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1. Introduction

Environmental degradation is a global problem in which CO2 emissions are a significant cause
of the increasing global temperature (Stocker, 2014; Usman et al., 2020). The significance of
environmental degradation accepted globally at the global conference in Brazil in 1992 (UN, 1992) and
obtaining importance in 2016 when all countries shave ratified the Paris Agreement policy guidelines of
the United Nations Organization’s Framework for the mitigation of Greenhouse-Gases. While most
countries are struggling to curtail the effects of environmental degradation, a meaningful change needs
a large amount of money and funding, which is not possible in most underdeveloped economies. In
underdeveloped countries, the FDI pattern appears to be pollution heaven because these countries offer
low wage labor, cheap resources, and lax regulations about the environment (Kathuria, 2016; Sarkodie
& Strezov, 2019). The theory behind determining the effect of oil prices on environmental quality is that
oil prices will decide the consumption of fossil fuel that contributes 40 percent of the world's CO2
emissions. Higher oil prices can indirectly affect carbon dioxide emissions through a reduction in
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energy consumption. From the other side, energy consumption increases due to a reduction in oil price.
The price of oil, therefore, acts as an indicator of variations in environmental quality and its effect is
different on environment (Boufateh, 2019; Malik et al., 2020).

The connection between FDI and the environmental degradation is seen primarily by pollution
haven hypothesis which states that rich countries apply tight environmental regulations, while
underdeveloped economies have lax environment related laws that attracts polluted or dirty industries
(Levinson 1996, Cole & Elliott 2005, Hassaballa 2014; Guzel & Okumus, 2020; Nadeem et al., 2020).
This trend is a cause of the rise of specialization in dirty industries in underdeveloped countries and
clean industries in developed economies. The association between environmental degradation and
foreign direct investment is, therefore, positive. On the other side, according to pollution halo
hypothesis or neo-technology school of thought, the correlation between direct foreign investments and
quality of the environment is positive through information spillovers and up-gradation of technology
(De Mello, 1999) through a shift of environmentally sound technology from rich countries to
underdeveloped economies (Gorg and Stebb). Hence, in underdeveloped economies, the association
between FDI and environmental degradation is negative (Lee, 2013). The key reason why CO2
emissions are growing is the rapid rise in industrial sector energy demand due to globalization. The
average annual energy usage also rises by 13.5 percent (Pakistan Economic Survey 2017). Gas, energy,
coal, and crude oil consumption have increased by 9.6 percent, 7.3 percent, 4.9 percent, and 7.4
percent, respectively (Pakistan Economic Survey 2017). The usage of all these items degrades the
environment in Pakistan.

The increased population levels and consequent demand for energy, food, and housing have
changed land-use practices significantly and depleted Pakistan's forests considerably in relation to the
environment. Poverty is one of the consequences of population growth, and its lifestyle is a significant
factor in depleting the environment, either by the demand for fuel for cooking food or by its survival
requirements. Limited opportunities for people and unfair distribution of resources cause pull and push
factors for the people who live below the poverty line and are exploiting multiples to overburden
population density and the environment (Mehmood and Chaudhary, 2012; Khan et al. 2016). Moreover,
the previous literature uses different econometric methods to show the association of different
macroeconomic variables including oil price and environment (Sarwar et al., 2013; Ali et al., 2014;
Faheem et al., 2014; Aftab et al., 2015; Anwar et al., 2016; Ali & Nazar, 2017; Boufateh, 2019; Faheem et
al., 2019; Khan & Chaudhry; 2019; Safdar et al., 2019; Anser et al., 2020; Iram et al., 2020; Ali et al.,
2020; Faheem et al., 2020; Malik et al., 2020).

