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Abstract
Environmental degradation has severely affected the natural cycle of ecosystem. It’s high time now and humans should execute
strategies effectively to protect the further degradation. Initially, we need to understand the ways that might affect the environ-
ment. Thus, existing research is designed to explore the nonlinear association between financial development (FD) and carbon
dioxide emissions (CO2) in the context of low-income countries by employing the yearly data of 1990–2016. The panel smooth
transition regression model (PSTR) is applied, and the result confirmed that the nexus between the two variables are nonlinear.
Moreover, it also shows that at a low regime, FD increases the CO2 emissions but as the economy of low-income states progress
to the high regime, the association between the two variables becomes negative and significant. The study also confirms that FD
can reduce CO2 emissions once it reaches a certain threshold point. Based on these findings, new insights are provided for the
policymakers, and several policies are suggested to improve the environmental quality in low-income countries.
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Introduction

Human activities from overpopulation to pollution are signif-
icantly increasing the temperature of Earth and vitally

changing the world around us. Nowadays, environmental deg-
radation is considered one of the major issues of the world.
The environment is uncontrollable because every organiza-
tion, every sector, and every individual are responsible for
the environmental degradation (Millington et al. 2019).
Ecological, economic, and social disasters are due to
increasing global warming. The main causes of
environmental degradation are landfills, deforestation,
natural causes, and most importantly emission of carbon
dioxide. Further, Zhao and Yang (2020) argued that CO2
emissions are severely damaging the atmosphere and respon-
sible for 58.8% of greenhouse gases. For business organiza-
tions, societies, governments, and even for an individual, the
environment has become a hot issue. According to Collins and
Zheng (2015), the most difficult question is that while main-
taining economic growth, how countries can decrease the
emission of carbon dioxide? Thus, humanity needs to empha-
size on this question and should find out the answer as soon as
possible so that global warming and natural disasters can be
reduced. The growth cannot be accounted without financial
development (FD) as it is inseparable (Le and Ozturk 2020).
The association between FD and economic growth is crucial,
as currently this association is stimulating rapidly.
Additionally, many scholars argued that as financial sector
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progresses, so it fosters the carbon dioxide emission as well
because it starts relying more on energy which could intensify
CO2 emissions. For instance, expansion in financial services,
products, institutions, and intermediaries require intensive
manufacturing activities, technological up-gradation, and
more industries and thus stimulate higher energy consumption
which ultimately heightens CO2 emissions (Katircioğlu and
Taşpinar 2017; Ehigiamusoe and Lean 2019; Lahiani 2020).
The research of Jalil and Feridun (2011) also stated that in-
dustrial activities get an increase because of financial devel-
opment and it results in industrial pollution. Therefore, the
issues regarding the degradation of environment because of
harmful economic activities have developed a vast area for
further research in the context of sustainable development
and environmental economics. So, in both, i.e., developed
and developing states, the most challenging issue for present
humanity is to protect the ecology from further destruction
and boost the economy effectively. Hence, it is difficult for
the people of present era to grow and upgrade technology
without degrading an environment. In academic research,
many prior researches focused on the association of FD and
CO2 emissions (Al-Mulali et al. 2015a, b; Ozturk and
Acaravci 2013; Shahbaz et al. 2013b; Dogan and Seker
2016; Tamazian and Rao 2010; Shahbaz et al. 2014a, b;
Ziaei 2015, Shahbaz et al. 2017; Javid and Sharif 2016;
Khoshnevis Yazdi and Ghorchi Beygi 2018; Shahbaz et al.
2019; Charfeddine and Kahia 2019; Zaidi et al. 2019; Khan
et al. 2020). The studies depict that FD has a positive as well as
negative association with CO2 emissions and also reveal that
FD allows local companies and industries to expand business
by installing new facilities, technologies, building new plants,
increasing productions, and employing more labors; hence, all
these activities increase the energy consumption, and it
heightens the CO2 emissions, whereas some authors concluded
that in stable economies, when states have sufficient resources,
they start focusing on the mitigation of CO2 emissions. For
instance, FD fosters research and development activities that
promote economic growth, thus improving environmental per-
formance. Additionally, FD helps countries in adopting envi-
ronmentally friendly technology as well, so it helps the author-
ities to reduce pollution.

Environmental degradation is not only the consequence of
FD, rapid growth of economy, or high consumption of energy
(Hasanov et al. 2018). The environment is severely affected
by some other crucial activities as well. Hence, another chan-
nel that we have incorporated in the research is termed as
international trade. It has both positive and negative impacts
on CO2 emissions: Positive because trade liberalization facil-
itates the transfer of advanced and environmental friendly
technologies that help in improving environmental quality
and reducing pollution and negative because increase in trade
activities fosters economic growth and industrial activities
which led to increase environmental pollution (Muhammad

et al. 2020). In global emissions, trade-related CO2 emissions
are the crucial factors; thus, understanding the role of interna-
tional trade in emissions is of direct relevance to global and
national emission reductions (Wang and Ang 2018). After
reviewing the literature, it is observed that recently the influ-
ence of international trade on CO2 emissions has gained a
great attention (Işik et al. 2017; Andersson 2018;
Muhammad et al. 2020; Vale et al. 2018; Essandoh et al.
2020). However, in the past, authors studied the association
of trade along with growth, energy, and environment by con-
sidering one of the following three main categories: (i) the first
is as the sum of imports & exports, (ii) second is as a percent
of export and imports to the total GDP, and (iii) the third is as a
sum of real exports and imports over the real gross national
product (GNP). So, Al-Mulali et al. (2015a, b) and Shahbaz
et al. (2013a, b) accumulated trade by adding total exports and
imports. Furthermore, Atici (2009), Hossain (2011), Jalil and
Feridun (2011), Dogan and Turkekul (2016), Nasir and
Rehman (2011) , Oztu rk and Al -Mula l i (2015) ,
Jayanthakumaran et al. (2012), Shahbaz et al. (2014a, b),
Kasman and Duman (2015), Farhani and Ozturk (2015),
Omri (2013), and Li et al. (2016) emphasized the combined
trade by calculating it as the ratio of exports plus imports to
GDP. Similarly, aggregated trade as the total value of ex-
ports and imports as a share of real GNP was studied by
Halicioglu (2009). The authors concluded that international
trade plays a major part in increasing the pollution because
when countries exchange the technologies, products, and
resources, it definitely boosts their energy consumption,
and it results in CO2 emissions. Also, some mentioned that
trade activities initially pollute the environment due to
weak environmental regulations. However, at later stages
of development with strong environmental policies, trade
activities are more likely to diminish environmental pollu-
tion. So countries can reduce the CO2 emissions by
implementing relevant strategies.

