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Abstract
This research article aims to investigate the moderating role of financial development in Environmental Kuznets Curve (EKC) in
the context of Malaysia for the period 1970–2016. As the time series variables are integrated of different order therefore, Auto-
Regressive Distributed Lag (ARDL) model has been employed to estimate the long-run equilibrium relationship among the
variables. The results indicate that EKC does exist for Malaysia and financial development has negative impact on carbon
emission. Moreover, financial development is found to have significant moderating impact on income environment relation.
More financial development brings early turning point of the EKC. The results recommend that financial development can be
used as one of the policy measures to reduce the environmental cost of economic growth in Malaysia.
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Introduction

The Environment Kuznets Curve (EKC) has attracted the pol-
icies and priorities of the development economists since
1990s. It describes continues economic growth as a cause, as
well as remedy, to the environmental problem of the day. The
seminal work to establish the EKC theory came from the
various research works (Beckerman 1992; Grossman and
Krueger 1995; Panayotou 1993; Shafik and Bandyopadhyay
1992). According to the EKC hypothesis, economic growth
generates environmental pollution at the early stages of

economic development. However, as the economy reaches
to a sufficient level of economic development, economic
growth generates the conditions that are conducive for a better
environment. Consequently, environmental pollution forms a
nonlinear relationship with economic growth as at the first
place it increases with the increase

EKC has gained increasing popularity among the academi-
cians and policymakers during the last two decades. Since the
debate started over the existence and shape of the EKC,
policymakers all over the world have been carefully watching
the pros and cons of the EKC. The critical question for them
remained unresolved “whether economic growth should contin-
ue to be the main priority, with protection of the environment a
secondary consideration, or whether explicit policies to control
environmental degradation are urgently required today.”

Several empirical studies such as Arrow et al. (1995),
Bradford et al. (2000), Dinda (2004), Dasgupta et al. (2006),
Aslanidis (2009), Costantini and Martini (2010), Chowdhury
and Moran (2012), Al Sayed and Sek (2013), and Chow and
Li (2014) have studied the income-environment nexus to val-
idate the EKC theory. However, these studies have diverse
empirical outcome as they found different peak turning point
of the EKC.

The peak turning point of the EKC has important policy
implications for developing countries. The steeper EKC im-
plies that high environmental cost is attached to economic
growth, while the flatter EKC implicates low environmental
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cost of economic growth. The developing countries cannot
compromise over economic growth as it is critical for them
to eradicate unemployment and poverty. The debate, there-
fore, is on how developing countries can achieve the flatter
EKC. The conclusive results about the slope of the EKC and
its determining factor in the literature are still pending.

The income environment nexus took new twist with the
introduction of additional variables that have impact on the
slope and shifting of the EKC. The pollution in a country in
fact does not depend necessarily on its income only, popula-
tion, financial development, urbanization, and open trade are
considered other important determinants. Similarly, the influ-
ence of financial development on the pollution has not been
given due consideration.

Financial development affects the pollution in a country
through different pathways. First, it can cause the pollution
by increasing the access of industrial and commercial firms to
the capital. Second, FD attracts foreign direct investment in-
flows that speed up the economic growth process, facilitates
research and development (R&D), and, therefore, changes the
dynamics of environmental improvement. Third, it provides
developing countries with the opportunities to use novel and
updated environment-friendly technologies to produce clean
production that results in improved local and global environ-
ment. Fourth, well-functioning financial system also supports
foreign trade activities that lead to more economic growth and
better environment (Sadorsky 2011). Finally, contrary to the
first and the second pathways as noted by Tamazian et al.
(2009), increased economic growth spurred by financial de-
velopment may increase environmental degradation and in-
dustrial pollution. Moreover, it is also argued that financial
sector development relies more on the use of energy that leads
to more environmental degradation

In this backdrop, current study examines the moderating
role of FD to determine the slope of the EKC in the context of
Malaysia that is a middle-income country with a per capita
income of $ 11078.27 in 2018 and 8.53 metric ton CO2 emis-
sion per person in 2016 (The World Bank 2018). The bank
estimates that CO2 emission from Malaysia has increased by
3.09% from 1997 to 2018. According to Zainuddin (2017),
Malaysia has planned to slash CO2 emission by 25% as part
of a national effort to contribute in global efforts to tackle the
dangers of climate change and global warming.

