environmental
sustainability in West Africa (WA) for the period 1990 to 2016. The cross-sectional autoregressive distributed lag
(CS-ARDL) estimator alongside the cross-sectionally augmented distributed lag (CS-DL) and the cross-sectional
augmented error correction (CAEC) estimators were engaged to examine the elastic effects of the explanatory
variables on the explained variable and from the results, financial development was harmful to environmental
sustainability in WA through high carbon emissions. Also, control variables foreign direct investments, energy
consumption, industrialization, and population growth were detrimental to the sustainability of the environment.
On the causal connections amid the series, a unidirectional causality from financial development and population
growth to carbon emissions was uncovered. Also, feedback causalities between foreign direct investments and carbon
emissions, between energy consumption and the effluents of carbon, and between industrialization and environmental
pollution were unraveled. Based on the findings, the study recommended among others that the countries should
integrate environmental welfare objectives into their financial development policies. Also, the nations should ensure
that their citizens have access to energy that is affordable, reliable, sustainable, and modern (SDG 7). Finally,
improvement in energy efficiency, sustainable infrastructure, and good use of resources (SDG 12) should be pro-
moted by the nations. The above recommendations if seriously taken into consideration will help the region to
combat climate change and its impacts, which is the focus of SDG 13. The main flaw of this exploration was
the lack of data for some specific time periods. Therefore, in future when such data become available, similar
investigations could be carried out to confirm the robustness of the study’s results.
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Abbreviations
GHG Greenhouse gases
FD Financial development
ES Environmental sustainability
WA West Africa
WRICAIT World Resources Institute Climate Analysis

Indicators Tool
FDI Foreign Direct Investments
EC Energy consumption
IND Industrialization
POP Population growth
AMG Augmented mean group
DCCEMG Dynamic common correlated effects mean

group
CCEMG Common correlated effects mean group
CCE Common correlated effects
DCCE Dynamic common correlated effects
GMM Generalized method of moments
W-E Westerlund and Edgerton
DH Durbin-Hausman
PHH Pollution haven hypothesis
PH Porter hypothesis
CS-ARDL Cross-sectional autoregressive distributed lag
CS-DL Cross-sectionally augmented distributed lag
CAEC Cross-sectional augmented error correction
WDI World Development Indicators
CADF Cross-sectionally Augmented Dickey-Fuller
CIPS Cross-sectional Im, Pesaran and Shin
FMOLS Fully modified ordinary least squares
ARDL Autoregressive distributed lag
DSUR Dynamic seemingly unrelated regression
ECT Error correction term
ASEAN Association of Southeast Asian Nations
BRI Belt and Road Initiative
ARDL Autoregressive distributed lag
PMG Pooled mean group
BRICS Brazil, Russia, India, China, and South Africa
GCC Gulf Cooperation Council
D-H Dumitrescu and Hurlin

Introduction

The rising levels of carbon dioxide emissions and other green-
house gases (GHG) have recently drawn widespread condem-
nation. The above hazards are largely caused by activities such
as agricultural production, industrialization, urbanization, and
other economic activities that are connected to the utilization
of dirty energies of which financial sector development is no
exception. Financial development could influence environ-
mental sustainability due to its linkage with economic devel-
opment and energy utilization that are key agents of

environmental pollution (Ehigiamusoe and Lean 2019;
Kakar 2016; Topcu and Payne 2017). Growth in the financial
sector contributes to environmental sustainability by assisting
businesses to embrace innovative energy efficient technolo-
gies that are not damaging to the environment. This point
aligns that of Shahbaz (2009) who postulated that a robust
financial sector reduces energy emissions by improving pro-
ficiency in the energy zone. Financial sector development also
boosts the funding of environmentally friendly projects at re-
duced costs and increases the inflow of foreign investments
that are connected to technological innovations that improve
the environment (Abbasi and Riaz 2016; Tamazian et al.
2009). A well-developed financial system not only stimulate
the financing of eco-friendly projects by making resources
economical, but also penalizes corporates that damage the
atmosphere by restricting their access to credit (Yang et al.
2020). According to Nasreen et al. (2017), an advanced finan-
cial sector boosts economic growth as well as environmental
performance. Thus, nations with strong financial systems have
pleasant ecologies than those with weak financial systems.

On the other hand, financial development could be detri-
mental to environmental sustainability, because it could be a
source of finance for many ecologically unfriendly activities
undertaken in nations (Khan et al. 2019). Backing the claim of
Khan et al. (2019), Mensah et al. (2021) opined that most
countries, especially in Africa are under pressure to grow eco-
nomically and their primary concern are always to increase
productivity rather than to conserve their environments.
According to the authors, a greater percentage of economic
activities undertaken in nations are being funded by the finan-
cial sector. However, the activities, which are mostly carbon-
intensive, only target economic expansion rather than devel-
oping technologies to help protect the environment.
Therefore, progress in the financial sector could indirectly
influence the greening of environments due to the high rate
of pollution associated with the execution of economic activ-
ities. Also, robust financial systems help consumers to obtain
credits to buy high-polluting items like automobiles, washing
machines, air conditioners, and electrical devices among
others, that degrade the environment (Kizito et al., 2020).
Moreover, advancements in stock markets help to boost the
financial position of establishments which empowers them to
acquire new machines and other equipment for their opera-
tions, thereby surging the rate of energy consumption and,
subsequently, high carbon emissions (Sadorsky 2010;
Zhang 2011). This point agrees with Abokyi et al.
(2019) who indicated that financial development encour-
ages capital investments which in turn increases produc-
tion, thereby degrading the environment, particularly in
fossil-fuel-dependent economies.

The outcome of prior explorations on the linkage between
financial development and environmental sustainability are
mixed. Studies like Nathaniel et al. (2020), Adebayo and
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Odugbesan (2020), Gök (2020), and Tahir et al. (2021),
among others, affirmed financial development as harmful to
environmental sustainability, while those of Umar et al.
(2020), Ahmad et al. (2020a), Godil et al. (2021), Bekhet
et al. (2017), and Adams and Klobodu (2018), among others,
confirmed financial development as friendly to the environ-
ment. However, studies like Adebayo and Rjoub (2020), Jiang
and Ma (2019), Ziaei (2015), and He et al. (2020), among
others, established financial development as a trivial determi-
nant of environmental sustainability. Disparities in the out-
comes might be as a result of the adoption of different econo-
metric methods, variations in the proxies used, nature of data
employed, the types of countries studied, differences in geo-
graphical location, variations in study period, economic and
econometric considerations not taken into account, and func-
tional forms of the models specified among others. The lack of
consensus on the financial development-environmental sus-
tainability linkage implies more explorations on the nexus
between the variables are warranted. Therefore, a study in
the context of West Africa was deemed relevant. The analysis
focused onWest African countries, because developing econ-
omies are more vulnerable to environmental pollution than
advanced economies supporting that of Argyriou (2019).

Until recently, climate change issues in the region have
been neglected, with much concentration on policies that ad-
vance economic growth. Weak financial systems, inadequate
investments in energy technologies, over-reliance on fossil
fuels, and limited consumption of clean energies, among
others, have made the region one of the key emitters of
GHG in the globe. According to the World Resources
Institute (2010), the West African region’s GHG effluents
represented 2.03% of the world figure. In the year 2014,
GHG emanations in West Africa was dominated by Nigeria
(50%), followed byCote d’Ivoire (4%),Mali (4%), and Ghana
(4%). Combined, these four nations emitted more than 60% of
the total GHG effusions in the region. Burkina Faso, Senegal,
Guinea, and Niger were each responsible for 3% of the re-
gion’s GHG emissions, while Benin contributed 2% of the
total. Togo, Sierra Leone, and the Gambia accounted for 1%
each, while Liberia, Guinea-Bissau, and Cape Verde emitted
less than 1% each. While growth in the West Africa economy
is commendable, factors that deteriorate the eco-system of the
region should also be seriously taken into consideration.
Therefore , s tudying the f inancia l development-
environmental sustainability linkage in West Africa to help
come out with suggestions to meet the sustainable develop-
ment goals (SDGs), especially goal 13, was well in line.
According to SDG 13, GHG effusions should be reduced to
zero by 2050 to help bring global warming to below 1.5 °C.

The study contributes to extant literature as follows: firstly,
to the best of our knowledge, this is the first study to examine
the financial development-environmental sustainability link-
age in the context ofWest Africa, while controlling for foreign

direct investments, energy consumption, industrialization, and
population growth at the same time to help minimize the con-
sequences associated with the issue of omitted viable bias.
Controlling for the above variables was also essential, because
countries in West Africa have suffered a variety of economic
shocks, which could have a significant impact on the level of
financial development and environmental sustainability in the
bloc. Unlike other studies, this exploration secondly contrib-
uted to literature by adopting vigorous econometric methods
to investigate the connection amid financial development and
environmental sustainability in West Africa. For instance, the
cross-sectional autoregressive distributed lag (CS-ARDL) es-
timator alongside the cross-sectionally augmented distributed
lag (CS-DL) and the cross-sectional augmented error correc-
tion (CAEC) estimators were engaged to examine the coeffi-
cients of the regressors. These econometric methods were
adopted because they are resilient to cross-sectionally depen-
dent and heterogeneous datasets (Chudik et al. 2016). The
estimators were also engaged because they control for
endogeneity which may arise due to reverse causal associa-
tions between variables in a model. The methods were further
used, because they address serial correlation, and common
correlation bias issues in datasets (Zeraibi et al. 2021).
Studies like Ouoba (2017) for West Africa; Omoke et al.
(2020), Adewuyi and Awodumi (2017), Abokyi et al.
(2019), and Alege et al. (2016) for some selected countries
in West Africa; and Namahoro et al. (2021) for cross regions
of Africa among others all failed to employ the aforestated
econometric techniques in their analysis. Finally, the methods
we employed were so advantageous that we did not need to
depend on instrumental variables, which to Herzer et al.
(2017) are a bit difficult to find. Besides instrumental variables
are unreliable when slope parameters are not the same across
the panel (Pesaran and Smith 1995).

A well-outlined analytical procedure was followed in
conducting the research. Firstly, cross-sectional dependence
test was conducted to examine whether the error terms of the
model were cross-sectionally correlated or not. Afterwards, a
test to assess homogeneity or heterogeneity in the slope pa-
rameters was performed. At the third stage, unit root tests were
undertaken to determine the integration order of the variables.
This was then followed by cointegration tests to examine
whether the investigated series were cointegrated in the
long-run or not. At the fifth step of the analysis, the elastic
effects of the explanatory variables on the explained variable
was explored, whilst the final stage examined the causalities
between the variables. This study is relevant because it pro-
vides new insights and viable options for formulating environ-
mentally friendly policies that could improve the financial
systems and ecologies of the countries. The study is also via-
ble because it will stimulate green consumption and produc-
tion patterns in the region in line with SDG 12 of the United
Nations. According to that goal, consumption and production
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patterns that are sustainable promote resource and energy ef-
ficiency, long-term infrastructure, green jobs, as well as better
standard of living. The study is further pertinent, because it
will make companies more aware of the importance of mon-
itoring, assessing, and disclosing environmental impacts when
it comes to the management of carbon and climate risks. The
exploration finally adds to the body of knowledge on the re-
lationship between financial development and environmental
sustainability. This could serve as a resource material for fu-
ture researchers who may want to research further on the topic
understudy. Originality of the study transpires from the fact
that key macroeconomic variables that influence environmen-
tal pollution in West Africa were used for the analysis. The
study is also original because the methods engaged are well
detailed, and the results are appropriately reported and
discussed. Following this section is the “Literature review”
section which outlines the various literature that supported
the topic understudy. In the third section “Model and data,”
the specified model, data source, and the analytical procedure
that was followed in conducting the study are brought to light,
while the fourth section “Empirical results” presents the re-
sults of the exploration. In the fifth section “Discussion of the
results,” discussions of the results are reported, while the
“Conclusions and policy recommendations” form the sixth
section of the investigation. Finally, limitations and sugges-
tions for further explorations is the subject of seventh section
“Limitations and suggestions for further studies.”

Literature review

According to the World Bank, the financial sector includes
institutions, instruments, markets, and legal and regulatory
frameworks that facilitate credit-based transactions.
Fundamentally, financial sector development entails lowering
financial system costs (World Bank 2012). Development in
the financial sector produces information on investments, en-
courages foreign capital inflows, and optimizes the inflows of
capital (Beck et al. 2010; Čihák et al. 2012; Beck et al. 2000;
Levine 2005; World Bank 2012). The affiliation between fi-
nancial development and environmental sustainability has
been researched immensely. The findings are however
varying. For example, Murshed (2021) studied a selection of
South Asian countries and confirmed financial development
as detrimental to environmental sustainability in the nations.
This research is very essential; however, generalization of its
finding for all economies in the globe will be unfair, because it
was confined to only South Asian countries. If other nations
were to form part of the sample, the outcome might be
different. Liu et al. (2021) undertook a research on China
and affirmed financial development as friendly to
environmental sustainability in the country. This discovery
backs that of Omoke et al. (2020) for Nigeria, but contrast that

of Doğanlar et al. (2021) for Turkey. These conflicting dis-
coveries imply the financial development-environmental sus-
tainability argument is endless and calls for more explorations.
Naqvi et al. (2021) investigated 155 countries from 1990 to
2017. From the revelations, financial development was harm-
ful to the environment of low-incomeeconomies. This re-
search is extremely essential; however, care should be
taking when interpreting its finding, because it was lim-
ited to only 155 nations. If other countries were to be
considered for the analysis, the outcome might not be
the same.

Zeraibi et al. (2021) studied ASEAN-5 countries from
1985 to 2016 and established financial development as dam-
aging to environmental sustainability. The study adopted the
CS-ARDL estimator to explore the coefficients of the covar-
iates. Care should therefore be taking when interpreting the
results, because if other econometric methods were to be used
for that purpose, the results might vary. Ibrahim and Vo
(2021) researched on 27 industrialized economies from 1991
to 2014. Disclosures of the study affirmed financial develop-
ment as harmful to environmental sustainability. This explo-
ration is very pertinent; however, it will be unfair to generalize
its finding for all economies in the world, because it was
confined to only 27 industrialized nations. If other economies
were to be incorporated into the investigation, the outcome
might be different. Godil et al. (2020) established financial
development as beneficial to the ecology of Turkey. This dis-
covery aligns that of Baloch et al. (2019) for BRI nations, but
contrasts that of Uddin et al. (2017) for 27 highest emitting
countries. The above contrasting findings symbolizes that the
financial development-ES debate is ceaseless and calls for
more investigations. Le and Ozturk (2020) investigated 47
economies from 1990 to 2014. From the revelations, financial
development worsened environmental sustainability in the
countries. The study utilized the common correlated effects
mean group (CCEMG), dynamic common correlated effects
mean group (DCCEMG), and the augmented mean group
(AMG) methods to examine the parameters of the re-
gressors. Care should therefore be exercised when
interpreting the results, because if other estimators were
to be used to explore the coefficients of the predictors,
the results might not be the same.

Ahmed et al. (2021) conducted a study on Japan and
affirmed financial development as detrimental to
environmental sustainability in the country. The exploration
adopted the symmetric and the asymmetric techniques in its
analysis. Therefore, generalizing the outcome for all nations in
the globe would be unfair, because if other econometric
methods were to be engaged for that purpose, the discovery
might be different. Aluko and Obalade (2020) researched on
35 SSA economies from 1985 to 2014. Applying the AMG
technique to estimate the elasticities of the regressors from 3
diverse models, positive and negative effects of financial
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development on environmental sustainability were observed.
The conflicting discoveries even from the same study under-
scores the fact that more explorations on the financial
development-environmental sustainability linkage is still war-
ranted. Kayani et al. (2020) undertook an investigative study
on the top ten carbon emitters in the globe and disclosed a
noticeably positive affiliation between financial development
and environmental pollution. The study is very vital since it
adds to the literature on the financial development-environ-
mental sustainability connection. However, care should
be taken when interpreting the results, because the ex-
ploration was confined to only ten countries. If other
economies were to form part of the analysis, the results
might be different.

Boutafeh and Saadaoui (2020) conducted an asymmetric
study on 22 African nations and discovered that positive fi-
nancial development shocks were essential in advancing en-
vironmental sustainability in the short-term. However, in the
long-term, financial development was harmful to the environ-
ment. The study recommended amongst others that African
governments should formulate policies that favor the financial
systems of the nations, and should make the funding of green
projects less vulnerable to adverse shocks in the economy.
The ARDL-PMG approach was adopted to explore the coef-
ficients of the predictors. This signifies that care should be
takenwhen interpreting the results, because if other economet-
ric approaches were to be engaged, the discoveries might not
be the same. Usman et al. (2021a) analyzed the financial
development-environmental sustainability connection in
Asia and established a bilateral association amidst financial
development and environmental sustainability. This research
is very useful; however, its finding cannot be made general for
all economies in the globe, because it was limited to only
Asian countries. If other nations were to form part of the
sample, varying discoveries might be disclosed. For the
period 1998 to 2016, Raghutla and Chittedi (2020) undertook
a research on the BRICS countries and confirmed financial
development as advantageous to the environment. This
disclosure aligns that of Aluko and Obalade (2020) for
Nigeria, but varies from Destek and Manga (2020) for big
emerging market (BEM) economies. The conflicting discov-
eries symbolizes that more investigations on the financial de-
velopment-CO2 excretions affiliation are warranted.