Thus, an existing research is designed to study the association
between FD, international trade, and environmental degradation
by employing the technique of PSTR. This technique possesses
several advantages over the regression model. Hence, the fol-
lowing reasons have been considered while applying PSTR in
the study. First of all, it permits the crucial variables such as FD
and environmental degradation coefficient to alter for both time
and countries. The second advantage is that the countries can
move among groups and time as it enables the change in the
threshold variable. The third is that in a nonlinear model, PSTR
is responsible for the cross-country heterogeneity. Then, the
fourth is all about the smooth change of the variable coefficients
from one regime to another as it can be done easily with the
assistance of a threshold variable. The last is associated with the
outliers, and Gainelli et al. (2015) stated that PSTR is beneficial
in minimizing the potential outliers’ effect so that researcher can
get the findings free from any outliers.
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An existing research contributes to the literature through
following three ways. The first is that it has inspected the
association between FD, international trade, and environ-
mental degradation by using the PSTR technique. Hence,
previously none studied this association through PSTR, so
it will fulfill the gap as well. The second is related to the
countries that in our paper, we have targeted nineteen low-
income countries. The reason behind selecting low-income
countries is to investigate how much low-income countries’
activities degrade the environment. As Essandoh et al.
(2020) stated that in developed states (high-income coun-
tries), the environmental standards are very high, so mostly
they transfer the production departments from their home
countries to developing countries because in such states, the
environmental standards are low. Also, in low-income
states, the regulatory bodies are not efficient enough be-
cause they need investment to boost the economy; thus,
many unethical activities that degrade the environment are
being ignored by competitive authorities. Moreover, for
low-income countries, the protection of environment is
the secondary objective because poverty, inflation, and
scarce resources do not allow them to protect the environ-
ment before resolving basic issues. Hence, the major envi-
ronmental polluters are the low-income states. So it is es-
sential to study the association between FD, international
trade, and environmental degradation in this context. The
third contribution is the incorporation of two indicators of
FD, i.e., financial system deposits and private credit by
banks.

The paper is divided into five main segments. The first
includes the introduction of the paper that discusses the back-
ground of research and problem statement. Then, the second
chapter consists of the literature review. Moving further, the
third chapter depicts the methodology of the research along
with the description of the data. Then, the fourth chapter in-
cludes the interpretation of the descriptive analysis.
Additionally, the results of all tests have been discussed in this
chapter. The last chapter is all about the conclusion of the
research.

Literature review

Jalil and Feridun (2011) studied how the environment is af-
fected by growth, energy, and FD in China. They considered
the dataset from 1953 to 2006, and ARDL bounds testing
method has been employed in the research. In study, results
displayed that in China, FD is negatively associated with the
pollution and degradation, whereas the other dissimilar
finding of Lahiani (2020) is that FD plays an essential role
in decreasing the environmental pollution. Thus, the authors
concluded that in the long run, CO2 emissions occur because
of trade openness, high consumption of energy, and income.

Further, in China, the concept of the environmental Kuznets
curve is supported by the results of the present research.

Another research was conducted by Shahbaz et al. (2013a)
for inspecting the association among energy consumption,
economic growth, financial development, trade openness,
and CO2 emissions. The authors targeted Indonesia and con-
sidered the data from 1975Q1 to 2011Q4. Therefore, this aim
was fulfilled by performing stationary analysis and employed
the following two tests for a long-run association between the
series in the existence of structural breaks: The first is the unit
root test by Zivot-Andrews and the second is the ARDL
bounds testing method. In addition, the causality between
the variables and robustness of causal analysis was determined
by VECM Granger causality technique and innovative ac-
counting approach, respectively. It is confirmed from the re-
sults that cointegration is present among the variables. Hence,
in the existence of structural breaks, the long-run association
is present. Additionally, CO2 emissions increase due to the
rapid growth in economy and more consumption of energy,
but it is declined by FD and trade.

The association between FD and growth of economy in the
context of middle income states is present in the literature,
studied by Samargandi et al. (2015). The researchers targeted
the fifty-two middle-income states by taking the data of the
period 1980–2008. The techniques applied in the research
were pooled mean group estimations in a dynamic heteroge-
neous panel setting. The findings depict that in the long run
and short run, the association between finance and growth is
an inverted U-shaped and insignificant, respectively. Hence, it
is concluded that in middle-income states, too much finance
might result in a negative impact on growth. Further, through
the estimation of the threshold, the results related to the non-
monotonic effect of financial development on growth are
confirmed.

Shahbaz et al. (2018) analyzed the influence of FD, FDI,
energy consumption, economic growth, and energy research
innovations on emission of CO2. The authors used the data of
the following time period, i.e., from 1955 to 2016, and on
French time series data, the unit root test has been employed.
The reason of applying this technique is the examination of
order of integration in the presence of sharp and smooth struc-
tural breaks in the variables. Furthermore, the authors also
applied the bootstrapping bounds testing technique that was
proposed by McNown et al. (2018). The results depict that
French carbon emission has a positive association with FDI
but it is negatively associated with energy research innova-
tions. Hence, it shows that French environmental quality can
be improved through the association of financial development
and carbon emissions. In the same way, the required condition
for enlightening environmental quality is to promote financial
stability and energy research innovations. On the contrary,
there is a positive association between consumption of energy
and carbon emissions, but the other point is that the
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association between economic growth and CO2 emissions is
an inverted U, which is a confirmation of the environmental
Kuznets curve.

Adams and Klobodu (2018) focused on the twenty-six
African countries, for the inspection of the association be-
tween FD and environmental degradation. Also, environmen-
tal degradation was measured by carbon dioxide emissions.
The authors used the data from 1985 to 2011. Also, the fol-
lowing econometrics techniques were employed for the anal-
ysis of the data: (i) Chow test, (ii) cross-country regressions,
and (iii) the generalized method of moments. It was observed
that from 2000 to 2011, the environmental degradation faced
an intensive structural change as compared to 1985–1999.
Also, after employing cross-country regressions, the findings
illustrated that the significant determinants of environmental
degradation are economic growth and urbanization, whereas
after accounting for the political regime, the financial devel-
opment also seems to be a significant element of environmen-
tal degradation. At last, a robust positive connection between
environmental degradation and economic growth was con-
firmed by applying the generalized method of moments
technique.

The researchers studied the influence of energy consump-
tion, FD, economic growth, and trade openness on the emis-
sions of CO2. This research was conducted by Ali et al.
(2019). The research was conducted in Nigeria, and re-
searchers used the data of the following period, i.e., 1971–
2010. For this purpose, an ARDL bounds testing technique
was employed. The findings displayed that among the vari-
ables, there is a long-run cointegration association. Further,
results of long-run estimation portray that three factors (finan-
cial sector development, growth of economy, and consump-
tion of energy) are positively and significantly associated with
carbon dioxide emissions. In contrast, trade is negatively and
significantly linked with CO2 emissions. Therefore, based on
the findings, the authors suggested that the government should
propose policies in the favor of trade (import and export)
sector through which degradation of environment can be min-
imized efficiently and can make the quality of environment
better for living things.

