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Abstract
Although some studies have posited that sectoral growth could influence environmental pollution through energy consump-
tion, the issue has not been explicitly and empirically investigated in the carbon-neutrality literature. Hence, this analysis fills
the gap in the extant literature by employing the interaction models to ascertain the moderating role of energy consumption
on the environmental impacts of the industrial, agricultural, financial, and service sectors in Malaysia. It also analyzes the mar-
ginal effects of sectoral growth on environmental pollution (i.e., ecological footprint and carbon emissions) at various levels of
energy consumption. The Autoregressive Distributed lag technique utilized in this study found that the variables are cointe-
grated. The empirical estimations reveal that energy consumption plays a harmful moderating role on the impacts of the indus-
trial and financial sectors on environmental pollution but does not aggravate the environmental impacts of the agricultural and
service sectors. Besides, the marginal effects of the industrial and financial sectors on environmental pollution increase as the
level of energy consumption rises in Malaysia. Based on the findings, this study highlights the policy implications and options.
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Introduction

The worldwide impact of the growing environmental
pollution on the ecosystem, climate change, and global
warming has dominated global discussion in the current
century. Energy consumption is considered as one of the
main drivers of environmental degradation especially if
the energy is obtained from fossil fuels that increase car-
bon emissions and ecological footprint (Ehigiamusoe,
Lean, Babalola, & Poon, 2022). However, energy con-
sumption could help nations to achieve carbon-neutrality
(the target of bringing down carbon dioxide emissions or
carbon footprint to zero by balancing the quantity
emitted into the atmosphere with the quantity removed
through carbon offsetting) if they embrace energy-saving
and energy-efficient production techniques relative to
energy-intensive production methods (Murshed et al.,
2021). While energy sourced from fossil fuels or non-
renewable resources have detrimental impacts on envi-
ronmental pollution, clean or renewable energy can miti-
gate environmental pollution. Essentially, the mitigation

of environmental pollution requires a critical analysis of
the factors that contribute to environmental degradation.
Apart from energy consumption, sectoral growth consti-
tutes another driver of environmental pollution since the
activities of the economic sectors (e.g., industrial, agri-
cultural, financial, service sectors) could intensify or alle-
viate environmental pollution (Ehigiamusoe, Lean &
Somasundram, 2022). Though sectoral growth could
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have a direct impact on carbon-neutrality, the overall
impact may depend on the proportion of non-renewable
and renewable energy consumed in sectoral activities.

Specifically, the relationship between the agricultural
sector and environmental pollution has been investigated
by some scholars though the empirical outcomes are
mixed. A strand of the literature noted that agricultural
output has a detrimental impact on environmental pollu-
tion (Adedoyin et al., 2021; Eyuboglu & Uzar, 2020;
Ganda, 2021; Uddin, 2020). They noted that agricultural
practices such as bush burning, deforestation, fertilizer
application, and food packaging could have dire conse-
quences on environmental pollution. Besides, the utiliza-
tion of energy for agricultural activities (e.g.,
mechanization for soil tillage, processing, and storage
of agricultural products) can aggravate environmental
pollution especially if the energy is sourced from fossil
fuels. However, another strand of the literature con-
tended that agricultural output has a mitigating impact
on environmental pollution (Anwar et al., 2020;
Mahmood et al., 2019; Prastiyo et al., 2020). They
noted that agricultural activities that utilize clean and
renewable energy will not raise environmental pollu-
tion. Fundamentally, one unresolved issue about the
nexus between agricultural output and environmental
pollution is whether agricultural output influences
environmental pollution through energy consumption.
This study fills this research gap.

Equally, the direct impact of the industrial sector on
environmental pollution has been analyzed in the empiri-
cal literature. Though other views exist, most of the stud-
ies concluded that industrial output has a harmful
impact on environmental pollution (Anwar et al., 2020;
Samargandi, 2017; Sohag et al., 2017). These studies
argued that industrialization requires intensive utiliza-
tion of energy resources which could intensify carbon
emissions and other greenhouse gases, particularly if the
energy is obtained from non-renewable resources.
Conversely, some studies have posited that industrial
output will not aggravate environmental pollution if the
sector utilizes energy from clean and renewable technolo-
gies (Ehigiamusoe, 2020a; Wen et al., 2014). Essentially,
Wen et al. (2014) argued that industrial output will not
intensify environmental pollution in the long-run if there
are advances in energy-saving technologies. Similarly,
Ehigiamusoe (2020a) noted that a change from fossil
fuels’ energy-intensive production process to cleaner
energy production techniques will not aggravate environ-
mental pollution. However, the possibility that industrial
output affects environmental pollution through energy
consumption has not been empirically analyzed.

Moreover, some studies have revealed that the finan-
cial sector increases the level of environmental pollution
because the sector provides credit facilities or loans that

enable households and firms to purchase electrical gadgets
(e.g., electrical devices, automobiles) that require intensive
energy utilization (Baloch et al., 2019; Ehigiamusoe, Lean
& Somasundram, 2022; Petrovic & Lobanov, 2021; Xu
et al., 2018). On the contrary, expansion in financial
development could strengthen the ability of firms to
embrace advanced or cleaner technologies that are envi-
ronmental-friendly, encourage technological innovations,
as well as enhance the financing of environmental projects
(Al-Mulali et al., 2015; Ehigiamusoe & Lean, 2019;
Imamoglu, 2019). A developed financial sector could pro-
vide avenue for carbon trading to give inducements for
decreasing greenhouse gases. Another strand of the litera-
ture noted that financial development and energy con-
sumption have dynamic relationship, since the
development of the financial sector requires greater energy
consumption which could intensify environmental pollu-
tion (Chang, 2015; Ozturk & Acaravci, 2013). Though
Katircioglu and Tasxpinar (2017) noted that the interaction
term between financial development and energy consump-
tion has no influence on environmental pollution in
Turkey, Acheampong (2019) argued that the interaction
term between financial development and energy consump-
tion aggravates environmental pollution in Africa. Since
the literature on this issue is still scanty, this study under-
takes this investigation to provide more insights.

The service sector is also considered as one of the sec-
tors that influence environmental pollution. For exam-
ple, one strand of the literature contended that service
output has adverse impact on environmental pollution
(Jebli & Kahia, 2020; Poumanyvong & Kaneko, 2010;
Sohag et al., 2017). They attributed the deleterious
impact of service output on environmental pollution to
the inability of countries or firms to invest in clean and
innovative technologies that utilizes renewable energy to
enhance service activities (e.g., hotels, transport, restau-
rants). Nevertheless, another strand of the literature
noted that service output reduces environmental pollu-
tion (Zaman & Moemen, 2017). However, based on our
best knowledge, the moderating role of energy consump-
tion on the impact of service output on environmental
pollution has yet to be analyzed in the empirical litera-
ture. We fill this gap in the literature.

