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Abstract
The study analyzes the role of financial development on CO2 emissions based on the primary studies in the existing literature.
However, the heterogeneity in reported effect size estimates of the primary studies complicates to test the competing hypotheses
for the role of financial development on CO2 emissions. The paper tries to determine and quantify the representative empirical
genuine effect of financial development on CO2 emissions, if any. To address the issue, a meta-regression analysis has been
carried out for 275 estimation results from 72 primary studies. We have found a substantial publication selection bias in the
literature due to the design characteristics of the primary studies. The results suggest the presence of an authentic positive
empirical effect of financial development on CO2 emissions beyond publication selection bias. Hence, financial development
leads to environmental degradation. The effect of financial development on carbon emissions changes both in magnitude and
direction depending on which financial development indicator is used, which estimation technique is employed, which countries
or region are included and which time period is analyzed.
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Introduction

Whether financial development leads to environmental im-
provement or degradation or has no effect on the environment
is a controversial issue. The literature has reached no consen-
sus on the issue, yet. There is a tie on the results of studies
reporting three alternative outcomes as positive significant,
negative significant and insignificant effect of financial devel-
opment on CO2 emissions. The results of the studies vary
depending on financial development indicator used, econo-
metric technique employed, the countries, country group, re-
gion or provinces involved and time span considered for the
analysis.

Based on three possible outcomes, three alternative hy-
potheses have been developed in the literature. First hypothe-
sis emphasizes the effect of financial development on

environmental degradation through the channels of energy
consumption and industrialization (Abbasi and Riaz 2016;
Acheampong 2019). Financial development enables house-
holds to access to cheaper consumer credits to buy high-
energy demanding home appliances and automobiles, which
increases energy consumption (Acheampong 2019; Sadorsky
2010). Financial development enables firms to access low cost
capital, which allows them to purchase more machine and
equipment, and to build new plants, which leads to increase
in energy consumption (Acheampong 2019; Sadorsky 2010).
Financial development generates wealth by increasing risk
diversification, which boosts business and consumer confi-
dence leading to growth, which, in turn, increases energy con-
sumption (Acheampong 2019; Sadorsky 2010). Financial de-
velopment boosts industrialization, which generally increases
industrial pollution and level of greenhouse gas emissions
(Acheampong 2019; Jensen 1996; World Bank, 2000).
Second hypothesis emphasizes the effect of financial develop-
ment on environmental improvement through the channels of
growth and foreign direct investment (FDI) (Acheampong
2019; Tamazian et al. 2009). This hypothesis asserts that fi-
nancial development attracts FDI and higher R&D, which
reduces environmental degradation through economic growth
and development. Having access to new technology, firms
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may initialize more energy efficient, clean and environment-
friendly production, which consequently improves environ-
mental sustainability both regionally and globally
(Acheampong 2019; Abbasi and Riaz 2016). Well-
developed financial sector allows access to low cost capital
or it creates incentives for firms and governments to invest in
environment-friendly projects (Dasgupta et al. 2001;
Tamazian and Rao 2010; Tamazian et al. 2009). Also, finan-
cial development leads to better corporate governance of the
firms, and better-governed firms are more sensitive to the
environmental problems (Claessens and Feijen 2007).
Foreign direct investment may transfer and allocate green
technologies of home countries to host countries towards
environment-friendly economic sectors, which reduces CO2
emissions (Acheampong 2019). Third hypothesis maintains
the position that financial development has no direct or indi-
rect effect on carbon emission.

The study tries to determine and quantify the representative
genuine authentic empirical effect of financial development
on carbon emission by employing meta-regression analysis
(MRA) based on the reported estimation results in previous
primary studies in order to conclude whether financial devel-
opment has positive or negative role on carbon emission and
whether it is significant.

Utilization of MRA helps to determine the effect of design
characteristics of previous studies; financial development in-
dicators used, the econometric method employed, countries,
country group or region involved, time span considered, etc.,
on the association between financial development and carbon
emission.

It is important to separate genuine empirical effect and
publication selection bias. In case of publication selection
bias, the resulted association between financial develop-
ment and CO2 emission is unreliable because there exist
studies in the literature that found otherwise and could not
publish it (Ugur 2014). Publication selection bias is orig-
inated from the preference of statistically significant re-
sults over insignificant ones by editors, reviewers and/or
researchers (Stanley 2005).

Given the motivation for the study, the paper contributes to
the literature of the financial development and carbon emis-
sions in several ways. First, it tries to determine the authentic
empirical effect of financial development on carbon emissions
by employing MRA to decide the direction and the signifi-
cance of the effect based on the reported estimation results of
published and unpublished primary studies in the literature.
Second, the paper tries to determine the existence and magni-
tude of the publication selection bias, if any. The publication
selection bias has been controlled for both the aggregate re-
sults of the primary studies and the design characteristics of
the primary studies. Third, in conducting MRA, the paper
categorizes different indicators for financial development that
used in the primary studies, because different financial

development indicators could also have different implications
on carbon emissions (Acheampong 2019). Finally, the paper
categorizes different estimation techniques that used in the
primary studies, because same data, even the same indicators
could lead to different estimation results based on the estima-
tion techniques used.

The paper is structured in five sections. Next section dis-
cusses research question. Third section discusses literature
search and data. Fourth section explains what is MRA, how
it is conducted and the results of MRA. Last section
concludes.

Research question

Since the aim of the study is to determine and quantify the
representative empirical genuine effect of financial develop-
ment on carbon emissions, the research question is ‘What is
the direction of the effect of financial development on CO2
emissions, if it is statistically significant?’

Literature search and data

The following keywords have been searched in Google
Scholar andWeb of Science to find studies that have analyzed
the role of financial development on CO2 emission:

& Financial development and emission
& Financial openness and emission
& Financial performance and emission
& Financial development and environment
& Financial openness and environment
& Financial performance and environment

We found 72 studies including 65 published studies (65
article) and 7 unpublished studies (7 working paper). The
search was completed on 27 September 2019.

Moderating variables, in the following analyses, have been
selected according to the design characteristics of the primary
studies in accordance with the following explanations:

Because different financial development indicators would
have different impacts on the effect of financial development
on CO2 emission, we have categorized the indicators used by
primary studies in eight groups as

i) Primary studies using a measure of money and
liabilities

& broad money as a share of GDP (M2/GDP)
& liquid liabilities as a share of GDP (M3/GDP)
& ratio of deposit liabilities to GDP
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ii) Primary studies using a measure of credits

& total credit (% of GDP)
& non-state credit (% of GDP)
& domestic credit to the private sector as a share of GDP
& domestic credit to private sector by banks as a share of

GDP

iii) Primary studies using a measure of deposits and loans

& total deposits and loans (% of GDP)
& total deposits/GDP
& total loans/GDP
& private loans/GDP
& loans/deposits
& bank deposits to GDP

iv) Primary studies using a measure of assets

& ratio of commercial bank assets to the sum of bank
and central bank assets

& ratio of deposit money bank assets to GDP

v) Primary studies using a measure of stocks

& stock market capitalization (% of GDP)
& stocks traded/turnover (% of GDP)
& stock indicator

vi) Primary studies using a foreign assets and liabilities

& foreign direct investment inflows (% of GDP)
& ratio of net foreign assets to GDP
& foreign assets and liabilities (% of GDP)

vii) Primary studies using a composite index
viii) Primary studies using other measures of financial

development

& financial value added (% of GDP)
& capital account convertibility
& bank concentration
& development of banking industry
& development of securities market
& financial liberalization

Type of data is either panel or time series data. Only
primary studies for China have both panel and time series
data.