The GDP of Pakistan grew by 375 percent from 1980 to 2017, while CO2 emission has been
enhanced by just 118 percent (World Bank, 2018). Although Pakistan contributes only less than 1
percent in total global CO2 emissions, Pakistan is still in the top five nations, which are seriously
affected by environmental degradation according to the Global Climate Risk Index of 2017 (Sharif et al.
2017). According to the climate change report by the Asian Development Bank (ADB), in Pakistan, the
average temperature has grown by 0.5 centigrade in the past 50 years, while the days with heat wave
per year have risen by six times. These environmental changes have many social and economic impacts
such as a drop in crop yields, increased variations in river water, higher rate of evaporation, drought,
increased mortality due to extreme heat waves, and a significant threat to the generation of
hydropower (Sharif and Raza, 2016). Environmental degradation has now become a problem of
national security (Sharif et al., 2017), where the alleviation of its impact requires Pakistan to upgrade
its infrastructure for transport, irrigation, and electricity. According to the Paris Agreement of United
Nations framework, the government decides to mitigate 20 percent of GHG emissions by 2030, which
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will cost about USD 45000 million for Pakistan.

Pakistan, however, is self-sustaining in natural gas. Still, its consumption of oil depends heavily
on imports of petroleum products and other petroleum-related products, which are Pakistan's most
important imports (Sharif and Raza, 2016). Pakistan has been faced with an annual energy deficit of
4000-5000 megawatts since the 2000s, initiating daily load shedding of 8 to 10 hours in various rural
and urban areas (Rafique and Rehman, 2017). Thus, to tackle this energy deficit, Pakistan has been
bought energy from rental power plants, which produces 40 percent of total electricity in 2017 (NTDC,
2017). Moreover, Pakistan generates 21 percent electricity from crude oil (World Bank, 2018), and it
enhances the financial strain on the government (Kamran, 2018). Although Pakistan is also facing the
highest distribution and transmission losses of 23 percent annually and losses in electricity bill
collection of 12 percent per annual (NTDC, 2017), making power (energy) more expensive day by day
(Rafique and Rehman, 2017).

Based on the above debate, this study attempts to find if there is any asymmetric impact of oil
price on CO2 emission/environmental degradation exists or not. First, we are using oil prices along
with other macroeconomic variables, which is a new contribution for Pakistan. Second, we perform
analysis by using NARDL approach to analyze asymmetric relationships between the variables, as to
how oil price increases or decreases effects environmental degradation in Pakistan. The remainder of
the paper structured as follows. Section 2 is reserved for literature review. Section 3 deals with
development of model and methodology. Section 4 gives results discussion and last section provides
conclusion.

2. Literature Review

In mostly previous literature, the association among energy use, GDP growth and environmental
degradation has been discussed (Huang et al., 2008; Ozturk, 2010; Saboari and Sulaiman, 2013; Bilgili
et al. 2017). However, a minimal number of studies are found which concentrate on the association
between oil prices/oil consumption with environmental degradation (Maji et al. 2017). Due to this fact,
we are giving the brief review of the studies which have examined the effect of oil prices on carbon
dioxide emissions/environmental degradation. De bruyn et al. (1998) analyzed the impact of oil prices
and GDP on environmental degradation in the Great Britain, Holand, Germany, and the United States of
America for the year 1965-1995. The findings showed that the rise in US oil prices hurt environmental
degradation. For the other nations, there was no significant correlation between oil price and
environmental degradation was found. Lindmark (2002) looked at the relationship between fuel prices,
technology, GDP, and CO2 emissions in Sweden. The outcomes confirmed that fuel price increase had a
reducing impact on pollution. He and Richard (2010) examined the effect manufacturing sector, GDP
and trade openness on oil price in Canada for the year 1949-2006. The findings confirmed that the rise
in gasoline price mitigated CO2 emissions. For the years between 1949 and 2009, Payne (2012)
analyzed the impact of oil prices on environment in the United States and found a negative impact of oil
prices on the environment. Hammoudeh et al. (2014); Zhang and Zhang (2016); Wang and Li (2016)
and McCollum et al. (2016) illustrated the mitigating impact of CO2 emissions by achieving similar
outcomes by increasing oil prices. In similar with these studies Boufateh (2019) and Malik et al. (2020)
shows the nonlinear effect of oil price on environment.

