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Abstract
The present study aims to analyze the influence of stock market and financial institution development on carbon emissions by
incorporating the role of renewable energy consumption and foreign direct investment in the function of carbon emissions on
G20 member countries from 1981–217. Further, the empirical analysis is carried out on the full sample and sub-samples of
developed and developing economies by employing panel econometric techniques. The findings confirm that the stock market
development index reduces carbon emissions in the full sample and developed countries while increases carbon emissions in
developing countries. However, the index of financial institution development increases carbon emissions in the full sample and
developed countries but effect is found insignificant in the case of developing economies. The renewable energy consumption
reduces the level of environmental degradation across the panels. Similarly, foreign direct investment increases environmental
quality in the full sample and emerging economies while impede environmental quality in the developed economies. On the basis
of empirical results, this study recommends policy implications.
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Introduction

The environmental degradation and global warming have
been most challenging and debated serious environmental is-
sues in our time. These issues have attracted the considerable
attention of policymakers and researchers. Greenhouse gases
emission is the primary cause of global warming, of all the

pollutants, carbon emission is the most influential gas behind
global warming (Acheampong 2019). The report of
International Energy Agency (2018) indicates that the lower
price of fossil fuel, weaker energy efficiency efforts and global
economic growth are the most influential elements causing the
rise in CO2 emissions and consequently global warming.

One of the major solutions to decrease the growth of carbon
emissions is investing in environmental friendly projects. The
previous literature suggests that among the investments in
renewable energy, foreign direct investment, and financial de-
velopment are vital to fund clean energy projects (Sbia et al.
2014; Doytch and Narayan 2016; Kutan et al. 2018; Salim
et al. 2017). Foreign direct investment may not only financing
source but also transfer of advanced foreign and green tech-
nology to the host country. The innovative production process
increases energy efficiency which stimulates the development
of renewable energy sector. The renewable energy has low
carbon content and therefore the more use of it will mitigate
the carbon emissions (Islam et al. 2013; Sbia et al. 2014;
Paramati et al. 2016; Mazzucato and Semieniuk 2018).

The development of financial sector has important impli-
cations for environmental degradation but the prior studies on
the relationship between financial development and carbon
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emissions remain uncertain. Theoretically, financial develop-
ment reduces environmental degradation through technologi-
cal development, research and investments that in turn can
boost the economic growth, and consequently reduce the car-
bon emissions (Dasgupta et al. 2002; Claessens and Feijen
2007; Tamazian et al. 2009). Contrarily, Jensen (1996) argues
that financial development could fuel industrialization, which
may cause industrial pollution and thus increases the environ-
mental degradation. Furthermore, financial development can
have direct and indirect effects on the environmental quality.
One of the most direct effects that when there is developed
financial system, consumers have easy access to cheap money
to buy big items which consume energy a lot and can affect
demand for energy (Sadorsky 2011; Shahbaz and Lean 2012;
Çoban and Topcu 2013; Kahouli 2017) which may conse-
quently decrease the environmental quality. Businesses also
benefit from developed financial system because it enables
businesses to have access to financial capital easily and less
costly. Additionally, improved stock market can also affect
business through providing them additional sources of
funding, which let them to expand their existing business or
create new ones (Sadorsky 2010, 2011; Çoban and Topcu
2013). These expansion activities of businesses can enhance
the demand of energy and carbon emissions. Moreover, in-
creased stock market activity affects consumer and business
confidence through generating a wealth effect. Thus, in-
creased confidence of business and consumer could boost
economic growth and prosperity which in turn increases en-
ergy consumption and environmental pollution (Sadorsky
2010, 2011; Çoban and Topcu 2013).

While the financial development impact on carbon emis-
sions is theoretically inconsistent, the existing empirical liter-
ature findings remain unclear. One empirical literature strand
argues that financial development plays a significant role in
reduction of carbon emissions (Tamazian et al. 2009,
Tamazian and Rao 2010; Jalil and Feridun 2011; Shahbaz
et al. 2013a; Dogan and Turkekul 2016). The other strand of
empirical literature argues that financial development in-
creases environmental degradation (Zhang 2011; Shahbaz
et al. 2016; Usman et al. 2020). The last strand of empirical
studies is the one which find insignificant relationship be-
tween financial development and carbon emissions (Çoban
and Topcu 2013; Ozturk and Acaravci 2013; Omri et al.
2015; Bekhet et al. 2017). Thus, there is still a need to explore
the nexus between financial development and carbon
emissions due to contradictory and unclear findings of
previous studies. Furthermore, the majority of exiting
empirical studies have utilized different and a single
indicator of financial development to investigate the
financial development impact on environmental pollution.
King and Levine (1993) suggest that the use of different fi-
nancial development indicators has different implications for
economic growth while Sadorsky (2011); Kakar (2016);

Shahbaz et al. (2016) and Yao and Tang (2020) argue that
different measures of financial development have disparate
impact on environmental degradation. Furthermore, the finan-
cial system is composed of stock markets and financial insti-
tutions. The financial system more heavily depends on finan-
cial institutions in developing countries whereas the stock
market is the main driver of the financial system in developing
countries (Zeqiraj et al. 2020). Thus, in this study, we differ-
entiate the effects of financial institutions development and
stock market development on CO2 emissions.

