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Abstract
The objective of this study is to estimate the non-linear effect of energy consumption i.e. oil, gas, electricity, and coal consump-
tion on CO2 emission in South Asian countries. The study uses annual panel data of three South Asian countries i.e. Bangladesh,
India, and Pakistan from 1985 to 2017 and applies panel non-linear ARDL methodology to examine the long-run and short-run
relationship. Results show that an increase in gas, electricity, coal, and electricity consumption leads to an increase in the carbon
dioxide emission, whereas decrease in electricity and coal consumption reduces the carbon dioxide emissions in the long run.
Non-linear relationship exists between electricity consumption and CO2 emissions as well as between coal consumption and CO2

emissions in South Asian countries in the long run. Results of short run dynamics of individual countries show that non-linear
relationship exists between oil consumption and CO2 emissions, electricity consumption and CO2 emissions, and coal consump-
tion and CO2 emissions in Bangladesh and Pakistan. Research and development centers are required to control pollution through
new technologies, while discourage to use higher electricity and coal consumption as a source of energy for a healthier
environment.
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Introduction

Majority of the environmental problems are due to energy
usage because it is impossible to transport, produce, and con-
sume energy without having harmful impact on environment.
Production of energy from non-renewable resources has dan-
gerous effects on environment because it produces intense
type of harmful toxic gasses, which is very dangerous
for environment as well as biotic component. Ecosystem
consists of biotic and abiotic components which interact
with each other to sustain balance surrounding environ-
ment. Nowadays, many environmentalists believe that
society lies among three E’s i.e. energy, economy, and envi-
ronment which are directly or indirectly linked with each oth-
er. In developing economies such as Bangladesh, India, and

Pakistan, the industry and household consumers use energy in
large amount, which impacts the environmental quality.
Developing economies depend on coal, gas, and oil
for fulfilling the requirements of energy. These emerg-
ing economies can maximize energy efficiency by reducing
the environmental wastes.

There are different stances on the impact of energy con-
sumption on environmental quality. First stance advocates that
oil is one of the most abundant energy resource which pro-
motes sustainable economic growth, reduce business cost, in-
crease the demand and supply of commodities, promotes free
trade, and intends to improve the employment conditions in
the countries (Meadows et al. 1972; Akbostanci et al. 2009;
Al-Amin et al. 2009; Akin 2014). Carbon taxes levied on
fossil oil, and coal utilization provides an incentive for
industries to develop more friendly environmental pro-
duction processes (UNCTAD 2010). Second stance ar-
gues that energy consumption has serious effects on
environment. Environmentalists and economists argued
that energy consumption through oil, coal, gas, and
electricity produces a large amount of waste because of high
rate of consumption and destroys environmental condition of
the world. They also oppose the carbon tax idea because it is

Responsible editor: Philippe Garrigues

* Kashif Munir
kashifmunirdr@gmail.com; kashif_ok@hotmail.com

1 Department of Economics, University of Central Punjab,
Lahore, Pakistan

https://doi.org/10.1007/s11356-019-06116-8
Environmental Science and Pollution Research (2019) 26:29307–29315

/Published online: 8 August 2019

http://crossmark.crossref.org/dialog/?doi=10.1007/s11356-019-06116-8&domain=pdf
http://orcid.org/0000-0003-0185-4350
mailto:kashifmunirdr@gmail.com
mailto:kashif_ok@hotmail.com


quite difficult to measure how much carbon is produced, and
therefore difficult to know what level of carbon tax to charge.
Saidi and Hammami (2015) argued that energy combustion
has positive impact on CO2 emissions, while Irfan and Shaw
(2017) described the nonlinear but positive impact of energy
combustion on CO2 emissions.

In sum, previous studies discussed the impact of the energy
consumption on environment of emerging countries. The re-
lationship between disaggregate energy consumption and car-
bon dioxide emissions was examined very frequently, but
there is precise work on the non-linear relationship between
energy consumption and environmental degradation in South
Asian countries. This study aims at fulfilling this gap by ex-
amining the non-linear association among the consumption of
energy and environmental quality. The major goal of this
study is to examine the non-linear impact of energy consump-
tion i.e. oil, gas, coal, and electricity consumption on carbon
dioxide emissions in South Asian countries. This study pro-
vides necessary information, evidence, and better understand-
ing to policy makers, individual, and researchers. This study is
useful for government, policy makers, and civilian in evaluat-
ing and understanding how energy combustion affects envi-
ronmental quality. This study provides the policy makers and
environmentalists for making the environment-friendly policy
for short run as well as for long run.