Omoke et al. (2020) investigated the effect of FD on CO2
emissions. The researchers targeted the Nigerian state for this
purpose and used the data from 1971 to 2014. Along with
financial development, the authors also used energy consump-
tion, income per capita, urbanization, and exchange rate. After
the analysis of data, it has been concluded that the long-run
relationship among the variables is confirmed after applying
the linear and nonlinear autoregressive distributed lag tech-
niques. Also, findings revealed that the proposed association
is positively and significantly associated with each other.
Additionally, as researchers studied the FD with respect to
positive shocks and negative shocks, a significant decrease
in CO2 emissions is observed at the time of positive shocks

in FD. In contrast, a significant increase in the CO2 emissions
is observedwhen there is a negative shock in FD. The findings
of this study concluded that CO2 emissions strongly respond
to the negative shocks more than positive shocks.

Lahiani (2020) studied the association between FD and
CO2 emissions in the context of China and also incorporated
the impact of energy consumption and economic growth. The
author applied the following techniques, i.e., the first is the
unit root test along with structural breaks and the second is a
nonlinear autoregressive distributed lag model. Thus, it has
been revealed from the results that in the study, the effect of
asymmetric is present. Also, it is mentioned that CO2 emis-
sion decreases when financial development decreases. Hence,
China can sustain the growth of an economy by fostering
financial development as it helps in the decrease in CO2
emissions.

Sethi et al. (2020) conducted researched in India to find out
the impact of FD, globalization, energy consumption, and
economic growth on the sustainability of the environment.
The authors used the data available from 1980 to 2015. The
results showed that the rise in globalization and FD while
trying to boost the economy of state is completely not in the
favor of healthy environment. Also, the environment is
degrading continuously because of the rapid globalization,
growth, and high usage of energy. Therefore, it is suggested
to initiate green policies across the country so that the envi-
ronment can be protected from hazardous activities.

Zhao and Yang (2020) researched the association between
FD and CO2 emissions in China at provincial level and further
applied the principal component analysis in the study. The
findings stated that CO2 emissions are reduced by 4 to 5 %
at the upsurge of provisional FD. However, in some places
such as Sichuan, Zhejiang, Xinjiang, Fujian, Shaanxi, and
Yunnan, the increase in CO2 emissions is observed. In addi-
tion, a two-way causality between regional financial develop-
ment and CO2 emissions is present, but in short term, this is
not the fact. The findings displayed that CO2 emission is
significantly affected by regional FD. Thus, it is recommend-
ed that there is a need to emphasize the development of
China’s financial sector at a regional level to prevent emis-
sions of CO2.

Methodology

In the existing research, we have employed the PSTR tech-
nique, which was proposed by Gonzalez et al. (2005). It is
stated by the authors that the PSTR technique can be viewed
as a nonlinear homogeneous panel or a linear heterogeneous
panel model. Hansen (2000) gave the panel threshold regres-
sion (PTR), so basically, PSTR is the generalization of the
PTR model. Further, in a nonlinear model, the problem of
heterogeneity can be resolved as it is a fixed-effects model
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with exogenous regressors. It is a panel technique that allows
for heterogeneity in the regression coefficients and in which
coefficients vary over countries and time. Therefore, we can
suppose the fact regarding the coefficients that through bound-
ed function, these are in continuity of an observable variable.
Also, bounded function is denoted by the transition function
of this type of variable that can be changed between extreme
states. Equation 1 explains the simple function of PSTR with
two regimes:

yi;t ¼ ui þ β0xi;t þ β
0
1xi;tg qi;t; γ; c

� �þ εi;t ð1Þ

The above equation includes the number of cross-sections
and time dimensions. The number of cross-sections is denoted
by N and time dimensions is denoted by T, respectively, then
we have i = 1,….N, t = 1…..T; the independent variable of the
study is represented as yi, t , the fixed individual effect is
written as ui , then the explanatory and control variables’ vec-
tor is denoted as xi, t , the transition function is stated in eq. (1)
as g(qi, t, γ, c) and this function is dependent on threshold
parameter , represented by C; threshold variable, denoted by
qi, t , and next is the parameter that controls the slope of
transition, it is displayed by γ; and lastly the error term is
symbolized as εi, t.

The present research is designed to analyze the association
between FD, international trade, and degradation of environ-
ment. The sample includes the annual panel data from 1990 to
2016 of low-income countries. We have extracted the data of
nineteen low-income countries. In our study, it is anticipated
that there is a nonlinear association; thus, for the verification
of this assumption, we have employed the nonlinear tech-
nique. The present study includes financial development and
international trade as independent variables and CO2 emission
as the dependent variable, and financial development is con-
sidered the transition variable as well. We have also incorpo-
rated the population in our study. So, the aim is to analyze the
impact of financial development and international trade on
environmental degradation. Hence, the basic PSTR function
is written below:

CEMi;t ¼ ui þ FDxi;t þ FD1xi;tg qi;t;γ; c
� �þ β1 POPi;t

þ β2TRDi;t þ β3GDPi;t þ εi;t ð2Þ

In the above equation, the number of cross-sections (in this
study, it is nineteen low-income countries) is represented by
(i), and the time frame is denoted as (T) that includes the
period of 1990–2016. Further, CEM represents the CO2 emis-
sion, FD is depicting the financial development, and the esti-
mation is done through the proxies that include financial sys-
tem deposits (FSD) and private credit by banks (PCB). Also,
POP is portraying the population in millions, international
trade is written as TRD, and GDP represents the economic
growth. Also, in the above equation, we have the transition

variable that is stated as g(qi, t, γ, c). In g(qi, t, γ, c), economic
growth is denoted by qi, t, and we have used it as a threshold
variable. Moreover, γ and c are representing the parameter
that is dependent on the slope of the transition function and
threshold parameter, respectively. The other is g that shows
the slop parameter and interprets the transition’s smoothness
from a regime to another. At last, the error term is stated as εi,
t.The transition function’s value is limited between zero and
one.