Since different econometric techniques lead to change in
the direction and magnitude of the effect of financial develop-
ment on CO2 emission, we have categorized the econometric
techniques used by primary studies in three groups as

i) Primary studies using static panel or time series econo-
metric techniques

& ordinary least squares (OLS)
& fixed effect (FE)
& random effect (RE)
& least squares dummy variables (LSDV)
& panel smooth transition regression (PSTR)

ii) Primary studies using dynamic panel or time series
econometric techniques

& maximum likelihood estimation (MLE)
& dynamic fixed effect (DFE)
& system generalized method of moments (Sys GMM)
& difference generalized method of moments (Dif

GMM)
& bias corrected least squares dummy variables

(LSDVC)
& dynamic panel threshold model
& panel vector auto regression (PVAR)

iii) Primary studies using co-integration techniques

& auto regressive distributed lag (ARDL)
& Johansen cointegration
& mean group (MG)
& pooled mean group (PMG)
& augmented mean group (AMG)
& fully modified ordinary least square (FMOLS)
& dynamic ordinary least square (DOLS)
& dynamic seemingly unrelated cointegrating regres-

sions (DSUR)
& canonical cointegrating regression (CCR)
& continuously updated bias-corrected (CUP-BC)
& continuously updated fully modified (CUP-FM)
& cointegration with structural breaks

The study classifies countries in four groups according to
the countries analyzed or classified by the author/authors of
the primary studies as

& Single countries: The primary studies analyzing a single
country or provinces of a single country including
Bangladesh, Brazil, China, Greece, India, Indonesia,
Iran, Kuwait, Malaysia, Nigeria, Pakistan, Portugal,
Russia, Saudi Arabia, South Africa, Sri Lanka, Tunisia,
Turkey, United Arab Emirates, the USA and Vietnam.

& Development level of countries

– All countries: Primary studies including as many coun-
tries as possible without making a difference regarding
the development level of included countries.
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– Developing countries: Primary studies only including de-
veloping countries.

– Emerging countries: Primary studies only including
emerging countries.

– Transition countries: Primary studies only including
countries in transition.

& Region: Primary studies including countries belong to the
same region as Africa, Middle East & North Africa, Asia
and Europe.

& Other country groupings as

– BRICS countries
– CIS (Commonwealth of Independent States)
– CIS (Commonwealth of Independent States)
– GCC (Gulf Cooperation Council)
– NEXT11 countries
– OECD countries

In order to address the heterogeneity in the reported effect
size estimates of the primary studies, we have used three var-
iables for the time period analyzed. The variable of time span
refers to the number of years analyzed, the variable of start
refers to the starting year of the analysis and, finally, the var-
iable of end refers to the last year of the analysis.

We have used the number of control variables in the anal-
ysis in order to check for omitted variable bias.

Finally, we have used the variable of publication to check
publication selection bias alongside with the standard proce-
dure of MRA by examining the coefficient of standard error.

Table 4 represents the variables and their definitions.

Meta regression analysis

MRA is a systematic, unbiased and rigorous summary and
analysis of empirical literature based on various effect size
estimates of primary studies, which also include noise and
misinformation (Stanley et al. 2013).

MRA helps to determine the effect of design characteristics
of primary studies on the association between financial devel-
opment and carbon emission. The design characteristics for
the study are financial development indicators used, type of
data analyzed, the econometric method employed, countries,
country group or region involved and time span considered.

Preliminary analysis of the research base

Fixed effect weighted means

We have obtained the partial correlation coefficient (PCC) and
its standard error in order to establish a common metric cal-
culated from the t values and degrees of freedom for the effect-

size estimates of the primary studies. PCC is a measure calcu-
lated from the association between financial development and
carbon emissions in each estimate from the primary studies,
while holding other explanatory variables constant (Ugur
2014).

The PCC (rik) and its standard error (serik) are calculated as
follows:

rik ¼ tik=
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

t2ik þ df ik

q

ð1Þ

serik ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

1−r2ik
� �

=df ik

q

ð2Þ

where tik and dfik denote the t value and the degrees of freedom
associated with the effect-size estimates of the i-th estimate
from k-th primary study (Ugur 2014).

Based on Eqs. 1 and 2, the fixed-effect weighted mean of
the overall effect-size for each primary study (Rk), and its
standard error (sek) have been calculated as follows:

Rk ¼ ∑
n

i¼1
wikrik

� �

= ∑
n

i¼1
wik

� �

ð3Þ

sek ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

1= ∑
n

i¼1
wik

� �

s

ð4Þ

where wik ¼ 1=se2rik and n is the number of estimates in each
primary study (Lee et al., 2016). We cannot consider weighted
means as genuine measures of effect size if primary study
estimates are subject to publication selection bias and/or af-
fected by within-study dependence between reported esti-
mates (Ugur 2014). The fixed-effect weighted mean for
PCCs assigns smaller weights to less precise estimates in order
to take within-study variation into account.

Table 5 presents the fixed-effect weighted mean of PCCs
for each study. Because this is a MRA paper, we present some
characteristics of the primary studies instead of a literature
survey.

Overview of the research base

While 26 primary studies (36%) yield positive fixed-effect
weighted means, 24 primary studies (33%) yield negative
fixed-effect weighted means and, finally, 22 primary studies
(31%) yield insignificant fixed-effect weighted means accord-
ing to Table 1, which is based on the fixed-effect weighted
mean for each study in Table 5. Hence, the majority of the
primary studies (36%) tend to report positive significant effect
of financial development on carbon emission.

We see that 10% of the primary studies are unpublished and
25% of studies that are published and 14% of studies that are
not published report positive significant effect. Because the
percentage of studies that are not published reporting negative
significant and insignificant effect (86%) is higher than the
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percentage of studies that are published reporting negative
significant and insignificant effect (62%), there may be pub-
lication selection bias in the literature in favor of a positive
significant effect of financial development on CO2 emission.

While 65 estimates (24%) report positive significant effects
of financial development on carbon emissions, 113 estimates
(41%) report negative insignificant effects and, finally, 97 es-
timates (35%) report insignificant effects.

It may be confusing that 36% of studies report positive
significant effects while 24% of estimates report positive sig-
nificant effects and 24% of studies report negative significant
effects while 41% of estimates report negative significant ef-
fects. There are two reasons for the discrepancy between the
results of studies and estimates. First one is that the same study
may report any combination of positive significant, negative
significant and insignificant estimates. In these studies, the
positive significant estimates with high t-values dominate
the negative significant and insignificant estimates with low
t-values in calculating the fixed-effect weighted mean for the
effect-size of each primary study. Second reason is that the
studies with negative significant fixed effect weighted mean
report more estimates with negative significant results than the
studies with positive significant fixed effect weighted mean.

Preliminary analysis of publication selection bias

The simplest and most common visual tool for identifying
publication selection bias is the funnel plot. Funnel plot com-
pares the effect-size estimates from primary studies (PCC)
against some measure of its precision (the inverse standard
error of the PCC) (Efendic et al. 2011).

In examining publication selection bias, the analysis of
funnel plot, bivariate MRA or multivariate MRA do not make
a distinction between published and unpublished studies.
They make a simplistic assumption that the studies including
large number of observations are less likely to remain unpub-
lished or ignored, and they tend to provide more precise effect
size estimates whether positive or negative. Hence, risk of
publication selection bias is probably higher for studies that
are based on small number of observations. The results of

funnel plot, bivariate MRA and multivariate MRA should be
interpreted with the result of previous section and the signifi-
cance of the variable publication in multivariate MRA.

The funnel plot should look like an inverted funnel,
reflecting the heteroscedasticity caused by different sample
sizes from the primary studies and the absence of publication
bias requires symmetry around the vertical line representing
average effect (Efendic et al. 2011). Smaller sample size leads
to lower precision that are more spread out in the base of the
plot and larger sample size leads to higher precision that are
more concentrated around the best estimate of the true value of
the PCC at the peak of the plot (Efendic et al. 2011).

Absence of publication selection bias requires randomly
and symmetrically distributed effect size estimates around
the average effect, which is depicted by a vertical line in the
funnel plot (Stanley 2005). The dots representing the effect
size estimates of the primary studies are symmetrically
scattered around the vertical line, and they are scattered on
both sides of the funnel plot in Fig. 1. Since the funnel plot
is not over weighted to any side, we may conclude that there is
no publication selection bias in the literature analyzing the role
of financial development on CO2 emissions (Stanley 2005).

Since visual inspections such as funnel plots are inherently
subjective and somewhat ambiguous, we will conduct the
Funnel Asymmetry Test (FAT) in the next section to decide
the existence of publication selection bias (Stanley 2005).