Literature review

Noor and Siddiqi (2010) investigated the association among
energy use and economic growth for five South Asian
countries from 1971 to 2006. They found that unidirectional
causality exists from GDP per capita to per capita energy
consumption. They concluded that existence of energy
shortage is due to excessive use of energy in South Asian
countries. Hossain (2011) analyzed the association among
CO2 emissions, economic growth, trade openness, energy
consumption, and newly industrialized urbanized economies
from 1971 to 2007. Study found that unidirectional causality
exists from urbanization and trade openness to economic
growth, while unidirectional causality also exists from
economic growth to energy consumption and from trade
openness to urbanization. Sheng et al. (2012) investigated
the effect of energy consumption of household on environ-
ment in rural as well as in urban areas of China. Results
showed that different amount of energy is consumed at rural
as well as in urban areas, while rural household consumed
more energy as compared to urban household.

Omri (2013) examined the relationship among CO2 emis-
sions, economic growth, and consumption of energy in 14
MENA countries from 1990 to 2011. Results depicted that
bidirectional causality exists between energy consumption
and economic growth, while unidirectional causality exists

from energy consumption to CO2 emissions. Kasman and
Duman (2015) analyzed the association among trade open-
ness, urbanization, energy consumption, CO2 emissions, and
economic growth from 1992 to 2010 in EUmember countries.
They found that unidirectional causality exists from GDP to
energy consumption and from urbanization to trade openness.
However, unidirectional causality exists from trade openness,
urbanization, and energy consumption to CO2 emission in the
short run. Saidi and Hammami (2015) investigated the effect
of economic growth and CO2 emission on energy
consumption for panel of 58 countries from 1990 to 2012.
They found that positive relationship exists among energy
consumption and CO2 emissions.

Destek et al. (2016) examined the association among real
GDP, energy consumption, trade openness, CO2 emission,
and urbanization for selected Eastern and Central European
countries from 1991 to 2011. They found evidence of envi-
ronmental Kuznets curve (EKC) hypothesis in these econo-
mies. Dogan and Turkekul (2016) examined the association
among CO2 emission, energy consumption, real output, trade
openness, financial development, and urbanization in the
USA from 1960 to 2010. They found that urbanization and
energy consumption lead to increase in environmental
degradation. Ali et al. (2017) analyzed the casual association
among renewable and non-renewable source of energy, per
capita output, population density, and environment quality in
South Asian countries from 1980 to 2013. They found that
CO2 emission has positive relation with per capita output,
population density, and non-renewable energy source, while
renewable energy has negative relation with CO2 emission.

Irfan and Shaw (2017) analyzed the association among
energy consumption, environmental pollution, and level of
urbanization in South Asian economies from 1978 to 2011.
They found that carbon dioxide emission and energy con-
sumption have non-linear relationship, while energy con-
sumption is positively related with carbon dioxide emission
in these emerging economies. Kisswani (2017) examined the
long- as well as short-run nexus of GDP-energy consumption
for five ASEAN economies from 1971 to 2013. Study used
nonlinear autoregressive distributed lag (NARDL) model for
individual country analysis as well as for panel data analysis.
Results depicted that long-run asymmetry exists in Singapore
and Thailand, while short-run asymmetry exists in Thailand
for individual country analysis. Moreover, panel data analysis
showed that nonlinear asymmetry exists among energy
consumption and GDP. Causality tests showed mixed results
in both panel data analysis and individual country analysis.

Munir and Ameer (2018) analyzed the long- and short-run
effect of trade openness, urbanization, and technology on
environmental degradation in Asian emerging economies.
They found that environmental Kuznets curve hypothesis
exists among SO2 emission and economic growth. Shahbaz
et al. (2018) analyzed the association among economic
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growth, foreign direct investment, innovation of energy
research, and financial development in France. Results
depicted that energy innovation and financial development
have inverse relation with CO2 emissions, while foreign
direct investment and energy use have positive relation with
CO2 emissions. Arminen and Menegaki (2019) analyzed the
causality among energy consumption, economic growth,
and CO2 emissions in high and upper middle economies
from 1985 to 2011. Results depicted that bidirectional
causality exists among GDP and energy consumption
but evidence of environmental Kuznets hypothesis does
not exist.