Hence, Eq. (3) shows the logistic function that is based on
the studies of Gonzalez et al. (2005) and Fouquau et al.
(2008):

g qi;t; γ; c
� � ¼ 1

1þ exp −γ qi;t−c
� �� � ð3Þ

In Eq. (3), the C shows the threshold parameter, and γ > 0 is
the slope of the transition function which changed into an indi-
cator function whenγ→∞. Moreover, if qit ≥ c the (qi, t,γ, c) =
1, and if qit < candg(qi, t,γ, c) = 0. The PSTR model follows a
fixed-effects panel model when γ→ 0. With an upsurge in
threshold variable (FD), the FD and carbon emission coeffi-
cients change gradually and smoothly from first regime (β0)
corresponding to low levels of FD to second regime (β0 + β1)
corresponding to high levels of FD. In this technique, the pa-
rameter relies on the transition variable and changes across time
and countries. Thus, at the given level of q (FD), the sensitivity
of FD to CO2 emissions for a particular time (t) and number of
countries (i) is described by Eq. (4):

εi;t ¼ β0 þ β1xg qi;t; γ; c
� � ð4Þ

In PSTR, to explore the parameters, the three steps are
performed. The model linearity is confirmed in the first step.
In this test, it is investigated that whether the association be-
tween the FD and CO2 emission is clarified by the linear or
nonlinear models, i.e., PSTR. The null hypothesis (H0) is the
linear technique that is appropriate, and the alternate hypoth-
esis (H1) is PSTR with two regimes that is appropriate.
(H0 : γ = 0) i.e., null hypothesis is tested against the H1.
Gonzalez et al. (2005) stated that the correlated test is non-
standardized because of the existence of unidentified nuisance
in the parameter of theH0. To address this problem, Eq. (5) is
developed in which the transition function of Eq.(1) (qi, t, γ, c)
is replaced by the first-order Taylor expansion around γ = 0.

yi;t ¼ ui þ β*
0Zit þ β*

1Zitqit þ β*
2Zitq2it þ⋯þ β*

mZitqmit

þ ε*it ð5Þ

Equation (5) includes the remainder of the Taylor function
that is represented by Rm; also, the mentioned parameters, i.e.,

β*
0…β*

m, are multiple of γ, and u*it ¼ uit þ Rm β1 Zit. So, in
such a situation, the equation-one testing of H0 : γ = 0 is
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similar to the testing of equation five H0 i.e.,

H*
0 ¼ β*

1 ¼ … ¼ β*
m. To check the linearity of the null hy-

pothesis, we have used the following tests, i.e., Fischer LM
test, Wald test, and likelihood test. The calculation is done by
using the following equations:

Fischer LM test ¼ LMf ¼
SSR0−SSR1

K
SSR0

NT−N−K

ð6Þ

Wald LM test ¼ LMW ¼ NT SSR0−SSR1ð Þ
SSR0

ð7Þ

Likelihood ratio test ¼ −2 log SSR1ð Þ−log SSR0ð Þ½ � ð8Þ

In the above equations, the sum of squared residuals is
explained by SSR0 in H0, the sum of squared residuals is
explained by SSR1 in H1. In the Fischer LM test, F(K,NT−N
−K) distribution is used and K is the number of explanatory
variables, N shows the number of countries, and T represents
the time. In Wald and likelihood test x2(K) distribution is
followed.

The association between the variables can be estimated by
the PSTR with at least two regimes, in the situation when the
null hypothesis of linear relationship faces rejection because
this rejection confirms that the relationship is nonlinear. Then
after this, the null hypothesis of no remaining nonlinearity is
examined. The purpose of this test is to check whether the
nonlinear association between the variables can be taken
by the PSTR with two regimes or not. The appropriate-
ness of both hypotheses, i.e., Ho and H1, is as follows:
PSTR with two extreme regimes and PSTR with at least
three regimes, respectively. The model measured for this
is stated below:

yi;t ¼ ui þ β0Zit þ β1Zitg1 qit
:
;γ1; c1

� �

þ β2Zitg2 qit
:
;γ2; c2

� �
þ εit ð9Þ

In Eq. (9), H0 : γ2 = 0 is used for the calculation of the
null hypothesis; hence, it arises a similar problem of iden-
tification. So, by following the prior solution, this can be

overcome by employing the Taylor expansion of g2

qit
:
;γ2; c2

� �
around γ2 = 0. However, it results in the equa-

tion that is written below:

yi;t ¼ ui þ β*
0Zit þ β*

1Zitg1 qit
:
;γ1; c1

� �
þ β*

21Zitqit þ⋯

þ β*
2mZitqmit þ ε*it ð10Þ

The above equation includes the restated forms of the hy-

pothesis. So,H*
0 : β

*
21 ¼ … ¼ β*

2m ¼ 0 is the restated form of
PSTR model null hypothesis (H0 : γ2 = 0). The tests are per-
formed through Wald, Fischer, and likelihood tests. Also, it is
concluded that PSTR with one transition and two regimes is
appropriate to inspect the association between the variable if
the null hypothesis is accepted. On the other hand, we need to
repeat the procedure unless the null hypothesis of no remain-
ing nonlinearity is accepted; this needs to be done at the time
of rejection of the null hypothesis. Lastly, after selecting the
regimes, it is necessary to use a nonlinear least square method
for the estimation of the parameters of the model.

Data

We have designed this paper to study the association between
FD, TRD, and CO2 emissions; thus, we have used the annual
data from 1990 to 2016 and have emphasized on the nineteen
low-income states. The reason for considering the following
years is the availability of data. Further, Table 1 depicts the
information of selected countries. The variables are measured
as follows: (i) environmental degradation is estimated by CO2
emissions (metric tons per capita) and CO2 emissions (kt); (ii)
the two proxies have been used for estimating the financial
development, i.e., financial system deposits as a percentage of
GDP and private credit by banks as a percentage of GDP
which is in accordance with the study of Zafar et al. (2019);
(iii) economic growth has been measured by GDP per capita
(constant 2010 US$); (iv) international trade is estimated
through the percentage of GDP; and lastly, (v) population is
measured by the total population in millions. The data is ex-
tracted from the World Bank database. Moreover, to interpret
the independent variables’ coefficient estimates regarding the
dependent variable, the data has been changed into a natural
logarithm.

Table 1 List of countries (alphabetical order)

S. No. Name S. No Name

1 Burkina Faso 11 Malawi

2 Burundi 12 Mali

3 Central African Republic 13 Mozambique

4 Chad 14 Niger

5 Congo, Rep. 15 Rwanda

6 Gambia, The 16 Sierra Leone

7 Guinea 17 Sudan

8 Guinea-Bissau 18 Togo

9 Haiti 19 Uganda

10 Madagascar
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Data analysis

Descriptive statistics

First of all, the descriptive statistics have been employed in the
present research to have a clear understanding of the basic
features of data. Table 2 shows the results of descriptive sta-
tistics. The average value of CO2 emission is 0.123 with min-
imum and maximum values of 0.016 and 0.445, respectively.
The proxies of financial development reveal that the mean
value of financial system deposits and private credits by the
bank are 13.631 and 9.681, respectively. Furthermore, 83.121
is the maximum value of financial system deposits, and 0.781
is the minimum value. Similarly, the maximum value of pri-
vate credits by the bank is 38.025, and the minimum value is
0.874. Moving further, the values of international trades re-
veal that the average, maximum, and minimum values are
50.890, 131.485, and 11.087, respectively. Similarly, in the
case of economic growth and population, we have observed
that economic growth has a mean value of 560.574 along with
the following maximum (1866.222) and minimum values
(200.298). Lastly, the population showed an average value
of 13.663, with a maximum value of 78.789 and a minimum
value of 0.956.