To the best of the author’s knowledge, the studies that have
examined the moderating role of FD to minimize the environ-
mental cost of economic growth in the EKC framework espe-
cially in the context of Malaysia are scarce. Previous studies
on Malaysia such as Saboori et al. (2012), Saboori and
Sulaiman (2013), Lau et al. (2014), Begum et al. (2015), and
Gill et al. (2017b) have examined the links between pollution,
trade, renewable energy, energy consumption, economic
growth, and FDI. Nevertheless, these studies have overlooked
the impact of FD on environment quality, especially when the

influence of FD on the slope of the EKC has not been deter-
mined yet. Moreover, these research studies also have diverse
empirical output about the slope and height of the EKC for
Malaysia. Mixed outcome of the research studies suggests that
existence of the EKC in middle-income countries like
Malaysia is a still ongoing debate. Current study, therefore,
backs the existing literature in this regard.

Literature review

Despite the plethora of the empirical studies, the debate
remained unresolved about the existence and shape of EKC.
The empirical literature about the EKC started from
pioneering work of Beckerman (1992), Grossman and
Krueger (1995), and Panayotou (1995). They examined links
between economic growth and several environmental mea-
sures and concluded that environment quality gradually im-
proves with the process of economic development. Economic
growth initially leads to environmental degradation; however,
after a certain position of economic development, it leads to
the improvement of environment.

Following these seminal work, a number of empirical studies
such as Raymond (2004), Stern (2004), Vollebergh et al. (2005),
Managi and Jena (2008), Fodha and Zaghdoud (2010), and Gill
et al. (2017a, b) studied the growth-environment nexus. These
studies employed different specifications, estimation techniques,
and data set and found a range of conflicting results. Some
studies reported a monotonically increasing relation between
income and environment, other found nonlinear inverted U-
shaped relation. Some studies also found N-shaped relationship.
Moreover, studies that confirmed the EKC relationship between
income and environment did not agree on any unique peak
turning point of the EKC.

The literature on the linkages between financial development
and environment is also in infancy state. Some studies found
negative influence of financial development on environment
while others found positive. For instance, Dasgupta et al.
(2001) showed that well-established financial system provide
enabling environment to the firms to lower CO2 emission.
Cole and Elliott (2005) claimed that developed financial tools
like treasury bonds, leasing, loans, and financial derivatives en-
able the small- and medium-scale companies to attain the econ-
omies of scale and to lessen the usage of the natural resources.
Claessens and Feijen (2007) also claimed that financial devel-
opment lead to better environmental performance.

Tamazian et al. (2009) examined the influence of financial
development on environmental quality in South Africa,
Brazil, India, China, and Russia (BRICS) countries for the
period 1992–2004. They found that both economic growth
and financial development lead to environmental
improvement in the long run. Tamazian and Rao (2010)
claimed that financial development played a critical role in

Environ Sci Pollut Res (2019) 26:34468–34478 34469



transitional economies for environmental disclosure.
However, they warned that financial development might
prove harmful if it was not supported by institutional reforms.

These claims are also evident in the empirical investigation
of Yuxiang and Chen (2011). They argued that financial de-
velopment plays a key role to promote technological spillover
that in return lead to environmental efficiencies and reduction
in GHG emissions. Jalil and Feridun (2011) found a negative
significant coefficient on financial development against CO2

emission in China. Similarly, Ozturk and Acaravci (2013)
concluded a causality link running from financial develop-
ment to per capita CO2 emission in Turkey implying that
financial development reduces the pollution. According to
recent study by Nasreen et al. (2017), financial stability helps
to improve the environment and makes the EKC to exist. They
investigated these nexuses in South Asian countries for the
period 1980–2012.

On the contrary, various studies also claim a negative im-
pact of financial development on the environmental perfor-
mance. For instance, Sadorsky (2010) and Zhang (2011)
claimed a pollution enhancing role of financial development.
According to them, financial development reduces financing
costs that leads to increases in industrial and commerce activ-
ities and, therefore, increases the CO2 emission. Moreover,
financial development also spurs consumption of electronics
by facilitating consumers with loans that also eventually lead
to more emissions of greenhouse gasses (GHG). Shahbaz and
Lean (2012) claimed that financial development facilitates
FDI that leads to increase in CO2 emissions in developing
countries. Similarly, Lee et al. (2015) did not support the
EKC hypothesis and role of financial development in mitigat-
ing the GHG emission.