Thus, the specific objective of this research is to ascer-
tain the moderating role of energy consumption on the
impact of sectoral growth (i.e., industrial, agricultural,
financial, and service sectors) on environmental pollu-
tion in Malaysia. It also seeks to unveil the marginal
effects of sectoral growth on environmental pollution at
various levels of energy consumption in Malaysia. The
motivation for this research stems from the dearth of
empirical analysis on the moderating role of energy con-
sumption on the environmental impact of sectoral
growth despite the soaring level of environmental
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pollution in Malaysia. Essentially, the high degree of
environmental pollution in the country in recent decades
poses severe threats to human lives, ecosystem, global
warming, and climate change. The deteriorating environ-
mental quality in the country is obvious from the
increasing trend in ecological footprint and carbon diox-
ide emissions. Particularly, available statistics indicate
that ecological footprint rose from 2.176 to 4.259 global
hectare per person (representing 95.7% increase)
between 1980 and 2020 (Global Footprint Network,
2022). Similarly, carbon emissions soared from 2.029 to
7.600 metric ton per capita during the period, represent-
ing 274.5% increase (World Development Indicators,
2022). Moreover, the available data in the World
Development Indicators (2022) showed that energy con-
sumption rose from 861.98 to 3,003.45 kg of oil equiva-
lent per capita (representing 248.4% increase) with
roughly 90% of the energy derived from fossil fuels while
less than 10% of the energy is obtained from renewable
resources. Similarly, real GDP per capita also soared
from USD3026.37 to USD10631.50 in constant 2015
US$ (representing 251.3% increase). Moreover, the eco-
nomic sectors experienced some remarkable changes dur-
ing the period, as the value added to GDP by the
agricultural and industrial sectors degenerated from
23.027% and 41.791% to 8.194% and 35.925%, respec-
tively. However, the value added to GDP by the service
sector increased from 42.677% to 54.767%, while the
financial sector grew from 49.909% to 133.995% (World
Development Indicators, 2022).

Given the trend in these variables during the period,
it is important to employ econometric analysis to
unveil how the interaction between energy consump-
tion and sectoral growth affects environmental pollu-
tion. Fundamentally, some previous empirical works
contended that sectoral growth could affect environ-
mental pollution through energy consumption (Baloch
et al., 2019; Jebli & Kahia, 2020; Rudolph & Figge,
2017), but the issue has not been empirically analyzed.
In this regard, this study makes some contributions to
the extant literature by filling these research gaps.
First, unlike most past research works that concen-
trated on the direct impacts of the industrial, agricul-
tural, financial, and service sectors on environmental
pollution (Adedoyin et al., 2021; Anwar et al., 2020;
Sohag et al., 2017; Petrovic & Lobanov, 2021), this
study unravels how the interaction between sectoral
growth and energy consumption affect environmental
pollution. Given the dynamic relationship between sec-
toral growth and energy consumption (Chang, 2015;
Ozturk & Acaravci, 2013), it is essential to determine
whether energy consumption has a detrimental or
favorable moderating role on the environmental impact
of sectoral growth.

Second, to the best of our knowledge, this study rep-
resents a novel idea that unravels the marginal effects of
the industrial, agricultural, financial, and service sector
on environmental pollution at various levels of energy
consumption. This is essential because it enables policy-
makers to gain insights into how a simultaneous rise or
decline in sectoral growth and energy consumption affect
environmental pollution. Third, unlike previous studies,
this study uses ecological footprint and carbon dioxide
emissions as proxies of environmental pollution to cap-
ture diverse aspects of environmental pollution. Insights
into the channels through which sectoral growth affects
diverse dimensions of environmental pollution is funda-
mental for policy decision making. Hence, the findings
of this study will be relevant to stakeholders in the eco-
nomic sectors, government, and policy makers in formu-
lating energy, sectoral, and environmental policies to
attain economic and environmental sustainability.
Finally, unlike previous studies, this study accounts for
structural breaks in the analysis in order to obtain robust
empirical outcomes that can enhance policy formula-
tions. This is important because the relationship between
some economic variables could be distorted if the issue
of structural breaks is disregarded (Ehigiamusoe, Lean &
Somasundram, 2022).

Apart from this introduction section, the structure of
the paper is given as follows: The second section reviews
the previous empirical studies; the third section x-rays
the methodology utilized in the study; the fourth section
analyzes the empirical results; and the fifth section high-
lights the policy implications and options.

Literature Review

Energy Consumption and Environmental Pollution

The impact of energy consumption on environmental
pollution has been investigated by several scholars, and
evidence abound that energy consumption aggravates
environmental pollution (Acheampong, 2019;
Ehigiamusoe, Lean & Somasundram, 2022; Uddin,
2020). For example, Ehigiamusoe and Lean (2019)
reported that energy consumption has a detrimental
impact on environmental pollution in heterogeneous
panels of 122 low-, middle-, and high-income countries.
Acheampong (2019) noted that energy consumption
aggravates environmental pollution in 46 nations.
Ehigiamusoe et al. (2019) revealed that energy consump-
tion aggravates environmental pollution in 58 nations.
Balsalobre-Lorente et al. (2019) found that energy con-
sumption worsens environmental pollution in BRICS.
Ehigiamusoe et al. (2020) indicated that energy con-
sumption raises the level of environmental pollution in
64 middle-income economies, while Ehigiamusoe (2020c)
showed that energy consumption increases
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environmental pollution in 31 African nations. Eyuboglu
and Uzar (2020) reported that energy consumption
increases environmental pollution in seven nations.
Uddin (2020) found that energy consumption has a
harmful impact on environmental pollution in 115 coun-
tries. Ehigiamusoe, Majeed and Dogan (2022) noted that
energy consumption increases environmental pollution
in 70 countries.

Using a disaggregated approach, Ehigiamusoe
(2020a) opined that renewable energy consumption eases
environmental pollution whereas non-renewable energy
consumption intensifies environmental pollution in
ASEAN+China. Ehigiamusoe (2020b) also stated that
renewable energy consumption reduces environmental
pollution whereas non-renewable energy consumption
intensifies environmental pollution in 25 African econo-
mies. Usman and Hammar (2021) noted that renewable
energy consumption mitigates ecological footprint in 16
countries. Destek and Sinha (2020) posited that renew-
able energy consumption decreases ecological footprint
in OECD countries while non-renewable energy con-
sumption increases it. Adedoyin et al. (2021) reported
that renewable energy consumption has a mitigating
impact on environmental pollution in seven nations,
while Ganda (2021) revealed that renewable energy con-
sumption decreases environmental pollution in 44 coun-
tries. Murshed et al. (2021) noted that renewable energy
consumption reduces environmental pollution while
non-renewable energy consumption intensifies pollution
in Bangladesh. Ehigiamusoe and Dogan (2022) also
noted that renewable energy consumption alleviates envi-
ronmental pollution in 26 low-income nations.