The G20 countries cover the world leading economies such
as G7 countries and distinctive emerging economies such as
BRICS economies. The G20 economies play a significant role
in the global economy as they account for 86% of global GDP
in 2017. The G20 nations are also responsible for most of the
carbon emissions as they are largest energy consumers, they
account for 74% of current global carbon emissions. The re-
cent literature has focused on heterogeneity between devel-
oped and less developed economies in terms of environment
degradation because information disclosure is more adequate
in developed economies, and investor preferences are stronger
for environment friendly projects (Finger et al. 2018;
Ehigiamusoe and Lean 2019; Acheampong et al. 2020).
Thus, G20 nations provide important setting to explore the
heterogeneity between developed and developing nations in
the nexus among financial development, renewable energy
consumption, FDI, trade openness, per capita income, urban-
ization, and carbon emissions.

In the existing literature, this study contributes in many
ways. First, to the best of author’s knowledge, this is the first
attempt which differentiates between stock market
development and financial institutions development to
investigate the effect of disaggregated financial development
on carbon emissions in G20 economies. Levine and Zervos
(1998) argue that stock market development and financial
institutions development can have separate effects on eco-
nomic growth; therefore it is important to include disaggre-
gated measures of stock market development and financial
institution development to examine the effect of financial de-
velopment on carbon emissions. Second, most of the previous
studies have used a single and simple proxy for financial de-
velopment such as private credit to GDP or stock market cap-
italization to conclude the financial development impact on
environmental degradation; however, financial development
is complicated in nature and multi-dimensional (Svirydzenka
2016). Given this, in this paper, we use up-to-date indices of
stock market and financial institution developed by the
International Monetary Fund (IMF). Particularly, the con-
struction of these indicators is based on multi-dimensional
information of depth, access, and efficiency of financial mar-
kets and financial institutions, respectively. Third, we also
explore the effect of renewable energy consumption on carbon
emissions. Fourth, we split a panel of the G20 economies into
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developed and developing economies to investigate the het-
erogeneity across countries. Last, this study employs the
Durbin-Hausman panel co-integration tests to investigate the
long-run linkage among the variables while the long-run elas-
ticities are explored using the common correlation effect-
mean group (CCEMG) model.

Literature review

Financial development and carbon emissions
relationship

The evidence on the effect of financial development on envi-
ronment degradation can be easily categorized into three
groups due to the mix findings. The first group of empirical
studies suggests that financial development has a negative
impact on carbon emissions. For instance, Tamazian and
Rao (2010) applied GMM and random effect model to
analyze the financial liberalization effect on carbon
emissions in 24 transition economies. Their results showed
that institutional quality and financial development reduce
carbon emissions. In the case of China, Jalil and Feridun
(2011) employed autoregressive distributed lag (ARDL) ap-
proach to examine the impact of financial development on
environmental degradation and found that financial
development improves the quality of environment.
Similarly, Shahbaz et al. (2013b) found that financial devel-
opment reduces environmental pollution in case of Malaysia.
Using GMM, Hao et al. (2016) explored the relationship be-
tween financial development and environmental quality in 29
provinces of China and found that financial efficiency
improves environmental quality by lowing carbon
emissions. In the same way, Xing et al. (2017) showed that
financial development can reduce carbon emissions in China
by employing ARDL approach. Furthermore, Khan et al.
(2018) employed fully modified ordinary least squares
(FMOLS) to examine the linkages between financial develop-
ment and environmental degradation in three Asian-
developing countries, namely, Bangladesh, India, and
Pakistan and found that financial development has a
significant negative relationship with carbon emissions.
Acheampong (2019) investigated the relationship between fi-
nancial market development and environmental degradation
in heterogeneous financial economies and found that financial
market development decreases degradation of environment in
the developed and emerging financial economies.

The second group of empirical studies suggests that the
relationship between financial development and carbon
emissions is positive. For example, in case of Tunisisa,
Farhani and Ozturk (2015) employed ARDL to examine the
causal relationships among carbon emissions, financial devel-
opment, economic growth, energy consumption, and

urbanization. The results of their findings revealed financial
development has a positive relationship with environmental
pollution. Shahbaz et al. (2016) explored the impact of stock
market development and banks sector development on
environmental quality in Pakistan by employing asymmetric
ARDL and found that bank sector development impedes the
environment. In another study, Javid and Sharif (2016) report-
ed that financial development has a positive linkage with en-
vironmental degradation in Pakistan. Using cointegration ap-
proach in case of Malaysia, Maji et al. (2017) examined the
correlation between financial development and sectoral
carbon emissions. They found that improvement in financial
sector reduces environmental quality. Ehigiamusoe and Lean
(2019) utilized cointegration approach to examine the effect of
financial development on carbon emissions in 120 countries.
Their empirical results revealed that financial development
has a positive relationship with carbon emissions in the case
of full sample. The last group of empirical studies provides no
significant nexus between financial development and carbon
emissions (see Ozturk and Acaravci 2013; Omri et al. 2015;
Dogan and Turkekul 2016; Jamel and Maktouf 2017).