Khan et al. (2019) analyzed the asymmetric impact of en-
vironmental regulation on carbon dioxide emissions in China
from 1991 to 2015. Results depicted that significant and
negative relationship exists among carbon dioxide emissions
and environmental regulation in short as well as in long run.
They concluded that technological innovation through
research and expansion helps to reduce the carbon emission
in China. Toumi and Toumi (2019) analyzed the asymmetric
causality among renewable energy, CO2 emission, and real
GDP from 1990 to 2014 in the Kingdom of Saudi Arabia by
employing non-linear ARDL model. Results depicted
that asymmetry exists in the long run between renew-
able energy, CO2 emissions, and real GDP. However,
asymmetric causality test shows that negative and posi-
tive shocks to renewable energy consumption have ad-
verse impact on carbon dioxide emission in the long
run, while negative shock in CO2 emissions has positive
impacts on real GDP.

Data and methodology

Majority of the studies in the literature used environmental
Kuznets curve (EKC) hypothesis to explore the non-linear
association between environment and economic growth.
However, this study utilizes EKC hypothesis to find the non-
linear association among environment and energy consump-
tion. The EKC hypothesis states that an increase in energy
consumption leads to increase in production activities which
is directly proportional with economic growth, while higher
level of energy consumption eventually leads to environmen-
tal deterioration.

This study uses the following models to analyze the asso-
ciation among energy consumption and environmental quali-
ty, while energy is disaggregated into oil, coal, gas, and
electricity consumption:

CO2 ¼ f OCþ;OC−ð Þ ð1Þ

CO2 ¼ f GCþ;GC−ð Þ ð2Þ

CO2 ¼ f ECþ;EC−ð Þ ð3Þ

CO2 ¼ f CoalCþ;CoalC−ð Þ ð4Þ

where, CO2 is carbon dioxide emissions, OC is oil consump-
tion, GC is gas consumption, EC is electricity consumption,
CoalC is coal consumption, and superscript + and – are de-
composition of partial positive and negative sums of variable
respectively.

This study uses annual panel data of three South Asian
courtiers i.e. Bangladesh, India, and Pakistan from 1985 to
2017. Due to unavailability of data for all the South Asian
countries, the study focuses on only three countries.
Environmental degradation is measured by carbon dioxide
(CO2) emissions metric tons per capita and collected from
“World Development Indicators,” published by the World
Bank. Oil consumption (OC), gas consumption (GC), coal
consumption (CoalC), and electricity consumption (EC) are
measured in million tons and collected from “Statistical
Review of World Energy,” published by the BP Global.

Panel data is more worthy as compared to time series and
cross-sectional data because heterogeneity and specific impacts
of cross section are illustrated by panel data. Due to large sam-
ple size data, reliability of the results increases and estimation
will be more robust. On the other hand, panel data is more
useful due to more information, less collinearity, and more ef-
ficiency (Wooldridge 2010; Gujarati 2005; Baltagi 2013).

Stationarity of the variables are checked in the first step to
avoid misleading results and spurious regression. Stationarity
of a variable is examined by LLC, IPS, and Fisher-ADF panel
unit root tests. Panel unit root test of Levin, Lin, and Chu
(LLC) is used for pooled data and given by Levin et al.
(2002). If time period ranged from 5 to 250 and number of
countries are 10 to 25, then LLC test is preferred. Im, Pesaran,
and Shin (IPS) panel unit root test assumes that variables are
normally distributed with finite heterogeneous variance and
zero mean (Im et al. 2003). Fisher-ADF unit root test is illus-
trated by Maddala and Wu (1999) with the idea of Fisher
(1932).