Sectoral Output and Environmental Pollution

Agricultural Sector and Environmental Pollution. Some studies
have investigated the impact of the agricultural output
on environmental pollution though the empirical out-
comes are mixed. A strand of the literature opined that
agricultural output aggravates environmental pollution
(Gokmenoglu & Taspinar, 2018; Balsalobre-Lorente
et al., 2019). Particularly, Gokmenoglu and Taspinar
(2018) analyzed the nexus between agricultural output
and environmental pollution and found that agricultural
output has a deleterious impact on environmental pollu-
tion in Pakistan. Balsalobre-Lorente et al. (2019) con-
ducted a similar analysis and reported that agricultural
output raises the level of environmental pollution in
BRICS. Eyuboglu and Uzar (2020) noted that agricul-
tural output has adverse impact on environmental pollu-
tion in seven nations. Uddin (2020) argued that the
nexus between agricultural output and environmental
pollution could be sensitive to the level of economic
development. In a panel data study of 115 countries,

they revealed that agricultural output increases environ-
mental pollution in low-income nations albeit the effect
is not significant in high- and middle-income nations. In
a related study, Ganda (2021) found that agricultural
output intensifies environmental pollution in 44 coun-
tries while Adedoyin et al. (2021) noted that agricultural
output drives environmental pollution in seven nations.
Usman and Makhdum (2021) also revealed that agricul-
tural output aggravates ecological footprint in
Brazil, Russia, India, China, South Africa, and Turkey
(BRICS-T).

However, another strand of literature posited that
agricultural output can mitigate environmental pollution
(Dogan, 2016; Rafiq et al., 2016; Liu et al., 2017). Using
data from Turkey, Dogan (2016) noted that agricultural
output has a mitigating influence on environmental pol-
lution. In the analysis of 53 countries, Rafiq et al. (2016)
showed that agricultural output reduces environmental
pollution. Liu et al. (2017) conducted a related study in
ASEAN and reported that agricultural output diminishes
environmental pollution. Rudolph and Figge (2017) ana-
lyzed a panel data of 146 economies and reported that
agricultural output decreases ecological footprint.
Zaman and Moemen (2017) revealed that agricultural
output lessens environmental pollution in 90 nations.
However, when they split the panel according to income
level, the study noted that agricultural output has insig-
nificant impact on environmental pollution in high- and
middle- income nations. Mahmood et al. (2019) found
that agricultural output reduces environmental pollution
in Saudi Arabia whereas Prastiyo et al. (2020) noted that
agricultural output diminishes environmental pollution
in Indonesia. Anwar et al. (2020) also reported that agri-
cultural output mitigates environmental pollution in 33
nations.

Industrial Sector and Environmental Pollution. The connection
between industrial output and environmental pollution
has attracted the attention of some scholars, with major-
ity of the studies concluding that industrial output inten-
sifies environmental pollution (Li & Lin, 2015;
Poumanyvong & Kaneko, 2010; Sohag et al., 2017). For
example, Tamazian et al. (2009) noted that industrial
output has a detrimental effect on environmental pollu-
tion in six countries. Poumanyvong and Kaneko (2010)
analyzed the impact of industrial output on environmen-
tal pollution and reported that industrial output aggra-
vates environmental pollution in 99 countries. Zhang
and Lin (2012) noted that industrial output worsens
environmental pollution in China. The disaggregated
analysis found a detrimental, insignificant, and mitigat-
ing effect in Eastern, Central, and Western region,
respectively. Li and Lin (2015) also reported that indus-
trial output increases environmental pollution in 73

4 SAGE Open



economies. Besides, Rafiq et al. (2016) noted that indus-
trial output intensifies environmental pollution in 53
countries albeit the impact is not significant in low- and
middle-income nations. Samargandi (2017) found that
industrial output worsens environmental pollution in
Saudi Arabia. In a panel data analysis of 83 countries,
Sohag et al. (2017) showed that industrial output has
adverse effect on environmental pollution. Anwar et al.
(2020) noted that industrial output aggravates environ-
mental pollution in 33 nations while Ehigiamusoe
(2020a) showed that industrial output reduces environ-
mental pollution in ASEAN+China.

Financial Sector and Environmental Pollution. Some empirical
works have examined the link between financial develop-
ment and environmental pollution albeit the outcomes
are mixed. For example, Xu et al. (2018) stated that
financial development has adverse influence on environ-
mental pollution in Saudi Arabia. Baloch et al. (2019)
revealed that financial development increases environ-
mental pollution in 59 countries. The relationship
between financial development and environmental pollu-
tion could be sensitive to the levels of financial and eco-
nomic development. In this regard, Ehigiamusoe and
Lean (2019) disclosed that financial development reduces
environmental pollution in high-income nations albeit it
aggravates environmental pollution in low-income
nations. Petrovic and Lobanov (2021) disclosed that
financial development has a harmful impact on environ-
mental pollution in 24 countries. Usman and Balsalobre-
Lorente (2022) posited that financial development contri-
butes to environmental pollution in newly industrialized
nations. Ramzan et al. (2022) noted that financial devel-
opment and fossil fuels have predictive power for ecolo-
gical footprint in Pakistan. The study also added that
the interaction between financial development and ICT
can predict the level of pollution. Usman, Balsalobre-
Lorente, et al. (2022) noted that though financial devel-
opment raises the level of ecological footprint, the inter-
action between financial development and globalization
diminishes ecological footprint.

However, Ozturk and Acaravci (2013) noted that
financial development is insignificantly related to envi-
ronmental pollution in Turkey. Using data from 12
developing nations, Seetanah et al. (2019) also showed an
insignificant impact of financial development on environ-
mental pollution. Aluko and Obalade (2020) noted that
financial development has insignificant impact on envi-
ronmental pollution in 35 countries. Huang et al. (2022)
disclosed that financial development is not a significant
driver of ecological footprint in E-7 countries. At the
extreme, Al-Mulali et al. (2015) argued that financial
development can have mitigating effect on environmental
pollution if it encourages energy efficiency as well as

investment in renewable energy infrastructure. Imamoglu
(2019) added that financial development diminishes envi-
ronmental pollution in 33 advanced nations. Jahanger
et al. (2022) also revealed that financial development
mitigates ecological footprints in 73 countries. But when
the panel was split into different regions, financial devel-
opment diminishes ecological footprint in Asian nations
but does not mitigate ecological footprint in African
nations as well as Latin American and Caribbean
economies.

Service Sector and Environmental Pollution. The empirical
analysis of the impact of service output on environmen-
tal pollution is mixed. For example, Poumanyvong and
Kaneko (2010) found that service output raises the level
of environmental pollution in 99 countries. Sohag et al.
(2017) also found that service output increases environ-
mental pollution in 83 countries. In their analysis of 65
countries, Jebli and Kahia (2020) noted that service out-
put aggravates environmental pollution. They attributed
the deleterious environmental impact of the service out-
put to the inability of the countries to invest in clean and
innovative technologies that utilizes renewable energy to
enhance service activities (e.g., hotels, transport, restau-
rants). However, Zaman and Moemen (2017) found that
service output lessens environmental pollution in 23
high-income countries.