Stock market development and carbon emissions
relationship

Some empirical studies have examined the impact of stock
market development on carbon emissions. For instance,
Tamazian et al. (2009) explored the impact of stock market
development on carbon emissions in Brazil, Russia, India, and
China (BRIC) countries. They used stock market value added
to measure stock market development. Their results illustrated
that stock market development is associated with the decline
in carbon emissions. Zhang (2011) explored the influence of
stock market development on environmental degradation
along with other financial development variables in the case
of China. The author found that China’s stock market has a
relatively larger influence on carbon emissions but the influ-
ence of its efficiency is very limited. Using ARDL approach,
Abbasi and Riaz (2016) investigated the nexus between stock
market development and carbon emissions for Pakistan over
the period 1970 to 2011. Their study used ratio of stock
market capitalization to GDP and ratio of stock market
traded to GDP as proxies for stock market development.
They reported that financial development plays a significant
role in mitigation of carbon emissions but only during the
period of financial liberalization. Further, Paramati et al.
(2018) examined the role of stock market on environmental
degradation by incorporating energy efficiency, economic
growth and population density as an additional determinants
in developed and emerging economies across the globe. They
used different measures for stock market development. Their
findings established that stock market indicators have a
significant negative relationship with carbon emissions in

67679Environ Sci Pollut Res (2021) 28:67677–67688



developed economies while positively correlated with carbon
emissions in the case of emerging economies. A very recent
study by Zeqiraj et al. (2020) explored the dynamic linkage
between stock market development and carbon emissions
with the role of technological innovation and renewable ener-
gy in low-carbon economies over the period 1980–2016.
Their study usedmarket capitalization as an indicator for stock
market development. They demonstrated that stock market
development increases intensity of carbon emissions in both
the short and long runs.

Renewable energy consumption and carbon
emissions relationship

Renewable energy not only plays a vital role to meet the
energy needs but also serves a vital role in the reduction of
global environmental degradation because it has low carbon
content compared to non-renewable energy. The literature on
the impact of renewable energy consumption on environmen-
tal degradation recently increased. For instance, Apergis and
Payne (2010) used a panel error correction model to explore
the causal relationship between carbon emissions and
renewable energy consumption in developed and developing
countries. Their results revealed that renewable energy
consumption does not play an important role in reduction of
carbon emissions. Similarly, Farhani and Shahbaz (2014)
employed FMOLS and dynamic ordinary least squares
(DOLS) to check the effects of renewable and non-
renewable energy consumption on carbon emissions in
MENA countries for the period 1980–2009. They showed that
both renewable and non-renewable energy consumption have
a positive effect on carbon emissions. In the case of Vietnam,
Al-Mulali et al. (2015) found insignificant relationship be-
tween renewable energy and environmental pollution. Using
FMOLS and DOLS estimations, Bilgili et al. (2016) found
that renewable energy consumption helps to improve the en-
vironmental quality in OECD countries. In contrast, Bulut
(2017) identified a positive link between clean energy and
carbon emissions in Turkey. Inglesi-Lotz and Dogan (2018)
investigated the effects of renewable and non-renewable en-
ergy on carbon emissions for big 10 electricity generators in
Sub-Saharan African countries. Their findings revealed that
consumption of renewable energy improves the environmen-
tal quality. Chen and Lei (2018) investigate the impacts of
technological innovation and renewable energy on carbon
emissions by employing quantile regression technique in 30
countries and found that renewable energy does not help in
reduction of carbon emissions in high emissions countries due
to the small use of renewable energy. More recently,
Acheampong et al. (2020) found that renewable energy helps
to improve the environmental quality by employing GMM
and fixed effects models in 46 Sub-Saharan African countries.

FDI and carbon emissions relationship

Theoret ical ly, the relat ionship between FDI and
environmental degradation can be positive or negative, it
depends on which channel is dominant. According to the
pollution haven hypothesis, the weaker environmental
policies in the developing countries give opportunities to
new investment projects which are restricted for
environmental reasons in the developed countries. On the
contrary, the pollution halo hypothesis argues that flow of
FDI to developing countries helps in the transfer of
management practices and advanced technology that reduces
environmental degradation. According to these hypotheses,
the effect of FDI on carbon emissions can be different, for
this reason, the empirical studies have reached different
conclusions. For example, Hitam and Borhan (2012) found
that foreign direct investment increases environmental degra-
dation in Malaysia. Similarly, Omri et al. (2015) applied dy-
namic simultaneous-equation model to examine the causal
interactions between economic growth, FDI, and carbon
emissions in 54 countries. Their results revealed
bidirectional causality between FDI and carbon emissions.
Using FMOLS, Shahbaz et al. (2015) showed that FDI in-
creases environmental degradation in high-, middle-, and
low-income countries and thus support the pollution heaven
hypothesis (PHH). In the case of Vietnam, Vinh (2015) also
deeply supported the PHH hypothesis. Paramati et al. (2016)
investigated the effect of FDI on clean energy and carbon
emissions across emerging economies and found that FDI
inflow increases carbon emissions as well as clean energy
consumption. In the case of five ASEAN countries, Baek
(2016) used pooled mean group (PMG) and showed that
FDI has a positive relationship with carbon emissions. Using
ARDL, Solarin and Al-Mulali (2018) investigated the effect
of FDI on environment degradation in Ghana and found that
FDI tends to increase carbon emissions. Bah and Azam (2017)
revealed FDI inflows increases carbon emissions in South
Africa countries. In a recent study, Khan and Ozturk (2020)
employed FMOLS to examine the linkage between FDI and
environmental pollution in 17 countries from Asia and report-
ed that inward FDI increases carbon emissions, supporting
PHH.

