
Introduction

The rapid rise in the greenhouse gas emission 
has become the challenge for global community. The 

main cause of GHG emissions is globalization [1-5], 
which restricts the migration on one side but increases 
the industrial productions on other side for their 
international trade purpose [6]. The economic growth is 
achieved by consuming more energy which is supplied 
by fossil fuels [1, 3, 7, 8]. On one hand, the economic 
life of people improves due to economic growth but 
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Abstract

This article explores the nexus between three measures of greenhouse gases (CO2, N2O and CH4) 
with economic growth (GDP) and energy use for six South Asian countries (Pakistan, India, Nepal, 
Bangladesh, Sri-Lanka and Bhutan) by using panel ARDL approach from 1990 to 2017. The paper 
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studies the relationships with energy use and GDP in the context of (Environmental Kuznets curve) 
EKC. This study shows non-linear relation of CO2 with GDP as well as of N2O with GDP hence proves 
the presence of EKC in long run. The analysis of the study shows the positive significant impact of 
CO2 on GDP and energy use in long. In case of short run, the relationship of CO2 with energy use is 
significant at 10% level. In case of methane model for long run, there is negative relationship between 
CH4 and energy use however, there is positive significant impact between CH4 and GDP. However, there 
has been negative relationship of N2O with energy use and positive insignificant relationship with GDP. 
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on the other, it causes more danger to the social life 
of people [9]. The environmental depletion is causing 
severe threat to the life of people all over and world 
and hence a big challenge for the policymakers [10]. 
With the passage of time the community realized that 
in order to remain protected, they must protect their 
environment. The neat and clean environment is the 
proof of longer and healthy life. Thus, it is the need of 
hour to protect our environment to live a healthy and 
prosperous life. 

The situation of environmental degradation in oil 
importing countries is even more challenging because 
the oil consumption is causing more CO2, which is the 
ultimate cause of environmental pollution [11]. The 
economic activities and more consumption of energy is 
directly connected with the greenhouse gas emissions 
because of less efficient energy methods used [12]. 
These gases have negative impact on the health as well 
as on the working environment. Poor and developing 
nations receive the negative impact far earlier as 
compare to developed nations [14]. Therefore, it has 
been an accepted challenge by the world community to 
mitigate the negative effect of environment in order to 
introduce alternative means of production. Therefore, 
this study aims to investigate the impacts of GDP and 
energy use on three green house gases in selected South 
Asian countries.  

The previous studies mainly consider CO2 as GHG 
emission for their research purpose [16, 17]. We are 
considering three factors, which are causing negative 
shift in the environment and these are nitrous oxide 
(N2O), methane (CH4) and carbon dioxide (CO2). These 
gases are mainly produced due to economic activities 
[18].

South Asian countries are emerging economically 
and are considered as most vulnerable to climate 
changes region in the world [8]. Our study will consider 
the South Asian countries to investigate the impact of 
these GHG on the environment of those countries. We 
are using PMG approach for our study and investigation 
purpose. Further, we are using EKC to see that it either 
holds for all components of GHG taken in our study. 
The study would investigate the long term and short-
term relationship between the variables. The study is 
important because negative impact of bad environment 
is not only on human but also on the social potential 
of society [19]. Two schools of thinking are mainly 
found in the discussion while we study the literature for 
economic development and environmental degradation 
relationships, one is called optimistic school and other 
one is called pessimistic school [20]. According to 
the pessimistic approach, the economic growth must 
be discouraged because they are the main source of 
environmental degradation. The optimistic school 
reviews the issue alternatively. They are of opinion that 
instead of reducing economic activities the countries 
should opt for environment friendly means of production 
and transportation [20]. This study is the small step 
towards the betterment of our environment and opens 
the new door of further researches. Figs 1 and 2 are 
showing the spatial distribution of CO2 emissions and 
Methane over south Asia. We have used AIRS data to 
show spatial distribution of gases. 