Pesaran and Shin (1995) and Pesaran et al. (1999) came
with a technique to estimate non-stationary dynamic panels
and called it as pooled mean group (PMG) or panel auto re-
gressive distributed lag (ARDL) model. PMG is used to esti-
mate the long- and short-run association among the variables
as well as to investigate heterogeneous dynamic issue across
countries. The general form of PMG model or panel ARDL
can be specified as:

Y it ¼ ∑p
j¼1λijY i; t− j þ ∑q

j¼0δ
0
ijX i; t− j þ μi þ εit ð5Þ

where, Yit is dependent variable, Xit is (k × 1) vector of
explanatory variables, μi represents the fixed effects, λij is
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the coefficient of the lagged dependent variable, δij is (k × 1)
coefficient vector of independent variables, εit is the error tern,
i (1, 2,…..,N) is number of cross section, and t (1, 2,……T) is
number of time.

Equation (5) can be re-parameterized as a vector error cor-
rection model as:

ΔY it ¼ θiECTit þ ∑p−1
j¼1λ

*
ijΔY i; t− j þ ∑q−1

j¼0δ
*0
ij ΔX i; t− j

þ μi þ εit ð6Þ

where, ECTit ¼ ϕi Y i;t−1−β
0
iX i;t

Error correction term (ECT) parameter θi provides the
speed of adjustment. ECT depicts the rate of adjustment of
variable towards the long-run equilibrium, while negative sign
provides the convergence in the short run.

However, the objective of this study is to analyze the non-
linear impact of energy consumption on carbon dioxide emis-
sions in panel form. Shin et al. (2014) provided the framework
for nonlinear ARDL (NARDL) based on linear ARDL model
of Pesaran and Shin (1999) and Pesaran et al. (2001). Shin
et al. (2014) followed the methodology of Granger and Yoon
(2002) and Schorderet 2003for decomposition of a stationary
variable into positive and negative variations. Thus, for a var-
iable X, the two components which is partial sum of the var-
iables are:

Xþ ¼ ∑t
j¼1ΔX

þ
j ¼ ∑t

j¼1max ΔX j; 0
� � ð7Þ

X − ¼ ∑t
j¼1ΔX

−
j ¼ ∑t

j¼1min ΔX j; 0
� � ð8Þ

The long-run association among Y and X in a nonlinear
framework is represented as:

Y t ¼ βþXþ
t þ β−X −

t þ μt ð9Þ
X t ¼ X 0 þ Xþ

t þ X −
t ð10Þ

where, β+ and β− are long-run parameters, and X+and X−

are scalars of decomposition partial sums.
This study combines themethodology ofNARDLof Shin

et al. (2014) and panel ARDLmethodology of Pesaran et al.
(1999) and estimates the panel non-linear ARDL model to
achieve the objectives of this study. Hence, this panel non-
linear ARDL methodology has the following three superior
features over NARDL and panel ARDL. First, it measures
the non-linear asymmetries in the data. Second, it measures
the heterogeneity effect in the data. Lastly, it is more appro-
priate in the presence of mixed order of integration of vari-
ables. Brun-Aguerre et al. (2017) used panel non-linear
ARDL model to examine the exchange rate pass through on
import prices, while Salisu and Isah (2017) used panel non-
linear ARDLmodel to examine the association among stock
prices and oil prices.

Hence, panel non-linear ARDL model can be specified as:

ΔY it ¼ θiECT it þ ∑p−1
j¼1λ

*
ijΔY i; t− j

þ ∑q−1
j¼0 δ*

0þ
ij ΔXþ

i; t− j þ δ*
0−

ij ΔX −
i; t− j

� �
þ μi þ εit ð11Þ

where, ECTit ¼ ϕi Y i;t−1− β
0þ
i Xþ

i;t þ β
0−
i X

−
i;t

� �

The study has also applied diagnostic tests for reliability of
the results. Jarque-Bera test is applied for normality (Jarque
and Bera 1980), while Breusch-Pagan LM test (Breusch and
Pagan 1980), Pesaran scaled LM test (Pesaran 2004), and
Pesaran CD test (Pesaran 2004) for cross-sectional depen-
dence. However, Granger causality test is used to find the
short-run asymmetric causal association among the variables.

Results

Order of integration of the variable is checked by Im, Pesaran,
and Shin (IPS), Levin, Lin, and Chu (LLC), and Fisher-ADF
(F-ADF) panel unit root tests, while Schwarz information
criteria (SIC) is used for lag length criteria, and results are
reported in Table 1. Results show that all the variables are
integrated of order one except electricity consumption, which
shows mix order of integration. However, none of the variable
is integrated of order two.

