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ABSTRACT 
 
In developing countries like Pakistan, energy use and environmental degradation 
are both important contributors in effecting economic growth of the country. In 
addition, massive population also hinders the economic growth. This study 
investigates short run as well as, long run relationship between GDP per capita, 
energy consumption, trade openness and population on CO2 over the time period 
that comprises of 37 years of time series data 1980 to 2016 for Pakistan. The data 
series analysis shows that there qas a long run co-integrated relationship between 
all variables of data. Augmented Dickey fuller Test (ADF) was used to test the unit 
root and Johansson co- integration test (JCT) used to test the long run relationship. 
Johansson co-integration used for long run and Error Correction Mechanism 
(ECM) was used to calculate the short run relationship between variables. To 
forecast the variables impulse response function and variance decomposition 
analysis is applied. The results revealed that GDP per-capita has a positive and 
statistically significant relationship with CO2 emission as the co-efficient value is 
3.925 which revealed that a one percent change in GDP per capita will increase the 
CO2 emission by 3.925%, while at high level the sign of relationship become 
negative and GDP per capita square has a negative relationship with CO2 emission 
as the co-efficient of relationship is -0.669 which reveals an inverse relationship, 
hence, validates the EKC for Pakistan. In short run trade openness and population 
have negative impact on CO2 emission as their co-efficient are statistically 
significant at 10% level of significance, while in long run the trade openness and 
population have positive impact on CO2 emission. VECM Granger Causality results 
show that there exists a bidirectional relationship moving from energy use and 
GDP to carbon dioxide emissions. Moreover, there is unidirectional relationship 
running from trade openness to carbon emissions, total population, energy use 
and GDP per capita. Summing up there is unidirectional relationship of population 
to CO2 emissions, energy use and GDP per capita. The research study suggests that 
Pakistan give her attention to import cleaner technology to develop her industrial 
sector and again this study also recommends curbing CO2 emissions; there is a 
need to implement environment taxes such as green tax. 
 
Keywords: energy use, environmental degradation, GDP per-capita, CO2 emission, 
long run and short run.  

 
 
INTRODUCTION 
 
Considerably, the most urgent issue that is influencing the 
planet is environmental degradation which is caused by 

different human activities and efforts for speeding up the 
economic growth. That  is  why  relationship  between  both  
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these variables has gained much more importance at the 
world level in the recent few decades (Dinda, 2004). During 
recent years, economists, social scientists and policy 
makers focused on the environmental health and the 
factors deteriorating the environment, it is debated quite 
extensively in the literature. The debate centered over that 
to find out pollution abetment measures that are effective 
for improving environmental quality. 

Carbon dioxide (CO2) are conventional to be the main 
source of GHG emissions and have taken a great 
consideration in recent years. Different factors are 
responsible for creating the environmental degradation, 
that is, GDP per capita, energy consumption, trade 
openness and population. The quantity of CO2 emissions in 
developing countries from energy consumption are 
significantly increasing and continuing over the period 
being examined (Cetin and Ecevit, 2015). To consider the 
situation of environment in developing countries, as it is 
obvious that during the process of development, some 
features of environment may get worse in developing 
countries but in long run they will be able to sustain 
environment and attain healthy standard of living, as there 
is strong positive relationship between income level and 
environmental quality (Beckerman, 1992).  

According to a study by Alam et al. (2012), economic 
growth and carbon emissions share a bidirectional causal 
relation for Bangladesh. Developing countries heavily 
emphasized on infrastructure and mega projects in their 
initial stage of development which resulted in more CO2 
emissions (Ali, 2014). 

An increased GDP is dependent upon various 
phenomenons including energy consumption, but this case 
differs with different countries. In the case of Gulf 
countries, economic growth does account for CO2 emissions 
but not significantly. Energy consumption is not 
proportionately related to growth (Salahuddin and Gow, 
2014). Energy consumption comes in various forms, like oil, 
coal, electricity and fossil fuel use. Most widely used form of 
energy is still oil and coal. Developed nations respond 
differently to energy usage than developing ones. A study 
indicates that the South African economy, being a 
developed economy, suffers from environmental 
deterioration due to excessive use of coal (Shahbaz et al., 
2013). The energy used in production process to increase 
the economic growth is one of the major reasons for 
increase in CO2 emissions (Akin, 2014).  

Environmental quality is also affected by international 
trade and during the last three decades it has increased 
significantly. There are two views about the effects of trade 
openness on environment. First is that due to free trade 
each country is able to have an approach to the 
international market that enhance competition due to 
which efficiency of using resources increases and also the 
import of cleaner technology which result in decline of CO2 
emission. Second view is that trade openness and removal 
of    different   barriers    lead     to     depletion    of      natural 

  
 
 
resources and causes a decrease in environmental quality. 

Increased energy consumption is related to trade 
openness as foreign trade leads to excessive production 
which results in CO2 emissions. However, this situation is 
different for developed and developing nations. For US 
economy, there does not exist a causal relation between 
CO2 emissions and trade openness (Dogan and Turkekul, 
2016) while there exists a bidirectional relationship 
between trade and carbon emissions in the case of Tunisia 
(Farhani and Ozturk, 2015). This shows that foreign trade 
has diverse effects on the economy of a country depending 
upon the economic growth and energy consumption of that 
country. In considerations to developed countries the 
relation of environment to trade openness increases the 
environmental quality. So for developed economies, CO2 
emissions are adjusting parts while trade and income are 
the determining parts of long-run relationship (Jalil and 
Mahmud, 2009).  

Population growth is imposing an increased burden on 
the country's limited and continually degrading nature. The 
increasing population and growing frequency have already 
resulted in fast growth of energy production and 
consumption in India. The environmental effects like 
ground water and surface water contamination, air 
pollution and global warming are of increasing concern due 
to increasing consumption levels (Nagdeve, 2007). 

Rapid population growth has an impact on economic 
growth, energy consumption and environmental 
degradation in developing countries. A higher level of 
energy consumption can lead to greater economic activity 
and increase CO2 emissions. If population and energy 
consumption causes environmental pollution then policy 
makers will have to set such friendly environment policies 
which will reduce emissions (Sadorsky, 2014). Population 
declines energy consumption in the low-income group, 
while it raises energy consumption in the middle and high 
income groups (Poumanyvong and Kaneko, 2010). 
Increasing population leads to a greater increase in energy 
consumption. On the other hand, it leads to upgrade of the 
scale of economies and increase in the energy effectiveness 
(Belloumi and Alshehry, 2016).  