Abid (2017) studied the impact of financial development
on the EKC in African, Middle Eastern and European coun-
tries for the period 1990–2011 using generalized method of
moments (GMM). He also found a monotonically increasing
relation between economic growth and CO2 emission in all
sample countries and, therefore, rejected the EKC hypothesis.
Hence, there are mixed and inconclusive findings regarding
the existence of the EKC. Also, the role of financial develop-
ment in moderating the income environment relation has been
less explored.

Methodology

Model

To estimate the EKC relationship between income and
environment, the following basic general model has been
used by Shafik (1994) and Grossman and Krueger (1995).

CO2t ¼ β0 þ β1Y t þ β2Y
2
t þ β3Zt þ ut ð1Þ

In Eq. 1, CO2 is per capita emission, Y stands for per capita
GDP, Z represents other determinants of CO2, and ut is an
error term of the model. Based on the EKC hypothesis, β1 is
likely to be positively significant and β2 is negatively
significant.

As the current study aims to estimate the impact of finan-
cial development (FD) on the EKC, therefore, FD is consid-
ered as an independent variable in the EKC model. Moreover,
to avoid any misspecification of the model, two important
determinants of CO2 emission, foreign direct investment
(FDI) and energy consumption (EC), are also included in
Eq. 2.

CO2t ¼ β0 þ β1Y t þ β2Y
2
t þ β3FDt þ β4FDIt þ β5ECt

þ ut ð2Þ

The turning point of the EKC where environment starts to
improve with further economic growth is calculated by using
Eq. 3.

Turning point income level ¼ β1

2β2
ð3Þ

Several studies that advocate the role of institutional factors
in income environment relation use these factors as explana-
tory variables. In this specification, absent variables cannot
affect the turning point of the EKC rather they can only
change the amplitude of the EKC. Such studies are, therefore,
unable to address the issue of the different turning point of the
EKC due to different level of institutional development. In this
backdrop, FD is entered in the EKC specification in Eq. 4
interactively with income, so that turning point income be-
comes context specific Aubourg et al. (2008).

CO2t ¼ β0 þ β1Y t þ β2Y
2
t þ β3 FDt*Y tð Þ þ β4FDIt

þ β5ECt þ ut ð4Þ

This specification provides a way to empirically investigate
the different turning points of the EKC corresponding to dif-
ferent level of financial development. According to Aubourg
et al. (2008), this specification is unique in terms of tracing out
the true impact of any variable on the turning point of the
EKC. Equation 4 allows locating the turning point per capita
GDP values inclusive of financial sector development. With
this specification, the turning point income level of the EKC
has become the function of the level of the FD in Eq. 5.

Turning point income level ¼ β1 þ β3FDt

2 β2
ð5Þ

Besides, to determine the significance of interaction term in
the EKCmodel, Wald test for zero restriction of the parameter
for interaction term has been employed.
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Estimation technique

The ordinary least square (OLS) method assumes that
time series variables under investigation must be station-
ary. However, most of the time series variables are
prone to the problem of nonstationary. In this case,
cointegration procedure can be utilized to evaluate the
possible equilibrium relationship among the variables.
Mostly, three main cointegration tests are found in lit-
erature: Engle and Granger (2001) that is based on the
residuals of the mode, Phillips and Hansen (1990) that
is based on modified OLS, and Johansen (1995) that is
based on multiple system of the equations.

According to these tests, for the presence of the
cointegration relationship, the nonstationary time series
variables must be integrated on the same order.
However, Autoregressive Distributed Lag (ARDL) intro-
duced by Pesaran and Shin (1998) can find the
cointegration relation among the time series variables
that are integrated of different order. Moreover, ARDL
arrests both long-run and short-run dynamics of
cointegration relation. Pesaran and Shin (1998) also
c la im tha t ARDL es t imates a re cor rec ted for
endogeneity and serial correlation problem.