The Environmental Impact of Interaction Term

Some scholars have studied the environmental impact of
the interaction term between energy consumption and
some economic variables. For example, Ehigiamusoe
et al. (2020) revealed that the interaction term between
energy consumption and GDP has insignificant impact on
environmental pollution in 64 middle-income economies,
albeit the individual-country estimations found that the
interaction term worsens environmental pollution in seven
countries. Mesagan et al. (2020) noted that the interaction
term between energy consumption and capital investment
mitigates environmental pollution in five nations.
Acheampong (2019) found that the interaction term
between energy consumption and financial development
aggravates environmental pollution in 46 African econo-
mies. Ehigiamusoe (2020a) investigated the environmental
impacts of the interaction terms between energy consump-
tion and financial development as well as between urbani-
zation and energy consumption in ASEAN+China.
Evidence from the study indicated that both interaction
terms have detrimental impacts on environmental pollu-
tion. Ehigiamusoe, Lean, Babalola, and Poon (2022) dis-
closed that the interaction term between energy
consumption and financial development heightens carbon
emissions albeit it cannot raise ecological footprint in 31
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African countries. As for the components of energy con-
sumption, York and McGee (2017) noted that the inter-
action term between GDP and renewable energy
production has adverse impact on environmental pollu-
tion in 128 nations. Kwakwa and Alhassan (2018)
reported that the interaction term between non-renewable
energy consumption and urbanization does not aggravate
environmental pollution while the interaction term
between renewable energy consumption and urbanization
has no mitigating effect on environmental pollution in
Ghana. Similarly, Ehigiamusoe and Dogan (2022) indi-
cated that the interaction term between GDP and renew-
able energy consumption intensifies environmental
pollution in 26 low-income economies.

The above review shows that the environmental impact
of the interaction term between energy consumption and
some economic variables have been investigated. However,
the environmental impact of the interaction term between
energy consumption and sectoral output has yet to be
empirically examined. Therefore, this study focuses on this
gap by unraveling the environmental impacts of the indus-
trial, agricultural, service, and financial sectors at various
levels of energy consumption. This analysis also computes
the marginal effects by providing insights into the way a
simultaneous increase or decrease in sectoral growth and
energy consumption affect environmental pollution. The
empirical outcomes of the investigation will assist policy
formulations on sectoral growth, energy efficiency, and
environmental sustainability in Malaysia.

Methodology

Model Specification

To determine the role of the interaction term between sec-
toral growth and energy consumption on environmental
pollution, this study utilizes the augmented Environmental
Kuznets Curve (EKC) model in line with some previous
studies (Acheampong, 2019; Ehigiamusoe et al., 2020;
Pata & Caglar, 2021). The rationale for using this frame-
work is to ascertain the impact of economic growth on
environmental pollution in Malaysia. The EKC hypoth-
esis states that environmental pollution rises as a country
experiences economic growth. But after a certain threshold
level of economic growth, a further rise in economic
growth will mitigate environmental pollution (Agozie
et al. 2022; Gurbuz et al., 2021). It is fundamental to ascer-
tain whether Malaysia can grow-out of environmental pol-
lution as postulated by the EKC hypothesis. Therefore,
this study specifies the following models:

EVDt =a0 +a1GDPt +a2GDP
2
t +a3ENCt +a4AGRt

+a5(AGR � ENCt)+ et

ð1Þ

EVDt =b0 +b1GDPt +b2GDP
2
t +b3ENCt +b4INDt

+b5(IND � ENCt)+ et

ð2Þ

EVDt = d0 + d1GDPt + d2GDP
2
t + d3ENCt + d4FINt

+ d5(FIN � ENCt)+ et

ð3Þ

EVDt =f0 +f1GDPt +f2GDP
2
t +f3ENCt +f4SERt

+f5(SER � ENCt)+ et

ð4Þ

where EVD= environmental pollution proxy by ecologi-
cal footprint of consumption and alternatively by carbon
emissions, GDP= real GDP per capita, GDP2= real
GDP per capita squared, ENC= energy consumption,
AGR= value added to GDP by the agricultural sector,
IND= value added to GDP by the industrial sector,
FIN= financial sector proxy by credit to private sector
relative to GDP), SER= value added to GDP by the ser-
vice sector, AGR � ENC= interaction term between agri-
cultural value added and energy consumption,
IND � ENC= interaction term between industrial value
added and energy consumption, FIN � ENC= interac-
tion term between financial sector growth and energy
consumption, SER � ENC= interaction term between
service value added and energy consumption, and e =
error term. The study transforms the variables to natural
logarithm prior to the analysis.

To evaluate the marginal effect of sectoral growth on
environmental pollution at diverse levels of energy con-
sumption, we take the partial derivatives of Equations
(1–4) with respect to each sector as follows:

∂EVDt

∂AGRt

=a4 +a5ENCt ð5Þ

∂EVDt

∂INDt

=b4 +b5ENCt ð6Þ

∂EVDt

∂FINt

= d4 + d5ENCt ð7Þ

∂EVDt

∂SERt

=f4 +f5ENCt ð8Þ

Essentially, a simultaneous rise in sectoral growth and
energy consumption will intensify environmental pollu-
tion if the marginal effect is positive. Conversely, a nega-
tive marginal effect indicates that a simultaneous rise in
sectoral growth and energy consumption will reduce
environmental pollution. In addition, we compute the
standard errors and t-statistic by utilizing the estimated
coefficients and the covariance matrix at different levels
of energy consumption to ascertain the statistical signifi-
cance of the marginal effects. The marginal effect is

6 SAGE Open



significant if the t-statistic is large, while a small t-statis-
tic suggests otherwise.

Estimation Technique

To estimate the coefficients, this research uses the
Autoregressive Distributed lag (ARDL) bound test
method that was recommended by Pesaran et al. (2001).
The justification for choosing this approach is because it
can reveal the short-run and long-run as well as conver-
gence coefficients, which provide viable policy options.
Secondly, it produces unbiased parameters and valid t-sta-
tistic, since it controls potential endogeneity, multicolli-
nearity, and serial correlation (Adebayo et al., 2021;
Ehigiamusoe, Lean & Somasundram, 2022). Thirdly, it
can produce efficient estimations even in small sample
size. Fourthly, the ARDL approach allows us to select
different lag lengths for each variable. Finally, it can be
used irrespective of the stationarity property of the vari-
ables since it can accommodate a model in which some
variables are stationary at level [I(0)] and some variables
are stationary at first differenced [I(1)]. The ARDL
approach is the preferred method because our model has
a combination of variables that are I(0) and I(1) processes.
Therefore, we convert Equations 1 to 4 to ARDL form to
enable us to test the null hypothesis (i.e., regressors have
no long-run and short-run relationship with environmen-
tal pollution) against the alternative hypothesis.

To validate the ARDL models, this study conducts
diverse diagnostic tests to ascertain the presence of serial
correlation, heteroskedasticity, normality, omitted vari-
able bias, and stability. At 5% level, an insignificant
probability value of Breusch-Godfrey serial correlation
LM test, Breusch-Pagan-Godfrey heteroskedasticity test,
and Ramsey RESET test indicate that the models have

no serial correlation, heteroskedasticity, and omitted
variable bias, respectively. Similarly, the models are sta-
ble and appropriately specified if the CUSUM and
CUSUM of squares fall within the critical limits at 5%
significant level. Finally, the data are normally distribu-
ted if the probability value of the Jarque-Bera statistic is
insignificant at 5% level.