Population is a critical factor also contributing to 
deteriorate the environmental quality. Because in urban 
areas the energy resources are easily accessible this leads 
to more energy consumption and then more CO2 emission 
(Karanfil and Li, 2015). Some other socio-economic and 
demographic reasons also lead to the internal migration in 
the cities. Other factors like attractive opportunities, better 
living standard and high wages in cities are also reasons of 
growing population (Wasti, 2015). Half of the total world’s 
population is living in cities and urban areas in 2008 and it 
is expected to rise to 5 billion by 2030 (Christiaen et al., 
2014). 

Pakistan is one of the most urbanized countries in South 
Asia with a population rate of 3.1% per annum. 
Environmental degradation is extremely visible in Pakistan- 
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water and air pollution and land degradation are 
widespread. Pakistani economy is losing one billion rupees 
(or $9.6 million) per day due to increased environmental 
degradation; the government’s response and main concern 
looks brutal, as it is spending on this important sector only 
0.00028% of GDP. Pakistan is a good example of such 
country responsible for contributing only 0.8% in global 
greenhouse gases and is ranked 135th among all the 
countries in terms of its contribution towards emissions 
(Khan and Jamil, 2015).  

In the case of Pakistan, different researches have shown 
that the developing countries are contributing to the major 
part of CO2 emission due to high economic growth. 
Contribution of Pakistan to the world total CO2 emission 
was 0.4% in 2005 while this contribution is increasing daily 
(Muhammad et al., 2011). In the period of 2001 to 2007, the 
economy of Pakistan showed enormous growth resulting 
from industrial sector due to greater use of energy 
resources which contributed to increased pollution thereby 
decreasing the environmental quality (Ahmad and Long, 
2012). For Pakistan, the economic growth increases at the 
higher price of environmental degradation over the period 
of time (Ali, 2014). Environmental degradation in Pakistan 
is mainly caused by increased energy demand. As in 2002 
2003, 36 and 33% of total energy consumption was 
consumed by industrial sector and transportation 
respectively. In 2008 to 2009, the demand of industrial 
sector increased to 43%, although, the total consumption 
declined to 29% (Nasir and Rehman, 2011). In 2014, the 
energy consumption raised to 39.8 million TOE from 17.0 
million TOE in 1991 with annual growth rate of 3.6% 
(Wasti, 2015). In Pakistan, the oil and gas resources were 
used to meet the almost 54% of total energy demand which 
contributes more CO2 emission (Hussain et al., 2012). 
 
 
Objectives of the study  
 
The objectives of this study are: 
 
- To examine the relationship between the energy 
consumption, trade openness, GDP per capita and its square 
term, total population and CO2 emissions in Pakistan; 
- The key objective is to check the EKC in the case of 
Pakistan during the year 1980 to 2016; 
- To examine the one to one causal relationship between 
these variables and carry out forecast for the next ten years.  
 
 
Hypothesis  
 
The following hypothesis was formulated on the basis of 
research objectives of the study: 
  
H1: There is no statistically significant positive relationship 
between GDP and CO2 emissions;  

 
 
 
H2: There is no statistically significant positive relationship 
between energy consumption and CO2 emissions;  
H3: There is no statistically significant positive relationship 
between trade openness and CO2 emissions; 
H4: There is no statistically significant positive relationship 
between population and CO2 emissions;  
H5: There exists no statistically significant negative or 
inverted U shaped relationship between CO2 emissions and 
GDP per capita square.  
 
 
Significance of the study 
 
A more deep and keen understanding of the contribution of 
human activity to CO2 emission is of critical policy interest. 
The dynamics of the major factors that cause 
environmental degradation in developing countries like 
Pakistan is of great interest for researchers. This study tries 
to cover this gap in literature by quantifying the joint 
impact of the factors that contaminate the environment 
along with EKC hypothesis.  
 
 
LITERATURE REVIEW 
 
This includes the review of relevant literature of CO2 

emission on economic growth as GDP per capita, energy 
consumption, trade openness, population and GDP per 
capita square in context of Pakistan. 

Sharma (2011) investigated the determinants of carbon 
dioxide emissions (CO2) for 69 countries for the period of 
1985 to 2005 using a dynamic panel data model. Study 
investigates the determinants of CO2 emission on the bases 
of income level of countries, namely, high income, middle 
income and low income panels.  Main findings of the study 
were that trade openness; per capita GDP, energy 
consumption, per capita electric power consumption and 
per capita total energy consumption have positive impact 
on CO2 emissions. Population has a negative impact on CO2 
emissions. 

Soytas et al. (2007) examined the relationship between 
the effect of energy consumption and output on carbon 
emissions in the United States for the time 1960 to 2004 by 
applying Granger causality and unit root tests. It was 
observed that in the long run income does not Granger 
cause carbon emissions in the US, but energy use does. 
There does not seem to be a tradeoff between income 
growth and emission reduction.  

Farhani et al. (2013), Farhani and Ozturk (2015) and 
Asumadu-Sarkodie and Owusu (2017) studied the 
relationship between CO2 emissions, energy use, economic 
growth, population and trade openness in different 
countries. Johansen, Pedroni and ARDL co-integration tests 
were employed to check the effectiveness of the study. The 
results indicated that increased GDP, greater energy use 
and   increased   trade   openness   positively    affected   CO2  
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emissions. Similarly, increased population also directly 
contributes to carbon emissions in the Middle East and 
North American (MENA) countries, Tunisia and Ghana. 
Moreover, EKC hypothesis does not exist in the Tunisian 
economy.  

Shahzad and Jamil (2015) worked on emission of carbon 
in Pakistan from 1990 to 2013 using Log Mean Divisia 
Index (LMDI). The study found that activity effect, 
structural effect and intensity effect are the three major 
factors that are responsible for CO2 emissions in Pakistan. 
Activity and structure effects had a positive sign which 
showed that these two effects force the emission level to 
rise while intensity effect had a negative sign which 
indicates that this effect decreases the emission level.  