Due to these conveniences, the current study utilizes
ARDL model to estimate the relationship between time
series variables. Including intercept and time trend, the
general ARDL (p,q,r,s,v) for Eqs. 2 and 4 can be writ-
ten in the form of Eqs. 6 and 7 respectively.

ΔCO2t ¼ α0 þ α1t þ ∑
p

i−1
β1iΔCO2t−i þ ∑

q

i−1
β2iΔY t−i

þ ∑
r

i−1
β3iΔY 2

t−i þ ∑
s

i−1
β4iΔFDt−i

þ ∑
t

i−1
β5iΔFDIt−i þ ∑

v

i−1
β6iΔECt−i þ β7CO2t−i

þ β8Y t−i þ β9Y
2
t−i þ β10FDtt−i þ β11FDIt−i

þ β12ECt−i þ εt ð6Þ

ΔCO2t ¼ α0 þ α1t þ ∑
p

i−1
γ1iΔCO2t−i þ ∑

q

i−1
γ2iΔY t−i

þ ∑
r

i−1
γ3iΔY

2
t−i þ ∑

s

i−1
γ4iΔ FDt*Yð Þt t−i

þ ∑
t

i−1
γ5iΔFDIt−i þ ∑

v

i−1
γ6iΔECt−i þ γ7CO2t−i

þ γ8Y t−i þ γ9Y
2
t−i þ γ10 FDt*Yð Þt t−i

þ γ11FDIt−i þ γ12ECt−i þ εt ð7Þ

In Eqs. 6 and 7, (p, q, r, s, v) are lag order of the ARDL
model.While βi and γi are the estimates of short-run and long-
run cointegration equilibrium relationship. The lag structure
of the models is determined by using the Akaike Information
Criterion (AIC). After determining optimal lag structure,
bounds test procedure is used to examine the cointegration
relationship between the variables of the model. According
to the bounds test

Null hypothesis H0ð Þ : β7 ¼ β8 ¼ β9 ¼ β10 ¼ β11 ¼ β12

¼ 0 no cointegrationð ÞAlternate hypothesis H1ð Þ
: β7≠β8≠β9≠β10≠β11≠β12≠0 there is cointegrationð Þ

The H0 is rejected in case F-statics of bounds test exceed
critical values of the upper bond. The H1 is accepted that long-
run equilibrium cointegrated association does exist between
the variables of the model.

Table 1 Descriptive statistics
Variables Mean Maximum Minimum SD Skewness J. B

CO2 4.43 8.33 1.35 2.38 0.192 4.66 (0.14)

Y 5767.18 11031.82 1993.45 2700.06 0.320 3.42 (0.28)

FDI 3.79 8.76 0.06 1.75 0.630 4.61 (0.19)

EC 1646.84 3067.54 523.57 838.8 0.191 4.07 (0.23)

FD 90.24 158.5 21.29 39.12 − 0.327 2.62 (0.27)

The p values in the parenthesis in the last column indicate that null hypothesizes that variables normally distrib-
uted are not rejected

Table 2 Correlation analysis

Variables CO2 Y Y2 FD FD*Y EC FDI

CO2 1.00 0.99 0.96 0.78 0.96 0.99 0.66

Y 1.00 0.98 0.77 0.96 0.80 0.56

Y2 1.00 0.67 0.93 0.78 0.54

FD 1.00 0.89 0.78 0.11

FD*Y 1.00 0.96 0.35

EC 1.00 0.24

FDI 1.00
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In ARDL procedure, after settling the cointegration
relation between time series variables, the coefficients
of long-run cointegration relation are estimated.
Finally, short-run ARDL model that is also known as
an error-correction model (ECM) is estimated in the
following way for Eq. 2 and for Eq, 4 in the form of
Eqs. 8 and 9 respectively.