Zheng-Zheng et al. (2020) conducted a study on 30
Chinese provinces. From the CS-ARDL estimates of the ex-
ploration, financial development raised environmental sus-
tainability pollution in the provinces. This research is very
vital; however, interpretation of its outcome warrants some
care, because the study was limited to some selected provinces
in the country. If all the provinces were to form part of the
sample, the outcome might be different. Yang et al. (2021)
performed an investigation on GCC economies and confirmed
financial development as detrimental to environmental

sustainability. The FMOLS and the CCE econometric
techniques were used to explore the parameters of the
regressors. It will therefore be unfair to generalize the results
for all countries in the globe, because if other methods were to
be considered for that role, the outcome might be diverse. An
exploration by Lahiani (2020) affirmed financial development
as friendly to the ecology of China. This finding collaborates
that of Saidi and Mbarek (2017), but contrasts that of Hussain
et al. (2020). The conflicting discoveries signposts that the
debate on the connection amid financial development and
environmental sustainability is ceaseless and demands for
more investigations. Bayar et al. 2020) researched on 11
post-transition European economies and found financial
development and environmental degradation to be
negatively related. The study employed the DSUR technique
to explore the elasticities of the covariates. This suggests that
interpretation of the finding demands some care, because if
other econometric approaches were to be used for the analysis,
the outcome might not be the same. Nwani and Omoke (2020)
probed the financial development-environmental sustainabili-
ty connection in Brazil and established financial development
as harmful to environmental sustainability. The study adopted
the dynamic ARDL estimator to explore the influence of the
regressors on the criterion variable. Therefore, care should be
taken when interpreting the finding, because if other
estimators were to be considered for that purpose, the
discovery might be different.

Kizito et al. (2020) undertook a research on 58 economies.
From the DCCE and the GMM estimation methods, financial
structure minimized the rate of pollution in the nations.
Specifically, bank-based financial development helped to im-
prove environmental sustainability in the nations. However,
the influence of market-based financial development on the
environment was weak. A nonlinear connection amidst finan-
cial development and environmental sustainability was also
affirmed. The study recommended amongst others that coun-
tries that wanted to improve the quality of their environments
should develop their bank-based financial systems. Also, the
nations should prioritize the development and repositioning of
their stock markets to help improve their environments. The
results of the exploration are interesting. However, the fact
that the discoveries are conflicting even in the same study
signifies that the interpretation of the findings demands
some care. Majeed et al. (2020) explored the affiliation be-
tween financial development and environmental pollution in
Pakistan from 1972 to 2018. From the revelations, asymmetric
connection between financial development and environmental
pollution was established, as the emanation of carbon was
largely influenced by adverse shocks in financial development
both in the short and the long-term. On the dynamic multiplier
analysis, the negative effect of financial development on car-
bon emissions was higher than the positive effect.
Conclusively, assuming symmetric influence of financial
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development on environmental pollution could be misleading.
This research is very essential; however, care should be taken
when interpreting the results, because the study was limited to
only Pakistan. If other countries were to be included in the
sample, the findings might not be the same.

Acheampong et al. (2020) researched on the linkage be-
tween financial development and environmental sustainability
of 83 economies for the period 1980 to 2015. From the
discoveries, financial market development improved
environmental sustainability in the advanced and emerging
financial economies. However, an opposite impact was
disclosed for frontier financial economies. For the
standalone financial economies, there was no direct
association amidst the series. The inconsistency in the
findings indicates that the affiliation between financial
development and environmental sustainability is incessant
and calls for more investigations. Ye et al. (2021) undertook
an investigation on Malaysia from 1987 to 2020. From the
disclosures, financial development worsened environmental
sustainability in the country. The study used the ARDL tech-
nique to explore the elasticities of the predictors. Care should
therefore be taking when interpreting the finding, because if
other econometric methods were to be used for that purpose,
the outcome might be dissimilar. Shahbaz et al. (2020) per-
formed a research on Saudi Arabia and found a U-shape and
an inverted N-shape association between financial
development and environmental pollution. Also, a feedback
affiliation between financial development and environmental
pollution was observed. This study is extremely insightful;
however, it will be unfair to generalize its results for all
countries in the world, because it was confined to only Saudi
Arabia. If other nations were to be part of the sample, the
outcome might not be the same. Neog and Yadava (2020)
studied India from 1980 to 2014 and disclosed a trivial rela-
tionship between financial development and environmental
pollution. However, asymmetric association amid the series
in the long-term was affirmed. It was recommended among
others that authorities should ensure there was proper transi-
tion of financial development towards projects that were not
damaging to the nation’s environment. This exploration is
very pertinent; however, care should be observed when
interpreting the results, because the study was skewed to only
India. If other economies in Asia or other parts of the globe
were to form part of the sample, the findings might be
dissimilar.

Summarily, explorations on the nexus between financial
development and environmental sustainability have produced
conflicting results. While Yang et al. (2021), Murshed (2021),
Doğanlar et al. (2021), Naqvi et al. (2021), Zeraibi et al.
(2021), Ibrahim and Vo (2021), Le et al. (2020), Ahmed
et al. (2021), Kayani et al. (2020), Destek and Manga
(2020), and Zheng-Zheng et al. (2020), among others, af-
firmed financial development as damaging to environmental

quality, Liu et al. (2021), Omoke et al. (2020), Godil et al.
(2020), Baloch et al. (2019), Boufateh and Saadaoui (2020),
Raghutla and Chittedi (2020), Aluko and Obalade (2020),
Lahiani (2020), and Bayar et al. (2020), among others, on
the other hand, confirmed financial development as friendly
to environmental sustainability. Irrespective of the numerous
explorations on the connection between financial develop-
ment and environmental sustainability, studies of such type
are missing for West Africa to the best of our knowledge.
This research was therefore undertaken to help fill that gap.

Model and data

Model specification and theoretical foundation

Changes in environmental sustainability are thought to be
closely linked to developments in the financial sector
(Zheng-Zheng et al. 2020). However, there is no consensus
with regard to this linkage, since financial development could
improve, worsen, or exert no influence on environmental sus-
tainability (Gök 2020). To add to the financial development-
environmental sustainability debate, an exploration in the con-
text of West Africa was deemed essential. In this exploration,
environmental sustainability was represented by carbon emis-
sions, because it plays a crucial role in ongoing deliberations
on ecological protection, climate change mitigation, and long-
term growth (Kizito et al. 2020). Besides, studies like Lahiani
(2020), Liu et al. (2021), Le and Ozturk (2020), Bayar et al.
(2020), and Usman et al. (2021b), among others, used carbon
emissions as a proxy of environmental pollution. To compre-
hensively analyze the linkage between financial development
and environmental sustainability inWest Africa, the following
econometric function was proposed;

CO2it ¼ f FDit; FDIit;ECit; INDit; POPitð Þ ð1Þ

where CO2 emissions was the response variable which
proxied environmental sustainability (ES) and FD denotes fi-
nancial development which was the main explanatory vari-
able. Foreign direct investments (FDI), energy consumption
(EC), industrialization (IND), and population growth (POP)
were controlled for to help minimize OVB issues. The vari-
ables specified in Eq. 1 were expressed as a linear combina-
tion with respective parameter estimates in a panel data format
as:

CO2it ¼ αi þ β1FDit þ β2FDI it þ β3ECit þ β4INDit

þ β5POPit þ μit ð2Þ

where β1, β2,β3, β4, and β5 are the slope parameters of FD,
FDI, EC, IND and POP respectively and ⍺i and uit are the
constant and error terms correspondingly. Finally, the
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investigated countries are epitomized by i, while the time
frame is denoted by t. To help minimize heteroscedasticity
and data fluctuation issues, all the series in Eq. 2 were log-
transformed and the resulting specification became:

lnCO2it ¼ αi þ β1lnFDit þ β2lnFDIit þ β3lnECit þ β4lnINDit þ β5lnPOPit þ μit

ð3Þ

where ln CO2, lnFD, lnFDI, lnEC, lnIND, and lnPOP are
the log transformations of CO2, FD, FDI, EC, IND, and
POP respectively. After the variables had been log-trans-
formed, their coefficients could be viewed as elasticities. We
expected the influence of financial development on environ-
mental pollution to be either negative or positive. For exam-
ple, if the financial sector in West Africa develops, it will be
easy for private enterprises to access finance to back their
operations. This could lead to more industrial activities dom-
inated by the consumption of dirty energies, resulting in high
environmental pollution (Sadorsky 2010). Similarly, if finan-
cial development is linked to increased access to consumer
credit at the household level, the demand for carbon-
intensive home equipment may rise, causing the rate of effu-
sions in the region to also rise (Acheampong 2019). Under
these scenarios, the marginal influence of financial develop-
ment on environmental pollution was expected to be positive

β1 ¼ ∂lnCO2it
∂lnFDit

> 0
� �

: Contrarily, financial development could

attract green investments into West Africa leading to environ-
mental pollution abatement. Also, financial development
could trigger investments in research and development,
resulting in environmental pollution mitigation via technolog-
ical innovations. Further, if the financial sector in West Africa
is well developed, it could encourage investments in green
projects that could ensure environmental quality (Tamazian
and Rao 2010). The effect of financial development on envi-
ronmental pollution under these scenarios was projected to be

negative β1 ¼ ∂lnCO2it
∂lnFDit

< 0
� �

: The coefficient of foreign di-

rect investments was projected to be positive

β2 ¼ ∂lnCO2it
∂lnFDIit > 0

� �
if foreign investments was linked to the

establishment of carbon-intensive industries in the region, val-
idating the pollution haven hypothesis (Ahmad et al. 2020b;
Minh 2020). Otherwise, foreign direct investments was to
adversely influence environmental pollution

β2 ¼ ∂lnCO2it
∂lnFDIit < 0

� �
if those investments were connected to

green and well-advanced technologies that could help to im-
prove environmental quality in the region. This supports the
hypothesis of pollution halo (Demena and Afesorgbor 2020).
The marginal influence of energy utilization on the effluents

of carbon was to be positive β3 ¼ ∂lnCO2it
∂lnECit

> 0
� �

if the ener-

g i e s c o n s umed i n We s t A f r i c a we r e c a r b on -
intensive(Adebayo et al. 2021; Yang et al. 2021). Otherwise,

the consumption of energy was to have an adverse influence

on environmental pollution β3 ¼ ∂lnCO2it
∂lnECit

< 0
� �

if the energy

utilized in the region added to environmental quality (Alharthi
et al. 2021; Adebayo and Kirikkaleli 2021). Industrialization
was to pose a positive influence on carbon exudates

β4 ¼ ∂lnCO2it
∂lnINDit

> 0
� �

; if industrial activities undertaken in

West Africa were high-polluting due to the consumption of
dirty energies (Rehman et al. 2021a; Rauf et al. 2020).
Contrarily, if activities executed at the industrial level of the
region were linked to the utilization of clean energies, then,
industrialization was to have a negative influence on environ-

mental pollution β4 ¼ ∂lnCO2it
∂lnINDit

< 0
� �

backing those of

Chowdhury et al. (2020b) and Congregado et al. (2016).
Finally, if population growth was linked to the consumption
of dirty energies at both the industrial and the domestic levels,
then its impact on the effusions of carbon was to be positive

β5 ¼ ∂lnCO2it
∂lnPOPit

> 0
� �

; validating those of Naseem et al.

(2020a) and de Silva Mendonça et al. (2020). However, the
elasticity of population growth was to be negative

β5 ¼ ∂lnCO2it
∂lnPOPit

< 0
� �

; if the growth in population was con-

nected to the utilization of energies from renewable and effi-
cient sources (Begum et al. 2015).

Data source and descriptive statistics

A balanced panel data on the 16 countries ofWest Africa from
1990 to 2016 was used for the analysis. The starting (1990)
and ending (2016) periods of the exploration were influenced
by the availability of data. Specifically, data on environmental
sustainability (carbon emissions) was available on yearly basis
from 1990 to 2016, after which it ceased to be available. To
therefore avoid measurement errors due to data interpolations,
the study was confined to the aforestated period. All data
utilized for the exploration was obtained from the World
Bank’s database (WDI, 2010). Details on the investigated var-
iables and the sampled countries are shown in Table 1.

Summary statistics on the series are shown in Table 2.
From the table, population growth had the uppermost average
value, while carbon emissions had the lowest average value.
Moreover, energy consumption exhibited high volatility with
standard deviation of 2.824, while industrialization exhibited
the least volatility with a standard deviation of 0.578. One can
therefore remark that the maximum level of risk was associ-
ated with energy consumption, while the minimum level of
risk was linked to industrialization. Also, all the series were
skewed negatively except energy consumption. In terms of
kurtosis, the distributions of energy consumption and environ-
mental pollution were platykurtic, while the rest had
leptokurtic shaped distributions. Normality of the variables’
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Table 1 Data description and measurement units

Variable Definition Measurement unit

Environmental
Sustainability (CO2

emissions)

Carbon dioxide emissions are those stemming from the burning of fossil fuels and
the manufacture of products like cement among others. They include effusions
produced during consumption of solid, liquid, and gas fuels and gas flaring.

Metric tons per capita

Financial Development
(FD)

Domestic credit to private sector refers to financial resources provided to the private
sector by financial corporations, that establish a claim for repayment. The
financial corporations include monetary authorities and deposit money banks, as
well as other financial corporations where data are available.

Domestic credit to private sector by
banks (% of GDP)

Foreign direct
investments (FDI)

Refer to investments made by firms or individuals in one country into business
interests located in another country. In other words, FDI is an investment in the
form of a controlling ownership in a business in one country by an entity based in
another country. It is thus distinguished from a foreign portfolio investment by a
notion of direct control.

Net inflows (% of GDP)

Energy consumption
(EC)

It refers to the use of primary energy before transformation to other end-use fuels,
which is equal to indigenous production plus imports and stock changes, minus
exports and fuels supplied to ships and aircraft engaged in international transport.

Kg of oil equivalent per capita

Industrialization (IND) It is the process by which an economy is transformed from primarily agricultural one
to one based on the manufacturing of goods. It is a systematic change that aims to
reshape the productive forces of a given country.

Industry (including construction),
value added (constant 2010 US$)

Population growth (POP) It is the rate at which the number of individuals in a population increases in a given
time period. Population growth depends on the rate of natural increase, or the
fertility rate minus the mortality rate and net migration.

Population growth (annual %)

Sampled countries: Ghana, Benin, Burkina Faso, Cape Verde, La Cote d’Ivoire, Gambia, Guinea, Guinea-Bissau, Liberia, Mali, Mauritius, Niger,
Nigeria, Senegal, Sierra Leone, and Togo

Table 2 Descriptive statistics and
correlational analysis Descriptive statistics

Statistics lnCO2 lnFD lnFDI lnEC lnIND lnPOP

Mean −1.307 2.212 0.382 2.185 2.895 3.681
Median −1.365 2.418 0.514 0.000 3.028 4.020
Maximum 0.211 4.179 4.638 6.683 3.659 5.417
Minimum −3.016 −0.910 −6.089 0.000 0.000 0.000
Std. Dev. 0.823 0.935 1.498 2.824 0.578 1.245
Skewness −0.114 −0.720 −0.803 0.547 −2.935 −1.316
Kurtosis 2.211 3.464 4.799 1.356 14.422 4.169
Jarque-Bera 13.354 45.307 115.129 77.178 64.051 164.069
Probability 0.001 0.000 0.000 0.000 0.000 0.000
VIF - 1.28 1.11 1.22 1.19 1.18
Tolerance - 0.780 0.897 0.820 0.843 0.849
Correlational analysis
Variable lnCO2 lnFD lnFDI lnEC lnIND lnPOP
lnCO2 1.000
lnFD 0.192*** 1.000

(0.001)
lnFDI 0.276*** 0.149*** 1.000

(0.007) (0.000)
lnEC 0.371*** 0.397*** 0.386*** 1.000

(0.008) (0.001) (0.006)
lnIND 0.258*** 0.045 0.045 0.249*** 1.000

(0.000) (0.671) (0.435) (0.004)
lnPOP 0.677*** −0.112** −0.088* 0.173*** 0.336*** 1.000

(0.002) (0.034) (0.067) (0.002) (0.001)

Notes: values in parenthesis ( ) represent probabilities; ***, **, and * denote significance at the 1%, 5%, and the
10% levels, respectively
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distributions were examined via the Jarque-Bera test. From
the test’s discoveries, the hypothesis that the series were dis-
tributed normally could not be accepted. The correlation be-
tween the variables were also examined, and from the discov-
eries shown in Table 2, all the series had significantly positive
association with environmental degradation. This suggests
that a surge in the variables led to a surge in environmental
pollution and vice-versa. Further, the variance inflation factor
and tolerance tests were less than 5 and greater than 0.2 cor-
respondingly. This signifies the absence of collinearity amidst
the predictors. Finally, the regressors loaded very well under
either comp 1, comp 2, or comp 3 based on the principal
components analysis (PCA) results depicted in Table 3. This
signpost that the variables had the attributes of environmental
sustainability in West Africa.