Ali et al. (2015), Cheema and Javid (2015), Salahuddin 
and Gow (2014) and Bozkurt and Akan (2014) sought to 
analyze the association between energy consumption, 
economic growth and CO2 emissions. Co-integration 
approach was used to study the results, which indicate that 
there exists EKC hypothesis in the Asian developing 
countries, including Pakistan. Furthermore, there exists a 
unidirectional causality from economic growth to energy 
consumption and bidirectional causality between energy 
use and carbon emissions.  

Naranpanawa (2011) investigated the relationship using 
ARDL bounds to check the long run causality between trade 
openness and carbon emissions in the case of Sri Lanka 
from 1960 to 2006. The results showed that there exist 
short run relationship between trade openness and carbon 
emissions.  

Similar studies of Halicioglu (2009), Muhammad and 
Ishfaq (2011), Hossain (2011), Ayeche et al. (2016) and 
Dogan and Turkekul (2016) examined the relationship 
among economic growth, financial development, trade 
openness and population and CO2 emissions. Diverse 
results showed a unidirectional causality from economic 
growth to environmental degradation in the case of 
Pakistan and Turkey, bidirectional causality in the case of 
USA and European countries while there is no long-run 
causal relationship, but in the short run there is 
unidirectional causal relationship from economic growth 
and trade openness to carbon dioxide emissions, from 
economic growth to energy consumption, from 
urbanization to economic growth and from trade openness 
to urbanization, from trade openness to economic growth 
for newly industrialized countries NIC. 

Opoku (2013), Shahbaz et al. (2013) and Mehrara et al. 
(2014) attempted to study the effect of economic growth, 
trade openness and financial development on 
environmental quality. The results indicated that trade 
openness has a positive impact on environmental quality in 
the case of Ghana and South Africa but it worsens the 
environment in the case of Iran. Moreover, energy emission 
is inversely related to financial development for South 
Africa.  

Abouie-mehrizi et al. (2012), Cetin and Ecevit (2015) and 

 
 
 
Topcu and Girgin (2016) aimed to find out the impact of 
population and energy demand on carbon emissions. The 
study findings indicated that population has a positive 
impact on energy demand, which causes a significant rise in 
both economic growth and carbon emissions, leading to 
environmental degradation.   

Mahmood and Chaudhary (2012) and Kasman and 
Duman (2015) studied the cause based relationship 
between CO2 emissions and economic growth, energy 
consumption, population and FDI. The results of the study 
signify the positive contribution of all these factors on the 
increasing carbon emissions. Moreover, there exists 
bidirectional causality among all the independent variables.  

Mazzanti et al. (2006), Saboori et al. (2012), Ogundipe at 
al. (2014), Ahmed et al. (2015), Apergis and Ozturk (2015) 
and Yaduma et al. (2015) tested the EKC hypothesis for CO2 
emission level. The results indicated that the EKC exists for 
West Asian countries, Pakistan, Malaysia and Tunisia, while 
contrasting results were found for SAARC and different 
African countries.  

Boopen and Vinesh (2010), Farhani and Rejeb (2012), 
Inglesi-lotz and Bohlmann (2014), Magazzino (2016) and 
Ozokcu and Ozdemir (2017) investigated the relationship 
between CO2 emissions and economic growth and income 
to validate the EKC hypothesis for a global data. The results 
signify the non-existence of EKC in this case, as economic 
growth comes into effect.  
 
 
DATA SOURCE AND METHODOLOGY 
 
The purpose of this study is to examine the long run and 
short run relationship among environmental degradation, 
energy use, trade openness, total population and GDP per 
capita along with its square term in Pakistan over the time 
period of 1980 to 2016. For long run analysis, Johensen co-
integration test was applied and for short run VECM was 
applied. To check the one to one causality among these 
variables VECM Granger causality test was applied. To 
forecast the trend of each variable for the next ten years 
impulse response function and variance decomposition 
analysis was applied. Times series data from 1980 to 2016 
from World Development Indicators (WDI, 2017) was used. 
 
 
Conceptual framework 
 
The GDP has positive association with CO2 emission as 
increase in GDP increases the industrial and development 
process in the economy which as a result emits high CO2. 
Similarly, increase in population and progression 
urbanization leads to burden the economy in context of 
heavy resource utilization and energy consumption which 
increases the CO2 emission. Finally, for the EKC the GDP per 
capita Square must have negative sign (Table 1 and Figure 
1).   
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Table 1: List of variables. 
 

S/NO Variables Proxies used  

1 CO2 CO2 emissions (metric tons per capita) 

2 GDP GDP per capita (constant 2011 US$) 

3 POP Total Population (in annual thousands) 

4 EU Energy use (kg of oil equivalent per capita) 

5 TO Percentage share of trade in GDP. 

6 GDP2 GDP per capita (constant 2011 US$) square 

 
 
 

 

 

CO2 Emission 

GDP Per capita 

Trade openness 

GDP per capita square 

Population 

Energy consumption 

 
 

Figure 1:  Conceptual framework. 

 
 
The Augmented Dickey–Fuller (ADF) test 
 
In conducting the DF test it was assumed that the error 
term ut was uncorrelated. But in case the ut is correlated, 
Dickey and Fuller developed a test, known as the 
augmented Dickey–Fuller (ADF) test. This test is conducted 
by “augmenting” the preceding three equations by adding 
the lagged values of the dependent variable ØYt. To be 
specific, suppose we use Equation (4), the ADF test here 
consists of estimating the following regression: 
 
ØYt  = β1 + β2t + δYt −1 +  εt                    (5) 

 
Where εt is a pure white noise error term and where _ØYt 
−1 = (ØYt −1 − ØYt −2) and ØYt −2 = (ØYt −2 − ØYt −3), etc. 
The number of lagged difference terms included is often 
determined empirically, the idea being to include enough 
terms so that the error term in Equation (5) is serially 
uncorrelated.  

In ADF we test whether δ = 0 and the ADF test follows the 
same asymptotic distribution as the DF statistic, so the 
same critical values can be used. 

Johensen co-integration test  
 
According to the co-integration theory, there may be co-
integration relationship between carbon dioxide emissions, 
total population, trade openness, energy used, GDP per 
capita and GDP per capita square if the order of integration 
is one, that is, their series is stationary at 1st difference. 
There are two different techniques to investigate the long 
run or co-integration relationship, one is EG two-step 
procedure, put forward by Engle and Granger in (1987) and 
the other is Johansen co-integration test (Johansen, 1988; 
Juselius1990) based on Vector Auto Regression (VAR).  