CO2t ¼ δ0 þ þ ∑
p

i−1
δ1iΔCO2t−i þ ∑

q

i−1
δ2iΔY t−i

þ ∑
r

i−1
δ3iY2t−i þ ∑

m

i−1
δ4iΔFDt � Y tt−1

þ ∑
m

i−1
β5iΔFDIt−i þ ∑

m

i−1
β6iΔECt−i þ λECTt−1

þ εt ð8Þ

CO2t ¼ δ0 þþ ∑
p

i−1
α1iΔCO2t−i þ ∑

q

i−1
α2iΔY t−i

þ ∑
r

i−1
α3iY2t−i þ ∑

m

i−1
α4iΔFDt

� Y tt−1 þ ∑
m

i−1
α5iΔFDIt−i

þ ∑
m

i−1
α6iΔECt−i þ λECTt−1 þ εt: ð9Þ

For the presence of the cointegration relation in the
model, the coefficient on ECTt − 1 must be negatively
significant. The value of λ indicates how much short-
run disequilibrium is adjusted to long-run equilibrium.
The diagnostic tests of normality, functional form,
heteroscedasticity, and of serial correlation are also con-
ducted to prove the robustness of the results. Moreover,
to examine the stability of estimates during the study
period, the stability tests like cumulative sum of squares
(CUSUMQ) and cumulative sum (CUSUM) developed
by Brown et al. (1975) and Chowdhury and Moran
(2012) are also employed.

Data

Current study utilizes annual time series data for
Malaysia spanning from 1970 to 2016. The data has
been attained from the World Development Indicator
2017. CO2 emissions are measured in metric ton per
capita: Yt is GDP per capita (constant 2000 US$), EC
is energy consumption per capita measured in kilograms
of oil equivalent, FDI is foreign direct net investment
flows as a percentage of GDP, while FD is domestic
credit to private sector as a percentage of the GDP.

Table 3 Unit root tests at levels
of the variables ADF (H0: variable has a unit root) PPS (H0: variable has a unit root)

Variables Test statistic Probability value Test statistic Critical value

CO2 0.02 (0.95) 0.11 (0.96)
Y 1.53 (0.99) 1.59 (0.99)
Y2 3.58 (1.00) 4.55 (1.00)
FDI − 3.49 (0.01)** − 3.49 (0.01)**
EC 0.40 (0.98) 0.96 (0.99)
FD − 1.58 (0.48) − 1.60 (0.48)
Y×FD 0.35 (0.98) 0.06 (0.95)

**MacKinnon (1990) 5% significance; Kwiatkowski et al. (1992) 5% significance

Table 4 Unit root tests at first
differences of the variables ADF (null: variable has a unit root) PPS (null: variable has a unit root

Variables Test statistic Critical value Test statistic Critical

CO2 − 7.64 (0.00)* − 7.64 (0.00)*
Y − 6.03 (0.00)* − 6.04 (0.00)*
Y2 − 5.14 (0.00)* − 5.15 (0.00)*
FDI − 7.45 (0.00)* − 8.05 (0.00)*
EC − 7.31 (0.00)* − 7.77 (0.00)*
FD − 6.59 (0.00)* − 6.63 (0.00)*
Y×FD − 4.95 (0.00)* − 4.97 (0.00)*

*MacKinnon (1990) 1% significance; Kwiatkowski et al. (1992) 1% significance

Environ Sci Pollut Res (2019) 26:34468–3447834472



Empirical results

The analysis starts with the descriptive statistics. Descriptive
statistics explain the degree of the reliability and variations in
the variables. Table 1 details the descriptive statistics of the
variables that have been employed in the EKCmodel. It is one
of the assumptions of the OLS model that dependant and
independent variablemust have significant variation. The high
value of standard deviation and high difference between max-
imum and minimum values indicate that variables have sub-
stantial variation. Moreover, skewness and J.B statistics indi-
cate that variables have normal distribution and do not pose
the problem of skewness.

The correlation analysis unfolds how much variables are
correlated to each other. This information is very useful in
regression analysis to avoid the problem of multicollinearity.
Table 2 reveals the correlation analysis where independent

variables are not strongly correlated to cause the problem of
multicollinearity.

The next step in the analysis is the examination of unit root
properties of the time series variables. The Augmented
Dickey-Fuller test (ADF) by Dickey and Fuller (1981) and
Phillips-Perron (PP) test by Kwiatkowski et al. (1992) have
been employed for the purpose. Moreover, Akaike
Information Criterion (AIC) has been used to determine the
lag length of the ADF and PP tests.