Analytical procedure

According to Talib et al. (2021), Zeqiraj et al. (2020),
Herzer et al. (2017), and Li et al. (2020a), unobserved
common factors like global epidemics, climate change,
global financial crises, global technological progress,
spread of diseases, and cross-border pollution between
nations that vary overtime could lead to dependencies in
residual terms, thereby yielding erroneous regression out-
comes if they are not controlled. Therefore, as a first step,
residual cross-sectional dependence (CD) were assessed
via the CD test of Pesaran (2004). In panel data setting,
models often suffer from issues pertaining to slope het-
erogeneity, which could lead to biased results and the
choice of wrong econometric methods, if they are ignored
(Mensah et al. 2021; Musah et al. 2021a,,b). Therefore
following the works of Li et al. (2021), Mensah et al.

(2019), and Li et al. (2020b), the Pesaran and Yamagata
(2008) homogeneity test was conducted at the second
stage to establish whether the slope coefficients were ho-
mogeneous or heterogeneous. This test was preferred over
other homogeneity tests in that they control for residual
cross-sectional dependence and also produce reliable out-
comes (Dong et al. 2019). At the third phase, the Cross-
sectionally Augmented Dickey-Fuller(CADF) test and the
Cross-sectional Im, Pesaran and Shin (CIPS) test for sta-
tionarity that are resilient to residual CD were conducted
to study the variables’ order of integration. This was then
followed by the Westerlund and Edgerton (2007) test
(hereafter W-E test) and the Durbin-Hausman(DH) test
to assess the cointegration attributes of the variables.
The W-E test unlike the conventional cointegration tests
is robust to heterogeneity and residual CD issues. It also
offers consistent results even in small sample sized
datasets (Bhattacharya et al. 2018). The error correction
model of the W-E test is stated as:

Δzit ¼ δ
0
idi þ θi zi t−1ð Þ þ π

0
i

� �
þ ∑

m

j¼1
θijΔzi t−1ð Þ þ ∑

m

j¼0
φijΔyi 1− jð Þ þ ωit ð4Þ

where θi denotes the term of adjustment. The W-E test is
made up of two panel statistics namely Pa and Pt and two
group statistics namely Ga and Gt. The group statistics of the
test are expressed as:

Gτ ¼ 1

N
∑
N

i¼1

θi

SE bθi� � ð5Þ

Gα ¼ 1

N
∑
N

i¼1

Tθi
θ
0
i 1ð Þ ð6Þ

where Gτ and Gα are the group mean statistics, θi is the

error correction parameter, bθi is the semiparametric kernel

estimator of θi, and SE bθi� �
is the conventional standard error

of bθi. The panel statistics on the other hand are stated as;

Pτ ¼
bθi

SE bθi� � ð7Þ

Pα ¼ Tbθi ð8Þ

where Pτ and Pα are the panel mean statistics and bθi is the
common error correction estimator. In the context of the DH
test, two test statistics namely panel statistics (DHp) and group
statistics (DHg) are produced. The two test statistics are
expressed as:

DHg ¼ ∑
n

i¼1

bSi eϕi−ϕi

� �2
∑
T

t¼2
beit−1 ð9Þ

Table 3 Principal component analysis (PCA)

Component Eigenvalue Difference Proportion Cumulative

Comp 1 1.681 0.535 0.336 0.336

Comp 2 1.146 0.105 0.229 0.565

Comp 3 1.041 0.433 0.208 0.773

Comp 4 0.608 0.084 0.122 0.895

Comp 5 0.524 - 0.105 1.000

Principal components (eigenvectors)

Variable Comp 1 Comp 2 Comp 3

lnFD 0.561p 0.120 0.430

lnFDI 0.014 0.767q 0.348

lnEC 0.512p −0.166 0.715

lnIND 0.374 −0.570q −0.065
lnPOP 0.532p 0.212 −0.554

Notes: p denotes significant loadings under component 1 and q denotes
significant loadings under component 2
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DHp ¼ bSn eϕi−ϕi

� �2
∑
n

i¼1
∑
T

t¼2
beit−1 ð10Þ

where eϕi and ϕi are the instrumental variable (IV) estima-
tors of ϕi. While the DHp assumes that ϕi = ϕ, the DHg does
not. The null and the alternative hypothesis of the tests are

stated as (Ho : ϕi < 1 for ∀
0
i ) and (Ho : ϕi ¼ 1 for ∀

0
i ) cor-

respondingly. At the fourth stage, the CS-ARDL estimator
was first engaged to examine the elasticities of the covariates.
This method is meritous in that it is resilient to residual CD,
endogeneity, heterogeneity, and weakly exogenous regres-
sors; it offers consistent outcomes even if the error terms are
flanked by unit roots; it is vigorous to feedback effects from
the lagged criterion variable to the current values of the covar-
iates; and it computes both short and long-term parameters of
regressors (Chudik et al. 2016). However, the CS-ARDL es-
timator could yield biased outcomes if the number of lags (py,
px) are mis-specified(Talib et al., 2021). Following
Chudik et al.(2016), the exploration’s CS-ARDL model, aug-
mented with additional lags of cross-sectional averages to
control for common factors, was expressed as:

lnCO2it ¼ wi þ ∑
j¼1

py

λijlnCO2it− j þ ∑
j¼0

px

β1 jlnFDit− j

þ ∑
j¼0

px

β2 jlnFDIit− j þ ∑
j¼0

px

β3 jlnECit− j

þ ∑
j¼0

px

β4 jlnINDit− j þ ∑
j¼0

px

β5 jlnPOPit− j

þ ∑
p

j¼0
γ1 jlnCO2t− j þ ∑

p

j¼0
γ2 jlnFDt− j

þ ∑
p

j¼0
γ3 jlnFDIt− j þ ∑

p

j¼0
γ4 jlnECt− j

þ ∑
p

j¼0
γ5 jlnINDt− j þ ∑

p

j¼0
γ6 jlnPOPt− j þ εit ð11Þ

where lnCO2, lnFD, lnFDI , lnEC;lnIND , and lnPOP rep-
resent the cross-sectional means of CO2, FD, FDI, EC, IND,
and POP respectively; wi denotes the effect specifications of
unobserved economies; λij symbolizes the effect of the lagged
criterion variable; β1j, . . , β5j are the coefficients of the lagged
input series; γ1j,…, γ6j are the average cross-sectional values
of the lagged series; and p denotes the cross-sectional mean
lags. It is important to note that p is not compulsorily equal to

py or px and could be chosen based on p ¼ ffiffiffiffi
T3

p� �
as in Chudik

and Pesaran (2015). To check robustness of the CS-ARDL
estimates, the CS-DL estimator of Chudik et al. (2016) was
also employed. Unlike the CS-ARDL estimator, the CS-DL
estimator relies on a DL representation and is therefore not
more sensitive to the selection of lag length (Herzer et al.

2017). In addition, the estimator permits one to directly esti-
mate the long-run coefficients and also allows for weak cross-
sectional correlations and residual factor error structure
(Chudik and Pesaran 2015). In line with Chudik et al.
(2016), the study’s CS-DL estimator, augmented with cross-
sectional averages to control for common factors, is expressed
as:

lnCO2it ¼ wi þ θixit þ ∑
j¼1

px−1

δ
0
itΔxit− j þ ∑

j¼1

py

γyi; jyit− j

þ ∑
j¼1

px

γ
0
x;itxit− j þ uit ð12Þ

where θi is the parameter of the regressors; y and x are the cross-
sectional means of the criterion and the explanatory variables
correspondingly; py and px are the lags of the cross-sectional

means; and γyi, j and γ
0
x;it are the parameters of the laggedmeans

of the cross-sections. The CAEC estimator which builds on the
techniques outlined in Gengenbach et al. (2015), Eberhardt and
Presbitero (2015), and Chudik and Pesaran (2015) was further
engaged to check the robustness of the CS-ARDL estimates.
The CAEC model depicted in Eq. 13 was formulated to help
explore the elasticities of the covariates;

ΔlnCO2it ¼ φi yi;t− j−θixi;t
h i

þ ∑
py−1

j¼1
λ*
ijΔyi;t− j þ ∑

px−1

j¼0
β*

0

ij Δxi;t− j þ ∑
j¼0

pT

γ
0
ijZi;t þ wi þ ui;t

ð13Þ

where φi ¼ − 1− ∑
j¼1

py

λij

 !
, θi ¼ ∑px

j¼0βij

1−∑
py
j λij

,

λ*
ij ¼ − ∑

m¼ jþ1

py

λim; j ¼ 1; 2;…; py−1,

β*
ij ¼ − ∑

m¼ jþ1

px
βim; j ¼ 1; 2;…; px−1:

From Monte Carlo simulations in Chudik et al. (2016), the
CS-ARDL, CS-DL, and the CAEC estimators produced rea-
sonable results, even in small samples. However, the CS-DL
estimator performed worse than the other two. We therefore
chose the former as our main estimator, with the others serv-
ing as a robustness check. Lastly, the causality test of
Dumitrescu and Hurlin (2012) (hereafter D-H test) was
adopted to unravel the causal affiliations between the vari-
ables. This test was used because of its robustness to hetero-
geneity and residual CD. The D-H causality test could be
stated officially as in Eq. 14, if Y and X are the explained
and the explanatory series respectively.

Y it ¼ γi þ ∑
M

m¼1
αi

mð ÞY it−m þ ∑
M

m¼1
δi

mð ÞX it−m þ εit ð14Þ

where M denotes the number of lags, γi signifies the con-
stant term, αi

(m) symbolizes the autoregressive coefficients,

¯

¯
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and δi
(m) represents the regression coefficients. Based on Eq.

14, the following specifications were developed for the causal
connections amidst the series;

lnCO2it ¼ γ1 þ ∑
M

m¼1
α1

mð ÞlnCO2it−m þ ∑
M

m¼1
δ1

mð ÞlnFDit−m

þ ∑
M

m¼1
δ2

mð ÞlnFDIit−m þ ∑
M

m¼1
δ3

mð ÞlnECit−m

þ ∑
M

m¼1
δ4

mð ÞlnINDit−m þ ∑
M

m¼1
δ5

mð ÞlnPOPit−m

þ εit ð15Þ

lnFDit ¼ γ2 þ ∑
M

m¼1
α2

mð ÞlnFDit−m þ ∑
M

m¼1
δ6

mð ÞlnFDIit−m

þ ∑
M

m¼1
δ7

mð ÞlnECit−m þ ∑
M

m¼1
δ8

mð ÞlnINDit−m

þ ∑
M

m¼1
δ9

mð ÞlnPOPit−m þ ∑
M

m¼1
δ10

mð ÞlnCO2it−m

þ εit ð16Þ

lnFDIit ¼ γ3 þ ∑
M

m¼1
α3

mð ÞlnFDIit−m þ ∑
M

m¼1
δ11

mð ÞlnECit−m

þ ∑
M

m¼1
δ12

mð ÞlnINDit−m þ ∑
M

m¼1
δ13

mð ÞlnPOPit−m

þ ∑
M

m¼1
δ14

mð ÞlnCO2it−m þ ∑
M

m¼1
δ15

mð ÞlnFDit−m

þ εit ð17Þ

lnECit ¼ γ4 þ ∑
M

m¼1
α4

mð ÞlnECit−m þ ∑
M

m¼1
δ16

mð ÞlnINDit−m

þ ∑
M

m¼1
δ17

mð ÞlnPOPit−m þ ∑
M

m¼1
δ18

mð ÞlnCO2it−m

þ ∑
M

m¼1
δ19

mð ÞlnFDit−m þ ∑
M

m¼1
δ20

mð ÞlnFDIit−m

þ εit ð18Þ

lnINDit ¼ γ5 þ ∑
M

m¼1
α5

mð ÞlnINDit−m

þ ∑
M

m¼1
δ21

mð ÞlnPOPit−m þ ∑
M

m¼1
δ22

mð ÞlnCO2it−m

þ ∑
M

m¼1
δ23

mð ÞlnFDit−m þ ∑
M

m¼1
δ24

mð ÞlnFDIit−m

þ ∑
M

m¼1
δ25

mð ÞlnECit−m þ εit ð19Þ

lnPOPit ¼ γ6 þ ∑
M

m¼1
α6

mð ÞlnPOPit−m ∑
M

m¼1
δ26

mð ÞlnCO2it−m

þ ∑
M

m¼1
δ27

mð ÞlnFDit−m þ ∑
M

m¼1
δ28

mð ÞlnFDIit−m

þ ∑
M

m¼1
δ29

mð ÞlnECit−m þ ∑
M

m¼1
δ30

mð ÞlnINDit−m

þ εit ð20Þ

where γ1, …, γ6 are constant parameters to be estimated;
α1, …, α6 are the autoregressive coefficients; and δ1, …,
δ30 are parameters of the input variables. Under this test, two
statistics namely W-statistics and Z-statistics are computed.
These tests are expressed as:

WHNC
N ;T ¼ N−1 ∑

N

i¼1
Wi;t ð21Þ

ZHNC
N ;T ¼

1ffiffiffiffi
N

p ∑
N

i¼1
Wi;t− ∑

N

i¼1
E Wi;t
� �	 


ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1

N
∑
N

i¼1
Var Wi;t
� �s ð22Þ

where Wi, t is the Wald statistic and E(Wi, t) and Var(Wi, t)
are the expectation and variance of that statistic respectively.
The null and the alternative hypothesis of the D-H causality
test are expressed as:

H0 ¼ βi ¼ 0 ∀i ¼ 1;…;N1

H1 ¼ βi ¼ 0 ∀i ¼ 1;…;N 0≤N 1=N < 1
H1 ¼ βi≠0 ∀i ¼ 1;…;N þ 1;N þ 2;…;N

ð23Þ

From the above, if X does not Granger cause Y, then we fail
to reject the null hypothesis of no causality. However, if X
Granger causes Y then the above hypothesis can be rejected.

Empirical results

Cross-sectional dependence and slope heterogeneity
tests results

Because the ignorance of CD in cross-country studies could
result in biased and spurious estimations (Munir et al. 2020;
Zeraibi et al. 2021; Mensah et al. 2019), this exploration pri-
marily employed the CD test proposed by Pesaran (2004) to
examine the contemporaneous correlations amidst the coun-
tries. Discoveries of the test are depicted in Table 4, and from
the findings, there was residual CD in the panel, contrasting
that of Li et al. (2020a). Just like the issue of CD, the existence
of heterogeneity in slope parameters may lead to biased
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regression estimates (Li et al. 2020b). According to Zeraibi et al.
(2021), slope heterogeneity occurs when there are country-specific
dissimilarities amidst cross-sectionalunits, and because the studied
countries are not the same across the region, there was the need to
examine the existence of heterogeneity or otherwise in the slope
coefficients. Therefore, toeing the line of Musah et al. (2020a, b)
and Mensah et al. (2020), the homogeneity test of Pesaran and
Yamagata (2008) indicated in Table 5 was undertaken for that
purpose. From the findings, there was heterogeneity in the slope
parameters supporting that of Li et al. (2021) and Mensah et al.
(2021).

Unit root and cointegration tests results

Stationarity analysis is essential for establishing the in-
tegration properties of variables (Qin et al., 2021;
Musah et al. 2021a, b). Since there were dependencies
in the residual terms, the application of conventional
stationarity tests could yield biased outcomes (Murshed
and Dao 2020; Murshed et al. 2020a, b). Therefore,
following Musah et al. (2020c), Murshed et al.
(2020c), and Musah et al. (2021a), the modern unit root
tests shown in Table 5 were undertaken to assess
whether the integration order of the variables met the
requirements of the ensuing econometric methods to be
engaged or not. From the results, all the variables were
integrated of order 1, validating the studies of Musah
et al. (2021b) and Li et al. (2020b). Cointegration asso-
ciation amid series is a prerequisite for estimating the
elasticities of covariates (Rehman et al. 2021b; Murshed
and Alam 2021). Hence, following Sharif et al. (2019),
Bekun et al. (2019), and Kirikkaleli and Kalmaz (2020),
the cointegration tests exhibited in Table 6, which are
vigorous to dependencies and heterogeneity, were per-
formed to establish whether the series met the integra-
tion conditions of the estimators to be employed or not.
From the discoveries, the variables under consideration
exhibited a long-term cointegration association, collabo-
rating those of Musah et al. (2020a, b) and Phale et al.
(2021).