To check the relationship in long run, the Johansen’s 
multivariate co-integration technique was applied. This 
econometric test involved testing the nature of association 
between the variables under consideration following the 
vector auto-regression (VAR) model: 
 
ΔlnYt= ΣπlnYt-1+ Π lnYt-1+ βXt+ԑ                                            (1)  
 
Yt represents n*1 vector of I (1) variables. π and Π are n*n 
matrix of coefficients to be tested. β denoted n*h matrix and  
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Xt denoted h*1 vector of I(0) variables. Π denoted the rank 
of the matrix and investigates the long run association 
among the variable and is equal to the number of 
independent co-integrating vectors. If rank of Π is 0, the 
variables are not having long term relationship and are not 
co-integrated.  

Johansen developed the two different kinds of test 
statistics: the trace test and the maximum Eigen value test. 
λ trace statistic tests the null hypothesis that r= 0 (no co-
integration or no long run relationship) against a general 
alternative hypothesis of r>0 (co-integration). The 
maximum Eigen value test, on the other hand, tests the null 
hypothesis of r co-integrating vectors against the 
alternative hypothesis of (r + 1) co-integrating vectors. The 
test statistics obtained from λ trace and max Eigen value 
tests are compared against the asymptotic critical values of 
the two test statistics by Johansen and Juselius. If the trace 
statistic or max Eigen value exceeds the critical values then, 
we reject the statement of no co-integration and null 
hypothesis and accept the alternative hypothesis which 
says that there exists a long term relationship among the 
variables. After having the long run co-integration between 
the variables next is to check for short run and the 
causality. 
 
 
VECM and impulse response function  
 
Once the long term relationship exists and the estimates are 
obtained after the Johnsen cointegration test, it is also 
suggested to check the short run dynamics and to calculate 
the short run estimates. These short run estimates are 
calculated by applying the Vector Error Correction Method 
(VECM). As compared to simple unrestricted (VAR), the 
Vector Error Correction Model is a restricted VAR, when the 
long term relationship exists the restriction is imposed on 
the variables included in the analysis. In an ECM, all the 
proxies or variable under consideration are taken as 
endogenous in differenced form or the difference of data 
series is taken.  

Thus, the number of equations in the Vector Error 
Correction Model equals the number of variables in the 
model. In every equation, the regression end variable 
depends on its own lags values, the lags of the independent 
variables, the EC term (error correction), and at last on 
random error term. This error or deviation from the long-
run equilibrium in previous period adjusts the correction 
towards the long-run equilibrium. The Vector Error 
Correction Model (VECM) in multi variables case can be 
expressed as follows: 
 

                                                                                                              (2) 

 
 
 

 
                                                                                                              (3) 
 

                                                                                                              (4) 
 

                                                                                                              (5) 
 

                                                                                                              (6) 
 

                            
                                                                                                              (7) 
 
Where random error term which is serially uncorrelated is 
expressed as 𝑢𝑖𝑡, the co-integrating vector in the Equations 
2 to 7 is represented by 𝐸𝐶𝑡−1 and the extent of 
disequilibrium adjusted in the previous time period that is, 
the adjustment coefficient is shown by λi. The magnitude 
and the econometric significance of the 𝐸𝐶𝑡−1 term is of 
great importance in the sense that it measures the 
magnitude to which error in the model is corrected in each 
short to long run period of time equilibrium in reply to 
random shocks. The coefficient of adjustment λ has to be 
econometrically and statistically significant only then we 
can say that there exists a long term relationship among the 
variables or they are co-integrated. Since, in a VECM the 
variables are stationary on both sides of the equations 
included in the analysis, all the tests of diagnostics are 
applicable and the Least Square (LS) method can be used 
for the investigation. Another positive attribute of Vector 
Error Correction Model is that it can be used by the 
researcher to find out the causal relationship among the 
variables if they are co-integrated or having the long term 
relationship. Although Johansen co-integration or long term 
statistical relationship indicates the presence of causal 
relationship among the variables, yet, the sign of the causal 
relationship is investigated through the use of Vector Error 
Correction Model. Furthermore, one can also differentiate 
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Table 2: ADF Result. 
 

Variables 
Level 

 

 

First difference 

 

 

Decision 
Intercept Intercept  and trend Intercept Intercept and trend 

CO2 
-1.8106 -1.5471 -7.000*** -5.6111*** 

Stationary at first difference : I (1) 
(0.369) (0.7913) (0.000) (0.0003) 

 
  

LGDP 
-0.9089 -3.1819 -3.3506** -3.3123* 

Stationary at first difference : I (1) 
(0.7719) (0.1190) (0.0210) (0.0829) 

 
  

LPOP 
0.2100 -1.3853 -3.000** -4.2591* 

Stationary at first difference : I (1) 
(0.9278) (0.8467) (0.0452) (0.0100) 

 
    

 

LTO 
-1.2011 -1.9148 -6.904*** -7.0457*** 

Stationary at first difference : I (1) 
(0.6631) (0.6262) (0.000) (0.000) 

   

LEU 
3.2710 2.8377 -6.241*** -4.1172* 

Stationary at first difference : I (1) 
(1.000) (1.000) (0.000) (0.0100) 

   

LGDP2 
-0.9089 -3.1819 -3.3506** -3.3123* 

Stationary at first difference : I (1) 
(0.7719) (0.1190) (0.0210) (0.0829) 

 

Note: ***, ** and * indicates the rejection of null hypothesis of non- stationarity of a variable at 1, 5 and 10% level of significance. 

 
 
among the short term and long term causal relationship by 
employing the VECM. 
 
 
RESULTS AND DISCUSSION 
 
Augmented Dicky Fuller test results 
 
Here, ADF test does confirm stationarity for all variables 
suggesting that carbon dioxide emissions, energy used, 
trade openness, total population, GDP per capita and the 
square of GDP per capita are stationary at first difference 
and the order of integration is one at 1, 5 and 10% 
significant level (Table 2). 
 