According to the ADF and PP test statistics in Tables 3 and
4, H0 that the time series variables CO2, Y, Y

2
, EC and FD

have unit root (non-stationary) at levels cannot be rejected.
However, Ho is rejected at first difference of the variables.
Hence, based on ADF and PP unit root tests, it can be con-
cluded that all the time series variables except FDI are inte-
grated of order one I (1). While FDI is observed to be station-
ary at level and can be termed as integrated of order I(0).
Because all the variables are not integrated in the same order,
therefore, ARDL is the most suitable estimation technique for
these settings.

With a view to be able to carry out ARDL analysis, it is
necessary to select optimum lag structure of dependent and
independent variables. For this purpose, AIC has been
employed. The AIC results for Eqs. 2 and 4 are reported in
Figs. 1 and 2 respectively. The optimal ARDELmodel for Eq.
2 is found (1,0,0,4, 2, 0) and for Eq. 4 is (1,0,0,4, 2, 3) as these
models have minimum AIC values.

The ARDL bounds test approach is aimed at establishing
the presence of cointegration relationship among the vari-
ables. This approach is based on joint F-statistics. Table 5
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Fig. 2 The ARDL model for Eqs. 2 and 4

Fig. 1 The EKC relationships between income and environmental
degradation

Environ Sci Pollut Res (2019) 26:34468–34478 34473



presents the F-statistics for both ARDL (1,0,0,4, 2, 0) and
ARDL (1,0,0,4, 2, 3). The F-statistics exceed the upper critical
values by Pesaran et al. (2001). Therefore, H0 of no
cointegration for both equations are rejected. The H1 that var-
iables are cointegrated for both equations are accepted. Hence,
it is concluded that long-run equilibrium relationship for both
equations do exist.

After finding the robust proof of cointegration in
both equations, the next step is the estimation of
short-run and long-run relationship. The estimated re-
sults for Eq. (6) are reported in Table 6. According to
the long-run results, the coefficient of Y is positive sig-
nificant and of Y2 is negatively significant. It implies
that per capita CO2 emission forms EKC relation with

GDP per capita in Malaysia. These results are in line
with Saboori et al. (2012), Saboori and Sulaiman
(2013), and Apergis and Ozturk (2015). The coefficient
on financial development is negatively significant. It
implies that more financial development can reduce the
emissions of CO2. These results are in line with Ozturk
and Acaravci (2013) and Shahbaz et al. (2013) who
claim that financial development curtails environmental
degradation during the growth process.

The coefficient of Coint Eq. (− 1) is negatively significant
that is an additional evidence of the existing of the long-run
cointegrating relation. Its value − 0.57 implies that in the cur-
rent year, nearly 57% disequilibrium in CO2 per capita is
adjusted back to long-run equilibrium.

Table 5 ARDL bounds test for
the Eqs. 6 and 7 Null hypothesis: no long-run relationships exist

ARDL bounds test Equation 6 Equation 7

Test statistic Value K Value K

F-statistic 4.161 5 4.809 5

Critical value bounds

Significance I (0) Bound I (1) Bound I (0) Bound I (1) Bound

10% 2.26 3.35 2.26 3.35

5% 2.62 3.79 2.62 3.79

1% 3.41 4.68 3.41 4.68

Table 6 ARDL estimates for Eq.
(6) Long-run coefficient Short-run coefficient

Variable Coefficient Prob. Variable Coefficient Prob.

Y 0.001181 0.089 D(Y) 0.000669 0.110

Y2 0.0000001 0.105 D(Y2) 1E-08 0.10

EC 0.0013 0.295 D(EC) 0.001655 0.01

FDI 0.219 0.025 D(EC(− 1)) − 0.0007 0.21

DC − 0.012 0.033 D(FDI) − 0.0116 0.71

C − 2.358 0.010 D(FDI(− 1)) − 0.01268 0.69

D(FDI(− 2)) − 0.02634 0.41

D(FDI(− 3)) − 0.05521 0.10

D(DC) − 0.00698 0.01

Coint Eq (− 1) − 0.566 0.0003

Breusch-Godfrey serial correlation LM test Ho: there is no autocorrelation

F-statistic 0.002 Prob. F (2,28) 0.998

bs×R-squared 0.005 Prob. chi-quare (2) 0.997

Heteroscedasticity test: ARCH Ho: there is no heteroscedasticity

F-statistic 0.985 Prob. F (1,40) 0.327

Obs×R-squared 1.01 Prob. chi-square (1) 0.315

Normality test Ho: the residuals are normally distributed

Jarque–Bera (0.175) Probability (.916)