Contrary to expectations, some empirical studies showed that an enhancement (decline) in oil
price has a positive (negative) impact on environmental degradation, whereas other studies showed
that there was no substantial correlation between the price of oil and environmental degradation.
Sadorsky (2009) analyzed the effect of oil price, renewable energy, and GDP on carbon dioxide
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emissions in the G-7 economies for the panel data from 1981 to 2006. The outcomes indicated that the
consumption of renewable energy and GDP were main cause of enhancing CO2 emissions. Salim and
Rafiq (2012) addressed the association between oil price, renewable energy and carbon dioxide
emissions in underdeveloped economies for the year 1980-2007. The results suggested that oil price
had no substantial effect on carbon dioxide emissions and renewable energy. The association between
oil price and the value of carbon dioxide allowance in China was examined by Zhang and Zhang (2016)
for the year 2010-2015 and indicated that oil price had a favorable effect on the value of carbon dioxide
allowance. Nwani (2017), in his ARDL model, estimated the effect of oil prices and energy consumption
on greenhouse gases in Ecuador for the year 1970-2014 and indicated that rising oil prices had a
growing impact on pollution. In another study, Blazquez et al. (2017) examined the effect of shocks in
oil price on environmental degradation in Spain for the year 1970 to 2015 and found that shocks in oil
price had no major influence on environment.

The links between the energy use/consumption and environmental degradation have been
explored by Huang et al. (2008), Pao and Tsai (2010), Saboari and Sulaiman (2013) Lee and Chang
(2007) and Presno et al. (2017). Haseeb et al. (2017) explored the association between energy
consumption, population and pollution in BRICS countries and found a positive relationship of energy
consumption and population with the level of pollution. Pao and Tsai (2010) observed the impact of
energy usage and GDP on environmental degradation in BRICS economies and observed that energy
usage and GDP caused environmental degradation. Saboori and Sulaiman (2013) analyzed the
environmental degradation effects of energy use and GDP growth from 1981 to 2010 and found that the
environment is adversely affected by the GDP growth of the Malaysian economy and energy use. Zeng
and Eastin (2012) noted that FDI helped to improve the host country's environmental quality through
preventive measures by FDI receiving companies, which also led to increasing preventive actions by
non-FDI companies under competitive circumstances. On the other hand, Le and Attaullah (2002),
Suleman (2009), Zaman et al. (2012), Raza et al. (2012), Najia et al. (2013) and Igbal et al. (2014)
examined the effect of FDI on pollution and found a direct linkage between FDI and pollution in
Pakistan. According to them, the economy of Pakistan will not be competitive unless the proper set-up
of the development of human resources, the increase in indigenous investments, institutional,
entrepreneurship, cultural, socio-economic change.

3. Methodology

The data for this study is taken from different sources. The proxy used for the environmental
degradation is carbon dioxide (CO2) emissions, and for the oil price, crude oil price per barrel of brent
is used. The data is sourced from BP Statistical Review. The other variables, like a foreign direct
investment (FDI), total population, energy consumption and gross capital formation (GCF) is taken
from the World Development Indicators (WDI). The data span covers from the year 1975-2018 for
Pakistan and all variables are taken in logarithmic form.

The literature shows the association of oil price with environmental quality through different
techniques of cointegration, Granger causality and ARDL method, GMM, PMG, quantile regression to
show short-run and long-run symmetrically in time series analysis and panel analysis. The study uses
the nonlinear ARDL, which is recently presented by Shin, Yu, and Greenwood-Nimmo (2014), setting
with the extension of ARDL to achieve the study objective that is asymmetric affect oil price on
environmental degradation. This methodology have several advantages such as; Firstly, it is free from
the restriction of order of integration as it may be employed if variable are I(1) or mixture I1(0) and I(1)
order of integration rather than any variable is in I(2) order of integration. Secondly, it simultaneously
shows short-term and long-term components, which eliminates serial correlation in data and
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endogeneity of variables (Pesaran and Shin, 1999). Thirdly, it is appropriate to use this method even
when we have small size of sample (Pesaran et al. 2001).