 
Johansen’s co-integration test 
 
After the application of Unit Root Test, the next step is to 
check whether the variables included in the analysis are co-
integrated or not. In order to check the co-integrating or 
long run relationship between carbon dioxide emissions, 
energy used, trade openness, total population, GDP per 
capita and the square of GDP per capita Johansen technique 
was used (Johansen, 1988, 1995; Johansen and Juselius, 
1990). To check for the co-integrating relationship our 
research applies the trace statistics test (trace of matrix 
Eigen value). This fact is of great importance that results of 
Johansen co-integration are very sensitive to lag length 
selected, so in order to find out the optimal lag length our 
study employed the traditional methods to investigate the 

optimal lag length including (AIC, SIC,HQ, LR and FPE) 
obtained by applying empirical VAR and at first difference. 
After the practical application of this test optimal lag length 
of two was obtained. Tables 3 and 4 depict the outcome of 
Johansen test of co-integration respectively. 
 
 

Results of co-integration trace statistics test 
 

The results in Tables 3 and 4 showed that λtrace statistics 
and maximum Eigen value is greater than the 5% critical 
value for all the variables in the analysis. From these results 
it can be concluded that we reject the null hypothesis (Ho) 
of no long run relation among the variables. Under the 
significance of 5%, the outcome of the test from Tables 3 
and 4 depicts that all the variables are cointegrated in the 
long run. 
 
 

Results of co-integration maximum Eigen value test 
 

Hence, it can be concluded that there is a co-integrating or 
long term relationship among the carbon dioxide emissions, 
energy used, trade openness, total population, GDP per 
capita and the square of GDP per capita. Table 5 shows the 
summarized results of the long run estimates based on 
Johansen test of co-integration. 
 
Long run estimates based on Johansen test of co-
integration 
 
Table 5 showed that the coefficient value of total energy in
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Table 3: Results of co-integration trace statistics test. 
 

Rank r Trace Statistics 0.05 Critical value 

rₒ = 0 186.113*** 95.753 

rₒ ≤ 1 103.413*** 69.818 

rₒ ≤ 2 58.006*** 47.856 

rₒ ≤ 3 35.088** 29.797 

ₒ ≤ 4 69.518*** 54.947 

rₒ ≤ 5 61.310*** 48.794 
 

Note: *** and ** indicates the rejection of null hypothesis at 1 % and 5% level of significance. 

 
 

Table 4: Results of co-integration maximum Eigen value test. 
 

Rank r Maximum Eigen statistics 0.05 Critical value 

rₒ = 0 0.9058*** 40.077 

rₒ ≤ 1 0.7267*** 33.976 

rₒ ≤ 2 0.6095*** 27.584 

rₒ ≤ 3 0.4043** 21.131 

ₒ ≤ 4 0.7161*** 33.874 

rₒ ≤ 5 0.6107*** 28.466 
 

Note: *** and ** indicates the rejection of null hypothesis at 1 % and 5% level of significance. 
 
 

Table 5: Long run estimates based on Johansen test of co-integration: Dependent variable: CO2. 
 

Variables Coefficients (Standard error) T-Value 

LEU 
1.397*** 

4.99 
(0.279) 

 

LTO 
0.137* 

1.745 
(0.078) 

 

LPOP 
0.666*** 

4.395 
(0.1516) 

 

LGDP 
3.925*** 

3.8025 
(1.032) 

 

LGDP2 
-0.669*** 

-3.027 
(0.221) 

 

Note: *** , ** and * indicates the rejection of null hypothesis at 1 % ,  5%  and 10% level of significance. 
 
 
long run is 1.397 which is positive and it is converging 
towards the equilibrium. This finding leads us to the 
acceptance of our alternate hypothesis (H2), that is, there is 
statistically significant positive relationship between 
energy consumption and CO2 emissions. The result is 
consistent with the studies of Farhani et al. (2013) and 
Shahzad and Jamil (2015). In the long run when there is 1% 
increase in the value of total energy consumed it results in 
the increase of carbon dioxide emissions by 1.397%, that is, 
at 1% level of significance. The coefficient value of trade 

openness used in long run is 0.137% which is positive and 
converges towards the equilibrium. This value suggests the 
acceptance of alternate hypothesis (H0) that is, H3: There is 
positive relationship between trade openness and CO2 
emissions which is consistent with the study of 
Naranpanawa (2011) and Opku (2013). In the long run, 
when the value of trade openness is by increased 1% it 
results in an increase in the value of carbon dioxide 
emission by 0.137 at 10% level of significance. Moreover in 
the short run,  carbon  emissions  and  trade  have   negative 
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association consistent with the study of Sharma (2011). 
The econometric results contradict the study of Hossain 
(2011).  

The coefficient value of total population used in long run 
is 0.66% which is positive and converges towards the 
equilibrium. This value suggests the rejection of null 
hypothesis (H0) that is, H4: There is no positive relationship 
between population and CO2 emissions which is consistent 
with the study of Abouie-mehrizi et al. (2012) and Kasman 
and Duman (2015). In the long run, when the value of the 
total population is increased by 1% it leads to the increase 
in the value of carbon dioxide emissions by 0.66% which is 
significant at 1%. 

Finally, 3.925 is the value of GDP per capita in long run 
which is positive and the variable converges towards 
equilibrium and leads to the acceptance of alternate 
hypothesis (H1) that is, H1. There is a statistically significant 
and positive relationship between GDP and CO2 emissions. 
The result is consistent with the study of Boopen and 
Vinesh (2010), Uddin (2014) and Magazzino (2016). As 
such when there is 1% increase in the value of GDP per 
capita it leads to an increase in carbon dioxide emissions by 
3.925%, that is significant at 1%.  

The value of GDP per capita square in long run is negative 
and diverges from equilibrium which leads us to the 
acceptance of alternate hypothesis, that is, there exists a 
negative relationship between CO2 emissions and GDP per 
capita square. This relationship is also called environmental 
Kuznet curve hypothesis and our results showed that the 
value of GDP per capita square is negative and which 
endorses a statement that EKC curve is valid in Pakistan. 
The results are consistent with the study of Mazzanti et al. 
(2006) and Ahmed et al. (2015) while it contradicts the 
report of Farhani and Rejeb (2012) and Pandey and Mishra 
(2015). 
 