Ramsey RESET test of model specification Ho: the model is correctly specified

t-statistic (1.12) Probability t (29) (0.23)

F-statistic (1.48) Probability F(1,26) (0.23)
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The models also pass through diagnostic and stability tests.
The diagnostic test results for Eq. (6) are reported in lower part of
Table 6. The test statistics do not reject the H0 of no
heteroscedasticity, no autocorrelation, the models are correctly
specified, and residuals are normally distributed. Therefore, it
can be claimed that estimated coefficients are correctly specified.

It is expected that macroeconomic variables in Malaysia
may have structural breaks during the sample period of the
study. Therefore, the stability of the long-run coefficients
along with short-run movement for both equations has been
examined by CUSUM and CUSUMSQ graphs. Generally,
Chow test is used to examine the stability of the estimators
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Fig. 3 Plots of CUSUM and
CUSUMSQ test statistics

Table 7 ARDL estimates for Eq.
(7) Long-run coefficient Cointegrating form

Variable Coefficient Prob. Variable Coefficient Prob.

Y 0.001108 0.02 D(Y) 0.000473 0.23

Y2 0.0000001 0.04 D(Y2) 0.000001 0.42

EC 0.0014 0.15 D(EC) 0.001499 0.03

FDI 0.292 0.086 D(EC (− 1)) − 0.00092 0.10

FD×Y − 2E− 06 0.01 D(FDI) − 0.01109 0.73

C − 2.808 0.04 D(FDI(− 1)) − 0.01712 0.60

D(FDI(− 2)) − 0.03156 0.340

D(FDI(− 3)) − 0.04152 0.222

D(FD×Y) − 1E− 06 0.22

D(FD×Y)(− 1)) 0.000003 0.034

D(FD×Y)(− 2)) − 2E− 06 0.06

Coint Eq (− 1) − 0.427 0.007

Breusch-Godfrey serial correlation LM test Ho: there is no autocorrelation

F-statistic 0.197 Prob. F (2,25) 0.980

bs×R-squared 0.068 Prob. chi-square (2) 0.967

Heteroscedasticity test: ARCH Ho: there is no heteroscedasticity

F-statistic 1.169 Prob. F (1,40) 0.286

Obs×R-squared 1.193 Prob. chi-square (1) 0.275

Normality test Ho: the residuals are normally distributed

Jarque–Bera (0.637) Probability (0.727)

Ramsey RESET test of model specification Ho: the model is correctly specified

t-statistic (0.977) Probability (26) (0.337)

F-statistic (0.955) Probability (1,26) (0.337)
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nevertheless, this test needs prior information of structural
break in the data. While, CUSUM and CUSUMSQ tests do
not need such information (Ozturk and Acaravci 2013).
Figure 3 shows that the graph of the test statistics for Eq. (6)
falls between the critical bonds of 5% critical level. It is, there-
fore, deduced that the coefficients are steady through the time
period of the study.

To find the moderating role of the financial development, it
is taken as interaction term (FD×Y) in Eq. 4. The results are
reported in the Table 8. The coefficient on FD×Y is negatively
significant. This result can be interpreted as, at any given level
of income, improvement in financial development reduces
CO2 emissions and at any given level of financial develop-
ment increase in income lead to decline of CO2 emissions in
Malaysia.

Moreover, two control variables of the model, i.e., FDI and
energy consumption (EC) also have positive coefficient in
both models. It implies that both control variables also con-
tribute to the increase in CO2 emission (Table 7).

To trace out the true impact of the financial develop-
ment on income environment relation, Eq. (5) can be uti-
lized using the coefficients on Y, Y2, and (FD×Y). Taking
the minimum value of the financial development, the
GDP per capita turning point of the EKC where CO2

emission starts to decline with further economic growth
is observed at $ 5327.1. However, taking average value of
the financial development, the peak turning point per
capita GDP arrives earlier at $ 4617.6. Moreover, at max-
imum value of financial development, the turning point
GDP per capita reaches further earlier at $ 3957.6. The
peak tuning point of the EKS corresponding to average,
minimum, and maximum level of the financial develop-
ment is given in Table 8.