Bivariate meta regression analysis

We need to employ Funnel Asymmetry Test and Precision-
Effect Test (FAT-PET) to make a decision for the existence of
publication selection bias and genuine empirical effect beyond
publication selection bias (Ugur 2014). Then, we will conduct
precision-effect estimation with standard errors (PEESE), in
case of finding a nonlinear relationship between PCC and its

Fig. 1 Funnel plot. The PCC (ri) versus the inverse standard error of PCC
(1/serik). The PCC of whole sample mean is marked by vertical red line
crossing the value of − 0.03

Table 1 Aggregate results

Positive significant Negative significant Insignificant

Studies

All 26 (36%) 24 (33%) 22 (31%)

Publlished 25 (38%) 22 (34%) 18 (28%)

Unpublished 1 (14%) 2 (29%) 4 (57%)

Estimates

All 65 (24%) 113 (41%) 97 (35%)

Publlished 61 (24%) 107 (41%) 92 (35%)

Unpublished 4 (27%) 6 (40%) 5 (33%)
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standard error according to the result of FAT-PET. We employ
FAT-PET analysis according to Eq. 6 based on Eq. 5 (Ugur
2014; Efendic et al. 2011).

ri ¼ α0 seri þ β0 þ ϵi ð5Þ
where ri is PCC, seri is the standard error of the PCC and ϵi is
the disturbance term.

Ordinary least squares (OLS) estimation of Eq. 5 is biased
due to the presence of heteroscedasticity. According to
Stanley (2008), we divide Eq. 5 by the standard error of
PCC to reduce heteroscedasticity for more efficient estima-
tion, which is known as the weighted least squares (WLS).

ti ¼ α0 þ β01=seri þ νi ð6Þ

Equation 6 is the WLS estimation due to the presence of
heteroscedasticity, where (1/seri) is precision effect and νi is
the disturbance term.

The existence of publication selection bias is evaluated by
Funnel Asymmetry Test (FAT) under the null hypothesis of
H0 : α0 = 0, where rejection indicates publication selection bi-
as and the existence of genuine empirical effect is evaluated
by the Precision-Effect Test (PET) under the null hypothesis
of H0 : β0 = 0, where rejection indicates genuine empirical ef-
fect (Ugur 2014; Efendic et al. 2011).

According to Table 2, FAT fails to reject H0 : α0 = 0, indi-
cating no publication selection bias, while PET fails to reject
H0 : β0 = 0, indicating no authentic empirical effect.

Although we have found no publication selection bias in
bivariate FAT-PET analysis, we need to conduct multivariate
FAT-PET analysis to check for the publication selection bias
based on study characteristics because bivariate FAT-PET
analysis only considers PCC and its inverse standard error.
Hence, it is based on reported effect size estimates. The exis-
tence of publication selection bias is evaluated only by the
positive and negative significant or insignificant effect of fi-
nancial development on CO2 emission. It does not take ac-
count of design characteristics of primary studies such

financial development indicators used, estimation techniques
employed, country, country group or region included, time
period analyzed and control variables used.

The value of R2 is too small indicating the incapability of
using only two variables (inverse standard error of PCC and
constant term) to explain the total variation in t values of the
effect size estimates. This is just an indicator of the necessity
to proceed with multivariate MRA.

Since we have found no genuine empirical effect, there is
no nonlinear relationship between PCC and its standard error.
Hence, we may proceed to conduct multivariate FAT-PET
analysis instead of bivariate and multivariate PEESE analysis.

The bivariate FAT-PET has been carried out with cluster
robust standard errors. Hence, estimates are clustered within
primary studies in order to check both between study variation
and within study variation.

Multivariate meta regression analysis

We conduct multivariate FAT-PETanalysis according to Eq. 8
based on Eq. 7 (Ugur 2014).

ri ¼ α0 seri þ β0 þ ∑β jZji þ ϵi ð7Þ

where ri is PCC, seri is the standard error of the PCC, Zji is a
vector of moderating variables and ϵi is the disturbance term.

Ordinary least squares (OLS) estimation of Eq. 5 is biased
due to the presence of heteroscedasticity. According to
Stanley (2008), we divide Eq. 3 by the standard error of
PCC to reduce heteroscedasticity for more efficient estima-
tion, which is known as the WLS.

ti ¼ α0 þ β01=seri þ ∑β jZji=seri þ νi ð8Þ

Equation 6 is the WLS estimation due to the presence of
heteroscedasticity, where (1/seri) is precision effect, Zji is a
vector of moderating variables and νi is the disturbance term.

Moderating variables are generally dummy variables,
which take the value of 1 if the estimate reported in the pri-
mary studies contains the characteristic captured by the vari-
able and 0 otherwise (Ugur 2014). Three of the moderating
variables are not dummy variables. The summary of all mod-
erating variables is given in Table 4.

We have estimated an MRA model with all moderating var-
iables to capture different aspects of the data. Because including
allmoderating variables in the same regressionmay lead to issues
of over-determination and multicollinearity, a general-to-specific
modeling procedure has been followed to simultaneously reduce
model complexity and to ensure conformability (Efendic et al.
2011; Ugur 2014). The most insignificant moderating variables
with the largest p values have been removed from the model one
at a time until all the included moderating variables are found
significant (Ugur 2014). Table 3 presents the MRA results with
cluster-robust standard errors.

Table 2 Estimation results for bivariate FAT-PET

Variable Cluster robust SE

precision (β0) − 0.0259
(0.0338)

bias (α0) − 0.0692
(0.8551)

Number of Observation
Number of Clusters

275
72

R2 0.0084

Prob. > F 0.4450

t values of the effect size estimates from primary studies are taken as
dependent variable. Standard errors are in brackets. ***p ≤ 0.01; **p ≤
0.05; *p ≤ 0.10
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Table 3 Estimation results for
multivariate FAT-PET Variable Cluster robust SE Cluster robust SE

precision (β0) 0.3419*** Indonesia 0.2702***

(0.0873) (0.0589)

bias (α0) − 1.4864*** Iran − 0.4195***
(0.4622) (0.0631)

FD1.2 − 0.0981*** Malaysia − 0.1882 *
(0.0172) (0.1078)

FD1.3 − 0.0948** Nigeria 0.4152***

(0.0465) (0.0467)

FD2.4 0.1599*** Pakistan 0.2938***

(0.0313) (0.0689)

FD3.2 0.1871*** Portugal 0.1665***

(0.0430) (0.0534)

FD3.3 0.2889*** Russia − 0.7645***
(0.0431) (0.0482)

FD3.4 0.2519*** Saudi_Arabia 0.3606***

(0.0431) (0.1326)

FD3.6 0.2263*** Sri_Lanka 0.3241***

(0.0341) (0.0463)

FD5.1 − 0.2071*** Tunisia 0.5251***

(0.0507) (0.0849)

FD5.2 0.2718*** Turkey 0.5237***

(0.0775) (0.0831)

FD6.1 − 0.1307*** USA 0.2633***

(0.0198) (0.0456)

FD6.3 − 0.2122*** Vietnam 0.4508***

(0.0587) (0.0592)

FD8.2 − 0.1968*** Africa 0.1125***

(0.0269) (0.0182)

FD8.3 0.1852*** Asia − 0.1881***
(0.0114) (0.0365)

FD8.5 0.0842*** CIS − 0.0369*
(0.0251) (0.0198)

time_span − 0.0029*** Europe − 0.0716***
(0.0011) (0.0249)

Start 9.44e-06** GCC − 0.1120***
(3.92e-06) (0.0214)

Emerging − 0.1698*** Next11 − 0.0721**
(0.0348) (0.0280)

Bangladesh − 0.4256*** OECD − 0.1866***
(0.0565) (0.0309)

Brazil 0.8207*** type_of_data − 0.2022***
(0.0482) (0.0716)

China − 0.0995*** ET1.1 − 0.1359***
(0.0273) (0.0446)

Greece 0.4025*** ET1.2 − 0.1473***
(0.0458) (0.0476)

India 0.3344* ET1.3 − 0.1604***
(0.2007) (0.0541)

ET1.4 − 0.0888** ET3.3 0.1321 **
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The covariates are jointly significant and account for 73% of
variations in t values according to the estimation results in Table 3.
Estimation is done with cluster-robust standard errors controlling
both within-study dependence and publication selection bias.