On the contrary, Lee and Brahmasrene (2013) employed
fixed effect and cointegration approaches and shows that
economic growth has a positive relationship with
environmental degradation while FDI has a negative
relationship with environmental degradation in European
Union countries. Similarly, Lee (2013) applied cointegration
and fixed effect models to examine the contribution of FDI to
carbon emissions in G20 countries and found that FDI
significantly increases economic growth whereas it reduces
carbon emissions in the sample countries from 1971 to
2009. In a sectoral level analysis, Pazienza (2015) found that
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FDI helps to improve the environmental quality in OECD
countries. Using Chinese regional-level and city-level data,
Zhang and Zhou (2016) and Jiang et al. (2019) reported that
FDI has a negative effect on carbon emissions. Zhu et al.
(2016) utilized quantile regression to investigate the impact
of FDI on carbon emissions in ASEAN-5 countries. Their
results indicated that the effect of FDI on carbon emissions
is heterogeneous across quantiles. Overall, they found that
FDI has a negative effect on carbon emissions. However,
some studies found insignificant or heterogeneous effect of
FDI on carbon emissions (see Rezza 2013; Shaari et al.
2014; Keho 2015; Tasri and Karimi 2019).

Based on the above literature, we can conclude that further
empirical studies are necessary to elucidate the inconsistent
results of the existing literature. Moreover, most of the previ-
ous studies have utilized a single and simple proxies to mea-
sure financial development. However, financial development
is a multi-faceted concept. Therefore, this paper contributes in
the existing literature using the newly developed indices of
financial development by the IMF to investigate the influence
of disaggregate financial development on carbon emissions by
incorporating the role of renewable energy usage and FDI
inflows in G20 countries.

Methodology and data

Methodology

Given that the objective is to examine the impacts of disag-
gregated financial development (bank sector development and
equity market development), renewable energy and FDI on
carbon emissions in a panel of 20 group (G20) countries. To
achieve the objectives of this study, this study uses the IPAT
model proposed by Ehrlich and Holdren (1971). This theoret-
ical model suggests that the aggregate population, economic
development, and technological advancement are main
determinants of environmental issues. Later, Dietz and Rosa
(1997) extend the IPAT basic model to a stochastic version
which is commonly known as the Stochastic Impacts by
Regression on Population, Affluence, and Technology
(STIRPAT) model. Following STIRPAT model, we use the
following benchmark models:

CO2it ¼ f GDPIit;FDIit; TOit;URBit;RECit; SMDIit;Við Þ
ð1Þ

CO2it ¼ f GDPIit;FDIit; TOit;URBit;RECit;FIDIit;Við Þ ð2Þ

Where GDPI, FDI, TO, URB, REC, SMDI, and FIDI rep-
resent carbon emissions, GDP income per capita, trade open-
ness, urbanization, renewable energy consumption, stockmar-
ket development index, and financial institution development

index. Vi represents individual fixed country effects while i
represents the countries (i = 1,…….., N), and time period is
indicated by the subscript t (t = 1,………, T). To estimate the
models of this study, we employ following methodologies for
empirical analysis.

Cross-section dependence (CD) and panel unit-root
tests

We start our empirical analysis by employing the cross-
sectional dependence test introduced by Pesaran (2004) in
order to examine the degree of residual cross-section depen-
dence among the sample countries. The null hypothesis of the
CD test is cross-sectional independence, while alternative hy-
pothesis is cross-sectional dependence among the sample
countries. Next, this study uses a second-generation panel
unit-root test of Pesaran (2007) to identify the order of inte-
gration in the respective variables. The Pesaran (2007) panel
unit-root test is known as cross-sectional augmented panel
unit root (CIPS) and works under the assumption of cross-
sectional dependence. The null hypothesis is a unit root while
alternative hypothesis is no unit root in the data sets. If entire
variables are cointegrated in the same order, then this demon-
strates that the level values of entire variables are non-
stationary and stationary at the first difference. This finding
may suggest that all of these variables are cointegrated and
may have a long-run relationship.