Table 4 Cross-sectional dependence and heterogeneity tests results

Cross-sectional dependence test

Variable Value Prob.

lnCO2 47.798 0.000***

lnFD 54.971 0.000***

lnFDI 55.066 0.031**

lnEC 22.886 0.000***

lnIND 16.604 0.000***

lnPOP 50.586 0.071*

Slope heterogeneity test

Statistic Value Prob.

Delta (eΔ ) 14.971 0.000***

Adj. (eΔadj ) 17.098 0.000***

Notes: ***, **, and * denote significance at the 1%, 5%, and the 10%
levels respectively

Table 5 Unit root and
cointegration tests results Variable CIPS unit root test CADF unit root test

Levels Decision 1st Diff. Decision Levels Decision 1st Diff. Decision

lnCO2 −3.676 I(0) −4.311*** I(1) −3.884 I(0) −4.644*** I(1)

lnFD −3.761 I(0) −4.612*** I(1) −3.726 I(0) −4.994*** I(1)

lnFDI −2.226 I(0) −3.267** I(1) −2.174 I(0) −2.941* I(1)

lnEC −2.019 I(0) −2.893* I(1) −3.823 I(0) −4.873*** I(1)

lnIND −1.351 I(0) −2.908** I(1) −3.167 I(0) −3.897** I(1)

lnPOP −2.678 I(0) −3.788** I(1) −2.911 I(0) −3.867*** I(1)

Westerlund and Edgerton cointegration test

Statistic Value Z-value P-value Robust P-value

Gt −1.099 1.079 0.086* 0.035**

Ga −2.172 2.671 0.046** 0.003***

Pt −0.684 2.306 0.069* 0.031**

Pa −0.521 1.614 0.077* 0.052*

Durbin-Hausman test

Statistic Value P-value

DHg 4.562 0.003***

DHp 3.993 0.044**

Notes: ***, **, and * denote significance at the 1%, 5%, and the 10% levels, respectively
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Model estimation and causality results

After establishing dependencies and heterogeneity in the pan-
el, it was worthwhile to engage regression estimators that
could account for the above issues in the elasticity estimation
process. Therefore, following Talib et al. (2021), Zeqiraj et al.
(2020), Walid (2020), Zheng-Zheng et al. (2020), and Kamah
and Riti (2021), the CS-ARDL estimator, which is robust to
the above issues, was firstly used to examine the parameters of
the regressors. From the results shown in Table 6, financial
development was not friendly to the environment, reducing its
quality by 9.825%. Also, foreign direct investments, energy
utilization, industrialization, and population growth were det-
rimental to the environment of West Africa, deteriorating its
quality by 2.251%, 4.356%, 2.129%, and 3.119% correspond-
ingly. The error correction term (ECT) was significantly neg-
ative at the level of 1%. −0.857 being the ECT value implies
85.7% of disequilibrium in environmental pollution was rec-
tified in West Africa. The diagnostic tests results underscored
the fitness of the model based on the appropriate R2, root mean
square error, and significant F-statistic values. The CD test
statistic also validated the hypothesis of no residual CD in
the model. It was pertinent to check the robustness of the
CS-ARDL estimator. Therefore, the CS-DL and the CAEC
estimates were also computed. From the results also depicted
in Table 6, there were variations in the weight of the coeffi-
cients and some of the significance levels of the two estima-
tors when compared to the principal estimator, however, the
parameters of the predictors in terms of sign across the three
estimators were the same. Also, the diagnostic tests under the
CS-DL and the CAEC estimators were in line with that of the
CS-ARDL estimator, justifying the robustness of the results.
The elastic effects of financial development, foreign direct

investments, energy consumption, industrialization, and pop-
ulation growth on CO2 emissions are displayed in Fig. 1.

The traditionally adopted Engle and Granger (1987) test for
causality is inefficient in handling heterogeneity and depen-
dencies in panel data sets (Fig. 2). Therefore, following Li
et al. (2021) and Zeraibi et al. (2021), the D-H causality test
was employed to unearth the causal associations amidst the
series. From the discoveries indicated in Table 7, a one-way
causality between financial development and carbon emis-
sions was unraveled. Also, a reciprocal affiliation amidst for-
eign direct investments and environmental pollution was
disclosed. A feedback causality amid energy utilization and
environmental degradation was further affirmed. Likewise, a
mutual connection between industrialization and the exudates
of carbon was revealed. Finally, a one-directional causality
from population growth to the effusions of carbon was
uncovered.

Discussion of the results

After confirming cointegration affiliation amidst the series,
the CS-ARDL estimator was first engaged to examine the
coefficients of the regressors. From the results, a 1% rise in
financial development escalated carbon emissions by 9.825%.
The positive connection between financial development and
environmental pollution implies financial policies undertaken
in West Africa were not environmentally sustainable. A pos-
sible explanation of this discovery is that the loans obtained by
private entities in the region have been used predominantly in
establishing carbon-intensive industries that worsened envi-
ronmental quality in the region. Also, the financial sector
helped to provide credit to individuals at minimal interest

Table 6 CS-ARDL, CAEC, and CS-DL estimation results

Variable CS-ARDL CAEC CS-DL

Coefficient Prob. Coefficient Prob. Coefficient Prob.

lnFD 9.825 0.007*** 8.143 0.001*** 6.015 0.018**

lnFDI 2.251 0.004*** 1.027 0.014** 0.097 0.074*

lnEC 4.356 0.002*** 3.865 0.024** 0.209 0.03**

lnIND 2.129 0.047** 1.693 0.009*** 0.039 0.048**

lnPOP 3.119 0.014** 2.179 0.026** 4.403 0.062*

ECT −0.857 0.000*** - - −0.522 0.034**

F-statistic 253.76 0.001*** 192.76 0.007*** 187.52 0.021**

R-squared 0.88 0.84 0.79

RMSE 0.01 0.04 0.06

CD-statistic −3.09 0.78 −2.61 0.54 −1.26 0.24

Notes: lnCO2 is the dependent variable; ***, **, and * denote significance at the 1%, 5%, and the 10% levels, respectively
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rates. This influenced residents to adopt luxurious lifestyles by
acquiring high polluting goods that worsened environmental
quality in the region. As product and service demands surged
in the region, financial institutions further helped to advance
the production capacities of establishments leading to more
energy utilization, and subsequently, high emissions. This
point is in line with Sun et al. (2020), Nosheen et al. (2019),
and Nasir et al. (2019) who reported that growth in the finan-
cial sector help to boost product scale developments, leading
tomore emissions. Governments in the countries should there-
fore formulate policies that could influence businesses and the
general public to direct the facilities they obtain from the fi-
nancial sector into environmentally gainful projects. Also, de-
velopments in the financial sector could improve environmen-
tal sustainability in the countries, if they are linked to clean
energy technologies. Studies by Zeraibi et al. (2021),
Doğanlar et al. (2021), and Ibrahim and Vo (2021) align with
the above discovery, but those of Boufateh and Saadaoui
(2020), Guo and Hu (2020), and Safi et al. (2020).

Foreign direct investment was also harmful to the environ-
ment of West Africa. A 1% rise in foreign direct investments
intensified the emanation of carbon by 2.251%. This disclo-
sure suggests that developed economies took advantage of lax
environmental regulations to establish high-polluting indus-
tries in the region, thereby worsening environmental quality.
The above discovery is in tandem with the hypothesis of pol-
lution haven. In an increasingly integrated world economy,
this hypothesis posits that differences in the stringency of
environmental protection between emerging and established
economies may provide a comparative advantage in attracting
foreign investments. Technological advancements and glob-
alization further influence foreign entities to move their

Fig. 1 Elastic effects of financial development, foreign direct
investments, energy consumption, industrialization, and population
growth on CO2 emissions. Note: CO2 is the dependent variable and (+)
denote positive influence on CO2

Table 7 Pairwise Dumitrescu Hurlin panel causality tests results

Null Hypothesis: W-
Stat.

Zbar-
Stat.

Prob. Conclusion

lnFD ⇏lnCO2 2.865 3.390 0.039** One-way causality

lnCO2 ⇏lnFD 0.755 −0.514 0.896

lnFDI ⇏lnCO2 4.211 3.193 0.047** Two-way causality

lnCO2 ⇏lnFDI 2.299 2.038 0.042**

lnEC ⇏lnCO2 5.834 3.218 0.023** Two-way causality

lnCO2 ⇏lnEC 3.332 4.379 0.005***

lnIND ⇏lnCO2 4.346 5.517 0.003*** Two-way causality

lnCO2 ⇏lnIND 3.769 4.538 0.006***

lnPOP ⇏lnCO2 5.265 4.409 0.016** One-way causality

lnCO2 ⇏lnPOP 0.190 1.858 0.163

lnFDI ⇏lnFD 2.311 2.056 0.039** One-way causality

lnFD ⇏lnFDI 1.152 0.093 0.926

lnEC ⇏lnFD 4.795 6.163 0.007*** One-way causality

lnFD ⇏lnEC 1.485 0.635 0.525

lnIND ⇏lnFD 2.618 2.585 0.009*** One-way causality

lnFD ⇏lnIND 1.819 1.228 0.219

lnPOP ⇏lnFD 2.948 3.144 0.002*** One-way causality

lnFD ⇏lnPOP 1.410 0.534 0.593

lnEC ⇏lnFDI 2.072 1.608 0.108 No causality

lnFDI ⇏lnEC 1.241 0.225 0.822

lnIND ⇏lnFDI 1.705 1.031 0.303 One-way causality

lnFDI ⇏lnIND 2.475 2.335 0.019**

lnPOP ⇏lnFDI 2.522 2.414 0.016** One-way causality

lnFDI ⇏lnPOP 1.122 0.043 0.966

lnIND ⇏lnEC 4.234 5.226 0.002*** One-way causality

lnEC ⇏lnIND 0.956 −0.247 0.805

lnPOP ⇏lnEC 0.443 −1.105 0.269 One-way causality

lnEC ⇏lnPOP 2.121 1.697 0.089*

lnPOP ⇏lnIND 0.597 −0.846 0.398 No causality

lnIND ⇏lnPOP 2.051 1.622 0.105

Note: ⇏ signifies the null hypothesis that one variable does not homoge-
neously cause another variable, and ***, **, and * denote significance at
the 1%, 5%, and the 10% levels respectively

Fig. 2 Causal directions between the explained and the explanatory
variables. Note: CO2 is the dependent variable, (↔) signifies a two-way
causality between variables, and (←) denotes a one-way causality from
one variable to the other
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operations to other countries. While this action is beneficial to
the home economies, it is detrimental to the host nations be-
cause most of the operations undertaken by foreign corporates
in the host economies are not ecologically friendly. According
to Bulus and Koc (2021), host countries should be blamed for
the surge in pollution in their environments, because while
home nations are busy protecting their economies via strict
environmental regulations, host nations ignore environmental
pollution, by focusing on economic advancements and the
eradication of poverty and unemployment. The study’s dis-
covery is however contrary to the halo hypothesis. According
to the hypothesis, foreign direct investment-transferred high-
tech and best management practices contribute to create halos
that reduce emissions by imposing positive externalities. In
other words, the influxes of foreign direct investment can help
to improve environmental conditions in host countries by
bringing in green technologies and best management prac-
tices. To the theory, the technologies and management prac-
tices affiliated to foreign direct investment inflows are more
energy efficient that lead to lower emissions (Nadeem et al.
2020; Omri and Hadj 2020). The positive influence of foreign
direct investment on environmental pollution uncovered by
this exploration collaborates those of Vo and Ho (2021),
Pavlović et al. (2021), Nawaz et al. (2021), and Bulut et al.
(2021), but varies from those of Neves et al. (2020) and Ergun
and Rivas (2020).

Similarly, energy utilization reduced environmental sus-
tainability via the increase in emissions. A 1% surge in energy
consumption raised environmental pollution by 4.356%. This
finding is not surprising, because countries in West Africa are
always under pressure to grow economically, and their prima-
ry concern are on productivity improvements to the detriment
of environmental quality. However, expansion in the scale of
productivity cannot be accomplished without the utilization of
energy, which is mostly dominated by fossil fuels that are
extremely carbon-intensive. Therefore, transitioning to green
energy is the best solution for countries in West Africa. This
suggestion is essential because all the economies in West
Africa are predominantly fossil fuel dependent. The country’s
existing power plants are inextricably linked to fossil fuel
supply, exerting negative pressures on their environment.
Migrating from dirty energies to the utilization of clean energy
can therefore help to improve environmental sustainability in
the region. This point is in line with Zeraibi et al. (2021) and
Usman et al. (2021b) who opined that transitioning to green
energy was the superlative way to help boost environmental
sustainability in nations. However, Nathaniel and Khan
(2020) disagreed with the above authors as they uncovered a
trivial connection amid clean energy and environmental qual-
ity proxied by ecological footprint. Also, enacting regulations
to help protect businesses and the environment could be ad-
vantageous to the nations. This point supports the Porter hy-
pothesis (PH) that environmental rules safeguard the

environment and increase the profitability and competiveness
of companies via product quality improvements and advance-
ments in production processes (Porter and van der Linde
1995). According to the hypothesis, innovation is the factor
that balances the cost-benefit analysis between economic
competition and the environment. In countries that adopt
stronger environmental policies, the theory posits that interna-
tional trade promotes efficiency and innovation, potentially
resulting in net cost reduction and a boost in comparative
advantage.

The positive association between energy consumption and
environmental degradation discovered by this study aligns
with those of Ouédraogo et al. (2021), Ali et al. (2021), and
Nasrullah et al. (2021), but conflicts that of Mesagan et al.
(2020), Gyamfi et al. (2021), and Qing et al. (2020).

The elasticity estimates further disclosed industrialization
as harmful to environmental sustainability in West Africa.
Ceteris paribus, a 1% rise in industrialization promoted exu-
dates of carbon in the region by 2.129%. This disclosure sign-
post that the movement from an agrarian economy to an in-
dustrial economy is not the only cause of high emissions in the
region, but the shift from small andmedium-scaled production
to large-scaled production is also to blame for the bloc’s wors-
ening emission rates. Also, the growth of industrial activities
in West Africa necessitates considerable improvements in the
public infrastructural network. However, building and main-
taining such infrastructural network demands large volumes
of energy, which end up polluting the environment.
Explorations by Rehman et al. (2021c), Ullah et al. (2020),
and Mahmood et al. (2020) are in agreement with this disclo-
sure, but those of Zhou and Li (2020), Appiah et al. (2021),
and Chowdhury et al. (2020a) are varying to the above reve-
lation. Finally, population growth was disadvantageous to en-
vironmental sustainability in West Africa. All factors held
constant, a 1% surge in population growth raised the effluents
of carbon by 3.119%. This finding suggests that the ecological
demands of the population did not add to environmental qual-
ity in the region. Also, the West African region has a high
population density because so much of its populace live in
cities. A greater percentage of individuals in these areas use
high-polluting items that degrades the environment. This rev-
elation is contrary to the claim by Liu et al. (2017) and Ahmed
and Wang (2019) that population density decreases environ-
mental deterioration through fostering economies of scale in
enterprises and the provision of public services, resulting in
technological innovation and resource efficiency. The finding
however supports those of Salari et al. (2021), Rehman et al.
(2021a), Aluko and Obalade (2020), and Naseem et al.
(2020b) who affirmed POP as detrimental to ES. It was worth-
while to examine the robustness of the CS-ARDL estimates.
Therefore, the CS-DL and the CAEC estimates were also
explored. From the findings, the coefficients of the two
methods in terms of weight and significance were varying
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from that of the CS-ARDL estimator. However, the estimated
findings with respect to sign under the two methods were
generally in line with that of the main estimator. Also, the
diagnostic outcomes of the two estimators were consistent to
that of the principal estimator. One can therefore conclude that
the study’s results are accurate and reliable. Monte Carlo
simulations by Chudik et al. (2016) on the three adopted esti-
mators offered some interesting outcomes. From the simula-
tions, all the estimators produced reasonable results. However,
the CS-DL estimator performed worse than the other two.
This supports the outcome of our exploration, when the coef-
ficients are compared.