The coefficient of bias (α0) is significant, suggesting publica-
tion selection bias in the literature, which contradicts the result
from bivariate FAT-PET. The publication selection bias should be
considered as substantial since |α0| ≥ 1 (Ugur 2014). Hence, the
editors or reviewers do not favor positive significant results over
negative significant or insignificant results, but they favor studies
with positive significant results based on design characteristics of
the studies. Also, the coefficient for the variable published is
significant, suggesting publication selection bias in the studywith
respect to included primary studies.

The coefficient of precision (β0) is positive and significant,
indicating the overall effect of financial development on car-
bon emissions to be positive and significant when controlling
for the moderating variables. Hence, financial development
has positive significant effect on carbon emissions.

Marginal effect of corruption is conditional on the moder-
ating variables, and marginal effect of each moderating vari-
able is as follows.

Studies using proxies of domestic credit to private sector by
banks as a share of GDP (FD2.4), total deposits over GDP
(FD3.2), total loans over GDP (FD3.3), private loans over
GDP (FD3.4), bank deposits over GDP (FD3.6), stocks traded
over turnover (FD5.2), bank concentration (FD8.3) and develop-
ment of securities market (FD8.5) tend to report positive

significant impact on the effect of financial development on
CO2 emissions. Studies using these financial development indi-
cators tend to report stronger positive effects. On the other side,
studies using proxies of liquid liabilities (FD1.2), deposit liabili-
ties over GDP (FD1.3), stock market capitalization as a percent-
age of GDP (FD5.1), FDI inflows as a percentage of GDP
(FD6.1), foreign assets plus foreign liabilities as a share of
GDP (FD6.3) and capital account convertibility (FD8.2) tend to
report negative significant impact on the effect of financial de-
velopment on CO2 emissions. Studies using these financial de-
velopment indicators tend to report weaker positive effects.
Hence, different financial development indicators have different
effects on carbon emissions (Acheampong 2019).

The length of the time period (time_span) has negative
significant impact and starting year of the time period (start)
has positive significant impact on the effect of financial devel-
opment on CO2 emissions. Hence, studies analyzing a longer
time period tend to report weaker positive effects, while stud-
ies analyzing later period tend to report stronger positive ef-
fects. It is justifiable since global and country level CO2 emis-
sions and financial development increase each passing year.
Also it seems that the increasing rate of CO2 emissions
outpaces the increasing rate of financial development.

Studies analyzing countries in Africa tend to report positive
significant impact on the effect of financial development on
CO2 emission; hence, they tend to report stronger positive
effects. It seems that increasing rate of CO2 emission outpaces
the increasing rate of financial development in Africa. Studies

Table 3 (continued)
Variable Cluster robust SE Cluster robust SE

(0.0454) (0.0551)

ET1.5 0.0993*** ET3.4 − 0.1502**
(0.0321) (0.0676)

ET2.1 − 0.1824*** ET3.5 0.1621 ***

(0.0550) (0.0509)

ET2.3 − 0.1361*** ET3.6 − 0.1787***
(0.0481) (0.0425)

ET2.4 − 0.0923** ET3.7 − 0.1839***
(0.0371) (0.0470)

ET2.5 − 0.2753 *** ET3.10 − 0.2489***
(0.0427) (0.0676)

ET2.7 − 0.0826** ET3.11 − 0.2491***
(0.0347) (0.0676)

ET3.1 − 0.2062*** Publication 0.0534*

(0.0670) (0.0283)

Number of observation 275

Number of clusters 72

R2 0.7341

Prob. > F 0.000

t values of the effect size estimates from primary studies are taken as dependent variable. Standard errors are in
brackets. Cluster is the study. ***p ≤ 0.01; **p ≤ 0.05; *p ≤ 0.10
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analyzing emerging markets, Asia, CIS, Europe, GCC, Next
11 and OECD tend to report negative significant impact on the
effect of financial development on CO2 emission; hence, they
tend to report weaker positive effects. It seems that increasing
rate of financial development outpaces the increasing rate of
CO2 emission in these country groupings and regions.

Studies analyzing Brazil, Greece, India, Indonesia, Nigeria,
Pakistan, Portugal, Saudi Arabia, Sri Lanka, Tunisia, Turkey,
USA and Vietnam tend to report positive significant impact on
the effect of financial development on CO2 emissions; hence,
they tend to report stronger positive effects. It seems that increas-
ing rate of CO2 emissions outpaces the increasing rate of finan-
cial development in these countries. Studies analyzing
Bangladesh, China, Iran, Malaysia and Russia tend to report
negative significant impact on the effect of financial development
on CO2 emissions; hence, they tend to report weaker positive
effects. It seems that increasing rate of financial development
outpaces the increasing rate of CO2 emissions in these countries.

Studies employing panel data analysis (type_of_data) tend to
report negative significant impact on the effect of financial de-
velopment on CO2 emissions. It seems that the positive effect of
financial development on CO2 emission get weakens when a
group of countries analyzed instead of a single country.

Studies employing panel smooth transition regression
(ET1.5), mean group (ET3.3) and augmented mean group
(ET3.5) tend to report positive significant impact on the
effect of financial development on CO2 emission. Hence,
studies using these estimation techniques tend to report
stronger positive effects. On the other side, studies
employing ordinary least squares (ET1.1), fixed effect
(ET1.2), random effect (ET1.3), least square dummy var-
iables (ET1.4), maximum likelihood estimator (ET2.1),
system generalized method of moments (ET2.3), differ-
ence generalized method of moments (ET2.4), least
square dummy variable corrector (ET2.5), panel vector
auto regression (ET2.7), auto regressive distributed lag
(ET3.1), pooled mean group (ET3.4), fully modified ordi-
nary least square (ET3.6), dynamic ordinary least square
(ET3.7), continuously updated bias corrected (ET3.10)
and continuously updated fully modified (ET3.11) tend
to report negative significant impact on the effect of fi-
nancial development on CO2 emission. Hence, studies
using these estimation techniques tend to report weaker
positive effects. It seems that studies employing dynamic
panel or dynamic time series estimation techniques do not
tend to report stronger positive effects, while studies
employing static panel or static time series estimation
techniques and studies employing co-integration analyses
mostly report weaker positive effects.

We could not have found a significant coefficient for the
number of control variables used in the primary studies. We
may conclude that there is no omitted variable bias in the
literature analyzing the effect of corruption on inward FDI.

In order to compare our multivariate MRA estimation re-
sults with the results of the primary studies, we need to com-
pute overall effect of financial development on carbon emis-
sions by adding the coefficients of moderating variables,
which are used by the primary studies, to authentic empirical
effect. According toMRA results, the overall effect could vary
between − 0.9101 (0.3419 − 0.2122 − 0.7645 + 0 − 0.2753 +
0) and 1.5049 (0.3419 + 0.2889 + 0.8207 + 0 + 0.0534).
Hence, an unpublished study analyzing the role of financial
development on carbon emissions would most likely find the
highest negative significant effect if it uses foreign assets plus
liabilities (% of GDP) as a financial development indicator
and analyzes Russia with bias-corrected least squares dummy
variables technique for time series estimation. Similarly, a
published study analyzing the role of financial development
on carbon emissions would most likely find the highest posi-
tive significant effect, if it uses total loans over GDP as a
financial development indicator and analyzes Brazil with a
Johansen cointegration technique for time series estimation.

The simplistic equation used for the calculation of overall
effect is ‘overall effect = authentic empirical effect + the co-
efficient of financial development indicator + the coefficient
of the unit analyzed + the coefficient of the type of data + the
coefficient of the estimation technique + the coefficient of
publication status’.