Cross-sectional dependence

After analyzing the descriptive data of our research, we ap-
plied a cross-sectional dependence test (CD) that was initiated
by Pesaran (2004). The results are represented in Table 3. It is
argued that while conducting the panel research, we should
first inspect the presence of cross-sectional dependence, stated
by Dogan and Seker (2016). Hence, the purpose of applying
the CD test is to investigate whether the data possess cross-
sectional independence or not. The results of the CD test are

mentioned in Table 3; it is revealed that all variables have the
associated p values less than 0.1; thus, it indicates the accep-
tance of the alternative hypothesis and rejection of the null.
Therefore, it is confirmed that our data possess cross-sectional
dependence. The results are similar with the prior researches
as well (Raza et al. 2020; Jiang et al. 2020).

Unit root test

The unit root is applied after the CD test. This test is applied to
explain the stationary properties of the variables. Table 4 ex-
plains the results and depicts that at level, all the variables are
non-stationary but become stationary at I(I).

Panel smooth transition regression technique

We have adopted the following two steps in the PSTR analy-
sis. The first is the linearity test and the second is the estima-
tion of the number of regimes. Firstly, it is essential to perform
the linear test so that it can be identified that either the nexus
between the proposed variables is inspected by the linear or
nonlinear models. So Table 5 explains the PSTR result and
shows the acceptance of the alternative hypothesis and the

Table 2 Descriptive statistics (before taking logarithm)

Variable CEM POP GDP TRD FSD PCB

Mean 0.123 13.663 560.574 50.890 13.631 9.681

Median 0.093 9.838 514.190 47.963 12.059 8.610

Maximum 0.445 78.789 1866.222 131.485 83.121 38.025

Minimum 0.016 0.956 200.298 11.087 0.781 0.874

Std. Dev. 0.079 12.745 240.151 18.913 9.603 6.574

Skewness 1.176 2.257 1.956 0.918 2.341 1.240

Kurtosis 4.055 9.239 9.986 4.170 12.640 5.094

Jarque-Bera 142.105 1267.588 1370.266 101.286 2455.243 225.190

Probability 0.000 0.000 0.000 0.000 0.000 0.000

Observations 513 513 513 513 513 513

Source: authors’ estimation

Table 3 Results of
Pesaran (2004) cross-
sectional dependence test

Variables Test statistics p Value

CEM 48.257 0.000

POP 66.215 0.000

GDP 53.258 0.000

TRD 12.589 0.000

FSD 33.557 0.000

PCB 40.891 0.000

All variables are significant at 1% level

Source: authors’ estimation

26455Environ Sci Pollut Res (2021) 28:26449–26460



rejection of the null hypothesis, thus concluding that the FDI
employs a nonlinear association between the FD and CO2
emissions. Also, this association should be explored by the
PSTR model.

When the nonlinearity is confirmed, then in the second
step, the number of regimes is estimated by employing the
no remaining nonlinearity test. Table 6 depicts the results,
and based on these results, we have concluded that our
results accept the following statement that says PSTR mod-
el with one transition or two regimes (Ho) and reject the
statement that says PSTR model with at least two transi-
tions and three regimes (H1). Thus, in this situation, the null
is accepted, while the alternative hypothesis is rejected. To
conclude the results, we state that it is adequate to study the
nonlinear association between the FD and CO2 emissions
through the PSTR technique. The studies of Mosikari and
Eita (2020), Raza et al. (2020), and Jiang et al. (2020) also
depict the same results.

At last, Tables 7 and 8 represent the result of the PSTR
technique. Concerning the PSTR technique, it is stated by
Fouquau et al. (2008) that estimated values cannot be
interpreted directly; thus, estimated values possess no

importance in the PSTR model. However, the estimated sign
holds great importance (Ulucak et al. 2020).

In the present research, two indicators of FD have been
used, so based on the two indicators, we have performed the
tests of two different models (Tables 7 and 8). Both models
displayed that in a low FD regime, FD is positively and sig-
nificantly associated with CO2 emissions. However, as a
country moves to the high FD regime, then we observe that
FD is negatively and significantly associated with CO2 emis-
sions. Therefore, it is confirmed that both indicators of FD
affect the CO2 emissions differently.

The influence of financial system deposit (FSD) on CO2
emissions is reported in Table 7. We can see that in low re-
gime, FSD positively and significantly affects the emission of
CO2. Then, the same association becomes negative and sig-
nificant in the high regime of FD. The point above which FSD
reduces the CO2 emissions is the minimum threshold value,
i.e., 0.358. Hence, based on the findings, we can state the
following that CO2 emission declines by FSD when FD
reaches above the threshold point. This result depicts that
initially, countries aim to emphasize the industrial and service
sectors as these sectors are considered to be an important
revenue generator. Hence, if low-income countries spend on
these sectors, then they are more likely to get high taxes and
revenue. However, during this situation, countries do not
focus on the environment and ignore the harmful activities
because the primary concern is to boost the economy. Also,
Eltayeb et al. (2010) stated that various business activities
such as manufacturing, sourcing, marketing activities, and lo-
gistics are the major sources of degradation of environment.
Hence, initially, these activities affect the environment, but
slowly and gradually, as the countries move to the high re-
gime, carbon dioxide emission decreases, and the reason is
that now, countries start paying attention to the protection of
the environment. When it reaches the maturity level, the coun-
tries initiate allocating the budget on ways through which the
environment can be protected. For instance, the government
can make it mandatory for industries to implant technologies
that are energy efficient and environmentally friendly. Hence,
it will help the low-income industries to reduce the CO2

Table 4 Results of stationary analyses

Variables Im, Pesaran, and Shin

I(0) I(1)

C C&T C C&T

CEM 3.258 −0.025 −4.119*** −4.258***
POP 0.226 −0.098 −7.358*** −6.875***
GDP 0.369 0.023 −6.344*** −6.357***
TRD 1.220 0.338 −4.227*** −5.257***
FSD 0.875 −0.583 −5.025*** −4.998***
PCB 1.996 −0.697 −6.325*** −4.278***

***, **, and * indicate respectively the significance levels at 1%, 5%, and
10%

Source: authors’ estimation

Table 5 Linearity test
Threshold variable Lagrange multiplies—Wald test (LMW) Lagrange multiplies—Fisher tests (LMF)

Statistics p Value Statistics p Value

FSD 150.459 0.000 19.557 0.000

PCB 86.224 0.000 27.637 0.000

H1 PSTR model with at least two regimes

Ho linear panel model

Source: authors’ estimation
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emissions effectively. Similar results are revealed by prior
studies such as Agbanike et al. (2019) for Nigeria and
Mahalik et al. (2017) for Saudi Arabia.