 
ECM Based on Johansen co-integration 
 
After the analysis of long run the short run dynamics of the 
model are investigated by using VECM. Another objective of 
our analysis is to find out the existence of EKC curve 
hypothesis in the short run. Table 6 showed the result of 
Equation 2 where carbon dioxide emission is the dependent 
variable. Previously after the application of VAR lag 
selection method we concluded that the optimum lag length 
is two for each variable. The short run results of each 
variable are also presented at lag two. These results 
showed that in the short run the CO2 emissions at lag one is 
significant but the value of the coefficient is negative which 
shows that the variable is converging towards the 
equilibrium in the short run. Energy use at lag two is also 
significant but it is negative which shows that it is 
converging towards the equilibrium.  

In the short run one percent increase in trade openness 
decreases carbon emissions however, the result is  

 
 
 
insignificant, while one percent increase in population 
results in 0.290% decrease of carbon emission in the short 
run which is significant at 10% showing divergence from 
the equilibrium in the short run. When there is one percent 
increase energy use it increases CO2 emissions by 0.577% 
in the short run. GDP per capita at lag two is also significant 
and positive showing that one percent increase in GDP 
increases the carbon emissions by 3.925%. Square of GDP 
per capita is negative CO2 at lag one and at lag two it is 
negative which means that it is converging towards the 
equilibrium. As the value is negative so there exists EKC 
hypothesis in the short run as well. 
 
 
Results of causality based on ECM 
 
Table 7 shows the causality among the considered 
variables. There is positive bidirectional association 
running from carbon emissions to GDP per capita. There is 
uni- directional relationship moving from population to 
energy use, carbon emissions and GDP per capita. 
Moreover, there exists a causality running from trade 
openness to carbon emissions, population, energy used, 
GDP per capita and square of GDP per capita. Finally, there 
exists a bi-directional relationship between GDP per capita 
to carbon emissions and energy use.  
 
 
Diagnostic test 
 
Furthermore, Table 8 presents the summary of residual 
diagnostic test. The residual diagnostic tests include 
Breusch-Godfrey Serial Correlation LM Test, 
Heteroskedasticity Test (BreuschPagan-Godfrey), ARCH 
effect and test of normality. If the P value of Breusch-
Godfrey Serial Correlation LM Test is less than 0.05% it 
means that this model has serial correlation which is not 
desirable. As stated in Table 8 probability value is 2.447 
which is greater than 5%, it means current model have no 
serial correlation. If probability value of Heteroskedasticity 
test (Breusch-Pagan-Godfrey) is less than 0.05% meaning 
that we will reject H0, that is, errors are homoscedastic and 
accept H1, that is, errors are hetroskedastic if p-value is 
greater than 0.05%. The probability is 0.5864 which is 
greater than 5%, it means current model have 
homoscedastic errors. As in current model, JB p-Value of 
the test is greater than 5%, that is, 0.499 so accept Ho: 
residuals are normally distributed. Arch effect model is also 
employed to test so here the p value is greater than 5% 
implying that the model has no arch effect that is desirable. 
All the tests showed that model has desired econometric 
properties. The model’s residuals are serially uncorrelated, 
homoskedastic, normally distributed and has a correct and 
well specified functional form. So all the results reported 
are valid and reliable for interpretation. All the tests 
revealed the model’s aspiration econometric properties, 
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Table 6: ECM based on Johansen co-integration. 
 

Regressors Coefficients T-Value 

∆CO2(-1) 1.0140*** 9.99 

∆LEU(-2) 0.577*** 3.99 

∆LTO(-2) -0.0683 0.967 

∆LPOP (-2) -0.2906* 1.87 

∆LGDP(-2) 0.5050*** 2.99 

∆LGDP2(-2) -0.035* -2.78 

ECM(-1) -0.512* -2.522 
 

Note: *** , ** and * indicates the rejection of null hypothesis at 1 % ,  5%  and 10% level 
of significance. 

 
 

Table 7:   Short run results chi square. 
 

Variable ∆CO2 ∆LPOP ∆LEU ∆LTO ∆LGDP ∆LGDP2 

∆CO2 - 6.73 1.431 2.422 2.211* 2.363* 

∆LPOP 6.210** - 3.89** 1.347 4.77** 4.075 

∆LEU 0.53* 1.35 - 0.164 3.148* 3.108* 

∆LTO 27.73* 10.56* 16.15* - 28.47* 27..86* 

∆LGDP 4.155* 2.954 3.908* 0.029 - 9.466* 

∆LGDP2 4.024 3.128 3.871 0.023 9.023* - 
 
 

Table 7:   Short run results chi square. 
 

Variable ∆CO2 ∆LPOP ∆LEU ∆LTO ∆LGDP ∆LGDP2 

∆CO2 - 6.73 1.431 2.422 2.211* 2.363* 

∆LPOP 6.210** - 3.89** 1.347 4.77** 4.075 

∆LEU 0.53* 1.35 - 0.164 3.148* 3.108* 

∆LTO 27.73* 10.56* 16.15* - 28.47* 27..86* 

∆LGDP 4.155* 2.954 3.908* 0.029 - 9.466* 

∆LGDP2 4.024 3.128 3.871 0.023 9.023* - 
 

Note: ***, ** and * indicates the rejection of null hypothesis at 1 %, 5% and 10 % level of significance. 
 
 

Table 8: Diagnostic test statistics. 
 

Test  Tests statistics P-Value 

LM Test: Breusch-Godfrey Serial Correlation  2.447 0.1670 

Heteroscdasticity Test: Breusch-Pagan-Godfrey 0.5864 0.7609 

ARCH Effect: 0.1966 0.6604 

Test of Normality: Ramsey RESET Test: 0.4994 0.4806 
 

Note: *** and ** indicates the rejection of null hypothesis at 1 % and 5% level of significance. 

 
 
that is, it has a correct functional form and the residuals are 
serially uncorrelated and homoskedastic. Therefore, the 
reported results are legitimate for reliable interpretation. 
 
 
CUSUM Test 
 
CUSUM test is applied to check the stability of the model 
and after applying this model it is confirmed that plots 

confirmed that all the parameters in the model are stable 
over the entire sampling period that is, test statistics of the 
test also stays within the 5% critical bound. Figure 2 
portrays the plot of test.  
 
 
Impulse response and variance decompositions 
 
Generalized impulse response and generalized variance
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Figure 2: Plots of CUSUM test. 