The long-run estimators adopted for the study only ex-
plored the elasticities of the covariates, but did not disclose
the causal directions amidst the series. Therefore, the D-H
causality test was used to examine the structure of causalities
between environmental sustainability (proxied by carbon
emissions) and each of the regressors. As earlier stated, the
above test accounts for residual CD and heterogeneity in panel
units (Juodis et al. 2021), hence its adoption. From the causal-
ity results, a causation from financial development to environ-
mental pollution was disclosed. A potential explanation for
this outcome is that stock markets in the bloc act as viable
agents of economic situations. This greatly influence the trust
of consumers and establishments, leading to increased
consumption and production, thereby surging the rate of
carbon emissivities due to the extreme utilization of dirty
energies. Studies by Shahzad et al. (2017) and Cetin et al.
(2018) confirmed this disclosure; however, those by Dogan
and Turkekul (2016) and Zaidi et al. (2018) are contradictory
to the above. Also, a feedback causality between foreign direct
investments and carbon emissions was discovered. This
signifies that foreign investments and environmental
pollution in the region were mutually reinforcing such that
an upsurge in foreign investments led to an upsurge in the
effusions of carbon and the opposite. The revelations of To
et al. (2019) and Balsalobre-Lorente et al. (2019) are in align-
ment with the discovery; however, those by Lee (2013) and
Dogan and Turkekul (2016) contrast the above outcome.
Additionally, a two-way causality between energy utilization
and carbon emissions was affirmed. This result implies energy
consumption intensifications stimulated environmental
degradation and contrariwise. Explorations by Afridi et al.
(2019) and Saud et al. (2019) back this discovery; however,
those of Shahzad et al. (2017) and Cetin et al. (2018) vary
from the above. Likewise, a bilateral connection amid indus-
trialization and environmental pollution was confirmed. This
finding implies the two series were predictive powers of each
other. Thus, fluctuations in one variable affected the other
reciprocally. Empirical investigations by Al-Mulali and
Ozturk (2015) and Liu and Bae (2018) are consistent with
the study’s disclosure; however, that of Afawubo and
Nguedam (2016) deviate from the above. Finally, population

growth caused the excretion of carbon in the region. This
submits that the effusions of carbon in the region was being
driven by population growth but not the opposite. Therefore,
lowering the rate of population growth will reduce the level of
effusions in the bloc but not the reverse. The finding agrees
withWang et al. (2018a, b), but contrasts that of Sulaiman and
Abdul-Rahim(2018).

Conclusions and policy recommendations

Although West African nations are flourishing economically
of late, their growth patterns have slowed due to the worsening
environmental quality in the region. Irrespective of the poor
environmental situation in the bloc, studies to examine the
connection between macroeconomic factors and environmen-
tal sustainability in the region are scarce. This study therefore
sought to explore the linkage between financial development
and environmental sustainability in West Africa for the period
1990 to 2016. To achieve the above goal, econometric
methods that are vigorous to residual CD, heterogeneity, and
endogeneity, among others, were considered for the analysis.
From the discoveries, there were CD and heterogeneity in the
studied panel. Also, the studied variables were stationary with
no unit root and were substantially cointegrated in the long-
term. The CS-ARDL estimator alongside the CS-DL and the
CAEC estimators were engaged to examine the influence of
the regressors on the regressand, and from the discoveries,
financial development was harmful to environmental sustain-
ability inWest Africa via high carbon emissions. Also, foreign
direct investments, energy consumption, industrialization, and
population growth were not beneficial to environmental qual-
ity in the region. On the causalities between the variables, a
unidirectional causation from financial development to envi-
ronmental pollution was uncovered. Also, feedback causali-
ties between foreign direct investments and carbon excretions,
amid energy utilization and environmental degradation, and
between industrialization and carbon emissions were
unraveled. Finally, a single-directional causality from popula-
tion growth to environmental pollution was discovered.

The study discovered financial development as a key agent
of environmental pollution. This implies the financial systems
in the region are harmful to environmental sustainability.
Therefore, in line with Zeraibi et al. (2021), the nations should
incorporate environmental sustainability objectives into their
financial development arrangements. Also, a large portion of
credit given to private entities should be allocated to the ones
that are friendly to the environment. Additionally, credits tak-
en for clean projects should be subsidized by the governments.
When this is done, the emanation of carbon associated with
financial development in the countries will be minimized.
Further, green financing is an ideal way through which envi-
ronmental sustainability could be improved. Therefore,
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governments in the countries should introduce green bonds to
entice borrowers to invest into clean projects. This point is
consistent with Majeed (2016) who confirmed green financ-
ing as a key factor in achieving sustainable development
goals. According to the authors, financial institutions boost
environmental sustainability by offering finances for green
investments and energy-efficient technologies. Finally, au-
thorities in the countries should encourage financial institu-
tions to invest in research and development (R&D) that will
facilitate technological innovations in the region. This is be-
cause technological innovations have been proven as effective
in regulating the rate of CO2 emissivities in the globe. This
point aligns with Zhang (2011) who viewed financial devel-
opment as beneficial to the environment, because it introduces
green technologies that promote environmental sustainability.
The above point also supports Tamazian et al. (2009) who
indicated financial development as essential to environmental
sustainability because it brings along innovative and green
technologies that help to conserve the ecology. According to
the authors, energy-efficient technologies connected to finan-
cial development can encourage consumers to direct their in-
vestments towards environmentally friendly projects.

Also, foreign direct investments improved environmental
degradation in West Africa, validating the pollution haven
hypothesis (PHH). This is not amazing given the fact that
West Africa economies rely on foreign investments to fuel
their economic growth. Therefore, in line with Nawaz et al.
(2021), clean foreign direct investments along with aggressive
environmental management systems should be pursued by the
nations in order to achieve long-term growth. In addition,
foreign direct investments on power development infrastruc-
ture in the region has predominantly concentrated on electric-
ity generation using polluting fuels. Therefore, authorities in
West Africa should focus on attracting foreign direct invest-
ments that are connected to the generation of clean energy.
This point collaborates that of Mahalik et al. (2020) whose
study suggested that governments should direct foreign ener-
gy investments towards the generation of clean energies like
solar, wind, and biomass, rather than dirty energies like coal,
oil, and natural gas among others. We further suggest that
governments in the region should either set strong environ-
mental regulations for high-polluting foreign establishments
or should support foreign corporations whose undertakings
help to improve environmental sustainability in the bloc. For
instance, authorities can set high tax rates for foreign entities
whose production and consumption activities are carbon-in-
tensive, while lowering the rates for their counterparts who are
into environmentally friendly operations. In line with SDG 12,
the study also recommends that, companies in the countries,
particularly large and transnational ones should implement
sustainable development practices into their reporting cycle.

Additionally, energy consumption significantly positively
explained environmental pollution in West Africa. This

indicates that energy utilized in the region did not help to
improve environmental sustainability. Therefore, countries
in the bloc should shift to the consumption of renewable en-
ergy, which is viewed as beneficial to the environment. In
other words, the countries should boost their renewable ener-
gy utilization capacities by enacting policies that could help to
facilitate the transition of clean energies across the region.
Studies by Zeraibi et al. (2021) and Tahir et al. (2021) offered
similar suggestions to help advance environmental sustain-
ability in the countries they investigated. Also, investments
in technological innovations can help the countries to over-
come the barriers that traditionally inhibited their renewable
energy generation capacities. Since renewable energy facili-
ties need to be equippedwithmodern technologies before they
could function efficiently (Zeraibi et al. 2021), investments in
technological innovations could help to advance the clean
energy generation capacities of the nations. This point further
supports Tahir et al. (2021) who postulated that investments in
R&D could contribute to renewable energy technologies re-
quired for generating large volumes of green energy.
Following SDG 7, the nations should ensure that their citizens
have access to energy that is clean, affordable, reliable, sus-
tainable and modern. According to SDG 7, energy utilization
represents of over 60% of worldwide GHG emissions. While
renewables currently provide about 17% of global energy
consumption, the IPCC predicts that this must increase to
roughly 85% by 2050 to avoid the worst effects of climate
change.

Similarly, industrialization was harmful to environmental
quality in West Africa. It is therefore pertinent for the nations
to sustainably transform their production processes in an en-
vironmentally friendly manner to help expedite their econom-
ic advancements, and also conserve their respective ecologies.
Replacing dirty energies with clean energies is the best way in
meeting the aforesaid objective. Besides, investment in
technology is a viable means of preventing the growth
polluting industries in the region. Authorities should
therefore note this in their environmental development plans.
Nations in West Africa seem to be engaging in unordered and
blind industrial practices that lead to high carbon emissions in
the bloc. Therefore, following Mensah et al. (2021) green
industrial reforms should be formulated to help improve envi-
ronmental sustainability in the region. Finally, population
growth significantly positively explained environmental pol-
lution inWest Africa. This symbolizes that population growth
worsened environmental sustainability in the countries. The
study therefore suggests a trade-off between the rise in popu-
lation growth and environmental sustainability in the region.
Given that the nations in the bloc, compared to others, are
lagging behind in terms of economic advancements, it will
be extremely costly for the countries to sacrifice environmen-
tal quality for population growth. Therefore, green and sus-
tainable policies affiliated to the growth in population should
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be formulated by authorities to help conserve the nations’
environment. The above recommendations if seriously taken
into consideration will help the region to combat climate
change and its impacts, which is the focus of SDG 13.

Limitations and suggestions for further
studies

Even though the study accomplished its goal, there were still
some inherent limitations. Firstly, the study period was influ-
enced by data availability. Specifically, data on environmental
sustainability (carbon emissions) was available on yearly basis
from 1990 to 2016, after which it ceased to be available. To
therefore avoid measurement errors due to data interpolations,
the study was limited to the period 1990 to 2016. Also, finan-
cial development which was the main explanatory variable
was surrogated by only domestic credit to private sector.
Future studies can incorporate other financial development
proxies like deposits to GDP and private debt securities to
GDP among others, into their analysis. Similarly, carbon di-
oxide emissions was used to proxy environmental sustainabil-
ity. It is therefore suggested that further explorations should
consider other surrogates of environmental quality like eco-
logical footprint among others. Additionally, econometric
techniques like the CS-ARDL, CAEC, and the CS-DL esti-
mators among others were considered for the investigation.
Care should therefore be taken when interpreting the study’s
results, because if different econometric methods were to be
considered for the analysis, the discoveries might not be the
same. Furthermore, the study was limited to only countries in
West Africa. Therefore, generalizing its findings for all na-
tions in Africa or the rest of the world will be unfair. In exam-
ining the financial development-environmental sustainability
connection in the bloc, the study controlled for foreign direct
investments, energy consumption, industrialization, and pop-
ulation growth. Future investigations on the same topic can
control for other macro-economic variables like globalization,
international trade, remittances inflow, inflation, exchange
rate, interest rate, institutional quality, and technological inno-
vations among others. Also analyzing the moderating role of
some of the aforementioned series in the link between finan-
cial development and environmental sustainability in the re-
gion would be worthwhile for policy directions. The study
was finally panel in nature. Similar studies on the same region
should be reduced to individual country level to help
policymakers and other relevant parties design and implement
vigorous environmental protection policies.

Author contribution MM conceptualized and wrote the final manuscript.
MO supervised the study. JDN aided in drafting the original
manuscript. MA helped in the analysis and discussions. IAM

analyzed the data and edited the final manuscript. All authors
read and approved the final manuscript.

Funding Authors received no funding for this study.

Availability of data and materials The datasets used and/or analyzed
during the current study are available from the corresponding author on
reasonable request.

Declarations

Ethics approval and consent to participate Not applicable.

Consent for publication Not applicable.

Competing interests The authors declare no competing interests.

References

Abbasi F, Riaz K (2016) CO2 emissions and financial development in an
emerging economy: an augmented VAR approach. Energy Policy
90:102–114. https://doi.org/10.1016/j.enpol.2015.12.017

Abokyi E, Appiah-Konadu P, Abokyi F, Oteng-Abayie EF (2019)
Industrial growth and emissions of CO2 in Ghana: the role of finan-
cial development and fossil fuel consumption. Energy Rep 5:1339–
1353

Acheampong AO (2019) Modelling for insight: does financial develop-
ment improve environmental quality? Energy Econ 83:156–179

Acheampong AO, Amponsah M, Boateng E (2020) Does financial de-
velopment mitigate carbon emissions? Evidence from heteroge-
neous financial economies. Energy Econ 88:104768. https://doi.
org/10.1016/j.eneco.2020.104768

Adams S, Klobodu EK (2018) Financial development and environmental
degradation: does political regime matter? J Clean Prod 197:1472–
1479. https://doi.org/10.1016/j.jclepro.2018.06.252

Adebayo TS, Kirikkaleli D (2021) Impact of renewable energy consump-
tion, globalization, and technological innovation on environmental
degradation in Japan: application of wavelet tools. Environ Dev
Sustain. https://doi.org/10.1007/s10668-021-01322-2

Adebayo TS, Odugbesan JA (2020) Modeling CO2 emissions in South
Africa: empirical evidence from ARDL based bounds and wavelet
coherence techniques. Environ Sci Pollut Res 28:9377–9389.
https://doi.org/10.1007/s11356-020-11442-3

Adebayo TS, Rjoub H (2020) Assessment of the role of trade and renew-
able energy consumption on consumption-based carbon emissions:
evidence from theMINT economies. Environ Sci Pollut Res. https://
doi.org/10.1007/s11356-021-14754-0

Adebayo TS, Kirikkaleli D, Adeshola I, Oluwajana D, Akinsola GD,
Osemeahon OS (2021) Coal consumption and environmental sus-
tainability in South Africa: the role of financial development and
globalization. Int J RenewEnergDev 10(3):527–52\. https://doi.org/
10.14710/ijred.2020.34982

Adewuyi AO, Awodumi OB (2017) Biomass energy consumption, eco-
nomic growth and carbon emissions: fresh evidence from West
Africa using a simultaneous equation model. Energy 119:453–471.
https://doi.org/10.1016/j.energy.2016.12.059

Afawubo K, Nguedam NC (2016) Are urbanization, industrialization and
CO2 emissions cointegrated. In 65th Annual meeting of the French
Association.

Afridi MA, Kehelwalatenna S, Naseem I, Tahir M (2019) Per capita
income, trade openness, urbanization, energy consumption, and

12330 Environ Sci Pollut Res (2022) 29:12313–12335

RETRACTED A
RTIC

LE

https://doi.org/10.1016/j.enpol.2015.12.017
https://doi.org/10.1016/j.eneco.2020.104768
https://doi.org/10.1016/j.eneco.2020.104768
https://doi.org/10.1016/j.jclepro.2018.06.252
https://doi.org/10.1007/s10668-021-01322-2
https://doi.org/10.1007/s11356-020-11442-3
https://doi.org/10.1007/s11356-021-14754-0
https://doi.org/10.1007/s11356-021-14754-0
https://doi.org/10.14710/ijred.2020.34982
https://doi.org/10.14710/ijred.2020.34982
https://doi.org/10.1016/j.energy.2016.12.059


CO2 emissions: an empirical study on the SAARC Region. Environ
Sci Pollut Res 26(29):29978–29990

Ahmad M, Jiang P, Majeed A, Raza MY (2020a) Does financial devel-
opment and foreign direct investment improve environmental qual-
ity? Evidence from belt and road countries. Environ Sci Pollut Res
27(19):23586–23601

AhmadM, Khattak SI, Khan A, Rahman ZU (2020b) Innovation, foreign
direct investment (FDI), and the energy–pollution–growth nexus in
OECD region: a simultaneous equationmodeling approach. Environ
Ecol Stat 27:203–232. https://doi.org/10.1007/s10651-020-00442-8

Ahmed Z, Wang Z (2019) Investigating the impact of human capital on
the ecological footprint in India: an empirical analysis. Environ Sci
Pollut Res 26(26):26782–26796

Ahmed Z, Zhang B, Cary M (2021) Linking economic globalization,
economic growth, financial development, and ecological footprint:
evidence from symmetric and asymmetric ARDL. Ecol Ind 121:
107060. https://doi.org/10.1016/j.ecolind.2020.107060

Alege PO, Adediran OS, Ogundipe AA (2016) Pollutant emissions, en-
ergy consumption and economic growth in Nigeria. Int J Energy
Econ Policy 6(2):202–207

Alharthi M, Dogan E, Taskin D (2021) Analysis of CO2 emissions and
energy consumption by sources in MENA countries: evidence from
quantile regressions. Environ Sci Pollut Res. https://doi.org/10.
1007/s11356-021-13356-0

Ali S, Ying L, Anjum R, Nazir A, Shalmani A, Shah T, Shah F (2021)
Analysis on the nexus of CO2 emissions, energy use, net domestic
credit, and GDP in Pakistan: an ARDL bound testing analysis.
Environ Sci Pollut Res 28:4594–4614. https://doi.org/10.1007/
s11356-020-10763-7

Al-Mulali U, Ozturk I (2015) The effect of energy consumption, urban-
ization, trade openness, industrial output, and the political stability
on the environmental degradation in the MENA (Middle East and
North African) region. Energy 84:382–389. https://doi.org/10.1016/
j.energy.2015.03.004

Aluko OA, Obalade AA (2020) Financial development and environmen-
tal quality in sub-Saharan Africa: Is there a technology effect? Sci
Total Environ 747:141515. https://doi.org/10.1016/j.scitotenv.2020.
141515

Appiah M, Li F, Korankye B (2021) Modeling the linkages among CO2
emission, energy consumption, and industrialization in Sub-Saharan
African (SSA) countries. Environ Sci Pollut Res 28:38506–38521.
https://doi.org/10.1007/s11356-021-12412-z

ArgyriouM (2019) There’s no reason countries can’t still prosper without
increasing emissions. pp. 1–5. Available online:https://
theconversation.com/developing-countries-can-prosper-
withoutincreasing-emissions-84044 (accessed on 15/06/2021).