Sources of Data

This study uses annual data of Malaysia covering the
1980 to 2020 period. The original intention was to use
annual data of a longer period, but data availability dic-
tated the estimation period. The data of most of the vari-
ables are not available for the period prior to 1980 and
the period after 2020. Hence, the scope of the estimation
period is limited by the availability of data. The data of
ecological footprint were collected from the Global
Footprint Network (2022) while the data of the remain-
ing variables were gathered from the World
Development Indicators (2022).

Results

Preliminary Investigation

According to the statistics shown in Table 1, wide discre-
pancies exist between the variables in the model. For
example, the average ecological footprint, carbon emis-
sions, GDP, and energy consumption are 3.358 global
hectares per person, 5.073 metric ton per capita,
USD6536, and 2005kg of oil equivalent per capita,
respectively. The average agricultural output, industrial
output, financial development, and service output are
12.8%, 41.56%, 107.8%, and 47.47%, respectively. The
standard deviations of all the variables suggest that they

Table 1. Descriptive Statistics and Correlations.

EFP CO2 GDP ENC AGR IND FIN SER

Mean 3.358 5.073 6536 2005 12.800 41.577 107.81 47.473
Maximum 4.437 7.757 11414 3003.5 23.027 48.530 158.51 54.767
Minimum 1.966 2.029 3026 861.9 7.739 35.925 49.909 42.145
Std Dev. 0.738 2.026 2534 730.9 4.920 3.291 25.626 3.134
EFP 1
CO2 0.920 1
GDP 0.878 0.961 1
ENC 0.931 0.995 0.959 1
AGR 20.938 20.917 20.868 0.928 1
IND 0.251 0.093 20.107 0.104 20.313 1
FIN 0.655 0.568 0.563 0.600 20.720 0.273 1
SER 0.523 0.592 0.737 0.598 20.561 0.412 0.575 1

Note. EFP = ecological footprint; CO2 = carbon dioxide emissions; GDP= real GDP per capita; ENC=energy consumption; AGR= agricultural value added

relative to GDP; IND= industrial value added relative to GDP; FIN= financial sector growth (credit to private sector relative to GDP); SER= service value

added relative to GDP.
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are relatively spread around their averages. Moreover,
the correlation matrix indicates that all the variables are
positively related to ecological footprint and carbon

emissions, except agricultural output which is negatively
correlated with ecological footprint and carbon emis-
sions. The trends of the variables are shown in Figures 1
to 5.

Prior to estimation, the study conducts unit root test,
and the results displayed in Table 2 indicate that financial
development is integrated at order zero [1(0)] whereas the
remaining variables are integrated at order one [1(1)] at
5% level. Given the presence of both 1(0) and 1(1) vari-
ables in the model, ARDL approach is suitable for the
analysis.

ARDL Estimations

The ARDL bound tests shown in the upper panel of
Table 3 indicate that the variables have cointegration
relationship in all the models since the respective com-
puted F-statistics (i.e., 5.288, 6.209, 5.108, 7.159) are
greater than the upper critical value (i.e., 4.150) at 1%
level. The existence of cointegration between the

Figure 2. Trend of sectoral growth in Malaysia.
Source. Drawn from data obtained from the World Development

Indicators (2022).

Figure 3. Trend of energy consumption in Malaysia.
Source. Drawn from data obtained from the World Development

Indicators (2022).

Figure 4. Trend of renewable and non-renewable energy
consumption in Malaysia.
Source. Drawn from data obtained from the World Development

Indicators (2022).

Figure 5. Trend of Real GDP per capita in Malaysia.
Source. Drawn from data obtained from the World Development

Indicators (2022).

Figure 1. Trend of ecological footprint and carbon emissions in
Malaysia.
Source. Drawn from data obtained from the World Development

Indicators (2022).
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variables makes it essential to ascertain the impacts of
the independent variables on the dependent variable. The
optimum lag lengths for all the models were chosen based
on Akaike Information Criteria (AIC) subject to a maxi-
mum of 3 lags. The lag lengths selected by ARDL for
each variable are displayed in Table 3. For instance, the
lag lengths selected for Model 1 produce the ARDL
(3,2,1,3,1,1) equation.

In Model 1, the ARDL estimations show that agricul-
tural output has a significantly positive coefficient
whereas the coefficient of the interaction term is signifi-
cantly negative. If the level of energy consumption is
zero, 1% increase in agricultural output will raise ecolo-
gical footprint by 5.681 percentage points in Malaysia.
But the consumption of energy has no adverse moderat-
ing role on the impact of agricultural output on environ-
mental pollution. To capture the overall impact of both
agricultural output and energy consumption on environ-
mental pollution, we compute the marginal effects of
agricultural output on ecological footprint at different
levels of energy consumption. The results shown in the
lower panel of Table 3 reveal that the marginal effects
computed at the maximum, mean, and minimum levels
of energy consumption are 20.252, 0.104, and 0.673,
respectively. Since the marginal effect declines as energy
consumption rises, it implies that agricultural output
does not aggravate environmental pollution through
energy consumption in Malaysia.

However, the positive coefficient of agricultural out-
put suggests that the agricultural sector has adverse
direct impact on environmental pollution. This outcome
agreed with some studies (Adedoyin et al., 2021; Aziz
et al., 2020). The adverse environmental impact of agri-
cultural output are probably the results of agricultural
activities such as bush burning, emission of nitrous oxide
when using fertilizer, emission of methane when produc-
ing rice and livestock, emission of carbon dioxide from
forest clearing during land preparation, release of emis-
sions during agricultural food packaging, processing,

and transporting (Ehigiamusoe, Lean & Somasundram,
2022; Rafiq et al. 2016). Moreover, Aziz et al. (2020)
contended that ecological footprints could be stretched
by agricultural activities that generate emissions during
soil practices, livestock management, irrigation as well as
utilization of nitrogen-intensive fertilizer. Since Shah
et al. (2023) argued that renewable energy consumption
and technological innovation can boost agricultural pro-
ductivity, it is necessary for the agricultural sector to
embrace renewable energy consumption and technologi-
cal innovations rather than fossil fuels with a view to
abating environmental pollution.

In Model 2, the results indicate that industrial output
has a significantly negative coefficient while the coeffi-
cient of the interaction term is significantly positive. This
implies that energy consumption has adverse moderating
role on the impact of industrial output on environmental
pollution in Malaysia. In other words, energy consump-
tion aggravates the environmental impact of industrial
output. The negative coefficient of industrial output sug-
gests that industrial output does not increase environ-
mental pollution directly in Malaysia, but the adverse
effect comes through energy consumption. To capture
the overall impact of industrial output and energy con-
sumption on the ecological footprint, it is necessary to
compute the marginal effects of industrial output on eco-
logical footprint at various levels of energy consumption.
The marginal effects computed at the maximum, mean,
and minimum levels of energy consumption are 1.392,
21.303, and 25.600, respectively. The increasing level of
the marginal effect implies that industrial output has
more adverse effect on ecological footprint at a higher
level of energy consumption compared to a lower level
of energy consumption.

For instance, when energy consumption was 1,820 in
1997, the marginal effect of industrial output on ecologi-
cal footprint was 20.303 compared to 1.392 when energy
consumption was 3,003 kg of oil equivalent per capita in
2014. The impact was greater when energy consumption

Table 2. Unit Root Tests.