Theoretical Consideration
 
Environmental Kuznets Curve (EKC) is considered 

a good tool of realizing that either the environmental 

Fig. 1. Satellite derived Spatial distribution of CO2 South Asia.
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degradation is declining after some time in connection 
to the human activities. Human activities are the cause 
of depletion of environment. When business activities 
in some particular country or region are increasing 
then negative shift in the environment cleanliness 
is observed. EKC shows the nexus of the business 
activities with the environmental pollution over time. 
In developing economy, when business activities are 
rising at the earlier stage the environmental pollution 
increases side by side but after some period of time 
due to some controlled factors there comes a decline 
in the environmental pollution. The credit of EKC goes 
to Simon Kuznets. Reduction in the environmental 
pollution is mainly due to alternative and energy 
efficient use of resources for the production and 
transportations. Once, the country achieves its optimum 
level of production and has earned good sources of 
revenues, it starts understanding the importance of 
environmental protection thus it probably moves from 
production industries to the service industries. The 
complete scenario is explained by EKC.

Once we study the empirical literature about the 
nexus of GHG and economic growth, we find mixed 
findings about their relationships. Few studies find 
positive impact between the variables, few find negative 
impact between them and there are also who says  
that no impact is found between them. It is probably 
varying because of different regions and data sets. 
For example Saidi, Apergis et al., Arouri et al., Masih  
et al., Salahuddin et al., Pao et al. [12, 21-25] 
investigated that there was a positive impact between 
energy consumption and carbon emission, which 
resulted in environmental depletion. On the other hand 
Acheampong et al. [26] tested and showed that there 
was negative relationship between energy consumption 

and carbon emissions. In relation to the GDP and  
carbon emissions Saidi et al. Muhammad, Balibey  
et al., Zaman et al. [12, 27-29] found that there was a 
positive relation between carbon emission and GDP. 
It is also interesting to know that Salahuddin et al, 
Acheampong et al. Gorus et al. Soytas et al. [24, 26, 30, 
31] found no relationship between the carbon emissions 
and GDP. 

From the causality point of view Halicioglu et al., 
Jahangir et al. [32, 33] found that there was short 
term causality moving from energy consumption to 
CO2 emissions. From the study of Soytas et al., Omri, 
Ssali et al., Zhang et al. [31, 34-37] long run causality 
which was moving in the same direction was found 
effective. There was also found a bi-directional 
causality between the above variables as mentioned 
by [38, 39]. Further no evidence of causality was 
found between energy consumptions and carbon 
emissions by [31]. Recently Yusuf et al. [11] analyzed 
the impacts of greenhouse gasses on economic growth 
and energy consumption in selected oil producing 
African countries. They found that greenhouse gasses 
significantly affect economic growth. Moreover, energy 
consumption put insignificant effects on CO2, Methane 
and N2O in the long-run. 

The previous works such as Hanif et al., Bakhsh et 
al., Mahmood et al., Luqman et al., Ali et al. [16, 17,  
40-42] only used CO2 for their model. Considering 
the past literature, this study contributes to the body 
of literature by incorporating three indicators of 
environmental pollution such as CO2, N2O and CH4. 
Moreover, this study investigates the impacts of 
energy use and GDP on greenhouse gasses along with  
the examination of EKC in all three models for South 
Asia. 

Fig. 2. Satellite derived Spatial distribution of Methane over South Asia.
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Methodology and Data

We utilized panel data of 1990-2017 for all variables 
from world bank. Most of the past literature used CO2 
emissions as an indicator of green house gas. Therefore, 
to extend current wave of knowledge, we used other 
indicators of greenhouse gases such as methane and 
nitrous oxide. Table 1 shows the variables description 
and their sources. 

Model Specification

This paper employed the model specifications of [21] 
by including other indicators of greenhouse gases to 
extend the literature. Hence the empirical model of this 
study is as follows:

 (1)

...where GHG represents the disaggregation of carbon 
dioxide (CO2), methane (CH4) and nitrous oxide (N2O), 
EC represents energy consumption, G and G2 represents 
GDP and its square term. G2 is included to check EKC. 

Estimation Strategy

This study employed the pool mean group (PMG) 
approach to estimate long run and short run results. 
We have taken large panel, which can have endogeinity 
problems and ARDL approach can take into account 
endogeinity problems. Therefore, we followed [43] 
to employ unit root test of [44]. This test consists of 
residual based Lagrange and can be applied to balanced 
and unbalanced panel data. Other tests of [45, 46] do 
not provide such flexibility. According to Table 2, we 
observed mix order of integration of our variables. 
Energy consumption is integrated at level but all other 
variables are stationary at first difference. Mix order of 
integration provides suitability of ARDL application 
for short and long run values.  Following are the model 
specifications for panel model: 

The model for panel data is as follows: where t is 
time span and i shows group of economies. 