Baloch MA, Zhang J, Iqbal K, Iqbal Z (2019) The effect of financial
development on ecological footprint in BRI countries: evidence
from panel data estimation. Environ Sci Pollut Res 26(6):6199–
6208. https://doi.org/10.1007/s11356-018-3992-9

Balsalobre-Lorente D, Gokmenoglu KK, Taspinar N, Cantos-Cantos JM
(2019) An approach to the pollution haven and pollution halo hy-
potheses in MINT countries. Environ Sci Pollut Res 26(22):23010–
23026. https://doi.org/10.1007/s11356-019-05446-x

Bayar Y, Maxim LD, Maxim A (2020) Financial development and CO2
emissions in post-transition European union countries. Sustain. 12:
1–15. https://doi.org/10.3390/su12072640

Beck T, Asli D, Ross L (2000) A new database on the structure and
development of the financial sector. World Bank Econ Rev 14(3):
597–605

Beck T, Asli D, Ross L (2010) Financial institutions and markets across
countries and over time. World Bank Econ Rev 24(1):77–92

Begum RA, Sohag K, Abdullah SMS, Jaafar M (2015) CO2 emissions,
energy consumption, economic and population growth in Malaysia.
Renew Sust Energ Rev 41:594–601. https://doi.org/10.1016/j.rser.
2014.07.205

Bekhet HA, Matar A, Yasmin T (2017) CO 2 emissions, energy con-
sumption, economic growth, and financial development in GCC
countries: dynamic simultaneous equation models. Renew Sust
Energ Rev 70:117–132. https://doi.org/10.1016/j.rser.2016.11.089

Bekun FV, Emir F, Sarkodie SA (2019) Another look at the relationship
between energy consumption, carbon dioxide emissions, and eco-
nomic growth in South Africa. Sci Total Environ 10(655):759–765.
https://doi.org/10.1016/j.scitotenv.2018.11.271

BhattacharyaM, Inekwe J, Paramati SR (2018) Remittances and financial
development: empirical evidence from heterogeneous panel of
countries. Appl Econ 50(38):4099–4112

Boufateh T, Saadaoui Z (2020) Do asymmetric financial development
shocks matter for CO2 emissions in Africa?A nonlinear panel
ARDL–PMG approach. Environ Model Assess 25:809–830.
https://doi.org/10.1007/s10666-020-09722-w

Bulus GC, Koc S (2021) The effects of FDI and government expenditures
on environmental pollution in Korea: the pollution haven hypothesis
revisited. Environ Sci Pollut Res 28:38238–38253. https://doi.org/
10.1007/s11356-021-13462-z

Bulut U, Ucler G, Inglesi-Lotz R (2021) Does the pollution haven hy-
pothesis prevail in Turkey?, Empirical evidence from nonlinear
smooth transition models. Environ Sci Pollut Res. https://doi.org/
10.1007/s11356-021-13476-7

Cetin M, Ecevit E, Yucel AG (2018) The impact of economic growth,
energy consumption, trade openness, and financial development on
carbon emissions: empirical evidence from Turkey. Environ Sci
Pollut Res 25:36589–36603. https://doi.org/10.1007/s11356-018-
3526-5

Chowdhury MAF, Shanto PA, Ahmed A, Rumana RH (2020a) Does
foreign direct investments impair the ecological footprint?New evi-
dence from the panel quantile regression. Environ Sci Pollut Res 28:
14372–14385. https://doi.org/10.1007/s11356-020-11518-0

Chowdhury MAF, Shanto PA, Ahmed A, Rumana RH (2020b) Does
foreign direct investments impair the ecological footprint?New evi-
dence from the panel quantile regression. Environ Sci Pollut Res 28:
14372–14385. https://doi.org/10.1007/s11356-020-11518-0

Chudik A, Pesaran MH (2015) Common correlated effects estimation of
heterogeneous dynamic panel data models with weakly exogenous
regressors. J Econ 188:393–420

Chudik A, Mohaddes K, Pesaran MH, Raissi M (2016)Long-run effects
in large heterogeneous panel data models with cross-sectionally cor-
related errors. In: In Essays in Honor of Man Ullah, 36th edn.
Emerald Group Publishing Limited, Bingley, pp 85–135

Čihák M, Asli D, Erik F, Ross L (2012) Benchmarking financial devel-
opment around the world. In: Policy Research Working Paper.
World Bank, Washington, p 6175

Congregado E, Feria-Gallardo J, Golpe AA, Iglesias J (2016) The envi-
ronmental Kuznets curve and CO2 emissions in the USA. Environ
Sci Pollut Res 23(18):18407–18420

de Silva Mendonça AK, de Andrade Conradi Barni G, Moro MF, Bornia
AC, Kupek E, Fernandes L (2020) Hierarchical modeling of the 50
largest economies to verify the impact of GDP, population and re-
newable energy generation in CO2 emissions. Sustain Prod Consum
22:58–67. https://doi.org/10.1016/j.spc.2020.02.001

Demena BA, Afesorgbor SK (2020) The effect of FDI on environmental
emissions: evidence from a meta-analysis. Energy Policy 138:
111192. https://doi.org/10.1016/j.enpol.2019.111192

DestekMA,MangaM (2020) Technological innovation, financialization,
and ecological footprint: evidence from BEM economies. Environ
Sci Pollut Res 28:21991–22001. https://doi.org/10.1007/s11356-
020-11845-2

Dogan E, Turkekul B (2016) CO2 emissions, real output, energy con-
sumption, trade, urbanization and financial development: testing the
EKC hypothesis for USA. Environ Sci Pollut Res 23(2):1203–1213

Doğanlar M, Mike F, Kızılkaya O, Karlılar S (2021) Testing the long-run
effects of economic growth, financial development and energy

12331Environ Sci Pollut Res (2022) 29:12313–12335

RETRACTED A
RTIC

LE

https://doi.org/10.1007/s10651-020-00442-8
https://doi.org/10.1016/j.ecolind.2020.107060
https://doi.org/10.1007/s11356-021-13356-0
https://doi.org/10.1007/s11356-021-13356-0
https://doi.org/10.1007/s11356-020-10763-7
https://doi.org/10.1007/s11356-020-10763-7
https://doi.org/10.1016/j.energy.2015.03.004
https://doi.org/10.1016/j.energy.2015.03.004
https://doi.org/10.1016/j.scitotenv.2020.141515
https://doi.org/10.1016/j.scitotenv.2020.141515
https://doi.org/10.1007/s11356-021-12412-z
https://theconversation.com/developing-countries-can-prosper-withoutincreasing-emissions-84044
https://theconversation.com/developing-countries-can-prosper-withoutincreasing-emissions-84044
https://theconversation.com/developing-countries-can-prosper-withoutincreasing-emissions-84044
https://doi.org/10.1007/s11356-018-3992-9
https://doi.org/10.1007/s11356-019-05446-x
https://doi.org/10.3390/su12072640
https://doi.org/10.1016/j.rser.2014.07.205
https://doi.org/10.1016/j.rser.2014.07.205
https://doi.org/10.1016/j.rser.2016.11.089
https://doi.org/10.1016/j.scitotenv.2018.11.271
https://doi.org/10.1007/s10666-020-09722-w
https://doi.org/10.1007/s11356-021-13462-z
https://doi.org/10.1007/s11356-021-13462-z
https://doi.org/10.1007/s11356-021-13476-7
https://doi.org/10.1007/s11356-021-13476-7
https://doi.org/10.1007/s11356-018-3526-5
https://doi.org/10.1007/s11356-018-3526-5
https://doi.org/10.1007/s11356-020-11518-0
https://doi.org/10.1007/s11356-020-11518-0
https://doi.org/10.1016/j.spc.2020.02.001
https://doi.org/10.1016/j.enpol.2019.111192
https://doi.org/10.1007/s11356-020-11845-2
https://doi.org/10.1007/s11356-020-11845-2


consumption on CO2 emissions in Turkey: new evidence from
RALS cointegration test. Environ Sci Pollut Res 28:32554–32563.
https://doi.org/10.1007/s11356-021-12661-y

DongK, DongX, Dong C (2019) Determinants of the global and regional
CO2 emissions: what causes what and where? Appl Econ 51(46):
5031–5044

Dumitrescu EI, Hurlin C (2012) Testing for Granger non-causality in
heterogeneous panels. Econ Model 29:1450–1460

EberhardtM, Presbitero AF (2015) Public debt and growth: heterogeneity
and non-linearity. J Int Econ 97(1):45–58. https://doi.org/10.1016/j.
jinteco.2015.04.005

Ehigiamusoe KU, Lean HH (2019) Effects of energy consumption, eco-
nomic growth, and financial development on carbon emissions: ev-
idence from heterogeneous income groups. Environ Sci Pollut Res
26(22):22611–22624. https://doi.org/10.1007/s11356-019-05309-5

Engle RF, Granger CW (1987)Co-integration and error correction: repre-
sentation, estimation, and testing. Econometrica: J Econ Soc 55:
251–276

Ergun SJ, Rivas MF (2020) Testing the environmental Kuznets curve
hypothesis in Uruguay using ecological footprint as a measure of
environmental degradation. Int J Energy Econ Policy 10(4):473–
485. https://doi.org/10.32479/ijeep.9361

Gengenbach C, Urbain J, Westerlund U (2015) Error correction testing in
panels with global stochastic trends. J Appl Econ 31(6):982–1004.
https://doi.org/10.1002/jae.2475

Godil DI, Sharif A, Rafique S, Jermsittiparsert K (2020) The asymmetric
effect of tourism, financial development, and globalization on eco-
logical footprint in Turkey. Environ Sci Pollut Res 27:40109–
40120. https://doi.org/10.1007/s11356-020-09937-0

Godil DI, Ahmad P, Ashraf MS, Sarwat S, Sharif A, Shabib-ul-Hasan S,
Jermsittiparsert K (2021) The step towards environmentalmitigation
in Pakistan: do transportation services, urbanization, and financial
development matter? Environ Sci Pollut Res 28:21486–21498.
https://doi.org/10.1007/s11356-020-11839-0

Gök A (2020) The role of financial development on carbon emissions: a
meta regression analysis. Environ Sci Pollut Res 27:1–19. https://
doi.org/10.1007/s11356-020-07641-7

Guo M, Hu Y (2020) The impact of financial development on carbon
emission: Evidence from China. Sustainability 12:6959. https://doi.
org/10.3390/su12176959

Gyamfi BA, Ozturk I, Bein MA, Bekun FV (2021) An investigation into
the anthropogenic effect of biomass energy utilization and economic
sustainability on environmental degradation in E7 economies.
Biofuels Bioprod Biorefin 15:840–851. https://doi.org/10.1002/
bbb.2206

He L, Shao F, Ren L (2020) Sustainability appraisal of desired contam-
inated groundwater remediation strategies: an information-
entropybased stochastic multi-criteria preference model. Environ
Dev Sustain 23:1759–1779. https://doi.org/10.1007/s10668-020-
00650-z

Herzer D, Nagel K, Dewenter R (2017) The effects of adult and non-adult
mortality on long-run economic development: evidence from a het-
erogeneous dynamic and cross-sectionally dependent panel of coun-
tries between 1800 and 2010, Diskussionspapier, No. 177, Helmut-
Schmidt-Universität - Universität der Bundeswehr Hamburg,
Fächergruppe Volkswirtschaftslehre, Hamburg

Hussain HI, Slusarczyk B, Kamarudin F, Thaker HMT, Szczepańska-
Woszczyna K (2020) An investigation of an adaptive neuro-fuzzy
inference system to predict the relationship among energy intensity,
globalization, and financial development in major ASEAN econo-
mies. Energies 13. https://doi.org/10.3390/en13040850

IbrahimM, VoXV (2021) Exploring the relationships among innovation,
financial sector development and environmental pollution in select-
ed industrialized countries. J Environ Manag 284:112057. https://
doi.org/10.1016/j.jenvman.2021.112057

Jiang C, Ma X (2019) The impact of financial development on carbon
emissions: a global perspective. Sustainability 11:1–22. https://doi.
org/10.3390/su11195241

Juodis A, Karavias Y, Sarafidis V (2021) A homogeneous approach to
testing for Granger non-causality in heterogeneous panels. Empir
Econ 60(1):93–112

Kakar ZK (2016) Financial development and energy consumption:
Evidence from Pakistan and Malaysia. Energy Sources, Part B:
Econ Plan Policy 11(9):868–873. https://doi.org/10.1080/
15567249.2011.603020

Kamah M, Riti JS (2021) Revisiting energy consumption-economic
growth hypothesis: do slope heterogeneity and cross-sectional de-
pendence matter? Adv J Social Sci 8(1):10–24. https://doi.org/10.
21467/ajss.8.1.10-24

Kayani GM, Ashfaq S, Siddique A (2020) Assessment of financial de-
velopment on environmental effect: implications for sustainable de-
velopment. J Clean Prod 261:120984. https://doi.org/10.1016/j.
jclepro.2020.120984

Khan Z, Sisi Z, Siqun Y (2019) Environmental regulations an option:
asymmetry effect of environmental regulations on carbon emissions
using non-linear ARDL. Energy Sources, Part A: Recovery,
Utilization, and Environmental Effects 41(2):137–155

Kirikkaleli D, Kalmaz DB (2020) Testing the moderating role of urban-
ization on the environmental Kuznets curve: empirical evidence
from an emerging market. Environ Sci Pollut Res 27(30):38169–
38180

Kizito UE, Vinitha G, Hooi HL (2020) Impact of financial structure on
environmental quality: evidence from panel and disaggregated data.
Energy Sources, Part B: Economics, Planning, and Policy, Doi 14:
359–383. https://doi.org/10.1080/15567249.2020.1727066

Lahiani A (2020) Is financial development good for the environment? An
asymmetric analysis with CO2 emissions in China. Environ Sci
Pollut Res 27:7901–7909. https://doi.org/10.1007/s11356-019-
07467-y

Le HP, Ozturk I (2020) The impacts of globalization, financial develop-
ment, government expenditures, and institutional quality on CO2
emissions in the presence of environmental Kuznets curve.
Environ Sci Pollut Res 27:22680–22697. https://doi.org/10.1007/
s11356-020-08812-2

Lee JW (2013) The contribution of foreign direct investment to clean
energy, carbon emissions and economic growth. Energy Policy 55:
483–489. https://doi.org/10.1016/j.enpol.2012.12.039

Levine R (2005) Finance and growth: theory and evidence. In Philippe
Aghion and Steven Durlauf (eds. ) Handbook of Economic Growth,
865–934.