 
 
decompositions of Koop et al. (1996) and Pesaran and Shin 
(1998) was employed. Note that unlike the standard 
approach, the generalized approach is not sensitive to the 
ordering of variables in the VAR system. The generalized 
VDC and IR overcome the orthogonality problem inherent 
in traditional out-of-sample Granger causality tests. 
Impulse responses show how a variable responds to a 
shock in the other variable initially and whether the effect 
of the shock persists or dies out quickly. Forecast error 
variance decompositions point out what proportion of the 
variation in a variable can be explained by the changes in 
another variable in the same VAR system.  

Response of CO2 to EU is throughout increasing and at 
peak in 6th to 8th year. CO2 emissions to population 
response are negative in the start up till 6th year and it 
becomes steady positive till the tenth year and moving 
away from mean (Figure 3). Carbon emissions responds to 
GDP per capita in such a way that the value is positive and it 
increases in the start and then starts decreasing and 
becomes negative in the mid of  the seventh year and then 
becomes negative in year 8th till the end. Energy used 
responds to energy in such a way that it is high positive in 
the start up to 8th years and becomes negative up till the 
final year. In case of GDP per capita there is sudden 
increase and then it decreases and becomes negative in the 
fourth year and stays negative till the final year. Population 
responds to carbon dioxide emissions in such a way that it 
decreases in the start and then stays positive up till the end.  
Response of Trade openness to carbon dioxide emissions in 
such a way that it increases in the start for four years and 
then decreases up till the end for the six years.  

GDP per capita responds to CO2 emissions in such way 
that it decreases in start and then it becomes negative in 
the 10th year moving away from mean value. In the case of 

carbon dioxide emissions the line follows the decreasing 
trend and then becomes negative in the sixth year. In the 
case of energy use the line is positive in start and thereafter 
becomes negative after the 6th year. Population responds in 
such a way that it is positive in the start and after the fifth 
year it gets and then again increases up till the end year 
becomes negative. GDP per capita and trade openness 
follows a positive converging trend throughout; same is the 
case of GDP per capita square.  
 
 
Variance decomposition results 
 
In the short run, that is, quarter 3, 5 and 7; impulse or shock 
to CO2 show 88, 78 and  66% variation of the fluctuation 
respectively in CO2 emissions (own shock). The shock 
quarter 3 to energy use, population, trade openness, GDP 
per capita and its square term shows 1.7, 9.2, 1.3, 7.0 and 
0.30% fluctuations in CO2 emissions, respectively. In the 
long run, that is, at quarter 10 the fluctuation of CO2 
emissions (own shock) reduced to 63% while the shocks of 
energy use, population, trade openness, GDP per capita and 
its square term decreased in the long term. In the short run, 
that is, quarter 3, 5 and 7; impulse or shock to CO2 show 88, 
78 and  66% variation of the fluctuation respectively in CO2 
emissions (own shock). The shock quarter 3, to energy use, 
population, trade openness, GDP per capita and its square 
term shows 1.7, 9.2, 1.3, 7.0 and 0.30% fluctuations in CO2 
emissions, respectively. Moreover, shocks in CO2 emissions, 
population, trade openness, GDP per capita and its square 
show 16, 38, 33, 7.74 and 5.8% fluctuation in energy used 
respectively. On the other hand in long run, the own shock 
fluctuation decreased to 27%. Finally, for CO2 emissions 
and population (46 and 60%) the fluctuations increased. In 
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Figure 3: Impulse response and variance decompositions 
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the long run or in quarter 7 the shock fluctuation of 
population (self-shock) reduced to 69.65%. Furthermore, 
all the other variables show the increased shock fluctuation 
in the short run time period for CO2 emissions, energy use, 
trade openness, GDP per capita, and GDP per capita square 
is 17.82, 8.13, 0.047, 2.68 and 1.64%. In the long run or 
quarter 10 of trade openness the self-shock value 
decreased to 2.83% along with CO2 emissions and GDP per 
capita fluctuation of variables increased to 38 and 8.5%, 
respectively. In the short run time period, in quarter 3 
impulse or shock to gross domestic product per capita 
show 19% fluctuation in GDPC (self-shock). CO2 emissions, 
energy use, trade openness, population and GDP per capita 
square show 56, 6.0, 12, 2.8 and 3.8% respectively in 
quarter 3. In the long run quarter 10 the shocks in CO2 
emissions, energy use, trade openness and population 
increased to 63.3, 6.8, 2.0 and 14.7%, respectively except 
GDP per capita that increased to 10.88% (Table 9). 
 
 
CONCLUSION 
 
Today, the world is witnessing the technological 
advancements but on the other hand suffering the problem 
of environmental degradation caused by the human activity 
in various forms. The factors include rapid growth of 
population, excessive use of energy source that 
contaminates the environment and rapid industrialization 
which is also contributing significantly to degrade our 
environment.  

This study intended to analyze the short run as well as, 
long run relationship between the GDP, energy use, trade 
openness, population and the pollution (CO2 Emission). 
Time series data for 37 years was used from 1980 to 2016. 
The data series analysis shows that there was a long run co-
integrated relationship between all variables of data. As a 
result Augmented Dickey fuller Test (ADF) shows all data 
series are non-stationary at levels but stationary at first 
difference which provides a platform for long run co-
integrated relationship. All regressions are checked for co-
integration through Johansson co- integration test (JCT) 
and it confirmed that there was occurrence of long run co-
integrated relationships through Trace and Eigen values. 
Error Correction Mechanism (ECM) was used to calculate 
the short run relationship between variables. 

Diagnostic tests were also used to check the overall 
significance of the model and result show that the model is 
overall significant. Autocorrelation is also checked and 
result found that is no autocorrelation exist in the model. 
No Heteroskedasticity was present in the model and the 
model is normally distributed with joint hypothesis of 
skewness being zero and excess kurtosis being zero. 
Stability of model is checked through CUSUM test which 
also shows significant result.  

The results revealed that in short run per capita income 
the GDP per-capita has a positive and statistically  

 
 
 
significant relationship with CO2 emission as the co-
efficient value is 0.5050 which revealed that a one percent 
change in the Per Capita GDP will increase the CO2 emission 
by 0.505 percent. While in the long run, the per capita GDP 
square has a negative relationship with CO2 emission as at 
high level the co-efficient of relationship is -0.669 which 
revealed an inverse relationship. Hence, validates the EKC 
for Pakistan.   