For the study of Abbasi and Riaz (2016) on Pakistan, our
results does not support the negative significant estimation
result found for the financial development indicator of total
credit as a share of GDP (0.3419 + 0 + 0.2938 + 0 − 0.2062 +
0.0534 = 0.4829) and support the positive significant estima-
tion result found for the financial development indicator of
stocks traded/turnover as a share of GDP (0.3419 +
0.2718 + 0.2938 + 0 − 0.2062 + 0.0534 = 0.7547). For the
study of Acheampong (2019) on Sub-Saharan Africa, our re-
sults support the positive significant estimation results found
for the financial development indicators of broad money as a
share of GDP (0.3419 + 0 + 0.1125 − 0.2022 − 0.1361 +
0.0534 = 0.1695), domestic credit to private sector by banks
as a share of GDP (0.3419 + 0.1599 + 0.1125 − 0.2022 −
0.1361 + 0.0534 = 0.3294) and domestic credit to private sec-
tor as a share of GDP (0.3419 + 0 + 0.1125 − 0.2022-
0.1361 + 0.0534 = 0.1695). For the study of Ali et al.
(2015a) on Pakistan, our results support the positive signifi-
cant estimation result found for the financial development
indicator of domestic credit to private sector by banks as a
share of GDP (0.3419 + 0.1599 + 0.2938 + 0 + 0 + 0.0534 =
0.8490). For the study of Ali et al. (2015b) on Pakistan, our
results support the positive significant estimation result found
for the financial development indicator of M2 over GDP
(0.3419 + 0 + 0.2938 + 0 + 0 + 0.0534 = 0.6891). For the
study of Ali et al. (2019) on Nigeria, our results support the
positive significant estimation result found for the financial
development indicator of domestic credit to private sector as
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a share of GDP (0.3419 + 0 + 0.4152 + 0 − 0.2062 + 0.0534 =
0.6043). For the study of Alper and Onur (2016) on China, our
results do not support the negative significant estimation result
found for the financial development indicator of ratio of net
foreign assets to GDP (0.3419 + 0 − 0.0995 + 0 − 0.1787 +
0.0534 = 0.1171). For the study of Amri (2018) and Farhani
and Ozturk (2015) on Tunusia, our results support the positive
significant estimation result found for the financial develop-
ment indicator of domestic credit to private sector as a share of
GDP (0.3419 + 0 + 0.5251 + 0 − 0.2062 + 0.0534 = 0.7142).
For the study of Balogh and Jámbor (2017), our results sup-
port the negative significant estimation results found for the
financial development indicator of foreign direct investment
inflows as a share of GDP (0.3419 − 0.1307 + 0 − 0.2022 −
0.1361 + 0.0534 = − 0.0737). For the study of Boutabba
(2014) on India, our results support the positive significant
estimation results found for the financial development indica-
tor of domestic credit to private sector as a share of GDP
(0.3419 + 0 + 0.3344 + 0 − 0.2062 + 0.0534 = 0.5235). For
the studies of Çetin and Ecevit (2017) and Cetin et al.
(2018) on Turkey, our results support the positive significant
estimation results found for the financial development indica-
tor of domestic credit to private sector as a share of GDP
(0.3419 + 0 + 0.5237 + 0 − 0.2062 + 0.0534 = 0.7128). For
the study of Charfeddine and Khediri (2016) on United Arab
Emirates, our results support the positive significant estima-
tion results found for the financial development indicator of
domestic credit to private sector as a share of GDP (0.3419 +
0 + 0 + 0 + 0 + 0.0534 = 0.3953). For the studies of Dogan and
Seker (2016a) and Dogan and Seker (2016b), our results do
not support the negative significant estimation results found
for the financial development indicator of domestic credit to
private sector as a share of GDP (0.3419 + 0 + 0 − 0.2022 −
0.1839 + 0.0534 = 0.0092 and 0.3419 + 0 − 0.1866 −
0.2022 + 0 + 0.0534 = 0.0065, respectively). For the study of
de Haas and Popov (2018), our results both support the pos-
itive significant estimation results found for the financial de-
velopment indicator of domestic credit to private sector by
banks as a share of GDP (0.3419 + 0.1599 + 0 − 0.2022 −
0.1359 + 0 = 0.1637) and the negative significant estimation
results found for the financial development indicator of stock
market capitalization as a share of GDP (0.3419 − 0.2071 + 0
− 0.2022 − 0.1359 + 0 = − 0.2033). For the study of Hao et al.
(2016), our results support the negative significant estimation
result found for the financial development indicator of total
deposit and loans as a share of GDP (0.3419 + 0 − 0.0995 −
0.2022 − 0.1473 + 0.0534 = −0.0537) and does not support
the negative significant estimation result found for the finan-
cial development indicator of loans over deposits (0.3419 + 0
− 0.0995 − 0.2022 − 0.0923 + 0.0534 = − 0.0013). For the
study of Haseeb et al. (2018) that used the financial develop-
ment indicator of domestic credit to private sector as a share of
GDP, our results support the positive significant estimation

results found for Brazil, South Africa and BRICS countries
(0.3419 + 0 + 0.8207 + 0 − 0.1787 + 0.0534 = 1.0373,
0.3419 + 0 + 0 + 0 − 0.1787 + 0.0534 = 0.2166 and 0.3419 +
0 + 0 − 0.2022 + 0 + 0.0534 = 0.1931, respectively). Our re-
sults support the negative significant estimation result found
for Russia (0.3419 + 0 − 0.7645 + 0 − 0.1787 + 0.0534 = −
0.5479) but does not support the negative significant estima-
tion result found for China (0.3419 + 0 − 0.0995 + 0 −
0.1787 + 0.0534). For the study of Huang and Zhao (2018)
on China, our results support the negative significant estima-
tion results found for the financial development indicators of
total deposit and loans as a share of GDP, non-state credit as a
share of GDP and financial value added as a share of GDP
(0.3419 + 0 − 0.0995 − 0.2022 − 0.1361 + 0.0534 = −
0.0425). For the study of Ibrahim (2018) on developing coun-
tries, our results support the positive significant estimation
results found for the financial development indicators of total
credit as a share of GDP and broad money as a share of GDP
(0.3419 + 0 + 0 − 0.2022 − 0.1361 + 0.0534 = 0.057). For the
study of Işik et al. (2017) on Greece, our results support the
positive significant estimation results found for the financial
development indicator of domestic credit to private sector as a
share of GDP (0.3419 + 0 + 0.4025 + 0 − 0.2062 + 0.0534 =
0.5916). For the study of Jalil and Feridun (2011) on China,
our results support the negative significant estimation results
found for the financial development indicators of ratio of de-
posit liabilities to GDP (0.3419 − 0.0981 − 0.0995 + 0 −
0.2062 + 0.0534 = − 0.0085), foreign direct investment in-
flows as a share of GDP (0.3419 − 0.1307 − 0.0995 + 0 −
0.2062 + 0.0534 = − 0.0411) and foreign assets plus liabilities
as a share of GDP (0.3419 − 0.2122 − 0.0995 + 0 − 0.2062 +
0.0534 = − 0.1226). But our results do not support the nega-
tive significant estimation results found for the financial de-
velopment indicators of domestic credit to the private sector
and ratio of commercial bank assets to the sum of bank and
CB assets (0.3419 + 0 − 0.0995 + 0 − 0.2062 + 0.0534 =
0.0896). For the studies of Javid and Sharif (2013,Javid and
Sharif 2016) on Pakistan, our results support the positive sig-
nificant estimation results found for the financial development
indicator of domestic credit to private sector as a share of GDP
(0.3419 + 0 + 0.2938 + 0 − 0.2062 + 0 = 0.4295 and 0.3419 +
0 + 0.2938 + 0 − 0.2062 + 0.0534 = 0.4829, respectively). For
the study of Karimzadeh et al. (2014) on Iran, our results
support the negative significant estimation result found for
the financial development indicator of domestic credit to pri-
vate sector by banks as a share of GDP (0.3419 + 0.1599 −
0.4195 + 0 − 0.2062 + 0.0534 = − 0.0705). For the study of
Katircioğlu and Taşpinar (2017) on Turkey, our results do
not support the negative significant estimation result found
for the financial development indicator of composite index
(0.3419 + 0 + 0.5237 + 0 − 0.1839 + 0.0534 = 0.7351). For
the study of Khan et al. (2018), our results do not support
the negative significant estimation results found for the
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financial development indicator of broad money as a share of
GDP for the panel data analysis of Bangladesh, India and
Pakistan (0.3419 + 0 + 0 − 0.2022 − 0.1787 + 0.0534 =
0.0144) and for the time series analysis of Pakistan
(0.3419 + 0 + 0.2938 + 0 − 0.1787 + 0.0534 = 0.5104) and
support the negative significant estimation result found for
the financial development indicator of broad money as a share
of GDP for the time series analysis of Bangladesh (0.3419 + 0
− 0.4256 + 0 − 0.1787 + 0.0534 = − 0.2090). For the study of
Lee et al. (2015) on OECD countries, our results support the
negative significant estimation result found for the financial
development indicator of domestic credit to private sector by
banks as a share of GDP (0.3419 + 0.1599 − 0.1866 − 0.2022
− 0.1787 + 0.0534 = − 0.0123) and do not support the nega-
tive significant estimation result found for the financial devel-
opment indicator of the ratio of bank deposits to GDP
(0.3419 + 0.2263 − 0.1866 − 0.2022 − 0.1787 + 0.0534 =
0.0541). For the study of Mohammadi (2017) on middle-
income countries, our results support the positive significant
estimation result found for the financial development indicator
of domestic credit to the private sector as a share of GDP
(0.3419 + 0 + 0 − 0.2022 + 0.0993 + 0.0534 = 0.2924). For
the study of Nazir et al. (2018), our results do not support
the negative significant estimation results found for the finan-
cial development indicator of domestic credit to the private
sector as a share of GDP (0.3419 + 0 + 0–0.2022-0.0923 +
0.0534 = 0.1008). For the study of Park et al. (2018) on
European countries, our results support the negative signifi-
cant results found for the financial development indicator of
domestic credit to the private sector as a share of GDP by
employing pooled mean group estimator, fully modified ordi-
nary least square estimator and dynamic ordinary least square
estimator (0.3419 + 0 − 0.0716 − 0.2022 − 0.1502 + 0.0534 =
− 0.0287, 0.3419 + 0 − 0.0716 − 0.2022 − 0.1787 + 0.0534 =
− 0.0572 and 0.3419 + 0 − 0.0716 − 0.2022 − 0.1839 +
0.0534 = − 0.0624, respectively). For the study of Pata
(2018a) on Turkey, our results support the positive significant
results found for the financial development indicator of do-
mestic credit to the private sector as a share of GDP by
employing auto regressive distributed lag estimator, fully
modified ordinary least square estimator and canonical
cointegrating regression (0.3419 + 0 + 0.5237 + 0 − 0.2062 +
0.0534 = 0.7128, 0.3419 + 0 + 0.5237 + 0 − 0.1787 +
0.0534 = 0.7403 and 0.3419 + 0 + 0.5237 + 0 + 0 + 0.0534 =
0.9190, respectively). For the study of Pata (2018b) on
Turkey, our results support the positive significant results
found for the financial development indicator of domestic
credit to the private sector as a share of GDP (0.3419 + 0 +
0.5237 + 0 − 0.2062 + 0.0534 = 0.7128). For the study of
Rasoulinezhad and Saboori (2018) on CIS countries, our re-
sults support the positive significant results for the financial
development indicator of composite index by fully modified
ordinary least square (0.3419 + 0 − 0.0369 − 0.2022 −