Panel cointegration test

In the next step of analysis, this study investigates the long-run
equilibrium among the variables under study by applying pan-
el cointegration approaches. To explore the long-run relation-
ship, this study makes use of the Durbin-Hausman test
(Westerlund 2008). Especially, this test allows for cross-
sectional dependence in the data sets. Additionally, it does
not heavily rely on a prior knowledge of the variables integra-
tion order included in the modeling method and apply under
very general conditions. The null hypothesis of no-
cointegration is tested against the alternative hypothesis of
integration for the Durbin-Hausman test.

Methodology for long-run elasticities

Finally, this study employs a panel approach which considers
both time and cross-section dimensions of the data to find out
the long-run CO2 emissions elasticities based on the Eqs. (1)
and (2). This approach is the common correlation effect-mean
group (CCEMG) developed by Pesaran (2006). According to
Pesaran (2006), and Chudik and Pesaran (2015), the CCEMG
approach is advantageous because it allows for cross-sectional
dependence in the regression errors and the parameters can be
heterogeneous in the long-run.
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Data

In this study, we use data over the period 1981–2017 from
G20 countries1. The carbon emissions (CO2) are measured in
metric tons, the renewable energy consumption (REC) is mea-
sured in kilowatt-hours from renewable sources (e.g., hydro-
power, solar, wind, geothermal, biomass and biofuels), the
foreign direct investment (FDI) is measured in constant 2011
US dollars, the real GDP is measured in constant 2011 US
dollars, the trade openness (TO) is sum of imports and exports
as a percentage of GDP, and URB is urbanization measured
using total urban population.

To our research objective, we utilize disaggregated indica-
tors of financial development because some of previous stud-
ies have argued that different indicators of financial market
and institution development could have different impacts on
energy consumption and economic growth (see Levine and
Zervos 1998; Sadorsky 2011; Kakar 2016). Given that, we
consider separate indicators of stock market and financial in-
stitution development rather than using aggregated form of
financial development. In this paper, we use stock market
development index and financial institution development in-
dex developed by IMF; these indices range between 0 and 1
(see Svirydzenka 2016). The utilization of the IMF financial
development indicators has various advantages over the
World Development indicators. Firstly, the IMF financial de-
velopment indicators are developed by using the complex and
multi-dimensional information which include depth, access,
and efficiency. Further, it offers separate indicators for stock
market and financial institution development using different
variables. The financial development indicators data is obtain-
ed from the IMF database2, while data for carbon emissions,
FDI, real GDP, trade openness, and urbanization are obtained
from the World Development Indicators (WDI)3. Finally, the
data for renewable energy consumption is attained from the
International Energy Statistics (IEA)4.

Descriptive statistics

Table 1 presents the descriptive statistics of the variables. The
statistics show that the mean of carbon emissions is 2.13%
with a standard deviation of 1.75% in G20 member countries.
On average, the renewable energy consumption is 7.36% in
G20 economies while the inflow of FDI has a mean of
0.793%. The rate of average economic growth is 9.58% while
the economies have average level of trade openness about
3.75%. The growth rate of average urbanization in the sample

economies is about 4.19%. Regarding the disaggregated indi-
cators of financial development, the descriptive statistics show
that the average value of stock market development index is
about 0.574 while financial institution development index has
a mean of 0.728. Additionally, the statistics show that the
mean value of stock market development index is high com-
pared to financial institution development index.

Results and discussions

Analysis of cross-sectional dependence (CD) and panel
unit root tests

As a first step of the empirical analysis, we investigate the
cross-sectional dependence in our respective variables. It is
important to determine the existence of cross-sectional depen-
dence among the sample countries for selection of the estima-
tion approach. For this purpose, this study employs cross-
sectional dependence of Pesaran (2004). The results of CD
test are reported in Table 2. The results of CD test indicate
that the null hypothesis is rejected for entire variables at 1%
significance level, suggesting that all of the variables are
cross-sectional dependent. Further, we apply a second-

1 Argentina, Australia, Brazil, Canada, China, France, Germany, India,
Indonesia, Italy, Japan, Mexico, Russia, Saudi Arabia, South Africa, South
Korea, Turkey, UK, and USA.
2 https://data.imf.org/
3 https://databank.worldbank.org/
4 https://www.eia.gov/international/data/world