The association between private credits by banks (PCB)
and CO2 emission is presented in Table 8; the results depict
that in a low FD regime, PCB is positively and significantly
associated with CO2 emissions; hence, it means that it has a
direct association; as PCB increases, the emission of CO2 also
increases. The results depict that initially, private credits by
banks are used for the betterment of the economy as low-
income countries primarily aim to fix their basic issues such
as GDP, tax collection, and revenue. After sometimes, when
low-income countries move towards the high regime of FD,
then at this point, the association becomes negative and sig-
nificant. The minimum threshold point of FD above which
PCB reduces the CO2 emission is 0.428. It means that when
PCB increases, so it decreases the CO2 emissions. Thus, we
conclude that in high regime, low-income countries can pre-
vent the environmental degradation as now they are in the
state that they can invest in sustainable development as well.
Moreover, the government creates the way for industries so
that they can contribute in the protection of environment, such
as offer loans at low interest rates, allocate minimum taxes,
and purchase of heavy machineries that play an efficient role
in the reduction of CO2 emissions. The result is similar to the
findings of Eren et al. (2019) and Hassine and Harrathi (2017).

Conclusion

The deterioration of environment through depletion of re-
sources such as water, air, and soil and also the extinction of
wildlife and destruction of ecosystem through hazardous gas-
ses, deforestation, and harmful activities all come under the
concept of environmental degradation. Additionally, when
humans disturb the natural ecosystems, it results in disastrous
changes for long term. Hence, it is necessary to study all the
factors from several perspectives. We conduct this research to
study the impact of FD and international trade on environmen-
tal degradation, i.e., CO2 emission. Also, to understand the
mechanism in low-income countries that how they are
degrading the environment. Thus, the findings of our research
support the research objectives as well. The results reveal that
initially, low-income countries do not take measures for the
protection, but as soon as they start progressing in this do-
main, it ultimately decreases the emission of CO2.

Environmental change has become a serious issue in the
present era. Several factors have been identified among which
the financial development is recognized as the main cause of
CO2 emissions. In the past, researchers studied the association
between the variables by employing the linear association, but
very limited studies have examined the nonlinear association.
Therefore, this study gives new insights into the effect of FD
and CO2 emissions along with international trade in low-
income countries by using the yearly data that consist of the

Table 6 Test of no remaining
nonlinearity Threshold variable Lagrange multiplies—Wald test (LMW) Lagrange multiplies—Fisher tests (LMF)

Statistics p Value Statistics p Value

FSD 7.156 0.586 1.354 0.235

PCB 8.016 0.331 0.987 0.468

H1 PSTR model with at least three regimes

Ho PSTR model with two regimes

Source: authors’ estimation

Table 7 PSTR model estimations with financial system deposits

Variables β0 t-stats β1 t-stats

POP 0.482*** 2.897 0.897*** 3.247

GDP 0.538*** 3.521 −1.245*** 4.215

TRD 0.114 1.085 0.525* 1.874

FSD 0.358** 2.057 −0.789*** 3.142

Threshold (c) 1.208*** 6.559

Slope parameter (γ) 42.587*** 4.257

β0 and β1 stand for regime 1 and regime 2, respectively

***, **, and * indicate respectively the significance levels at 1%, 5%, and
10%

Table 8 PSTR model estimations with private credit by banks

Variables β0 t-stats β1 t-stats

POP 0.561*** 3.327 0.897** 2.485

GDP 0.625*** 4.214 −1.125*** 3.854

TRD 0.187 0.518 0.341* 1.705

PCB 0.428*** 2.826 −0.861*** 3.207

Threshold (c) 1.067*** 5.198

Slope parameter (γ) 60.258*** 9.247

β0 and β1 stand for regime 1 and regime 2, respectively

***, **, and * indicate respectively the significance levels at 1%, 5%, and
10%
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years 1990–2016. The results have been analyzed by using the
PSTR technique. The result confirmed that the association
between the variables is nonlinear. Secondly, the association
between the FD and CO2 emissions is positive and signif-
icant in low regimes, but as the economies progress to a
high regime, the relationship between the two variables
becomes negative and significant. Hence, it shows that ini-
tially, the target of countries is to focus on their industries
and service sectors as they are the crucial source of income
for low-income countries. Hence, in this situation, low-
income countries do not pay attention to the environment
on how much the environment is deteriorating by harmful
activities. Low-income countries are not developed and
presently fighting to sustain in this fast-paced world.
Thus, no investment is done on the protection of the envi-
ronment, and their operations increase CO2 emissions.
However, the results show that after sometimes, CO2 emis-
sion decreases because now, countries start investing a little
amount on the ecological departments.

The results represent that the association between FD and
the environment is not robust as CO2 emissions can be min-
imized only after when the FD reaches a certain threshold
point. Thus, this means that low-income countries should
strengthen FD usage in improving environmental quality.
The government should start cooperating with the rating or-
ganizations to choose efficient investments and also impose
strict obligations on people of other countries. During the
investment process, the financiers should be asked to share
information related to CO2 emissions. Also, there is a need
to have a contract that includes the terms and conditions
regarding the prevention of emission of CO2. Due to the
threshold effect of FD, low-income countries should frame
high standards related to FD. It is suggested that the gov-
ernment should give entry to those multinational companies
that use and foster clean and green technologies and should
also encourage foreign investors to use their capital in effi-
cient and high-tech production. Moreover, to improve the
existing industries’ production process, there is a need to
upgrade the technology. Thus, the government of low-
income states should invest in green technology and focus
on converting existing industries into low carbon emissions
industries.

The result shows that international trade increases CO2
emissions. To overcome this effect, we recommend the gov-
ernment to aggressively finance and allocate budget for this
sector as well, such use of harmful materials should be banned
in low-income countries. Also, the government shouldmake it
compulsory for all states to follow international agreements
regarding the environment. There is a need to impose strict
rules while trading. Additionally, low-income countries
should collaborate with growing states that are efficient in
the prevention of environmental degradation so that carbon
emissions can be under controlled in these countries as well.

This will allow them to focus on sustainability and efficient
energy use in production, transportation, importing,
exporting, and other economic activities.

The result also shows that the population increases CO2
emissions. It is suggested that the government should imple-
ment regulatory policies that increase public awareness to-
wards the usage of renewable energy sources and motivate
them to implement its usage in daily life by using solar water
heaters, solar planes, etc. All these outcomes will minimize
nonrenewable energy consumption and diminishes the CO2
emissions.

The last factor is economic growth, and it depicts that in
low regime, GDP increases the carbon dioxide emission, but
as it starts moving towards high regime, then GDP starts
diminishing the CO2 emission. Hence, it is recommended that
low-income countries should emphasize the ways through
which the economy can be fostered. So, for this purpose, the
revised and appropriate policies are needed as it will help in
the protection of the environment as well.