Li K, Musah M, Kong Y, Mensah IA, Antwi SK, Bawuah J, Donkor M,
Coffie CPK, Andrew OA (2020a) Liquidity and firms’ financial
performance nexus: Panel evidence from non-financial firms listed
on the Ghana Stock Exchange . SAGE Open 10(3) :
215824402095036. https://doi.org/10.1177/2158244020950363

Li K, Hu E, Xu C, Musah M, Yusheng K, Mensah IA, Zu J, Jiang W, Su
Y (2020b) A heterogeneous analysis of the nexus between energy
consumption, economic growth and carbon emissions: Evidence
from the Group of Twenty (G20) countries. Energy Explor Exploit
39(3):797–814. https://doi.org/10.1177/0144598720980198

Li K, Zu J, Musah M, Mensah IA, Kong Y, Owusu-Akomeah M, Shi S,
Jiang Q, Antwi SK, Agyemang JK (2021) The link between urban-
ization, energy consumption, foreign direct investments and CO2
emanations: an empirical evidence from the emerging seven (E7)
countries. Energy Explorat Exploit 0(0) 1–24. Doi: https://doi.org/
10.1177/01445987211023854

Liu X, Bae J (2018) Urbanization and industrialization impact of CO2
emissions in China. J Clean Prod 172:178–186. https://doi.org/10.
1016/j.jclepro.2017.10.156

12332 Environ Sci Pollut Res (2022) 29:12313–12335

RETRACTED A
RTIC

LE

https://doi.org/10.1007/s11356-021-12661-y
https://doi.org/10.1016/j.jinteco.2015.04.005
https://doi.org/10.1016/j.jinteco.2015.04.005
https://doi.org/10.1007/s11356-019-05309-5
https://doi.org/10.32479/ijeep.9361
https://doi.org/10.1002/jae.2475
https://doi.org/10.1007/s11356-020-09937-0
https://doi.org/10.1007/s11356-020-11839-0
https://doi.org/10.1007/s11356-020-07641-7
https://doi.org/10.1007/s11356-020-07641-7
https://doi.org/10.3390/su12176959
https://doi.org/10.3390/su12176959
https://doi.org/10.1002/bbb.2206
https://doi.org/10.1002/bbb.2206
https://doi.org/10.1007/s10668-020-00650-z
https://doi.org/10.1007/s10668-020-00650-z
https://doi.org/10.3390/en13040850
https://doi.org/10.1016/j.jenvman.2021.112057
https://doi.org/10.1016/j.jenvman.2021.112057
https://doi.org/10.3390/su11195241
https://doi.org/10.3390/su11195241
https://doi.org/10.1080/15567249.2011.603020
https://doi.org/10.1080/15567249.2011.603020
https://doi.org/10.21467/ajss.8.1.10-24
https://doi.org/10.21467/ajss.8.1.10-24
https://doi.org/10.1016/j.jclepro.2020.120984
https://doi.org/10.1016/j.jclepro.2020.120984
https://doi.org/10.1080/15567249.2020.1727066
https://doi.org/10.1007/s11356-019-07467-y
https://doi.org/10.1007/s11356-019-07467-y
https://doi.org/10.1007/s11356-020-08812-2
https://doi.org/10.1007/s11356-020-08812-2
https://doi.org/10.1016/j.enpol.2012.12.039
https://doi.org/10.1177/2158244020950363
https://doi.org/10.1177/0144598720980198
https://doi.org/10.1177/01445987211023854
https://doi.org/10.1177/01445987211023854
https://doi.org/10.1016/j.jclepro.2017.10.156
https://doi.org/10.1016/j.jclepro.2017.10.156


Liu Y, Gao C, Lu Y (2017) The impact of urbanization on GHG emis-
sions in China: the role of population density. J Clean Prod 157:
299–309

Liu J, MurshedM, Chen F, Shahbaz M, Kirikkaleli D, Khan Z (2021) An
empirical analysis of the household consumption-induced carbon
emissions in China. Sust Prod Cons 26:943–957. https://doi.org/
10.1016/j.spc.2021.01.006

Mahalik MK, Villanthenkodath MA, Mallick H, Gupta M (2020)
Assessing the effectiveness of total foreign aid and foreign energy
aid inflows on environmental quality in India. Energy Policy 149:
112015. https://doi.org/10.1016/j.enpol.2020.112015

Mahmood H, Alkhateeb TTY, Furqan M (2020) Industrialization, urban-
ization and CO2 emissions in Saudi Arabia: asymmetry analysis.
Energy Rep 6:1553–1560. https://doi.org/10.1016/j.egyr.2020.06.
004

Majeed MT (2016) Economic growth, inequality and trade in developing
countries. Int J Dev Issues 15:240–253. https://doi.org/10.1108/
IJDI-02-2016-0011

Majeed MT, Samreen I, Tauqir A, Mazhar M (2020) The asymmetric
relationship between financial development and CO2 emissions: the
case of Pakistan. SN Appl Sci 2:827. https://doi.org/10.1007/
s42452-020-2627-1

Mensah IA, Sun M, Gao C, Omari-Sasu AY, Zhu D, Ampimah BC,
Quarcoo A (2019) Analysis on the nexus of economic growth, fossil
fuel energy consumption, CO2 emissions and oil price in Africa
based on a PMG panel ARDL approach. J Clean Prod 228:161–
174. https://doi.org/10.1016/J.JCLEPRO.2019.04.281

Mensah IA, Sun M, Gao C et al (2020) Investigation on key contributors
of energy consumption in dynamic heterogeneous panel data
(DHPD) model for African countries: fresh evidence from dynamic
common correlated effect (DCCE) approach. Environ Sci Pollut Res
27:38674–38694. https://doi.org/10.1007/s11356-020-09880-0

Mensah IA, Sun M, Omari-Sasu AY, Gao C, Obobisa ES, Osinubi TT
(2021) Potential economic indicators and environmental quality in
African economies: new insight from cross-sectional autoregressive
distributed lag approach. Environ Sci Pollut Res. https://doi.org/10.
1007/s11356-021-14598-8

Mesagan EP, Ajide KB, Vo XV (2020) Dynamic heterogeneous analysis
of pollution reduction in SANEM countries: lessons from the
energy-investment interaction. Environ Sci Pollut Res. https://doi.
org/10.1007/s11356-020-10865-2

Minh NN (2020) Foreign direct investment and carbon dioxide emis-
sions: evidence from capital of Vietnam. Int J Energy Econ Policy
10(3):76–83. https://doi.org/10.32479/ijeep.9023

Munir Q, Lean HH, Smyth R (2020) CO2 emissions, energy consump-
tion and economic growth in the ASEAN-5 countries: a cross-
sectional dependence approach. Energy Econ 85:104571

Murshed M (2021) LPG consumption and environmental Kuznets curve
hypothesis in South Asia: a time-series ARDL analysis with multi-
ple structural breaks. Environ Sci Pollut Res 28(7):8337–8372

Murshed M, Alam MS (2021) An estimation of the macroeconomic de-
terminants total, renewable and non-renewable energy demands in
Bangladesh: the role of technological innovations. Environ Sci
Pollut Res 28:30176–30196. https://doi.org/10.1007/s11356-021-
12516-6

MurshedM, DaoNTT (2020) Revisiting the CO2 emission-induced EKC
hypothesis in South Asia: the role of Export Quality Improvement.
GeoJournal. https://doi.org/10.1007/s10708-020-10270-9

Murshed M, Ali SR, Banerjee S (2020a) Consumption of liquefied pe-
troleum gas and the EKC hypothesis in South Asia: evidence from
cross-sectionally dependent heterogeneous panel data with structur-
al breaks. Energy Ecol Environ 6:353–377. https://doi.org/10.1007/
s40974-020-00185-z

Murshed M, Mahmood H, Alkhateeb TTY, Banerjee S (2020b)
Calibrating the impacts of regional trade integration and renewable
energy transition on the sustainability of international inbound

tourism demand in South Asia. Sustainability 12(20):8341. https://
doi.org/10.3390/su12208341

Murshed M, Chadni MH, Ferdaus J (2020c) Does ICT trade facilitate
renewable energy transition and environmental sustainability?
Evidence from Bangladesh, India, Pakistan, Sri Lanka, Nepal and
Maldives. Energy, Ecol Environ 5(6):470–495. https://doi.org/10.
1007/s40974-020-00190-2

Musah M, Kong Y, Mensah IA, Antwi SK, Donkor M (2020a) The link
between carbon emissions, renewable energy consumption, and eco-
nomic growth: a heterogeneous panel evidence from West Africa.
Environ Sci Pollut Res 27:28867–28889. https://doi.org/10.1007/
s11356-020-08488-8

MusahM, Kong Y, Xuan VV (2020b) Predictors of carbon emissions: an
empirical evidence from NAFTA countries. Environ Sci Pollut Res
28(9):11205–11223. https://doi.org/10.1007/s11356-020-11197-x

Musah M, Kong Y, Mensah IA, Antwi SK, Donkor M (2020c) The
connection between urbanization and carbon emissions: a panel ev-
idence from West Africa. Environ Dev Sustain 23:11525–11552.
https://doi.org/10.1007/s10668-020-01124-y

Musah M, Kong Y, Mensah IA et al (2021a) Modelling the connection
between energy consumption and carbon emissions in North Africa:
Evidence from panel models robust to cross-sectional dependence
and slope heterogeneity. Environ Dev Sustain. https://doi.org/10.
1007/s10668-021-01294-3

Musah M, Kong Y, Mensah IA, Li K, Vo XV, Bawuah J, Agyemang JK,
Antwi SK, Donkor M (2021b) Trade openness and CO2 emana-
tions: a heterogeneous analysis on the developing eight (D8) coun-
tries. Environ Sci Pollut Res 28:44200–44215. https://doi.org/10.
1007/s11356-021-13816-7

Nadeem AM, Ali T, Khan MTI, Guo Z (2020) Relationship between
inward FDI and environmental degradation for Pakistan: an explo-
ration of pollution haven hypothesis through ARDL approach.
Environ Sci Pollut Res 27:15407–15425. https://doi.org/10.1007/
s11356-020-08083-x

Namahoro JP, Wu Q, Zhou N, Xue S (2021) Impact of energy intensity,
renewable energy, and economic growth on CO2 emissions: evi-
dence from Africa across regions and income levels. Renew
Sustain Rev 147:111233. https://doi.org/10.1016/j.rser.2021.
111233

Naqvi SAA, Shah SAR, Anwar S, Raza H (2021) Renewable energy,
economic development, and ecological footprint nexus: fresh evi-
dence of renewable energy environment Kuznets curve (RKC) from
income groups. Environ Sci Pollut Res 28:2031–2051. https://doi.
org/10.1007/s11356-020-10485-w

Naseem S, Ji TG, Kashif U (2020a) Asymmetrical ARDL correlation
between fossil fuel energy, food security, and carbon emission: pro-
viding fresh information from Pakistan. Environ Sci Pollut Res 27:
31369–31382. https://doi.org/10.1007/s11356-020-09346-3

Naseem S, Ji TG, Kashif U, Arshad MZ (2020b) Causal analysis of the
dynamic link between energy growth and environmental quality for
agriculture sector: a piece of evidence from India. Environ Dev
Sustain 23:7913–7930. https://doi.org/10.1007/s10668-020-00953-
1

Nasir MA, Huynh TLD, Tram HTX (2019) Role of financial develop-
ment, economic growth and foreign direct investment in driving
climate change: A case of emerging ASEAN. J Environ Manag
242:131–141

Nasreen S, Anwar S, Ozturk I (2017) Financial stability, energy con-
sumption and environmental quality: evidence from South Asian
economies. Renew Sust Energ Rev 67:1105–1122

Nasrullah M, Rizwanullah M, Yu X, Liang L (2021) An asymmetric
analysis of the impacts of energy use on carbon dioxide emissions
in the G7 countries. Environ Sci Pollut Res 28:43643–43668.
https://doi.org/10.1007/s11356-021-13799-5

12333Environ Sci Pollut Res (2022) 29:12313–12335

RETRACTED A
RTIC

LE

https://doi.org/10.1016/j.spc.2021.01.006
https://doi.org/10.1016/j.spc.2021.01.006
https://doi.org/10.1016/j.enpol.2020.112015
https://doi.org/10.1016/j.egyr.2020.06.004
https://doi.org/10.1016/j.egyr.2020.06.004
https://doi.org/10.1108/IJDI-02-2016-0011
https://doi.org/10.1108/IJDI-02-2016-0011
https://doi.org/10.1007/s42452-020-2627-1
https://doi.org/10.1007/s42452-020-2627-1
https://doi.org/10.1016/J.JCLEPRO.2019.04.281
https://doi.org/10.1007/s11356-020-09880-0
https://doi.org/10.1007/s11356-021-14598-8
https://doi.org/10.1007/s11356-021-14598-8
https://doi.org/10.1007/s11356-020-10865-2
https://doi.org/10.1007/s11356-020-10865-2
https://doi.org/10.32479/ijeep.9023
https://doi.org/10.1007/s11356-021-12516-6
https://doi.org/10.1007/s11356-021-12516-6
https://doi.org/10.1007/s10708-020-10270-9
https://doi.org/10.1007/s40974-020-00185-z
https://doi.org/10.1007/s40974-020-00185-z
https://doi.org/10.3390/su12208341
https://doi.org/10.3390/su12208341
https://doi.org/10.1007/s40974-020-00190-2
https://doi.org/10.1007/s40974-020-00190-2
https://doi.org/10.1007/s11356-020-08488-8
https://doi.org/10.1007/s11356-020-08488-8
https://doi.org/10.1007/s11356-020-11197-x
https://doi.org/10.1007/s10668-020-01124-y
https://doi.org/10.1007/s10668-021-01294-3
https://doi.org/10.1007/s10668-021-01294-3
https://doi.org/10.1007/s11356-021-13816-7
https://doi.org/10.1007/s11356-021-13816-7
https://doi.org/10.1007/s11356-020-08083-x
https://doi.org/10.1007/s11356-020-08083-x
https://doi.org/10.1016/j.rser.2021.111233
https://doi.org/10.1016/j.rser.2021.111233
https://doi.org/10.1007/s11356-020-10485-w
https://doi.org/10.1007/s11356-020-10485-w
https://doi.org/10.1007/s11356-020-09346-3
https://doi.org/10.1007/s10668-020-00953-1
https://doi.org/10.1007/s10668-020-00953-1
https://doi.org/10.1007/s11356-021-13799-5


Nathaniel S, Khan SAR (2020) The nexus between urbanization, renew-
able energy, trade, and ecological footprint in ASEAN countries. J
Clean Prod 272:122709

Nathaniel S, Anyanwu O, Shah M (2020) Renewable energy, urbaniza-
tion, and ecological footprint in the Middle East and North Africa
region. Environ Sci Pollut Res 27:14601–14613. https://doi.org/10.
1007/s11356-020-08017-7

Nawaz SMN, Alvi S, Akmal T (2021) The impasse of energy consump-
tion coupling with pollution haven hypothesis and environmental
Kuznets curve: a case study of South Asian economies. Environ
Sci Pollut Res 28:48799–48807. https://doi.org/10.1007/s11356-
021-14164-2

Neog Y, Yadava AK (2020) Nexus among CO2 emissions, remittances,
and financial development: a NARDL approach for India. Environ
Sci Pollut Res 27:44470–44481. https://doi.org/10.1007/s11356-
020-10198-0

Neves SA, Marques AC, Patrício M (2020) Determinants of CO2 emis-
sions in European Union countries: does environmental regulation
reduce environmental pollution? Econ Anal Policy 68:114–125.
https://doi.org/10.1016/j.eap.2020.09.005

Nosheen M, Iqbal J, Hassan SA (2019) Economic growth, financial de-
velopment, and trade in nexuses of CO2 emissions for Southeast
Asia. Environ Sci Pollut Res 26(36):36274–36286

Nwani C, Omoke PC (2020) Does bank credit to the private sector pro-
mote low-carbon development in Brazil? An extended STIRPAT
analysis using dynamic ARDL simulations. Environ Sci Pollut
Res 27:31408–31426. https://doi.org/10.1007/s11356-020-09415-7

Omoke PC, Nwani C, Effiong EL, Evbuomwan OO, Emenekwe CC
(2020) The impact of financial development on carbon, non-carbon,
and total ecological footprint in Nigeria: new evidence from asym-
metric dynamic analysis. Environ Sci Pollut Res 27(17):21628–
21646

Omri A, Hadj TB (2020) Foreign investment and air pollution: Do good
governance and technological innovation matter? Environ Res 185:
109469. https://doi.org/10.1016/j.envres.2020.109469

Ouédraogo M, Peng D, Chen X, Hashmi SH, Sall MI (2021) Dynamic
effect of oil resources on environmental quality: testing the environ-
mental Kuznets curve hypothesis for selected African countries.
Sustainability 13:3649. https://doi.org/10.3390/su13073649

Ouoba Y (2017) CO2 Emissions and Economic Growth in the West
African Economic and Monetary Union (WAEMU) Countries.
Environ Manage Sustain Dev 6(2):174–197. https://doi.org/10.
5296/emsdv6i211145

Pavlović A, Njegovan M, Ivanišević A, RadišićM, Takači A, Lošonc A,
Kot S (2021) Growth on environmental degradation: the case of the
Balkans. Energies 14:566. https://doi.org/10.3390/en14030566

Pesaran MH (2004) General diagnostic tests for cross-sectional depen-
dence in panels. In University of Cambridge, Cambridge Working
Papers in Economics; Faculty of Economics: Cambridge, UK; p.
435.