Table 1 Descriptive statistics

Mean SD Min Max

CO2 2.130 1.752 − 0.359 3.033

GDPI 9.583 2.063 5.987 10.723

FDI 0.793 0.790 − 3.468 4.376

TO 3.745 2.951 1.593 4.792

URB 4.198 2.930 2.843 5.407

REC 7.369 7.831 − 1.832 9.395

SMDI 0.571 0.211 0.106 1.000

FIDI 0.728 0.153 0.280 1.000

Table 2 Results of
cross-section depen-
dence (CD) test

Variables CD test p values

CO2 15.200*** 0.000

GDPI 49.661*** 0.000

FDI 22.792*** 0.001

TO 64.084*** 0.000

URB 30.476*** 0.000

REC 11.562*** 0.001

SMDI 27.035*** 0.000

FIDI 34.119*** 0.000

Note: *** indicates the rejection of null
hypothesis of cross-sectional indepen-
dence at the 1% level of significance
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generation panel unit-root test (CIPS) recommended by
Pesaran (2007) to identify the order of integration in our var-
iables under study. This is another important step for selecting
appropriate econometric approaches. Table 3 reports the re-
sults of CIPS test. The results indicate that the null-hypothesis
of a unit root (non-stationary) cannot be rejected for all vari-
ables under consideration that is in the full sample, developed,
and developing countries of G20 panel. However, when CIPS
test is applied on the first difference data series, then the null
hypothesis rejected at 1% significance level, indicating that
the all variables are stationary at the first difference order.
Thus, the results confirm that all of the variables are integrated
of same order that is 1(1).

Analysis of the long-run relationship

The above analysis of panel unit root test confirms the pres-
ence of a long-run equilibrium relationship among the consid-
er variables. Therefore, we apply the Durbin-Hausman test by
Westerlund (2008) to explore the long-run relationship among
the variables of Eqs. (1) and (2). Table 4 reports the results for
panel co-integration test. The findings of the DHg and DHp
tests demonstrate that the null hypothesis of no co-integration
is rejected at 1% significance level. This implies that the long-
run equilibrium relationship exit across both the equations.
The results hold their robustness not only for a full panel but
also for sub-panels of the study.

Analysis of the long-run elasticities of CO2 emissions

To investigate the dynamic impacts of stock market develop-
ment, financial institution development, renewable energy
consumption, and FDI on carbon emissions, this study applies
the common correlation effect-mean group (CCEMG) model
of Pesaran (2006) to estimate the long-run relationships de-
scribed in Eqs. (1) and (2). This approach takes into account
the cross-sectional dependence and slope heterogeneity.
Moreover, we transform all of the variables data into natural
logarithms, thus the estimated coefficients from the CCEMG
model can be interpreted as long-run elasticities.

Table 3 Panel unit root test
results Variables CIPS test CIPS test CIPS test

Full sample Developed countries Developing countries

Statistic P values Statistic P values Statistic P values

Level

CO2 − 2.104 1.000 − 1.885 0.926 − 1.473 0.815

GDPI − 2.466 0.985 − 1.920 0.941 − 1.206 0.692

FDI − 1.358 0.891 − 1.652 0.904 − 0.841 0.400

TO − 0.587 0.664 − 0.720 0.791 − 0.517 0.229

URB 0.740 0.810 0.674 0.759 0.204 0.519

REC − 1.427 0.973 − 1.591 0.892 − 1.810 0.966

SMDI − 2.539 1.000 − 1.704 0.990 − 2.243 1.000

FIDI − 1.980 0.962 − 1.821 1.000 − 1.735 0.993

First difference

CO2 − 4.174*** 0.000 − 10.382*** 0.000 − 6.210*** 0.000

GDPI − 6.414*** 0.000 − 6.950*** 0.000 − 5.618*** 0.000

FDI − 9.036*** 0.000 − 11.120*** 0.000 − 8.094*** 0.000

TO − 13.557*** 0.000 − 10.392*** 0.000 − 11.481*** 0.000

URB − 5.926*** 0.000 − 7.750*** 0.000 − 7.829*** 0.000

REC − 11.638*** 0.000 − 10.036*** 0.000 − 8.985*** 0.000

SMDI − 9.525*** 0.000 − 11.008*** 0.000 − 9.811*** 0.000

FIDI − 7.619*** 0.000 − 7.550*** 0.000 − 7.612*** 0.000

Note: *** indicates the rejection of null hypothesis of unit root at the 1% level of significance

Table 4 Westerlund’s (2008) co-integration tests results

Full sample Developed countries Developing countries

Statistic p values Statistic p values Statistic p values

CO2 = f (GDPI, FDI, TO, URB, REC, SMDI)

DHg 6.355*** 0.000 7.175*** 0.000 6.653*** 0.000

DHp 7.501*** 0.000 7.593*** 0.000 7.110*** 0.000

CO2 = f (GDPI, FDI, TO, URB, REC, FIDI)

DHg 6.584*** 0.000 6.529*** 0.000 5.735*** 0.000

DHp 6.738*** 0.000 7.003*** 0.000 6.711*** 0.000

Note: *** indicates the rejection of null hypothesis of no co-integration at
the 1% level of significance

67683Environ Sci Pollut Res (2021) 28:67677–67688



The findings of panel estimation are reported in Table 5.
The results show that the effect of stock market development
on carbon emissions is not significant for the full sample due
to heterogeneity. However, the results for developed countries
point out that the stock market development index is negative-
ly correlated with carbon emissions while it is positively cor-
related with carbon emissions in case of developing countries,
respectively. This suggests that the carbon emissions reduce
by 0.174% due to increase 1% in stock market development
while in case of developing countries, the carbon emissions
increase by 0.099%. This evidence on the developed econo-
mies suggests that listed firms in the financial markets might
be adopting more environmentally friendly technologies due
to the strict environmental laws. This evidence further sup-
ports the argument of Zagorchev et al. (2011) that financial
markets in developed economies facilitate advance technolo-
gies that improve environment quality. The similar results are
concluded by Paramati et al. (2018) who found a negative
relationship between stock market variable and carbon
emissions in developed countries. For developing countries,
the evidence shows that stock market development index
enhancement increases carbon emissions which suggesting
that listed firms in the underdeveloped financial market do
not engage more in environmental friendly activities due to
the lack of proper regulations. Our results are in line with that
of Abbasi and Riaz (2016) and Acheampong et al. (2020);
they found that financial market development increases envi-
ronmental degradation in developing economies.