The long- and short-run parameters are estimated as pro-
posed by Pesaran and Shin (1999) and Pesaran et al. (2001).
The results of combine effects of long-run coefficients of pan-
el non-linear ARDL are reported in Table 2 panel A, while
panel B of Table 2 describes the short-run dynamics. Results
of combine effects of asymmetric long-run coefficients of
model-I show that partial positive sum of oil consumption
has significant and positive effect on carbon dioxide emis-
sions, while partial negative sum of oil consumption has pos-
itive and insignificant impact on carbon dioxide emissions.
Oil consumption is an important source of obtaining energy.
An increase in consumption of oil leads to environmental
pollution, and this pollution contains high concentration of
CO2 emissions and other gases that lead to increase in envi-
ronmental degradation and cause different types of diseases as
well. Partial positive sum of gas consumption has positive and
significant effect on carbon dioxide emissions, while partial
negative sum of gas consumption has positive and insignifi-
cant impact on carbon dioxide emissions in the long run in
model-II. An increase in gas consumption produces smoke,
which has different types of dangerous chemical particles and
damages the environmental quality.

Model-III and model-IV show that non-linear relationship
exists between electricity consumption and carbon dioxide
emissions as well as between coal consumption and carbon
dioxide emissions in South Asian countries. Partial positive
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sum of electricity consumption and coal consumption has
positive and significant impact on carbon dioxide emissions,
while partial negative sum of electricity consumption and coal
consumption has negative and significant impact on carbon
dioxide emissions in model-III and model-IV respectively.
Panel non-linear ARDL model is transformed into error cor-
rection model (ECM) for measuring the short-run dynamics.
Error correction term (ECT) is the rate of adjustment that
indicates how quickly variables adjust towards long-run equi-
librium, and its negative sign represents the convergence in
the short run. The results of combine effects of short-run dy-
namics of all the four models are reported in Table 2 panel B.

The negative and significant ECT term in all the four models
shows that long-run relationship exists among the variables.

Table 3 reports the results of diagnostic tests. Diagnostic
tests are applied for normality (Jarque-Bera test) and cross-
sectional dependence (Breusch-Pagan LM test, Pesaran scaled
LM test, and Pesaran CD test). These tests are applied to avoid
misleading results. Results of normality test and cross-
sectional dependence indicate that none of the model is suf-
fering from these problems.

The results of asymmetric short run dynamics of individual
countries for all the four models are reported in Table 4. The
results of Bangladesh show that partial positive sum of oil,

Table 1 Results of LLC, IPS, and F-ADF panel unit root test

Var LLC IPS F-ADF Order of integration

Level 1st difference Level 1st difference Level 1st difference LLC IPS F-ADF

LnCO2 − 0.8791 − 3.2985*** 0.8385 − 4.5237*** 10.273 32.361*** I(1) I(1) I(1)

LnOC 0.0720 − 2.1878** 1.2183 − 2.0894** 0.2338 7.0791** I(1) I(1) I(1)

LnGC 5.1655 − 3.3110*** − 0.1931 − 3.2602*** 1.7005 13.4674*** I(1) I(1) I(1)

LnEC 4.4090 − 4.2683*** − 1.3160* ---- 2.7005 16.0416*** I(1) I(0) I(1)

LnCoalC − 0.9755 − 5.6726*** 0.1071 − 4.8831*** 1.1646 21.958*** I(1) I(1) I(1)

***, **, and * show significance at 1%, 5%, and 10% level respectively

Table 2 Asymmetric long- and
short-run dynamics of oil, gas,
electricity, and coal—combine
effects

Var Model-I:
oil consumption

Model-II:
gas consumption

Model-III:
electricity consumption

Model-IV:
coal consumption

Panel A: long-run dynamics

LnOC+ 1.5028***

(0.2881)

---- ---- ----

LnOC– 5.5816

(4.8253)

---- ---- ----

LnGC+ ---- 1.5550**

(0.6812)

---- ----

LnGC– ---- − 10.5489

(6.7789)

---- ----

LnEC+ ---- ---- 0.5524***

(0.1055)

----

LnEC– ---- ---- − 0.5709*

(0.3404)

----

LnCoalC+ ---- ---- ---- 0.4446***

(0.04829)

LnCoalC– ---- ---- ---- − 0.9113***

(0.1923)