0.1787 + 0.0534 = − 0.0225) and by dynamic ordinary least
square (0.3419 + 0 − 0.0369 − 0.2022 − 0.1839 + 0.0534 = −
0.0277). For the study of Saidi and Mbarek (2017) on emerg-
ing market economies, our results do not support the negative
significant results for the financial development indicator of
domestic credit to the private sector as a share of GDP
(0.3419 + 0.1599 − 0.1698 − 0.2022 − 0.1361 + 0.0534 =
0.0471). For the study of Salahuddin et al. (2015) on GCC
countries, our results support the negative significant results
found for the financial development indicator of domestic
credit to private sector by banks as a share of GDP by
employing fully modified ordinary least square estimator
and dynamic ordinary least square estimator (0.3419 + 0 −
0.1120 − 0.2022 − 0.1787 + 0.0534 = − 0.0976 and 0.3419 +
0 − 0.1120 − 0.2022 − 0.1839 + 0.0534 = − 0.1028, respec-
tively) and do not support the negative significant estimation
results found for the financial development indicator of do-
mestic credit to private sector as a share of GDP by dynamic
fixed effect (0.3419 + 0 − 0.1120 − 0.2022 + 0 + 0.0534 =
0.0811). For the study of Salahuddin et al. (2018) on
Kuwait, our results do not support the negative significant
results found for the financial development indicator of do-
mestic credit to private sector as a share of GDP (0.3419 + 0 +
0 + 0 − 0.1839 + 0.0534 = 0.2114). For the study of Shahbaz
et al. (2013a) on South Africa, our results do not support the
negative significant estimation result found for the financial
development indicator of domestic credit to private sector as a
share of GDP (0.3419 + 0 + 0 + 0 − 0.2062 + 0.0534 =
0.1891). For the study of Shahbaz et al. (2011) on Pakistan,
our results do not support the negative significant estimation
result found for the financial development indicator of stock
market capitalization (0.3419 − 0.2071 + 0.2938 + 0 −
0.2062 + 0 = 0.2224). For the study of Shahbaz et al. (2012)
and Shahbaz et al. (2013b) on Malaysia, our results support
the negative significant estimation result found for the finan-
cial development indicator of domestic credit to private sector
as a share of GDP (0.3419 + 0 − 0.1882 + 0 − 0.2062 + 0 = −
0.0525). For the study of Shahbaz et al. (2018), our results
support the positive significant estimation results for BRICS
countries found for the financial development indicator of
domestic credit to private sector as a share of GDP by
employing mean group estimator and augmented mean group
estimator (0.3419 + 0 + 0 − 0.2022 + 0.1321 + 0.0534 =
0.3252 and 0.3419 + 0 + 0 − 0.2022 + 0.1621 + 0.0534 =
0.3552, respectively) and support the positive significant esti-
mation results for Next-11 countries found for the financial
development indicator of domestic credit to private sector as a
share of GDP by employing mean group estimator and aug-
mented mean group estimator (0.3419 + 0 − 0.0721 −
0.2022 + 0.1321 + 0.0534 = 0.2531 and 0.3419 + 0 − 0.0721
− 0.2022 + 0.1621 + 0.0534 = 0.2831, respectively). For the
studies of Shahzad et al. (2017) and Siddique (2017) on
Pakistan, our results support the positive significant estimation
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result found for the financial development indicator of domes-
tic credit to private sector as a share of GDP (0.3419 + 0 +
0.2938 + 0 − 0.2062 + 0.0534 = 0.4829). For the study of
Sharif et al. (2019), our results do not support the negative
significant results found for the financial development indica-
tor of domestic credit to private sector as a share of GDP by
employing fully modified ordinary least square and dynamic
ordinary least square (0.3419 + 0 + 0 − 0.2022 − 0.1787 +
0.0534 = 0.0144 and 0.3419 + 0 + 0 − 0.2022 − 0.1839 +
0.0534 = 0.0092, respectively). For the study of Shi et al.
(2019), our results do not support the negative significant
result found for the financial development indicator of domes-
tic credit to private sector as a share of GDP (0.3419 + 0 + 0 −
0.2022 − 0.1787 + 0.0534 = 0.0144). For the study of Solarin
(2014) on Malaysia, our results do not support the negative
significant estimation results found for the financial develop-
ment indicator of broad money as a share of GDP by
employing auto regressive distributed lag estimator and dy-
namic ordinary least square estimator (0.3419 + 0 − 0.1882 −
0.2062 + 0.0534 = 0.0009 and 0.3419 + 0 − 0.1882 −
0.1839 + 0.0534 = 0.0232, respectively). For the study of
Tamazian and Rao (2010) on transition economies, our results
do not support the negative significant estimation results
found for the financial development indicator of financial lib-
eralization by employing random effect estimator and system
GMM estimator (0.3419 + 0 + 0 − 0.2022 − 0.1604 +
0.0534 = 0.0327 and 0.3419 + 0 + 0 − 0.2022 − 0.1361 +
0.0534 = 0.0570, respectively). For the study of Tamazian
et al. (2009), our results support the negative significant esti-
mation results found for the financial development indicators
of foreign direct investment inflows as a share of GDP, capital
account convertibility, foreign assets and liabilities as a share
of GDP and stock market capitalization as a share of GDP
(0.3419 − 0.1307 + 0 − 0.2022 − 0.1604 + 0.0534 = − 0.0980,
0.3419–0.1968 + 0 − 0.2022 − 0.1604 + 0.0534 = − 0.1641,
0.3419 − 0.2122 + 0 − 0.2022 − 0.1604 + 0.0534 = − 0.1795
and 0.3419 − 0.2071 + 0 − 0.2022 − 0.1604 + 0.0534 = −
0.1744, respectively) and does not support the negative sig-
nificant estimation results found for the financial development
indicator of ratio of deposit money bank assets to GDP
(0.3419 + 0 + 0 − 0.2022 − 0.1604 + 0.0534 = 0.0327). For
the study of Tsaurai (2019) on Western Africa, our results
support the positive significant estimation results found for
the financial development indicator of domestic credit to pri-
vate sector by banks as a share of GDP (0.3419 + 0.1599 +
0.1125 − 0.2022 − 0.1359 + 0.0534 = 0.3296). For the study
of Xiong et al. (2017) on China, our results support the posi-
tive significant estimation results found for the financial de-
velopment indicators of total loans over GDP, private loans
over GDP and total deposits over GDP (0.3419 + 0.2889 −
0.0995 − 0.2022 − 0.0923 + 0.0534 = 0.2902, 0.3419 +
0.2519 − 0.0995 − 0.2022 − 0.0923 + 0.0534 = 0.2532 and
0.3419 + 0.1871 − 0.0995 − 0.2022 − 0.0923 + 0.0534 =