Variables

Augmented dickey fuller Phillips-Perron Unit root with break test

I(0) I(1) I(0) I(1) I(0) I(1)

EFP 21.225 28.240*** 21.541 28.183*** 24.030 28.957***
CO2 21.820 27.742*** 22.134 27.6579*** 23.447 29.340***
GDP 21.159 24.682*** 21.127 24.682*** 22.610 25.724***
ENC 21.922 26.276*** 22.303 26.276*** 23.685 27.008***
AGR 21.533 26.805*** 21.897 26.298*** 22.868*** 27.620***
IND 20.693 25.269*** 20.848 25.271*** 21.792 26.160***
FIN 22.902** 25.666*** 22.888** 25.655*** 25.783*** 26.832***
SER 21.156 25.999*** 21.236 26.004*** 23.160 27.186***

** and ***Indicate statistical significance at 1% and 5% levels, respectively, and a rejection of the null hypothesis of no unit root.
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was greater, vice versa. A simultaneous rise in industrial
output and energy consumption will raise the level of
ecological footprint in Malaysia. Some previous studies
have argued that industrial output exacerbates environ-
mental pollution via energy consumption (Anwar et al.,
2020; Sohag et al., 2017; Zaman & Moemen, 2017) but
the issue has not been empirically investigated. Besides,
Jahanger et al. (2022) contended that technological inno-
vations mitigate ecological footprint while Usman,
Jahanger, et al. (2022) reported that renewable energy
consumption and environmental-related technologies
(ERT) can mitigate environmental pollution. Similarly,
Usman and Radulescu (2022) noted that nuclear and
renewable energy consumption can enhance

environmental quality while non-renewable energy
diminishes it. This study has extended the extant litera-
ture by providing empirical evidence to show that indus-
trial output worsens environmental pollution through
energy consumption in Malaysia.

In Model 3, the coefficient of financial development is
significantly negative whereas the coefficient of the inter-
action term is significantly positive, suggesting that
energy consumption worsens the environmental impact
of financial development in Malaysia. The negative coef-
ficient of financial development implies that the sector
does not increase environmental pollution directly while
the sign of interaction term’ coefficient suggests that the
adverse effect comes through energy consumption. We

Table 3. ARDL Estimations.

Model 1 ARDL
[3,2,1,3,1,1]

Model 2 ARDL
[1,3,3,1,3,1]

Model 3 ARDL
[3,2,1,1,2,3]

Model 4 ARDL
[2,3,1,3,1,1]

Bound test 5.288*** 6.209*** 5.108*** 7.159***
Long-run effects

GDP 22.389*** (6.303) 12.502*** (4.281) 10.821*** (3.405) 12.609*** (3.323)
GDP2 21.212*** (0.345) 20.640** (0.231) 20.595*** (0.183) 20.618*** (0.168)
ENC 1.342** (0.750) 21.076** (8.421) 2.368** (0.995) 5.164** (2.686)
AGR 5.681** (2.688)
AGR3 ENC 20.741** (0.349)
IND 243.471** (17.612)
IND3 ENC 5.603** (2.244)
FIN 23.977** (1.652)
FIN3 ENC 0.534** (0.226)
SER 11.415** (5.348)
SER3 ENC 21.625** (0.694)

Convergence coefficient 20.767*** (0.165) 20.641*** (0.142) 20.732*** (0.138) 20.778*** (0.195)
Short-run effects

DGDP 24.584*** (6.089) 31.787*** (5.755) 8.898*** (2.865) 17.971*** (5.315)
DGDP2 21.316*** (0.344) 21.723*** (0.326) 20.436** (0.163) 20.927*** (0.303)
DENC 1.657** (0.681) 13.529** (4.381) 1.735** (0.768) 4.818* (2.536)
DAGR 4.358** (2.053)
DAGR3 ENC 20.569** (0.266)
DIND 227.216** (8.940)
DIND3 ENC 3.596*** (1.159)
DFIN 22.599** (1.216)
DFIN3 ENC 0.349** (0.165)
DSER 9.404* (5.151)
DSER3 ENC 21.265** (0.674)

Constant 2112.17** (33.43) 104.36** (54.609) 230.267** (15.559) 297.37*** (19.502)
R2 .978 .983 .956 .982
Diagnostic tests

Serial correlation 0.119 [0.888] 0.980 [0.392] 0.697 [0.505] 1.224 [0.315]
Homoscedasticity 0.510 [0.902] 0.912 [0.560] 0.555 [0.785] 0.462 [0.936]
Normality 4.957 [0.103] 1.294 [0.523] 0.759 [0.684] 4.113 [0.127]
Ramsey RESET 0.342 [0.735] 0.623 [0.540] 1.347 [0.105] 0.308 [0.760]

Marginal effects
Minimum level 0.673** 25.600** 20.368** 0.432**
Mean level 0.104** 21.303** 20.042** 20.815**
Maximum level 20.252** 1.392** 0.299** 21.596**

*, **, and ***Indicate statistical significance at 1%, 5%, and 1% levels, respectively. The values in parenthesis are standard errors of coefficients while values

in squared bracket are probability values of diagnostic tests. Dependent variable is ecological footprint.
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conduct further analysis to unveil the overall impact of
financial development and energy consumption on ecolo-
gical footprint by computing the marginal effects of
financial development on ecological footprint at diverse
levels of energy consumption. We show that the marginal
effects computed at the maximum, mean, and minimum
levels of energy consumption levels are 0.299, 20.042,
and 20.368, respectively. The increasing trend in the
marginal effect implies that a simultaneous increase in
financial development and energy consumption intensi-
fies environmental pollution.

For instance, when energy consumption was 1,820 in
1997, the marginal effect of financial development on
ecological footprint was 20.042 compared to 0.299 when
energy consumption rose to 3,003 kg of oil equivalent
per capita in 2014. The greater the quantity of energy
consumed, the higher the adverse impact of financial
development on ecological footprint, vice versa. The out-
comes of this study are consistent with Acheampong
(2019) in 46 African economies, Ehigiamusoe (2020a)
ASEAN+China, and Ehigiamusoe, Lean, Babalola,
and Poon (2022) in 31 African countries. Moreover,
some studies have showed that financial development
aggravates environmental pollution (Baloch et al., 2019;
Petrovic & Lobanov, 2021; Xu et al., 2018) while other
studies noted that financial development increases energy
consumption (Chang, 2015; Ozturk & Acaravci, 2013).
This study advances the empirical literature by showing
that financial development worsens environmental pollu-
tion through energy consumption in Malaysia.