Pesaran MH, Smith RP (1995) Estimating long-run relationships from
dynamic heterogeneous panels. J Econ 68:79–113

Pesaran MH, Yamagata T (2008) Testing slope homogeneity in large
panels. J Econ 142:50–93

Phale K, Li F, Mensah IA, Omari-Sasu AY, Musah M (2021)
Knowledge-based economy capacity building for developing coun-
tries: a panel analysis in Southern African Development
Community. Sustainability 13:2890. https://doi.org/10.3390/
su13052890

Porter ME, van der Linde C (1995) Toward a new conception of the
environment-competitiveness relationship. J Econ Perspect 9(4):
97–118. https://doi.org/10.1257/jep.9.4.97

Qing D, Shoukat IK, Manzoor A (2020) Towards sustainable production
and consumption: Assessing the impact of energy productivity and
eco-innovation on consumption-based carbon dioxide emissions

(CCO2) in G-7 nations. Sustain Prod Consump 27:254–268.
https://doi.org/10.1016/j.spc.2020.11.004

Raghutla C, Chittedi KR (2020) Financial development, energy con-
sumption, technology, urbanization, economic output and carbon
emissions nexus in BRICS countries: an empirical analysis.
Manage Environ Qual: An Int J 32:290–307. 477-7835. https://
doi.org/10.1108/MEQ-02-2020-0035

Rauf A, Liu X, Amin W, Rehman OU, Li J, Ahmad F, Bekun FV (2020)
Does sustainable growth, energy consumption and environment
challenges matter for Belt and Road Initiative feat? A novel empir-
ical investigation. J Clean Prod 262:121344. https://doi.org/10.
1016/j.jclepro.2020.121344

Rehman A, Ma H, Ahmad M, Irfan M, Traore O, Chandio AA (2021a)
Towards environmental Sustainability: Devolving the influence of
carbon dioxide emission to population growth, climate change,
Forestry, livestock and crops production in Pakistan. Ecol Indic
125:107460. https://doi.org/10.1016/j.ecolind.2021.107460

Rehman A, Ma H, Ozturk I (2021b) Do industrialization, energy impor-
tations, and economic progress influence carbon emission in
Pakistan. Environ Sci Pollut Res 28:45840–45852. https://doi.org/
10.1007/s11356-021-13916-4

Rehman A, Ma H, Ozturk I, Murshed M, Chishti MZ, Dagar V (2021c)
The dynamic impacts of CO2 emissions from different sources on
Pakistan’s economic progress: a roadmap to sustainable environ-
ment. Environ Dev Sustain. https://doi.org/10.1007/s10668-021-
01418-9

Sadorsky P (2010) The impact of financial development on energy con-
sumption in emerging economies. Energy Policy 38(5):2528–2535.
https://doi.org/10.1016/j.enpol.2009.12.048

Safi A, Chen Y, Wahab S, Ali S, Yi X, Imran M (2020) Financial insta-
bility and consumption-based carbon emission in E-7 countries: The
role of trade and economic growth. Sustain Prod Consump 27:383–
391. https://doi.org/10.1016/j.spc.2020.10.034

Saidi K, Mbarek MB (2017) The impact of income, trade, urbanization,
and financial development on CO2 emissions in 19 emerging econ-
omies. Environ Sci Pollut Res 24:12748–12757. https://doi.org/10.
1007/s11356-016-6303-3

Salari TE, Roumiani A, Kazemzadeh E (2021) Globalization, renewable
energy consumption, and agricultural production impacts on ecolog-
ical footprint in emerging countries: using quantile regression ap-
proach. Environ Sci Pollut Res. https://doi.org/10.1007/s11356-
021-14204-x

Saud S, Chen S, Haseeb A, Khan K, Imran M (2019) The nexus between
financial development, income level, and environment in Central
and Eastern European Countries: A perspective on Belt and Road
Initiative. Environ Sci Pollut Res 26:16053–16075. https://doi.org/
10.1007/s11356-019-05004-5

ShahbazMA (2009) Reassessment of finance-growth nexus for Pakistan:
Under the investigation of FMOLS and DOLS techniques. ICFAI J
Appl Econ 8:65–80 Available online: http://search.ebscohost.com/
login. aspx?direct=true&db=bth&AN=36007316&site=ehost-live
(accessed on 15/06/2021)

Shahbaz M, Haouas I, Sohag K, Ozturk I (2020) The financial
development-environmental degradation nexus in the United Arab
Emirates: the importance of growth, globalization and structural
breaks. Environ Sci Pollut Res 27:10685–10699. https://doi.org/
10.1007/s11356-019-07085-8

Shahzad SJH, Kumar RR, Zakaria M, Hurr M (2017) Carbon emission,
energy consumption, trade openness and financial development in
Pakistan: a revisit. Renew Sust Energ Rev 70:185–192

Sharif A, Raza SA, Ozturk I, Afshan S (2019) The dynamic relationship
of renewable and non-renewable energy consumption with carbon
emission: a global study with the application of heterogeneous panel
estimations. Renew Energy 133:685–691

Sulaiman C, Abdul-Rahim AS (2018) Population growth and CO2 emis-
sion in Nigeria: A recursive ARDL approach. SAGE Open 8:1–14.

12334 Environ Sci Pollut Res (2022) 29:12313–12335

RETRACTED A
RTIC

LE

https://doi.org/10.1007/s11356-020-08017-7
https://doi.org/10.1007/s11356-020-08017-7
https://doi.org/10.1007/s11356-021-14164-2
https://doi.org/10.1007/s11356-021-14164-2
https://doi.org/10.1007/s11356-020-10198-0
https://doi.org/10.1007/s11356-020-10198-0
https://doi.org/10.1016/j.eap.2020.09.005
https://doi.org/10.1007/s11356-020-09415-7
https://doi.org/10.1016/j.envres.2020.109469
https://doi.org/10.3390/su13073649
https://doi.org/10.5296/emsdv6i211145
https://doi.org/10.5296/emsdv6i211145
https://doi.org/10.3390/en14030566
https://doi.org/10.3390/su13052890
https://doi.org/10.3390/su13052890
https://doi.org/10.1257/jep.9.4.97
https://doi.org/10.1016/j.spc.2020.11.004
https://doi.org/10.1108/MEQ-02-2020-0035
https://doi.org/10.1108/MEQ-02-2020-0035
https://doi.org/10.1016/j.jclepro.2020.121344
https://doi.org/10.1016/j.jclepro.2020.121344
https://doi.org/10.1016/j.ecolind.2021.107460
https://doi.org/10.1007/s11356-021-13916-4
https://doi.org/10.1007/s11356-021-13916-4
https://doi.org/10.1007/s10668-021-01418-9
https://doi.org/10.1007/s10668-021-01418-9
https://doi.org/10.1016/j.enpol.2009.12.048
https://doi.org/10.1016/j.spc.2020.10.034
https://doi.org/10.1007/s11356-016-6303-3
https://doi.org/10.1007/s11356-016-6303-3
https://doi.org/10.1007/s11356-021-14204-x
https://doi.org/10.1007/s11356-021-14204-x
https://doi.org/10.1007/s11356-019-05004-5
https://doi.org/10.1007/s11356-019-05004-5
http://search.ebscohost.com/login
http://search.ebscohost.com/login
https://doi.org/10.1007/s11356-019-07085-8
https://doi.org/10.1007/s11356-019-07085-8


https://doi.org/10.1177/2158244018765916.journals.sagepub.com/
home/sgo

Sun H, Samuel CA, Amissah JCK, Taghzadeh-Hesary F, Mensah IA
(2020)Non-linear nexus between CO2 emissions and economic
growth: A comparison of OECD and B&R countries. Energy 212:
118637

Tahir T, Luni T, Majeed MT, Zafar A (2021) The impact of financial
development and globalization on environmental quality: evidence
from South Asian economies. Environ Sci Pollut Res 28(7):8088–
8101. https://doi.org/10.1007/s11356-020-11198-w

Talib MNA, Ahmed M, Naseer MM, Slusarczyk B, Popp J (2021) The
long-run impacts of temperature and rainfall on agricultural growth
in Sub-Saharan Africa. Sustainability 13:595. https://doi.org/10.
3390/su13020595

Qin L, Raheem S, Murshed M, Miao X, Khan Z, Kirikkaleli D (2021)
Does financial inclusion limit carbon dioxide emissions? Analyzing
the role of globalization and renewable electricity output. Sustain
Dev 1–17. https://doi.org/10.1002/sd.2208

Tamazian A, Rao BB (2010) Do economic, financial and institutional
developments matter for environmental degradation? Evidence from
transitional economies. Energy Econ 32:137–145

TamazianA, Chousa JP, Vadlamannati KC (2009) Does higher economic
and financial development lead to environmental degradation: evi-
dence from BRIC countries. Energy Policy 37(1):246–253. https://
doi.org/10.1016/j.enpol.2008.08.025

To AH, Ha DT-T, Nguyen HM, Vo DH (2019) The impact of foreign
direct investment on environment degradation: evidence from
emerging markets in Asia. Int J Environ Res Public Health 16:
1636. https://doi.org/10.3390/ijerph16091636

Topcu M, Payne JE (2017) The financial development–energy consump-
tion nexus revisited. Energy Sources, Part B: Econ Plan Policy
12(9):822–830. https://doi.org/10.1080/15567249.2017.1300959

Uddin GA, Salahuddin M, Alam K, Gow J (2017) Ecological footprint
and real income: panel data evidence from the 27 highest emitting
countries. Ecol Indic 77:166–175. https://doi.org/10.1016/j.ecolind.
2017.01.003

Ullah S, Ozturk I, Usman A, Majeed MT, Akhtar P (2020) On the asym-
metric effects of premature deindustrialization on CO2 emissions:
evidence from Pakistan. Environ Sci Pollut Res 27:13692–13702.
https://doi.org/10.1007/s11356-020-07931-0

Umar M, Ji X, Kirikkaleli D, Xu Q (2020) COP21 Roadmap: Do inno-
vation, financial development, and transportation infrastructure mat-
ter for environmental sustainability in China? J Environ Manag 271:
111026

Usman M, Khalid K, Mehdi MA (2021a) What determines environmen-
tal deficit in Asia? Embossing the role of renewable and non-
renewable energy utilization. Renew Energy 168(6):1165–1176.
https://doi.org/10.1016/j.renene.2021.01.012

Usman M, Makhdum MSA, Kousar R (2021b) Does financial inclusion,
renewable and non-renewable energy utilization accelerate ecologi-
cal footprints and economic growth? Fresh evidence from 15 highest
emitting countries. Sustain Cities Soc 65:102590. https://doi.org/10.
1016/j.scs.2020.102590

Vo DH, Ho CM (2021) Foreign investment, economic growth, and envi-
ronmental degradation since the 1986 “Economic Renovation” in
Vietnam. Environ Sci Pollut Res 28:29795–29805. https://doi.org/
10.1007/s11356-021-12838-5

Walid MAA (2020) Stock market reactions to domestic sentiment: Panel
CS-ARDL evidence. Res Int Bus Financ 54:101240. https://doi.org/
10.1016/j.ribaf.2020.101240

Wang S, Li G, Fang C (2018a) Urbanization, economic growth, energy
consumption, and CO2 emissions: empirical evidence from

countries with different income levels. Renew Sust Energ Rev 81:
2144–2159

Wang S, Zeng J, Huang Y, Shi C, Zhan P (2018b) The effects of urban-
ization on CO2 emissions in the Pearl River Delta: a comprehensive
assessment and panel data analysis. Appl Energy 228:1693–1706

Westerlund J, Edgerton DL (2007) A panel bootstrap cointegration test.
Econ Let 97:185–190

World Bank (2012) Global financial development report 2013:
Rethinking the role of the state in finance. World Bank,
Washington. Accessed on 25/08/2021 from https://www.
worldbank.org/en/publication/gfdr

YangB,Ali M, Hashmi SH, ShabirM (2020) Income inequality andCO2
emissions in developing countries: The moderating role of financial
instability. Sustainability 12:6810. https://doi.org/10.3390/
su12176810

World Bank (2020). World development indicators: The World Bank
Group. Accessed on 20 May 2021 from https://databank.
worldbank.org/source/world-development-indicators

World Resources Institute (2010) CAIT: Greenhouse gas sources &
methods. Methodology document. Washington, DC: World
Resources Institute. on 25 June 2021 from http://cait.wri.org/
downloads/cait_ghgs.pdf.

Yang B, Jahanger A, Usman M, Khan MA (2021) The dynamic linkage
between globalization, financial development, energy utilization,
and environmental sustainability in GCC countries. Environ Sci
Pollut Res 28:16568–16588. https://doi.org/10.1007/s11356-020-
11576-4

Ye Y, Khan YA, Wu C, Shah EA, Abbas SZ (2021) The impact of
financial development on environmental quality: evidence from
Malaysia. Air Qual Atmos Health 14:1233–1246. https://doi.org/
10.1007/s11869-021-01013-x

Zaidi SAH, Hou F, Mirza FM (2018) The role of renewable and non-
renewable energy consumption in CO2 emissions: a disaggregate
analysis of Pakistan. Environ Sci Pollut Res 25(31):31616–31629

Zeqiraj V, Sohag K, Ugur S (2020) Stock market development and low-
carbon economy: The role of innovation and renewable energy.
Energy Econ 91:104908. https://doi.org/10.1016/j.eneco.2020.
104908

Zeraibi A, Balsalobre-Lorente D, Murshed M (2021) The influences of
renewable electricity generation, technological innovation, financial
development, and economic growth on ecological footprints in
ASEAN-5 countries. Environ Sci Pollut Res. https://doi.org/10.
1007/s11356-021-14301-x

Zhang YJ (2011) The impact of financial development on carbon emis-
sions: an empirical analysis in China. Energy Policy 39(4):2197–
2203. https://doi.org/10.1016/j.enpol.2011.02.026

Zheng-Zheng L, Rita YML, Muhammad YM, Muntasir M, Zeeshan K,
Muhammad U (2020) Determinants of Carbon Emission in China:
How Good is Green Investment? Sust Prod Cons 27:392–401.
https://doi.org/10.1016/j.spc.2020.11.008

Zhou A, Li J (2020) The nonlinear impact of industrial restructuring on
economic growth and carbon dioxide emissions: a panel threshold
regression approach. Environ Sci Pollut Res. https://doi.org/10.
1007/s11356-020-07778-5

Ziaei SM (2015) Effects of financial development indicators on energy
consumption and CO2 emission of European, East Asian and
Oceania countries. Renew Sust Energ Rev 42:752–759

Publisher’s note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

12335Environ Sci Pollut Res (2022) 29:12313–12335

RETRACTED A
RTIC

LE

https://doi.org/10.1177/2158244018765916.journals.sagepub.com/home/sgo
https://doi.org/10.1177/2158244018765916.journals.sagepub.com/home/sgo
https://doi.org/10.1007/s11356-020-11198-w
https://doi.org/10.3390/su13020595
https://doi.org/10.3390/su13020595
https://doi.org/10.1002/sd.2208
https://doi.org/10.1016/j.enpol.2008.08.025
https://doi.org/10.1016/j.enpol.2008.08.025
https://doi.org/10.3390/ijerph16091636
https://doi.org/10.1080/15567249.2017.1300959
https://doi.org/10.1016/j.ecolind.2017.01.003
https://doi.org/10.1016/j.ecolind.2017.01.003
https://doi.org/10.1007/s11356-020-07931-0
https://doi.org/10.1016/j.renene.2021.01.012
https://doi.org/10.1016/j.scs.2020.102590
https://doi.org/10.1016/j.scs.2020.102590
https://doi.org/10.1007/s11356-021-12838-5
https://doi.org/10.1007/s11356-021-12838-5
https://doi.org/10.1016/j.ribaf.2020.101240
https://doi.org/10.1016/j.ribaf.2020.101240
https://www.worldbank.org/en/publication/gfdr
https://www.worldbank.org/en/publication/gfdr
https://doi.org/10.3390/su12176810
https://doi.org/10.3390/su12176810
https://databank.worldbank.org/source/world-development-indicators
https://databank.worldbank.org/source/world-development-indicators
http://cait.wri.org/downloads/cait_ghgs.pdf
http://cait.wri.org/downloads/cait_ghgs.pdf
https://doi.org/10.1007/s11356-020-11576-4
https://doi.org/10.1007/s11356-020-11576-4
https://doi.org/10.1007/s11869-021-01013-x
https://doi.org/10.1007/s11869-021-01013-x
https://doi.org/10.1016/j.eneco.2020.104908
https://doi.org/10.1016/j.eneco.2020.104908
https://doi.org/10.1007/s11356-021-14301-x
https://doi.org/10.1007/s11356-021-14301-x
https://doi.org/10.1016/j.enpol.2011.02.026
https://doi.org/10.1016/j.spc.2020.11.008
https://doi.org/10.1007/s11356-020-07778-5
https://doi.org/10.1007/s11356-020-07778-5

	Financial...
	Abstract
	Introduction
	Literature review
	Model and data
	Model specification and theoretical foundation
	Data source and descriptive statistics
	Analytical procedure

	Empirical results
	Cross-sectional dependence and slope heterogeneity tests results
	Unit root and cointegration tests results
	Model estimation and causality results

	Discussion of the results
	Conclusions and policy recommendations
	Limitations and suggestions for further studies
	References