These results indicate that financial development has the
capacity to change the income environment relation during the
process of economic development in Malaysia. By improving
the financial institutions, the peak turning point of the EKC,
where pollution starts to decline with further economic growth
can be achieved earlier. Financial development therefore, can
be considered as one of the important policy variables to min-
imize the environmental cost of economic growth inMalaysia.

The coefficient of Coint Eq (− 1) is negatively significant
that is another proof of the existence of the long-run
cointegrating relation. Its value, − 0.43, implies that in the
current year, nearly 43% disequilibrium in CO2 per capita is
adjusted back to long-run equilibrium.

The Wald test of coefficient restriction has been applied to
examine whether the interaction term in Eq. (4) should be
included or not. The results of the test are shown in Table 9.
The t-statistics, F-statistics, and chi-square statistics reject the
H0 at 5% significance that interaction term does not matter in
Eq. (4). Therefore, H1 is accepted that interaction term does
matter in the said equation. Hence, Wald test of coefficient
restriction also supports the inclusion of the interaction term
in the EKC model to trace the true impact of financial devel-
opment on the turning point GDP per capita.

This model also passes through diagnostic and stability
tests. The diagnostic test results for Eq. 7 are reported in the
lower part of Table 7. The tests statistics do not reject the H0 of
no heteroscedasticity, no autocorrelation, the models are cor-
rectly specified, and residuals are normally distributed. Hence,
it can be claimed that estimated coefficients in this model are
robust and model is correctly specified.

As a final point, the stability of the long-run coefficients
along with short-run movement for Eq. 7 also has been exam-
ined by CUSUM and CUSUMSQ graphs. Figure 4 shows that
graph of the test statistics for Eq. 7 fall between the critical
bonds of 5% critical level. It is, therefore, concluded that the
coefficients are steady through the study period.

Conclusion and policy implications

The empirical literature concludes that improved financial in-
stitutions are likely to invite more FDI and spur trade and
commerce activities. It may result in more income and em-
ployment generation along with more expenditure on research
and development. As this situation brings more economic
growth, therefore, it affects the dynamics of the environmental
performance of a country. It is well documented in the relevant
literature that innovation and technological growth lead to
energy efficiencies, hence, reduce environmental degradation.

The current study confirms that financial development has
significant moderating role on the relationship between in-
come and environment in Malaysia. Hence, the early turn of
EKC for CO2 emission can be achieved by improving the

Table 9 Wald test statistics for Eq. (4)

Value Df Probability

t-statistic 2.604 27 0.015

F-statistic 6.781 (1, 27) 0.015

Chi-square 6.781 1 0.009

Null hypothesis: C (5) = 0

Null hypothesis summary:

Normalized restriction (= 0) Value Std. Err.

C (5) − 0.002 0.0006

Restrictions are linear in coefficients.

Table 8 Peak turning point per capita GDP at the EKC

Minimum Average Maximum

Financial development level 21.29 92.24 158.5

Turning point EKC GDP per capita $ 5327.1 $ 4617.6 $ 3957.6
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financial institutions. Improved financial sector leads to effi-
cient allocation of the resources and efficiency in trade and
commerce activities that ultimately lead to overall economic
efficiency. This efficiency reduces the environmental losses,
therefore, reduces the CO2 emission.

The key findings send important signals to the
policymakers that institutional development, specifically fi-
nancial development, can play an important role to mitigate
the GHG emissions. The global warming and climate changes
have become global challenge for the world communities. The
census has developed that man-made greenhouse gasses
(GHG) are the primary cause of global warming and climate
changes. The world economies includingMalaysia have given
voluntarily GHG reduction targets in the December 2015
Paris Submit. Current study recommends that Malaysia can
reduce GHG by improving financial development without
hurting the economic growth. The findings are parallel to the
findings of Katircioğlu and Taşpinar (2017) who found posi-
tive moderating role of financial development to reduce the
trade-off between pollution and economic growth.
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