Limitations of the research and future
recommendations

In our research, there are some constraints that can be ad-
dressed in the upcoming period. The first limitation is related
to the data availability as a result of which some factors of
CO2 emissions such as ecological footprint and carbon foot-
prints are not considered in the given model. Secondly, the
threshold variable used in this study is FD; there are other
variables as well that affect the FD and CO2 emissions, so
this study can be re-studied by considering them. This study
focuses only on nineteen low-income countries; the research
can be extended by adding more countries. The research can
also be expanded by considering the high-income states, and
comparative analysis can be conducted. Moreover, the study
can be carried forward by using the other regions’ dataset or
by using a single country dataset.

Authors’ contributions Asadullah Khaskheli: conceptualization; writing,
original draft; writing, review and editing; data curation

Yushi Jiang: conceptualization; writing, original draft; writing, review
and editing; supervision

Syed Ali Raza: methodology; formal analysis; writing, original draft;
writing, review and editing; methodology; software

Komal Akram Khan: writing, original draft; writing, review and
editing; data curation Muhammad Asif Qureshi: writing, original draft;
writing, review and editing; data curation

Data availability The datasets used and/or analyzed during the current
study are available from the corresponding author on reasonable request.

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of
interest.

26458 Environ Sci Pollut Res (2021) 28:26449–26460



Ethics approval Not applicable.

Consent to participate Not applicable.

Consent for publication Not applicable.

References

Adams S, Klobodu EKM (2018) Financial development and environmen-
tal degradation: does political regime matter? J Clean Prod 197:
1472–1479

Agbanike TF, Nwani C, Uwazie UI, Anochiwa LI, Onoja TGC,
Ogbonnaya IO (2019) Oil price, energy consumption and carbon
dioxide (CO2) emissions: insight into sustainability challenges in
Venezuela. Latin American Economic Review 28(1):8

Ali HS, Law SH, Lin WL, Yusop Z, Chin L, Bare UAA (2019) Financial
development and carbon dioxide emissions in Nigeria: evidence
from the ARDL bounds approach. GeoJournal 84(3):641–655

Al-Mulali U, Tang CF, Ozturk I (2015a) Does financial development
reduce environmental degradation? Evidence from a panel study
of 129 countries. Environ Sci Pollut Res 22(19):14891–14900

Al-Mulali U, Weng-Wai C, Sheau-Ting L, Mohammed AH (2015b)
Investigating the environmental Kuznets curve (EKC) hypothesis
by utilizing the ecological footprint as an indicator of environmental
degradation. Ecol Indic 48:315–323

Andersson FN (2018) International trade and carbon emissions: the role
of Chinese institutional and policy reforms. J Environ Manag 205:
29–39

Atici C (2009) Carbon emissions in Central and Eastern Europe: environ-
mental Kuznets curve and implications for sustainable development.
Sustain Dev 17(3):155–160

Charfeddine L, Kahia M (2019) Impact of renewable energy consump-
tion and financial development on CO2 emissions and economic
growth in the MENA region: a panel vector autoregressive
(PVAR) analysis. Renew Energy 139:198–213

Collins D, Zheng C (2015) Managing the poverty–CO2 reductions para-
dox: the case of China and the EU. Organization & Environment
28(4):355–373

Dogan E, Seker F (2016) The influence of real output, renewable and
non-renewable energy, trade and financial development on carbon
emissions in the top renewable energy countries. Renew Sust Energ
Rev 60:1074–1085

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

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

Eltayeb H, Kılıçman A, Fisher B (2010) A new integral transform and
associated distributions. Integral Transforms and Special Functions
21(5):367–379

Eren BM, Taspinar N, Gokmenoglu KK (2019) The impact of financial
development and economic growth on renewable energy consump-
tion: empirical analysis of India. Science of the Total Environment
663:189–197

Essandoh OK, Islam M, Kakinaka M (2020) Linking international trade
and foreign direct investment to CO2 emissions: any differences
between developed and developing countries? Sci Total Environ
712:136437

Farhani S, Ozturk I (2015) Causal relationship between CO 2 emissions,
real GDP, energy consumption, financial development, trade

openness, and urbanization in Tunisia. Environ Sci Pollut Res
22(20):15663–15676

Fouquau J, Hurlin C, Rabaud I (2008) The Feldstein–Horioka puzzle: a
panel smooth transition regression approach. Econ Model 25(2):
284–299

Gainelli G, Fracasso A, Vittucci Marzetti G (2015) Spatial agglomeration
and productivity in Italy: a panel smooth transition regression ap-
proach. Pap Reg Sci 94:S39–S67

Gonzalez A, Ter€asvirta T, van Dijk D (2005) Panel smooth transition
regression models, (no 165). Quantitative Finance Research Centre,
University of Technology, Sydney, Research Paper Series

Halicioglu F (2009) An econometric study of CO2 emissions, energy
consumption, income and foreign trade in Turkey. Energy Policy
37(3):1156–1164

Hansen BE (2000) Sample splitting and threshold estimation.
Econometrica 68(3):575–603

Hasanov FJ, Liddle B, Mikayilov JI (2018) The impact of international
trade on CO2 emissions in oil exporting countries: Territory vs
consumption emissions accounting. Energy Economics 74:343–350

Hassine MB, Harrathi N (2017) The causal links between economic
growth, renewable energy, financial development and foreign trade
in gulf cooperation council countries. International Journal of
Energy Economics and Policy 7(2):76–85

Hossain MS (2011) Panel estimation for CO2 emissions, energy con-
sumption, economic growth, trade openness and urbanization of
newly industrialized countries. Energy Policy 39(11):6991–6999

Işik C, Kasımatı E, Ongan S (2017) Analyzing the causalities between
economic growth, financial development, international trade, tour-
ism expenditure and/on the CO2 emissions in Greece. Energ Sourc
B Econ Plann Policy 12(7):665–673

Jalil A, Feridun M (2011) The impact of growth, energy and financial
development on the environment in China: a cointegration analysis.
Energy Econ 33(2):284–291

Javid M, Sharif F (2016) Environmental Kuznets curve and financial
development in Pakistan. Renew Sust Energ Rev 54:406–414

Jayanthakumaran K, Verma R, Liu Y (2012) CO2 emissions, energy
consumption, trade and income: a comparative analysis of China
and India. Energy Policy 42:450–460

Jiang Y, Khaskheli A, Raza SA, Qureshi MA, Ahmed M (2020)
Threshold non-linear relationship between globalization, renewable
energy consumption, and environmental degradation: evidence from
smooth transition models. Environ Sci Pollut Res 1–17. https://doi.
org/10.1007/s11356-020-11537-x

Kasman A, Duman YS (2015) CO2 emissions, economic growth, energy
consumption, trade and urbanization in new EU member and can-
didate countries: a panel data analysis. Econ Model 44:97–103

Katircioğlu ST, Taşpinar N (2017) Testing the moderating role of finan-
cial development in an environmental Kuznets curve: empirical ev-
idence from Turkey. Renew Sust Energ Rev 68:572–586

Khan MI, Teng JZ, Khan MK (2020) The impact of macroeconomic and
financial development on carbon dioxide emissions in Pakistan: ev-
idence with a novel dynamic simulated ARDL approach. Environ
Sci Pollut Res 27(31):39560–39571