On the behalf of theoretical background following are determinants of environment,

CcoO,, = f (OP,GCF, FDI, EC, POP)
(1)

This methodology uses the following specification to achieve our objective:

CO,, = oy +x,OR, + «,GCF, + o;FDI, + o, EC, + a;POP, + «¢4

(2)
Where CO2, OP, GCF, FDI, EC and POP show CO2 emission, oil price, gross capital formation,
foreign direct investment, energy consumption and population, respectively. Moreover, a = (ao, o1, a2,
a3, a4 and a5) indicates a vector to estimate the long-run parameters.

To estimate the above model, first, this study applies the ARDL bounds formulation by using the
following specified model:

| p q r s t
ACO,, =y + ) 3,;ACO, , + Y @, AOP_; + Y @y AGCF,; + Y a,AFDI, ; + Y a5 AEC, ; + Y POP,
i=1 i=0 i=0 i=0 i=0 i=0

+ ﬂ1cozt,1 +B,0P_, + BGCF, + B,FDI, , + BEC, ; + BPOR_, + 14 (3)

In the above equation, A shows the first difference operator of the concerned variable and the
deterministic drift parameter is «o. From the above equations, we estimate the unrestricted error
correction model (ECM) as follows:

| p q r s
ACO, =+ aACO, +) a,AOR_+> a,AGCF_+ > a,AFDI ; + > a,AEC, ; + > arAPOP,
i=1 i=0 i=0 i=0 i=0

t—i

+AECT -1+vt, (4)

In the above equation, A indicates a parameter for the speed of adjustment and ECT implies the
residuals of the estimated model. The formulation of asymmetric behaviour of oil price in agreement
with the nonlinear ARDL model where oil price decomposes into positive and negative parts is:

CO,, =B+ B, OP "t + B, OP, + B, X, + 1, (5)

Based on the nonlinear model (Equation (5)), B2+ shows oil price increase effect on carbon
dioxide emission in long-run in the equation (6), which is expected to be negative. And p2- in equation
(7) shows the oil price decrease effect.

ﬁ2+oP:=§A LOP?:JZL;maX(AOPJ,O) )

ﬂz_OPJZZAOP;:ZmM(AOP“m )

Shin, Yu, and Greenwood-Nimmo (2014) introduced NARDL setting with the extension of ARDL

5
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as:

| pl p2 q r S t
ACO,, = @y + ) 3,AC0,, , + ) a'sdOP" i + ) a aAOP™-i + Y @y AGCF, + ) ay AFDI ; + Y a5 AEC,; + )z APOP,,
i=1 i=0 i=0 i=0 i=0 i=0 i=0
+ /B1COZH + ﬁ;OPtj +f 0P 1+ ﬂSGCFt—l + ﬂ4FD| tat 185 ECH + :Be POPH ! (8)

The following hypothesis is used to measure long run and short run asymmetry by 2+ and 2-,
a2+ and a2-, respectively:
Ho: B2+ =P2-=0
pl p2
H, :Zofm = Z(fzi
i=0 i=0
for all i=o,....,p
4. Results and Discussion
The result of the ADF and Phillips Perron test confirms that CO2 emission, oil price, gross capital

formation, FDI, energy consumption and population are non-stationary at the level and stationary when
converted to the first difference, representing that the variables are I(1).