The results further show that the index of financial institu-
tion development possesses a positive and significant influ-
ence on carbon emissions for the full sample and developed

economies. Alternatively, financial institution development is
not significantly correlated with carbon emissions per capita
in case of developing countries. A 1% increase in financial
institution development index raises carbon emissions by
0.138% and 0.101% for full sample and developed
economies of G20, respectively. For a panel of developed
and G20 countries, a positive and significant relationship
between financial institution development index and carbon
emissions implies that financial development through
financial institutions degrade the environment in developed
countries. This could be that financial institutions of these
economies are allocating the financial resources to
environmentally unsustainable projects, and this result
supports the empirical findings of Çoban and Topcu (2013)
who demonstrated that financial institution development does
not improve the environmental quality. However, for devel-
oping countries, financial institution development is not sig-
nificantly correlated with carbon emissions, and this evidence
is consistent with the findings of previous empirical studies
which noted that financial institution development has insig-
nificant impact on the environment (Omri et al. 2015; Dogan
and Turkekul 2016; Maji et al. 2017). On the other hand, this
evidence contradicts the findings of Zhang (2011), who indi-
cated that the financial institution facilitate the businesses in-
vestment scales which boost economic growth and carbon
emissions. The difference between findings could be attribut-
ed to the use of different estimation technique.

The impact of renewable energy consumption on carbon
emissions is found negative and significant at 1% significance
level in all the models and across the panels. The results are
implying that increase in renewable energy consumption

Table 5 Estimates of CCEMG
long-run elasticities Full sample Developed countries Developing countries

Variables Coefficient P values Coefficient P values Coefficient P values

CO2 = f (GDPI, FDI, TO, URB, REC, SMDI)

REC 1.187*** 0.000 − 1.123*** 0.000 − 1.322*** 0.000

FDI − 0.142*** 0.000 0.102** 0.020 − 0.097*** 0.000

GDPI 0.968*** 0.000 0.843** 0.040 0.935** 0.010

TO 0.042* 0.060 0.030* 0.080 0.075** 0.030

URB − 0.491** 0.020 − 0.292*** 0.000 0.136** 0.020

SMDI − 0.021 0.200 − 0.174*** 0.000 0.099*** 0.000

CO2 = f (GDPI, FDI, TO, URB, REC, FIDI)

REC − 0.752*** 0.000 − 0.695*** 0.000 − 0.843*** 0.000

FDI − 0.143*** 0.000 0.078* 0.090 − 0.081*** 0.000

GDPI 0.177*** 0.000 0.051** 0.030 0.042** 0.011

TO 0.068* 0.061 0.028* 0.080 0.051* 0.062

URB − 0.052*** 0.000 − 0.407*** 0.000 0.115** 0.077

FIDI 0.138** 0.000 0.101** 0.090 0.004 0.518

***, **, and * denote the significance levels at 1%, 5%, and 10%, respectively
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improves the environmental quality in all the panels. This
evidence is consistent with the findings of many empirical
studies which show that renewable energy consumption has
inverse relationship with carbon emissions. For instance, Al-
Mulali and Ozturk (2016) reported that renewable energy con-
sumption has a negative effect on carbon emissions in ad-
vance economies. Similarly, Sinha and Shahbaz (2018) doc-
umented that renewable energy consumption improves quality
of environment in case of India. Stiglitz (2002) also found that
renewable energy consumption helps in accomplishing the
agenda of sustainable development because renewable energy
produces through wind, hydropower, and solar which are low
carbon energy forms, and that maintain sustainable global
economic growth without environment degradation.
Conversely, our evidence on renewable energy consumption
contradicts with the findings of Farhani and Shahbaz (2014),
who indicated that renewable energy consumption increases
the environmental degradation.