0.1884, respectively). For the study of Haifeng et al. (2017) on
Chinese provinces and European countries, our results support
the negative significant estimation results found for the finan-
cial development indicator of broad money as a share of GDP
and stock (0.3419 + 0 − 0.0995 − 0.2022 − 0.1824 + 0.0534 =
− 0.0888) for Chinese provinces and support the negative sig-
nificant estimation results found for the financial development
indicator of broad money as a share of GDP and banking
industry development (0.3419 + 0 − 0.0716 − 0.2022 −
0.1824 + 0.0534 = − 0.0609) for European countries. For the
study of Xu et al. (2018) on Saudi Arabia, our results support
the positive significant estimation results found for the finan-
cial development indicator of domestic credit to the private
sector as a share of GDP (0.3419 + 0 + 0.3606 + 0 −
0.2062 + 0.0534 = 0.5497). For the study of Khoshnevis
Yazdi and Ghorchi Beygi (2018) onAfrica, our results support
the positive significant estimation results found for the finan-
cial development indicator of broad money as a share of GDP
(0.3419 + 0 + 0.1125 − 0.2022 − 0.1502 + 0.0534 = 0.1554).
For the study of Zaidi et al. (2019) on APEC countries, our
results support the negative significant estimation results
found for the financial development indicator of domestic
credit to the private sector as a share of GDP by employing
continuously updated fully modified estimator, continuously
updated bias-corrected estimator and pooled mean group esti-
mator (0.3419 + 0 − 0.1881 − 0.2022 − 0.2491 + 0.0534 = −
0.2441, 0.3419 + 0 − 0.1881 − 0.2022 − 0.2489 + 0.0534 = −
0.2439 and 0.3419 + 0 − 0.1881 − 0.2022 − 0.1502 +
0.0534 = − 0.1452, respectively).

Conclusion

A systematic general evaluation of the research base tends to
report mostly positive effect of financial development on CO2
emission. AnMRA analysis has been carried out to evaluate and
synthesize the effect-size estimates from the primary studies tak-
ing heterogeneity and publication bias into account. The bivariate
FAT-PETanalysis has indicated an insignificant effect of effect of
financial development on CO2 emission and could not detect
publication selection bias as in the case of funnel plot analysis.

Because the bivariate FAT-PET analysis overlooked the po-
tential sources of heterogeneity and considered only the publica-
tion selection bias, we estimated a multivariate FAT-PETanalysis
to include moderating variables. We found the overall effect of
financial development on carbon emission to be positive signif-
icant when we controlled for the moderating variables. The mag-
nitude of the effect of financial development on CO2 depends on
model specification; the marginal effect of financial development
changes both in magnitude and direction based on financial in-
dicators used, the estimation technique employed, the countries,
country group or region included and the time period analyzed.
The multivariate FAT-PET reported a substantial bias. Hence, we
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conclude that the publication bias is not due to the result of
reported effect size estimates (positive significant, negative sig-
nificant or insignificant effects) but due to the design character-
istics (moderating variables).

The positive significant effect of financial development on
carbon emission supports the first hypothesis, which asserts that
financial development leads to the environmental degradation
through the channels of energy consumption and industrializa-
tion. Financial development increases the energy consumption
by proliferation of consumer credits leading to higher demand for
home appliances and automobiles, by enabling lower cost capital
to firms leading to more machine and equipment purchases and
building of new plants and by generating wealth leading to eco-
nomic growth. Final effect is that financial development boosts
industrialization, which generally increases industrial pollution
and level of greenhouse gas emissions.

The deteriorating effect of financial development on envi-
ronmental quality is more severe for Brazil, Greece, Nigeria,
Tunusia, Turkey and Vietnam. Specifically, these countries
should closely monitor their domestic credit to private sector,

bank deposits, total deposits, private and total loans, stocks
traded/turnover, bank concentration and securities market be-
cause an increase in these indicators lead to higher carbon
emissions. These countries should try to increase their
liquid and deposit liabilities, stock market capitalization,
foreign direct investment inflows, foreign assets and li-
abilities and capital account convertibility to decrease
the magnitude of deteriorating effect of financial devel-
opment on environmental quality. Finally, these coun-
tries should alleviate the positive effect of financial de-
velopment on carbon emissions by proliferating renew-
able energy use as a green trading policy.
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Appendix 1

Table 4 Definition of variables
Variable Description

ri partial correlation coefficient (PCC)

seri standard error of PCC

inv_seri inverse of standard error of PCC

n number of observations

FD1.1 broad money as a share of GDP (M2/GDP)

FD1.2 liquid liabilities as a share of GDP (M3/GDP)

FD1.3 ratio of deposit liabilities to GDP

FD2.1 total credit (% of GDP)

FD2.2 non-state credit (% of GDP)

FD2.3 domestic credit to the private sector as a share of GDP

FD2.4 domestic credit to private sector by banks as a share of GDP

FD3.1 total deposit and loan (% of GDP)

FD3.2 total deposits/GDP

FD3.3 total loans/GDP

FD3.4 private loans/GDP

FD3.5 loans/deposits

FD3.6 the ratio of bank deposits to GDP

FD4.1 ratio of commercial bank assets to the sum of bank and CB assets

FD4.2 ratio of deposit money bank assets to GDP

FD5.1 stock market capitalization (% of GDP)

FD5.2 stocks traded/turnover (% of GDP)

FD5.3 stock indicator

FD6.1 foreign direct investment inflows (% of GDP)

FD6.2 ratio of net foreign assets to GDP

FD6.3 foreign assets plus liabilities (% of GDP)

FD7.1 composite index

FD8.1 Financial value added (% of GDP)

FD8.2 capital account convertibility
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Table 4 (continued)
Variable Description

FD8.3 bank concentration

FD8.4 development of banking industry

FD8.5 development of securities market

FD8.6 a measure of financial liberalization

cont_var number of control variables

time_span number of years

start starting year

end ending year

unit number of countries or provinces

all estimates not making a distinction between developed and
developing countries

developing estimates only including developing countries

emerging estimates only including emerging countries

transition estimates only including transition countries

brics estimates only including BRICS countries

cis estimates only including Commonwealth of Independent States

gcc estimates only including member countries of Gulf Cooperation Council

mena estimates only including countries in Middle East and North Africa

next11 estimates only including eleven countries

oecd estimates only including OECD countries

africa estimates only including countries in Africa

asia estimates only including countries in Asia

europe estimates only including countries in Europe

bangladesh estimates only including Bangladesh

brazil estimates only including Brazil

china estimates only including China or Chinese provinces

greece estimates only including Greece

india estimates only including India

indonesia estimates only including Indonesia

iran estimates only including Iran

kuwait estimates only including Kuwait

malaysia estimates only including Malaysia

nigeria estimates only including Nigeria

pakistan estimates only including Pakistan

portugal estimates only including Portugal

russia estimates only including Russia

saudi_arabia estimates only including Saudi Arabia

south_africa estimates only including South Africa

sri_lanka estimates only including Sri Lanka

tunisia estimates only including Tunusia

turkey estimates only including Turkey

uae estimates only including United Arab Emirates

usa estimates only including the USA

vietnam estimates only including Vietnam

type_of_data 1 for panel and 0 for time series

ET1.1 ordinary least squares

ET1.2 fixed effect

ET1.3 random effect

ET1.4 least squares dummy variables

ET1.5 panel smooth transition regression
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Table 4 (continued)
Variable Description