 

 
(2)

In the above mentioned model, xit (k×1)  represent 
energy use (EN), economic growth (G), and its square 
term and μit represent the fix effect. ECT shows the 
stability of the model as follows: 

 
(3)

...where, , ,
                and 

 shows the 
speed of adjustment.  

 

Results and Discussion

We start by employing unit root test by [44] and 
results are presented in Table 2. If Hadri statistics 
is greater than critical value, we can reject the null 
hypothesis of unit root existence. The findings show that 
except energy consumption all variables are integrated 
at first difference. The mixed order of integration 
provides suitability of panel ARDL to find short and 
long run coefficients. 

Table 1. Variables and their sources.

Table 2. Unit root test.

Table 3. Kao Residual cointegration test.

Representation Variables Source

EC Energy use World Data Indicators

CO Carbon Dixide World Data Indicators

N Nitrous-Oxide World Data Indicators

G GDP World Data Indicators

G2 GDP2 World Data Indicators

ME Methane gas World Data Indicators

Note: all data is collected from world data indicators

Variables

EC 8.25***

CO 8.21***

N 7.83***

G 8.87***

G2 8.89***

ME 7.01***

Note: *** shows the significant level at 1% 
Sources: Author’s estimations

t-statistic prob.

ADF -2.27*** 0.0113

Residual variance 0.0102

HAV variance 0.0101

Note: *** shows the significant level at 1% 
Sources: Author’s estimations
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Co-Integration Test

In order to check for the existence of co-integration 
among the variables, we employed Kao test by [47]. 
Table 3 provides the test results of Kao test. It is evident 
that null hypothesis of no co-integration is rejected 

at 1% level and we can say that there is long run 
association among our estimated variables. 

Hausman Test

Before the application of Pool mean group (PMG) 
ARDL, we test for its suitability by conducting 
Hausman test. For panel estimation, there exist three 
tests namely: MG, PMG and DFE. Hausman test can 
guide the most suitable method among these three panel 
estimations. Table 4 shows the results of Hausman test, 
which provide suitability of PMG over MG and DFE 
tests for all three models for CO2, N2O and CH4 as 
dependent variables. 

Panel ARDL Estimation Results for CO2  
as Dependent Variable

This model takes CO2 as dependent variable and 
estimate the effect of energy use, GDP and its square 
term on CO2 emissions. Results are presented in 
Table 5. According to the PMG results, GDP increases 
CO2 emissions significantly at 1% level. This finding is 
in line with [11]. Energy consumption increases CO2 
emissions by 0.98%. GDP square was included in the 
model to test the EKC as theoretically explained. It is 
negatively associated with CO2 emissions at 1% level, 
which is confirming the EKC. Thus, we can say that in 
future after getting certain level of economic growth, 
South Asian countries will start to improve their 
environmental quality by lowering concentration of 
CO2 emissions. 

Short run estimates show that energy use, GDP 
and GDP square have insignificant effect on CO2 
emissions in the short run. Error correction term (ECT), 
which calculates the speed of adjustment is -0.42 and 
significant at 1% level. 

Table 6. Panel ARDL estimation for methane as dependent 
variable.

Table 4. Hausman test.

Table 5. Panel ARDL estimation for CO2 as dependent variable.

Chi square prob

PMG vs MG 1.75 0.62

PMG vs DFE 1.80 0.61

Sources: Author’s estimations

Variables PMG (LR) PMG (SR)

ECT 0.428419***

EC 0.986781***
(0.1095)

G 1.6107***
(0.277388)

G2 -0.025484***
(0.001304)

EC 0.590828**
(0.3352)

G 4.7365
(9.4798)

G2 -0.130623
(0.100950)

Note: *** shows the significant level at 1% 
Sources: Author’s estimations

Variables PMG (LR) PMG (SR)

ECT -0.1486***
(0.078326)

EC -0.030767
(0.4795)

G 30.09092***
(9.5316)

G2 -0.142135***
(0.179463)

EC -0.072803
(0.117635)

G 5.556907
(11.15802)

G2 0.014805
(0.076144)

Note: *** shows the significant level at 1% 
Sources: Author’s estimations

Table 7. Panel ARDL estimation for nitrous oxide as dependent 
variable.