The correlation between FDI inflows and carbon emissions
is negative and significant in the case of full sample and de-
veloping countries while positive in the case of developed
countries. The estimated coefficients are − 0.142 for the full
sample, − 0.097 for developing countries while 0.102 for de-
veloped countries. The implication is that FDI inflows im-
prove the quality of the environment in developing countries
whereas it deteriorates the environment quality in developed
economies. A possible explanation is that FDI brings ad-
vanced technology and innovations into developing econo-
mies which has positive effect on energy efficiency and pro-
duction activities and in result greener technology helps in
reduction of carbon emissions in developing economies. On
contrary, developed economies do not depend for technology
transfer on FDI inflows; these economies might be not paying
much attention on controlling of pollutants and have convert-
ed these FDI inflows into inefficient manufacturing activities,
and this result contradicts the findings of Lee (2013), who
found that FDI has an inverse relationship with environment
degradation in advanced economies while consistent with the
findings of Baek (2016). The finding on developing econo-
mies is in line with the prior findings of empirical studies
which establish a negative link between FDI inflows and deg-
radation of environment (Pazienza 2015; Zhang and Zhou
2016; Jiang et al. 2019; Solarin and Al-Mulali 2018).

The findings show a positive and significant relationship
between economic growth (per capita GDP) and carbon emis-
sions at 1% and 5% in full sample and sub-samples, respec-
tively. The positive and significant correlation between
economic growth and carbon emissions implies that
economic growth in these economies increases carbon
emissions. Our results are in line with the findings of
Tamazian and Rao (2010) which indicated that the economic
growth has a positive and significant impact on the degrada-
tion of environment. For other control variables, trade

openness exerts a positive and significant effect on carbon
emissions at 10% in the full sample and sub-samples. The
implication is that trade openness increases carbon emissions
growth in both developed and developing economies of G20.
Thus, polices related to trade liberalization will worsen the
environment quality in both developed and emerging econo-
mies of a panel of G20. Our results are in line with the empir-
ical findings of Ren et al. (2014), Ahmed et al. (2017), and
Acheampong et al. 2020, which noted that trade openness
increases carbon emissions but contradicts with the findings
of Abid (2017), who noted that trade openness reduces carbon
emissions in EU countries. For the case of full sample and
developed economies, we find that urbanization exerts a neg-
ative and significant impact on carbon emissions and this con-
firms the theory of compact city, while for developing econ-
omies; the results indicate that urbanization increases carbon
emissions. The rapid urbanization in developed economies
helps cities to increase scale of economies which further help
to reduce carbon emissions while in developing countries, the
scale of economies are minimal (Poumanyvong and Kaneko
2010).

Conclusion and policy implications

The literature on the link between disaggregated financial de-
velopment and environmental pollution is scant. The empiri-
cal evidence is contradictory and very few studies have inves-
tigated the relationship between disaggregated financial devel-
opment and carbon emissions. In this study, we investigate the
effect of stock market and financial institution development
on carbon emissions and also explore the relationship between
renewable energy, FDI inflows, and carbon emission in the
full sample, developed, and developing countries of 20 econ-
omies (G20) over the period 1981–2017. The results of the
panel co-integration test indicate that there is significant long-
run relationship among the underlying variables.

Using CCEMG model, the results on long-run elasticities
of present study reveal that stock market development miti-
gate carbon emissions in the full sample and developed econ-
omies while increases the carbon emissions in the developing
economies of G20. However, development in financial insti-
tutions increases carbon emissions in the case of G20 econo-
mies and developed economies but the relationship is insig-
nificant in developing countries. The empirical results reveal
significant heterogeneity on the effects of stock market devel-
opment and financial institution development on carbon emis-
sions across the panels. The results confirm that the renewable
energy improves the quality of environment by reducing car-
bon emissions in all panels. We also find that FDI inflows
decrease environmental degradation in case of developing
and group of G20 economies.
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Given these outcomes, our study has important policy im-
plications. The empirical findings regarding renewable energy
consumption indicate that it has a decreasing effect on the
carbon emissions intensity. The implication is that the share
of renewable energy should increase in total energy consump-
tion. This study is also demonstrated that FDI mitigates the
growth of carbon emissions in the developing countries. The
policymakers of these economies should redesign such po-
lices which attract more FDI inflows from the major econo-
mies because it brings innovative production process to the
host country. Therefore, this will help to achieve sustainable
development and low carbon emissions. Additionally, the
findings show that trade openness has a degrading effect on
the environment in these economies. The implication is that
policy authorities should implement a stringent environmental
regulatory framework to improve the trade openness effect on
environmental pollution.

The empirical findings indicate that the stock market de-
velopment improves the environmental quality in the devel-
oped economies while degrades in the developing economies
of G20. The policymakers in developed countries might have
instructed and implemented all listed firms on the stock ex-
change to adopt greener technologies to mitigate the carbon
emissions. In contrast, based on the findings of developing
economies, we recommend that the policymakers in develop-
ingmarket economies should initiate effective polices that will
promote to adopt greener technologies, which will lead to
reduce green-house gasses and improve the environmental
quality. For financial institution development, the implication
is that financial institutions should provide cheap credit to
firms or industries which are committed to investing in envi-
ronmental friendly projects and also encourage them to invest
in environmental sustainability projects. Future studies can be
extended this study by investigating the effect of financial
development on carbon emissions including the role of other
factors such as technological innovation and institutional de-
velopment. Furthermore, this study can be extended to inves-
tigate heterogeneity across economies such as high-income,
middle-income, and lower-income economies.
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