Panel B: short-run ECM

ECT(-1) − 0.1016**

(0.0502)

− 0.0807***

(0.0173)

− 0.3072***

(0.1344)

− 0.0653***

(0.0322)

Standard errors are in parenthesis

***, **, and * show significance at 1%, 5%, and 10% respectively
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electricity, and coal consumption have positive and significant
effect on carbon dioxide emissions, while partial negative sum
of oil, electricity, and coal consumption have negative and
significant impact on carbon dioxide emissions in the short
run. An increase in oil, gas, and coal consumption enhance
carbon dioxide emissions in the short run, while a decrease in
oil and electricity consumption reduce the carbon dioxide
emissions in India in the short run. Partial positive sum of
oil, gas, electricity, and coal consumption have positive and
significant impact on carbon dioxide emissions in Pakistan,
while partial negative sum of oil, electricity, and coal con-
sumption have negative and significant impact on carbon di-
oxide emissions in the short run.

After estimating the asymmetric long-run and short-run
dynamics, the results of asymmetric Granger causality tests
are reported in Table 5. Results show that unidirectional cau-
sality runs from CO2 emission to partial positive sum of gas
consumption, partial negative sum of gas consumption, partial
positive sum of coal consumption, and partial negative sum of
coal consumption. However, bidirectional causality exists

among carbon dioxide emissions and partial positive sum of
electricity consumption.

Conclusion

It is impossible to transport, produce, and consume energy
without having harmful impact on environment. Developing
economies depend on coal, gas, and oil for fulfilling the re-
quirements of energy, while industry and household con-
sumers use energy in large amount and damage the environ-
ment. This study analyzes the non-linear impact of energy
consumption i.e. oil, gas, coal, and electricity consumption
on carbon dioxide emissions in South Asian countries.
Environmental Kuznets curve (EKC) hypothesis is used as a
theoretical basis for non-linear relationship. The study uses
annual panel data of three South Asian countries i.e.
Bangladesh, India, and Pakistan from 1985 to 2017 and ap-
plies panel non-linear ARDL methodology to examine the
long-run and short-run relationship.

Table 3 Diagnostic tests

Model Test Statistics
(p value)

Null hypothesis

Model-I:
oil consumption

Normality test:
Jarque-Bera test

2.6906
(0.2605)

Normally distrusted

Cross-sectional dependence:
Breusch-Pagan LM test

0.5607
(0.9054)

No cross-sectional dependence

Cross-sectional dependence:
Pesaran scaled LM test

− 0.9958
(0.3193)

No cross-sectional dependence

Cross-sectional dependence:
Pesaran CD Test

0.5369
(0.5913)

No cross-sectional dependence

Model-II:
gas consumption

Normality test:
Jarque-Bera test

1.8109
(0.4043)

Normally distrusted

Cross-sectional dependence:
Breusch-Pagan LM test

0.3093
(0.9583)

No cross-sectional dependence

Cross-sectional dependence:
Pesaran scaled LM test

− 1.0985
(0.2720)

No cross-sectional dependence

Cross-sectional dependence:
Pesaran CD test

− 0.3957
(0.6923)

No cross-sectional dependence

Model-III:
electricity consumption

Normality test:
Jarque-Bera test

0.6905
(0.7080)

Normally distrusted

Cross-sectional dependence:
Breusch-Pagan LM test

0.8204
(0.8446)

No cross-sectional dependence

Cross-sectional dependence:
Pesaran scaled LM test

− 0.8898
(0.3736)

No cross-sectional dependence

Cross-sectional dependence:
Pesaran CD test

− 0.5900
(0.5552)

No cross-sectional dependence

Model-IV:
coal consumption

Normality test:
Jarque-Bera test

0.9359
(0.6263)

Normally distrusted

Cross-sectional dependence:
Breusch-Pagan LM test

0.0954
(0.9924)

No cross-sectional dependence

Cross-sectional dependence:
Pesaran scaled LM test

− 1.1858
(0.2657)

No cross-sectional dependence

Cross-sectional dependence:
Pesaran CD test

− 0.2033
(0.8389)

No cross-sectional dependence

p values are in parenthesis
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Results of panel non-linear ARDL model of combine
effects show that partial positive sum of oil, gas,

electricity, and coal consumption has significant and pos-
itive impact on carbon dioxide emissions in the long run.
On the other hand, partial negative sum of oil and gas
consumption has positive and insignificant impact on car-
bon dioxide emissions, while partial negative sum of elec-
tricity and coal consumption has negative and significant
impact on carbon dioxide emissions in the long run.
Results show that non-linear relationship exists between
electricity consumption and carbon dioxide emissions as
well as between coal consumption and carbon dioxide
emissions in South Asia countries in the long run.