The estimations of Model 4 reveal that service output
has a significantly positive coefficient while the interac-
tion term’s coefficient is significantly negative. This
implies that energy consumption has no harmful moder-
ating role on the environmental impact of service output
in Malaysia. However, the positive coefficient of service
output indicates that service output activities (i.e., hotels,
transport, restaurants) directly increase environmental
pollution in Malaysia. To measure the overall effect of
both service output and energy consumption on environ-
mental pollution, we computed the marginal effects. The
computed marginal effects of service output on environ-
mental pollution at the maximum, mean, and minimum
levels of energy consumption are 21.596, 20.815, and
0.432, respectively. The decreasing trend of the marginal
effect shows that a simultaneous rise in both service out-
put and energy consumption will not aggravate environ-
mental pollution in Malaysia. Although Zaman and
Moemen (2017) reported that service output mitigates
environmental pollution in 23 high-income countries,
some studies (e.g., Jebli & Kahia, 2020; Poumanyvong &
Kaneko, 2010; Sohag et al., 2017) have argued that ser-
vice output probably raises the level of environmental
pollution due to the inability of the countries or firms to

invest in clean and innovative technologies that utilizes
renewable energy to enhance service activities such as
hotels, transport, restaurants, etc. This study has pro-
vided empirical evidence to show that service output does
not increase environmental pollution through energy
consumption in Malaysia.

In all the models, the estimation results indicate that the
EKC hypothesis is supported since the coefficient of GDP
is significantly positive while the coefficient of GDP
squared is significantly negative at 5% level. Hence,
Malaysia can move toward carbon-neutral economy
through economic expansion. This finding is consistent
with Ehigiamusoe (2020a) for ASEAN+China and
Ehigiamusoe (2020b) in 25 African nations. In all the mod-
els, the convergence coefficient is significantly negative,
suggesting the speed at which the system adjusts from
short-term deviation to long-term equilibrium. For exam-
ple, in Model 1, the estimated speed of convergence to
equilibrium is around 76.7% per year. Hence, it will take
about 1.3 years for the economy to converge from short-
run deviation to long-run equilibrium. Similarly, in Model
2, Model 3, and Model 4, it will take around 1.5 years, 1.4
years, and 1.3 years, respectively for the economy to con-
verge from short-run deviation to long-run equilibrium.

Robustness Checks

Issue of Diagnostic Tests. This study conducts various diag-
nostic tests to ascertain the robustness of the estimations,
and the results are displayed in the lower panel of
Table 3. Firstly, the Breusch-Godfrey serial correlation
LM test suggest that all models have no serial correla-
tion. Secondly, the Breusch-Pagan-Godfrey heteroske-
dasticity test suggests that all the models have no
heteroskedasticity. Third, the Jarque-Bera statistic shows
that all the variables are distributed normally. Fourth,
the Ramsey RESET test reveals that the functional forms
of the models are appropriate and there is no omitted
variable bias. Lastly, Figure 6 shows that the line graphs
of the CUSUM and CUSUM of squares fall within the
critical limits at 5% significant level, indicating that the
models are stable and appropriately specified.

Issue of Structural Breaks. This study uses the Bai and
Perron (2003) test to ascertain the presence of structural
breaks in models. The test detected a significant struc-
tural break in 1998, 1991, 1999, and 1993 for Models 1,
2, 3, and 4 correspondingly. Following Ehigiamusoe,
Lean & Somasundram (2022) and Hashmi et al. (2020),
this study controls for the break in the analysis by add-
ing to the model a dummy variable (which has a value of
1 effective the break year and 0 otherwise) and redo the
analysis. The empirical results displayed in Table 3 are
like the findings presented in Table 4 in terms of the
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coefficients’ signs and significance (albeit the sizes differ
slightly). Summarily, the coefficients of the interaction
terms (between agricultural output and energy consump-
tion as well as between service output and energy con-
sumption) are negative. Conversely, the coefficients of
the interaction terms (between industrial output and

energy consumption as well as between financial devel-
opment and energy consumption) are positive.
Nevertheless, the coefficient of the structural break is
statistically insignificant, suggesting that structural break
has no influence on environmental pollution in
Malaysia.

Figure 6. Stability tests.
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Alternative Proxy of Environmental Pollution. For further
robustness checks of the estimations, this study employs
alternative proxy of environmental pollution namely carbon
dioxide emissions. The results shown in Table 5 are like the
outcomes displayed in Table 3 regarding the signs and sig-
nificance of the coefficients (albeit the sizes slightly vary).

Conclusion and Policy Implications

This study confirms the EKC hypothesis in Malaysia,
suggesting that the country can grow-out of environmen-
tal pollution. It also reveals that energy consumption has
a detrimental role on the environmental impacts of the

industrial and financial sectors. Though energy consump-
tion does not aggravate the environmental impacts of the
agricultural and service sectors, there are evidence that
the agricultural and service sectors have adverse direct
impacts on environmental pollution. Further analysis
indicates that the marginal effects of the industrial and
financial sectors on environmental pollution increase as
energy consumption rises. This implies that a simulta-
neous rise in both industrial output and energy consump-
tion or financial development and energy consumption
exacerbates environmental pollution in Malaysia.

This study has some policy implications. First, since
Malaysia can grow-out of environmental pollution as

Table 4. Robustness Checks of ARDL Estimations Accounting for Structural Breaks.

Model 1 ARDL
[2,3,1,1,1,1,3]

Model 2 ARDL
[1,3,3,1,3,1,1]

Model 3 ARDL
[2,1,1,3,1,1,1]

Model 4 ARDL
[2,2,1,3,2,1,1]

Bound test 8.444*** 5.575*** 5.279*** 4.234***
Long-run effects

GDP 8.675** (3.288) 9.429** (4.285) 8.280** (3.451) 5.412** (2.679)
GDP2 20.487** (0.181) 20.470** (0.264) 20.459** (0.185) 20.252** (0.143)
ENC 2.246*** (0.609) 19.927** (7.829) 2.178** (0.951) 11.442*** (3.344)
AGR 5.109*** (1.695)
AGR3 ENC 20.687*** (0.223)
IND 240.961** (16.370)
IND3 ENC 5.294** (2.086)
FIN 24.383** (1.611)
FIN3 ENC 0.574** (0.219)
SER 23.349*** (6.833)
SER3 ENC 23.080*** (0.891)
DUM 20.101 (0.051) 0.082 (0.078) 20.128 (0.061) 0.038 (0.052)

Convergence coefficient 20.968*** (0.153) 20.683*** (0.147) 20.709*** (0.134) 20.934*** (0.257)
Short-run effects

DGDP 19.790*** (5.027) 29.977*** (6.016) 6.786** (2.745) 22.148*** (6.518)
DGDP2 21.051*** (0.284) 21.625*** (0.339) 20.326** (0.156) 21.176*** (0.362)
DENC 2.175*** (0.580) 13.629*** (4.378) 1.545** (0.728) 5.826** (2.733)
DAGR 5.289** (1.700)
DAGR3 ENC 20.665** (0.220)
DIND 227.307*** (8.932)
DIND3 ENC 3.621*** (1.158)
DFIN 23.108** (1.222)
DFIN3 ENC 0.407** (0.166)
DSER 11.271** (5.479)
DSER3 ENC 21.489** (0.719)
DDUM 0.276 (0.079) 0.056 (0.055) 20.090 (0.040) 0.026 (0.083)

Constant 254.249** (17.59) 108.79** (51.95) 219.321 (15.862) 211.359*** (2.679)
R2 .986 .982 .965 .985
Diagnostic tests