Khoshnevis Yazdi S, Ghorchi Beygi E (2018) The dynamic impact of
renewable energy consumption and financial development on CO2
emissions: for selectedAfrican countries. Energ Sourc B Econ Plann
Policy 13(1):13–20

Lahiani A (2020) Is financial development good for the environment? An
asymmetric analysis with CO2 emissions in China. Environ Sci
Pollut Res 27(8):7901–7909

Le HP, Ozturk I (2020) The impacts of globalization, financial develop-
ment, government expenditures, and institutional quality on CO2

emissions in the presence of environmental Kuznets curve.
Environ Sci Pollut Res 1–18

Li T,WangY, Zhao D (2016) Environmental Kuznets curve in China: new
evidence from dynamic panel analysis. Energy Policy 91:138–147

26459Environ Sci Pollut Res (2021) 28:26449–26460

https://doi.org/10.1007/s11356-020-11537-x
https://doi.org/10.1007/s11356-020-11537-x


Mahalik MK, Babu MS, Loganathan N, Shahbaz M (2017) Does finan-
cial development intensify energy consumption in Saudi Arabia?
Renew Sust Energ Rev 75:1022–1034

McNown R, Sam CY, Goh SK (2018) Bootstrapping the autoregressive
distributed lag test for cointegration. Appl Econ 50(13):1509–1521

Millington R, Cox PM, Moore JR, Yvon-Durocher G (2019) Modelling
ecosystem adaptation and dangerous rates of global warming.
Emerg Top Life Sci 3(2):221–231

Mosikari TJ, Eita JH (2020) CO2 emissions, urban population, energy
consumption and economic growth in selected African countries: a
Panel Smooth Transition Regression (PSTR). OPEC Energy
Review 44(3):319–333

Muhammad S, Long X, Salman M, Dauda L (2020) Effect of urbaniza-
tion and international trade on CO2 emissions across 65 belt and
road initiative countries. Energy 196:117102

Nasir M, Rehman FU (2011) Environmental Kuznets curve for carbon
emissions in Pakistan: an empirical investigation. Energy Policy
39(3):1857–1864

Omoke PC, Opuala-Charles S, Nwani C (2020) Symmetric and asym-
metric effects of financial development on carbon dioxide emissions
in Nigeria: evidence from linear and nonlinear autoregressive dis-
tributed lag analyses. Energy Explor Exploit 0144598720939377

Omri A (2013) CO2 emissions, energy consumption and economic
growth nexus in MENA countries: evidence from simultaneous
equations models. Energy Econ 40:657–664

Ozturk I, Acaravci A (2013) The long-run and causal analysis of energy,
growth, openness and financial development on carbon emissions in
Turkey. Energy Econ 36:262–267

Ozturk I, Al-Mulali U (2015) Investigating the validity of the environmen-
tal Kuznets curve hypothesis in Cambodia. Ecol Indic 57:324–330

Pesaran HM (2004) General diagnostic tests for cross-sectional depen-
dence in panels. University of Cambridge, Cambridge Working
Papers in Economics 435

Raza SA, Shah N, Qureshi MA, Qaiser S, Ali R, Ahmed F (2020) Non-
linear threshold effect of financial development on renewable ener-
gy consumption: evidence from panel smooth transition regression
approach. Environ Sci Pollut Res Int 27:32034–32047

Samargandi N, Fidrmuc J, Ghosh S (2015) Is the relationship between
financial development and economic growth monotonic? Evidence
from a sample of middle-income countries. World Dev 68:66–81

Sethi P, Chakrabarti D, Bhattacharjee S (2020) Globalization, financial
development and economic growth: perils on the environmental
sustainability of an emerging economy. J Policy Model 42:520–535

Shahbaz M, Hye QMA, Tiwari AK, Leitão NC (2013a) Economic
growth, energy consumption, financial development, international
trade and CO2 emissions in Indonesia. Renew Sust Energ Rev 25:
109–121

Shahbaz M, Solarin SA, Mahmood H, Arouri M (2013b) Does financial
development reduce CO2 emissions inMalaysian economy? A time
series analysis. Econ Model 35:145–152

Shahbaz M, Khraief N, Uddin GS, Ozturk I (2014a) Environmental
Kuznets curve in an open economy: a bounds testing and causality
analysis for Tunisia. Renew Sust Energ Rev 34:325–336

Shahbaz M, Uddin GS, Rehman IU, Imran K (2014b) Industrialization,
electricity consumption and CO2 emissions in Bangladesh. Renew
Sust Energ Rev 31:575–586

Shahbaz M, Van Hoang TH, Mahalik MK, Roubaud D (2017) Energy
consumption, financial development and economic growth in India:
new evidence from a nonlinear and asymmetric analysis. Energy
Econ 63:199–212

ShahbazM, Nasir MA, Roubaud D (2018) Environmental degradation in
France: the effects of FDI, financial development, and energy inno-
vations. Energy Econ 74:843–857

Shahbaz M, Haouas I, Van Hoang TH (2019) Economic growth and
environmental degradation in Vietnam: is the environmental
Kuznets curve a complete picture? Emerg Mark Rev 38:197–218

Tamazian A, Rao BB (2010) Do economic, financial and institutional
developments matter for environmental degradation? Evidence from
transitional economies. Energy Econ 32(1):137–145

Ulucak R, Koçak E, Erdoğan S, Kassouri Y (2020) Investigating the non-
linear effects of globalization on material consumption in the EU
countries: evidence from PSTR estimation. Res Policy 67:101667

Vale VA, Perobelli FS, Chimeli AB (2018) International trade, pollution,
and economic structure: evidence on CO2 emissions for the north
and the south. Econ Syst Res 30(1):1–17

Wang H, Ang BW (2018) Assessing the role of international trade in
global CO2 emissions: An index decomposition analysis approach.
Appl Energy 218:146–158

Zafar MW, Shahbaz M, Hou F, Sinha A (2019) From nonrenewable to
renewable energy and its impact on economic growth: the role of
research & development expenditures in Asia-Pacific Economic
Cooperation countries. J Clean Prod 212:1166–1178

Zaidi SAH, Zafar MW, Shahbaz M, Hou F (2019) Dynamic linkages
between globalization, financial development and carbon emissions:
evidence fromAsia Pacific economic cooperation countries. J Clean
Prod 228:533–543

Zhao B, Yang W (2020) Does financial development influence CO2
emissions? A Chinese province-level study. Energy 117523

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

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

26460 Environ Sci Pollut Res (2021) 28:26449–26460


	Financial...
	Abstract
	Introduction
	Literature review
	Methodology
	Data

	Data analysis
	Descriptive statistics
	Cross-sectional dependence
	Unit root test
	Panel smooth transition regression technique

	Conclusion
	Limitations of the research and future recommendations

	References