Furthermore, in the short run one percent increase in  
energy use, trade openness, population, GDP per capita and 
square of GDP per capita affect the CO2 emission by  0.557, -
0.06, -0.29, 0.505 and -0.035, respectively, as an impact on 
CO2 emission as their co-efficient are statistically 
significant. In the long run, the one percent increase in 
energy use, trade openness, population, GDP per capita and 
square of GDP per capita affect the CO2 emission by 1.39, 
0.137, 0.66, 3.92 and -0.669%, respectively.  

Summing up, VECM Granger Causality results showed 
that there exists a bidirectional relationship moving from 
energy use and GDP to carbon dioxide emissions. Moreover, 
there is unidirectional relationship running from trade 
openness to carbon emissions, total population, energy use 
and GDP per capita. Summing up there is unidirectional 
relationship of population to CO2 emissions, energy use and 
GDP per capita. 
 
 
RECOMMENDATIONS 
 
In the core of the earlier estimated results and significant 
existence of EKC the policy recommendations are advised 
to reduce CO2 emissions. This indicates the reasonable 
achievement of controlling environmental degradation in 
Pakistan. However, this empirical evidence which is in 
aggregate data may not be able to show the pattern of four 
provinces of Pakistan individually. Effective enforcement of 
environmental laws and regulation is necessary not only at 
the federal level but also at the provincial level. In regard of 
trade openness more constructive policies are required 
along with the substitute fuel consumption that can reduce 
carbon emission. 

Furthermore, research and development activities 
regarding environmental degradation which are important 
to attain sustainable development are still remaining 
unattainable in Pakistan. Therefore, to curb CO2 emissions, 
there is a need to implement environment taxes such as 
green tax. There is a dire need of adapting environment 
friendly fuel, that is, instead of oil it is wise to adopt the 
energy sources like solar and wind energy. Thirdly, 
publicize motivation programs for private sector who build 
renewable energy projects in the country. Government 
should create awareness among people regarding 
environmental degradation. 

Finally, trade openness has beneficial effect on 
environmental quality in Pakistan. This supports the view 
by Antweiler et al. (2001) that international trade does not 
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Table 9: Variance decomposition results.  
 

Variable S/No S.E. CO2 LEU LPOP LTO LGDP LGDP*LGDP 

CO2 

1 0.026113 100.0000 0.000000 0.000000 0.000000 0.000000 0.000000 

3 0.039509 80.35605 1.700378 9.247095 1.307091 7.088892 0.300495 

5 0.055472 78.25850 6.083548 7.430939 1.339216 6.315845 0.571949 

7 0.063428 66.35245 10.50480 14.62225 1.680382 6.395726 0.444395 

10 0.069901 63.45009 15.72118 12.74827 1.465249 5.806630 0.808583 

 

LEU 

1 0.011611 16.80823 83.19177 0.000000 0.000000 0.000000 0.000000 

3 0.017619 37.44611 48.20714 0.383938 0.336744 7.747642 5.878418 

5 0.020296 33.70697 44.21422 5.404931 0.645212 10.98669 5.041979 

7 0.021621 33.78007 40.86395 5.612894 1.066942 12.02039 6.655745 

10 0.033649 46.61558 27.15380 15.28012 1.004213 6.314066 3.632219 

 

LPOP 

1 4.66905 0.075635 3.321750 96.60262 0.000000 0.000000 0.000000 

3 0.000352 0.048630 0.467474 97.43376 0.052019 1.854861 0.143256 

5 0.000858 0.304286 2.032877 93.65487 0.034845 3.776902 0.196220 

7 0.001376 17.82775 8.137574 69.65579 0.047295 2.685593 1.645993 

10 0.003180 74.13595 4.086784 14.71472 0.829123 3.758956 2.474467 

 

LTO 

1 0.052806 13.97747 29.22224 44.76887 12.03142 0.000000 0.000000 

3 0.079289 38.27566 18.59867 31.58026 7.592520 3.906904 0.045991 

5 0.099794 36.81424 18.78234 31.74097 6.483252 5.953098 0.226102 

7 0.110958 40.21251 16.47567 29.05748 5.707384 7.287039 1.259920 

10 0.115078 38.61590 15.80537 30.39401 5.449940 8.526526 1.208261 

 

LGDP 

1 0.013178 43.97512 9.662249 28.33449 2.835220 15.19292 0.000000 

3 0.025543 56.66781 6.055683 12.01750 1.859690 19.58618 3.813130 

5 0.029943 58.48087 4.782062 15.34299 1.976001 16.63726 2.780818 

7 0.031825 54.31167 6.286864 16.63403 2.806350 16.81027 3.150826 

10 0.041301 63.14823 6.769852 15.08183 2.074148 10.95626 1.969670 

 

LGDP*LGD
P 

1 0.178198 44.06065 9.776609 27.82088 2.951639 15.37743 0.012791 

3 0.346336 56.49939 6.308705 11.71916 1.856630 19.72854 3.887568 

5 0.405591 58.44897 5.073171 14.89475 1.961291 16.77570 2.846118 

7 0.430762 54.28944 6.453153 16.27987 2.798622 16.95692 3.222000 

10 0.563419 63.38929 6.883688 14.79978 2.052692 10.88404 1.990509 

 
 
harm environment if the country uses cleaner technology 
for production after achieving a sustainable level of 
development. Our finding suggests that Pakistan must give 
her attention to import cleaner technology to develop her 
industrial sector. This not only enhances the production 
level but also becomes a safety valve against environmental 
degradation.  
The import of advance technology lowers environmental 
cost and develops the industrial sector. Keeping the 
composition effect constant, scale effect stimulates 
economic growth which raises production that increases 
industrial pollution. Industrial pollution can be reduced if 
government checks on scale effect by importing cleaner 
technology for industrial sector to attain maximum gains 

from international trade in the country.  
 
 
LIMITATIONS 
 
The limitation of our study in the growth pattern of four 
provinces of Pakistan is different. For future, study can be 
focused on the provincial level to attain comprehensive 
impact of economic growth on CO2 emissions which will 
provide new insights for policy making authorities for 
controlling environmental degradation at provincial level. 

Moreover, other important economic determinant of 
pollution with different econometric technique can produce 
different important results and therefore policy makings. 
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