Variables PMG (LR) PMG (SR)

ECT -0.318451***
(0.115840)

EC 0.304313***
(0.111066)

G 1.159343***
(0.207558)

G2 -0.005555***
(0.001004)

EC -0.067804
(0.219483)

G 2.677936
(10.94483)

G2 -0.098706
(0.128413)

Note: *** shows the significant level at 1% 
Sources: Author’s estimations
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Panel ARDL Estimation Results for Methane 
as Dependent Variable

As mentioned earlier, this study contributes to the 
existing literature by incorporating the other indicators 
of GHG, therefore, we estimate PMG estimation for 
CH4 as dependent variable. The results are presented 
in Table 6. The results show that GDP and energy use 
contributes to more methane emissions in the long run. 
This means that higher economic activity will increase 
more CH4 resulting environmental degradation. 
Energy consumption is also contributing to more CH4 
emissions. This finding is in line with the CO2 model. 
The square value of GDP is negative and significant at 
1% level confirming the presence of EKC. Thus, we can 
say that GDP-methane association holds the potential to 
improve air quality.  

Short run estimates show that energy use, GDP 
and GDP square have insignificant affect on CH4 
emissions in the short run. Error correction term (ECT), 
which calculates the speed of adjustment is -0.14 and 
significant at 1% level, which indicates that 14% 
improvement towards long term is corrected annually. 

 
Panel ARDL Estimation Results for Nitrous Oxide 

as Dependent Variable

We used nitrous oxide as third indicator for 
environmental degradation. The ARDL model for 
nitrous oxide is in Table 7. From the results, it can 
be observed that GDP contributes to more N2O in 
the long run which means that economic activity is 
increasing N2O emissions in South Asian countries. 
Energy consumption is also increasing N2O emissions 
significantly. These findings are in line with CO2 and 
Methane models. The square value of GDP is negative 
and significant at 1% level confirming the presence of 
EKC. Thus, we can say that GDP-N2O association holds 
the potential to improve air quality.  

Short run estimates show that energy use, GDP 
and GDP square have insignificant effect on N2O 
emissions in the short run. Error correction term (ECT), 
which calculates the speed of adjustment is -0.31 
and significant at 1% level, which indicates that 31% 
improvement towards long term is corrected annually. 

 
Conclusion and Policy Implications

This research investigates the impacts of economic 
growth and energy consumption on greenhouse 
gasses in South Asian countries over the period of 
1990-2017. The selection of South Asian countries 
is due to their high level of greenhouse gasses due 
to increased economic activity. This research uses 
different indicators for greenhouse gasses like (CO2, 
CH4, and N2O). Therefore, this study provides a wider 
look by probing the impacts of GDP and energy use 
on above mentioned measures of greenhouse gasses. 

This research study highlights that energy consumption 
increases environmental pollution significantly in South 
Asian countries. South Asia is a developing region and 
its economies are emerging in term of its economic 
activities. This region is also among the climatic 
vulnerable regions of the world.  

This work found the evidence for EKC in three 
models, means that after a threshold level of GDP, the 
GHGs will start to decrease in South Asian countries. 
This research presents important policy implications 
for South Asian countries to reduce the use of fossil 
fuels in their commercial and domestic use in order 
to improve air quality. They need to invest more in 
renewable energy sources. In this regard, research 
and development expenditures should be enhanced to 
increase cleaner production. Moreover, by implementing 
strict regulations on the imports of fossil fuels, by the 
promotion of clean energy sources with incentives, 
these countries can improve the air quality. 

As discussed above, energy consumption and 
economic growth are increasing the concentration of 
green house gases in South Asian countries. There is 
a dire need to lower the concentration of GHG in these 
countries by adopting green revolution of plants and 
trees in urban areas. 

Apart from the contribution, there are some 
limitations of this work. We check the impact of energy 
use on greenhouse gasses, future research can be done 
by incorporating different sectors of economy and their 
impacts on greenhouse gasses. This will help the policy 
makers to form result oriented policies for cleaner 
environment. 
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