Serial correlation 0.564 [0.578] 0.669 [0.523] 0.446 [0.644] 1.167 [0.369]
Homoscedasticity 0.512 [0.911] 0.883 [0.593] 0.880 [0.553] 0.560 [0.889]
Normality 2.488 [0.401] 1.583 [0.453] 0.717 [0.785] 3.587 [0.206]
Ramsey RESET 0.163 [0.871] 0.472 [0.641] 1.461 [0.154] 0.909 [0.375]

Marginal effects
Minimum level 0.466** 25.179** 20.503** 2.531**
Mean level 0.061** 21.118** 20.063** 20.169**
Maximum level 20.392** 1.428** 0.213** 21.313**

*, ** and ***Indicate statistical significance at 1%, 5% and 1% levels, respectively. The values in parenthesis are standard errors of coefficients while values

in squared bracket are probability values of diagnostic tests. DUM=Dummy to account for structural break. Dependent variable is ecological footprint.
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hypothesized by the EKC, the country should employ
the appropriate fiscal and monetary policies to promote
economic growth in her quest to ensure economic and
environmental sustainability. The country should also
prioritize investment into the essential drivers of eco-
nomic growth (i.e., physical and human capital, infra-
structural development, technological advancement, etc.)
in her development agenda.

Second, since energy consumption aggravates the
environmental impacts of the industrial and financial
sectors in Malaysia, the country should vigorously
pursue policies and programs that can mitigate the
adverse environmental impacts of sectoral growth
(industrial and financial sectors) and energy

consumption in her development agenda. Since
Malaysia is an emerging country that cannot sacrifice
sectoral growth for carbon-neutral economy, it is nec-
essary to critically evaluate the role of the interplay
between sectoral growth and energy consumption with
a view to attaining a carbon-neutral economy. It is
fundamental for stakeholders in the industrial and
financial sectors to embrace clean or renewable energy
technologies that are environmental-friendly rather
than fossil fuels consumption that aggravates environ-
mental pollution. To achieve carbon-neutral economy,
the sectors should substantially increase the propor-
tion of renewable energy in the total energy mix. The
sectors should adopt energy-saving or energy-efficient

Table 5. ARDL Estimations Using Alternative Proxy of Environmental Pollution (Carbon Emissions).

Model 1 ARDL
[1,1,1,1,1,1]

Model 2 ARDL
[1,1,1,1,1,1]

Model 3 ARDL
[3,1,1,1,1,1]

Model 4 ARDL
[2,1,1,1,1,1]

Bound test 6.415*** 4.204*** 6.927*** 15.295***
Long-run effects

GDP 5.947** (2.077) 2.891** (0.844) 4.915** (2.008) 0.770** (0.375)
GDP2 20.334** (0.170) 20.175** (0.099) 20.273** (0.111) 20.027** (0.019)
ENC 2.165*** (0.391) 0.162** (0.062) 0.683** (0.253) 1.880** (0.751)
AGR 3.428*** (1.303)
AGR3 ENC 20.457*** (0.169)
IND 21.148** (0.061)
IND3 ENC 0.206** (0.030)
FIN 22.792** (1.402)
FIN3 ENC 0.357** (0.188)
SER 1.620** (0.537)
SER3 ENC 20.269** (0.146)

Convergence coefficient 20.906*** (0.145) 20.838*** (0.183) 20.801*** (0.107) 20.788*** (0.110)
Short-run effects

DGDP 5.389** (2.755) 2.423 (1.560) 3.939** (1.492) 0.607 (1.305)
DGDP2 20.302** (0.152) 20.147* (0.084) 20.219** (0.082) 20.021 (0.071)
DENC 1.962*** (0.445) 0.135 (1.728) 20.547 (0.672) 1.481 (1.394)
DAGR 3.107** (1.216)
DAGR3 ENC 20.414** (0.158)
DIND 20.962 (3.418)
DIND3 ENC 0.172 (0.447)
DFIN 22.238** (1.099)
DFIN3 ENC 0.286** (0.147)
DSER 1.277 (2.794)
DSER3 ENC 20.212 (0.371)

Constant 241.200** (16.353) 10.615 (14.020) 214.843* (8.300) 215.635 (13.344)
R2 .997 .995 .995 .994
Diagnostic tests

Serial correlation 1.278 [0.802] 0.173 [0.841] 1.550 [0.767] 0.438 [0.513]
Homoscedasticity 0.319 [0.975] 0.823 [0.599] 0.512 [0.837] 0.871 [0.539]
Normality 4.251 [0.161] 0.609 [0.737] 0.746 [0.688] 1.387 [0.499]
Ramsey RESET 0.130 [0.897] 0.220 [0.811] 1.034 [0.309] 0.714 [0.480]

Marginal effects
Minimum level 0.339** 0.244** 20.379** 20.198**
Mean level 20.011** 0.402** 20.105** 20.404**
Maximum level 20.231** 0.501** 0.066** 20.534**

*, ** and ***Indicate statistical significance at 1%, 5%, and 1% levels, respectively. The values in parenthesis are standard errors of coefficients while values

in squared bracket are probability values of diagnostic tests. Dependent variable is carbon dioxide emissions.
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techniques of production rather than pollution-
intensive methods to attain carbon-neutral economy.
The country should strengthen the capacity of the
financial sector to support the firms to embrace
advanced or cleaner technologies that are environmen-
tal-friendly. A developed financial sector can
strengthen the ability of firms to embrace advanced or
cleaner technologies that are environmental-friendly,
encourage technological innovations as well as
enhance the financing of environmental projects. It
can also provide avenue for carbon trading to give
inducements for decreasing greenhouse gases. Besides,
the country should make significant investment in
research and development into the production of
renewable energy. The country should also provide
incentives to the sectors that utilize renewable energy
(e.g., tax holiday), but impose carbon taxes on sectors
that generate carbon footprint and emissions in her
quest to attain carbon-neutral economy.

Third, to minimize the direct adverse impacts of the
agricultural and service sectors on environmental pollu-
tion in Malaysia, it may be necessary for stakeholders
to reduce the carbon footprint and emissions generated
during sectoral activities or practices (e.g., bush burn-
ing, fertilizer application, rice production, irrigation,
livestock management, clearing forests for agricultural
land, food processing, food packaging, transportation,
hotels management, and restaurants). It may be essen-
tial to provide environmental education and awareness
to the various stakeholders in the sectors on the danger
of environmental pollution to human lives, ecosystem,
global warming, and climate change. The country can
attain carbon-neutrality through strict implementation
of the energy and environmental policies that protect
the environment.

This study has unveiled the moderating role of
energy consumption on the environmental impacts of
the industrial, agricultural, financial, and service sec-
tors in Malaysia using the ARDL techniques. However,
this study is unable to cover other economic and social
sectors or sub-sectors such as tourism, education,
health, transportation, etc. Besides, the asymmetric
effects of energy consumption and sectoral growth on
environmental pollution were not analyzed in this
study. Therefore, it is recommended for future studies
to investigate the issue in other economic and social
sectors or sub-sectors (e.g., tourism, education, health,
transportation) for more insights. Future studies
should also employ estimation techniques (e.g.,
Nonlinear Autoregressive Distributed Lag technique)
that can show the asymmetric effects of energy con-
sumption and sectoral growth on environmental pollu-
tion for greater insights.
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