However, the results of asymmetric short run dynamics of
individual countries show that non-linear relationship exists
between oil consumption and CO2 emissions, electricity con-
sumption and CO2 emissions, and coal consumption and CO2

emissions in Bangladesh and Pakistan in the short run.
Moreover, asymmetric short-run relationship exists between
oil consumption and CO2 emissions in India. Bidirectional
causality exists among carbon dioxide emissions and partial
positive sum of electricity consumption, while unidirectional
causality exists from CO2 emission to partial positive sum of
gas consumption, partial negative sum of gas consumption,
partial positive sum of coal consumption, and partial negative
sum of coal consumption.

Table 4 Asymmetric short-run dynamics of oil, gas, electricity, and coal—individual country effects

Model Var Bangladesh India Pakistan

Model-I:
oil consumption

D(LnOC+) 1.6239***

(0.0940)
0.3152***

(0.0435)
0.7747***

(0.0442)

D(LnOC–) − 0.0470**

(0.0086)
− 1.6407***

(0.5373)
− 1.2313**

(0.4800)

ECT(-1) − 0.0490***

(0.0005)
− 0.0258***

(0.0004)
− 0.3258***

(0.0037)

Model-II:
gas consumption

D(LnGC+) 0.0686
(0.0394)

0.1262***

(0.0081)
0.0860***

(0.0002)

D(LnGC–) − 1.0809
(9.8160)

− 0.8943
(0.7522)

− 0.8943
(0.7522)

ECT(-1) − 0.0201***

(0.00009)
− 0.0119***

(0.00016)
− 0.0119***

(0.0001)

Model-III: electricity consumption D(LnEC+) 0.1321***

(0.0172)
0.0297
(0.0228)

0.0634**

(0.0229)

D(LnEC–) − 1.0645***

(0.1713)
− 0.0419**

(0.0878)
− 0.5512**

(0.0977)

ECT(-1) − 0.4566***

(0.01252)
− 0.0003
(0.0007)

− 0.3769***

(0.0107)

Model-IV: coal consumption D(LnCoalC+) 0.0345***

(0.0019)
0.0835***

(0.0030)
0.0195***

(0.0026)

D(LnCoalC–) − 0.0587***

(0.0003)
− 0.0193
(0.0106)

− 0.0639***

(0.0085)

ECT(-1) − 0.0016***

(0.0012)
− 0.0050***

(0.0002)
− 0.1893***

(0.0023)

Standard errors are in parenthesis

***, ***, and * show significance at 1%, 5%, and 10% respectively

Table 5 Results of asymmetric Granger casualty test

Model F-statistics Causality

GC+ → CO2 0.10838 No

CO2→ GC+ 7.6241*** Yes

GC– → CO2 0.8483 No

CO2→ GC– 2.8673* Yes

EC+ → CO2 3.2389** Yes

CO2→ EC+ 14.3981*** Yes

EC– → CO2 0.4110 No

CO2→ EC– 0.1120 No

CoalC+ → CO2 0.9073 No

CO2 → CoalC+ 3.8742** Yes

CoalC– → CO2 0.4271 No

CO2 → CoalC– 4.0477** Yes

OC+ → CO2 0.0693 No

CO2 → OC+ 0.8797 No

OC– → CO2 0.0171 No

CO2 → OC– 0.00956 No

***, **, and * show significance at 1%, 5%, and 10% respectively
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Policy implications

An increase in coal and electricity consumption deterio-
rates the environment of South Asian countries in the long
run, while a reduction in consumption of coal and elec-
tricity improves the environmental condition of South
Asian countries. On the basis of results, following policy
recommendations are suggested by the study: firstly, it is
important to control the pollution with new technologies
by enabling the research and development centers more
productive and secondly, discouraging to use higher elec-
tricity and coal consumption as a source of energy for a
healthier environment.
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