ET2.1 maximum likelihood estimation

ET2.2 dynamic fixed effect

ET2.3 system generalized method of moments

ET2.4 difference generalized method of moments

ET2.5 bias corrected least squares dummy variables

ET2.6 dynamic panel threshold model

ET2.7 panel vector auto regression

ET3.1 auto regressive distributed lag

ET3.2 Johansen cointegration

ET3.3 mean group

ET3.4 pooled mean group

ET3.5 augmented mean group

ET3.6 fully modified ordinary least squares

ET3.7 dynamic ordinary least square

ET3.8 dynamic seemingly unrelated cointegrating regressions

ET3.9 canonical cointegrating regression

ET3.10 continuously updated bias-corrected

ET3.11 continuously updated fully modified

ET3.12 cointegration with structural breaks

publication 1 for published and 0 for unpublished

Table 5 Description of primary studies

Primary study No. of
estimate

Indicator Type of
data

Econometric technique FE weighted
mean

Significant

Abbasi and Riaz (2016) 14 FD2.1, FD2.3,FD5.1,
FD5.2

TS ET3.1 0.061 No

Abid (2016) 20 FD2.3 P ET1.1, ET1.2,
ET1.3,ET2.3,
ET2.4,ET2.5,ET3.7

0.047 Yes

Acheampong (2019) 6 FD1.1,FD1.2,FD2.3,
FD2.4, FD6.1

P ET2.3 0.071 Yes

Ali et al. (2015a) 1 FD2.4 TS ET3.2 0.724 Yes

Ali et al. (2015b) 1 FD1.1 TS ET3.2 0.277 Yes

Ali et al. (2019) 1 FD2.3 TS ET3.1 0.429 Yes

Alper and Onur (2016) 1 FD6.2 TS ET3.6 − 0.275 Yes

Amri (2018) 1 FD2.3 TS ET3.1 0.490 Yes

Asumadu-Sarkodie
and Owusu (2016)

1 FD1.1 TS ET3.1 0.180 No

Aye and Edoja (2017) 3 FD2.3 P ET2.6 0.010 No

Baloch et al. (2018) 2 FD7.1 TS ET3.1 0.011 No

Balogh and Jámbor (2017) 2 FD6.1 P ET2.3 − 0.169 Yes

Boutabba (2014) 1 FD2.3 TS ET3.1 0.634 Yes

Cetin and Ecevit (2017) 4 FD2.3 TS ET3.1 0.311 Yes

Cetin et al. (2018) 1 FD2.3 TS ET3.1 0.242 Yes

Charfeddine and Kahia
(2019)

1 FD2.3 P ET2.7 − 0.029 No

Charfeddine and Khediri
(2016)

2 FD2.3 TS ET3.12 0.177 Yes
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Table 5 (continued)

Primary study No. of
estimate

Indicator Type of
data

Econometric technique FE weighted
mean

Significant

De Haas and Popov (2018) 4 FD2.4 P ET1.1 − 0.098 Yes

Dogan and Seker (2016a) 2 FD2.3 P ET3.6,ET3.7 − 0.166 Yes

Dogan and Seker (2016b) 1 FD2.3 P ET3.8 0.111 No

Dogan and Turkekul (2016) 1 FD2.3 TS ET3.1 0.294 Yes

Farhani and Ozturk (2015) 1 FD2.3 TS ET3.1 0.029 Yes

Hao et al. (2016) 7 FD3.1,FD3.5 P ET1.1,ET1.2,ET2.4 − 0.150 Yes

Haseeb et al. (2018) 6 FD2.3 P and
TS

ET3.6,et3.8 0.119 Yes

Huang and Zhao (2018) 6 FD2.2,FD3.1,FD8.1 P ET2.3 − 0.164 Yes

Ibrahim (2018) 6 FD1.1,FD1.3 P ET1.4,ET2.3,ET2.4, 0.007 No

Işik et al. (2017) 1 FD2.3 TS ET3.1 0.262 Yes

Jalil and Feridun (2011) 14 FD1.3,FD2.3,FD4.1,
FD6.1,FD6.3

TS ET3.1 − 0.350 Yes

Jamel and Maktouf (2017) 2 FD2.4 P ET1.2,ET1.3 0.016 No

Javid and Sharif (2013) 1 FD2.3 TS ET3.1 0.345 No

Javid and Sharif (2016) 1 FD2.3 TS ET3.1 0.343 No

Karimzadeh et al. (2014) 1 FD2.4 TS ET3.1 − 0.388 No

Katircioğlu and Taşpinar
(2017)

1 FD7.1 TS ET3.7 − 0.268 No

Khan et al. (2018) 4 FD1.1 P and
TS

ET3.6 − 0.173 Yes

Lee et al. (2015) 2 FD2.4,FD3.6 P ET3.6 − 0.114 Yes

Lu (2018) 1 FD2.3 P ET3.3 − 0.001 No

Menon (2019) 1 FD2.3 TS ET3.1 0.011 No

Mohammadi (2017) 1 FD2.3 P ET1.5 0.124 Yes

Nazir et al. (2018) 3 FD2.3 P ET2.4 − 0.068 Yes

Omri et al. (2015) 1 FD2.3 P ET2.3 − 0.091 No

Ozturk and Acaravci (2013) 1 FD2.3 TS ET3.1 0.116 No

Park et al. (2018) 3 FD2.3 P ET3.4,ET3.6,ET3.7 − 0.164 Yes

Pata (2018a) 9 FD2.3 TS ET3.1,ET3.6,ET3.9 0.608 Yes

Pata (2018b) 2 FD2.3 TS ET3.1 0.547 Yes

Rasoulinezhad and Saboori
(2018)

2 FD7.1 P ET3.6,ET3.7 − 0.165 Yes

Saidi and Mbarek (2017) 3 FD2.4 P ET2.3 − 0.075 Yes

Salahuddin et al. (2015) 4 FD2.3 P ET2.2,ET3.3,ET3.6,ET3.7 − 0.166 Yes

Salahuddin et al. (2018) 2 FD2.3 TS ET3.1,ET3.7 − 0.136 No

Shahbaz (2012) 2 FD2.3 TS ET3.1 − 0.014 No

Shahbaz et al. (2013c) 2 FD2.3 TS ET3.1 − 0.189 Yes

Shahbaz et al. (2011) 2 FD5.1 TS ET3.1 − 0.306 Yes

Shahbaz et al. (2012) 3 FD2.3 TS ET3.1 − 0.473 Yes

Shahbaz et al. (2013a) 2 FD2.3 TS ET3.1 0.258 Yes

Shahbaz et al. (2013b) 3 FD2.3 TS ET3.1 − 0.365 Yes

Shahbaz et al. (2018) 8 FD2.3 P ET3.3,ET3.5 0.140 Yes

Shahzad et al. (2014) 2 FD2.3 TS ET3.6,ET3.7 − 0.080 No

Shahzad et al. (2017) 1 FD2.3 TS ET3.1 0.497 Yes

Sharif et al. (2019) 2 FD2.3 P ET3.6,ET3.7 − 0.106 Yes

Shi et al. (2019) 1 FD2.3 P ET3.6 − 0.124 Yes

Siddique (2017) 1 FD2.3 TS ET3.1 0.313 Yes

Solarin (2014) 2 FD1.1 TS ET3.1,ET3.7 − 0.009 No

Sy et al. (2016) 2 FD2.4 P ET1.2,ET1.3 0.016 No
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