Table 1 ADF and PP Unit Root tests

Level First Difference

Variable ADF PP ADF PP

CO2 1.41 2.55 -3.36** -3.36**
OP -1.40 -1.49 -5.61%** -5.56%**
GCF -2.09 -2.21 -6.21%** -6.18%**
FDI -2.89 -1.91 -4.79*** -4.77FF*
EC 0.41 -1.18 -10.52%** -9.31%**
POP 1.86 8.09 -3.01** -2.09**

Note: *** ** express significant at 1% and 5%.
The next step is to perform a cointegration test for linear and nonlinear specification and results
clearly show the cointegration only in case of the nonlinear specification. The computed F-statistic is

shown in the following table 2.

Table 2 ARDL Bound Test for Cointegration

Lower Upper Decision
F-Statistic Bound 95% Bound9s5%
Linear ARDL 1.7953 2.62 3.79 No-Cointegration
Asymmetric ARDL 8.24 2.45 3.61 Cointegration

The results of diagnostic tests and long-run estimations are given in table 3. The diagnostics
outcomes show model is cleared from autocorrelation, heteroskedasticity problem and structurally
stable and free from normality issue. Furthermore, CUSUM and CUSUM of squares test results are
presented in the following figures that test the stability of the model. Moreover, the overall scenario of
our variables and their correlation is given in the table (see appendix).

The long-run results show the different effects of positive changes and negative changes of oil
price on CO2 emission. In simple, results reveal that a 1 percent increase in oil price is associated to
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0.042 percent decrease in CO2 emission in the long run. The results also show that 1 percent decrease
in oil price is associated to a 0.097 percent increase in CO2 emission in the long-run. The other
variables, FDI and EC and population, have a positive effect on CO2 emission in the long run while GCF
is insignificant. The findings are in agreement with the literature conducted in different regions i.e. De
bruyn et al. (1998), He and Richard (2010), Lindmark (2002), Hammoudeh et al. (2014), Zhang and
Zhang (2016); Wang and Li (2016); Boufateh (2019); Malik et al., (2020).

Table 3 ARDL Long- Run Estimation and Diagnostic Checks

Regressors Coefficients Standard error t-ratio (Prob.)
OP+ -0.042 0.014 -3.035%**(0.004)
OP- -0.097 0.029 -3.253%**(0.002)
GCF 0.031 0.104 0.295(0.769)

FDI 0.008 0.004 1.815*(0.078)

EC 1.013 0.142 7.121***(0.000)
POP 0.824 0.245 3.368***(0.001)
Intercept -5.915 1.902 -3.109***(0.003)
R Square 0.999 Serial Correlation 0.485(0.619)

DW Stat 2.016 Functional Form 0.937(0.340)
Normality 2.036 (0.361) Heteroscedasticity 0.284(0.956)
WLR 6.432 (0.001) WSR 4.327(0.005)

Note: *** ** * shows significance level at 1%, 5% and 10% . the values in ( ) are p-values.

The short-run results show the negative oil price changes have more effect than positive oil price
changes on CO2 emission, showing that 1 percent decrease in oil price with a 0.051 percent increase in
CO2 emission in the short-run. And 1 percent raise in oil price associated with 0.022 percent decrease
in carbon dioxide emission in the short-run. The remaining variables, FDI, EC and population, have a
positive association with carbon dioxide emission in the short-run while GCF is found insignificant.

Table 4 ARDL Short -Run Coefficients

Regressors Coefficients Standard error t-ratio [prob.]
D(OP+) -0.022 0.008 -2.659**(0.011)
D(OP-) -0.051 0.014 -3.702***(0.000)
D(GCF) 0.016 0.054 0.294(0.771)
D(FDI) 0.004 0.002 1.846*(0.073)
D(EC) 0.531 0.079 6.711***(0.000)
D(POP) 0.432 0.158 2.738***(0.009)
ECT -0.524 0.059 -8.865(0.000)

Note: *, ** *** shows significance level at 10%, 5% and 1% respectively.

Figure 1 CUSUM Test
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The study applied Wald test to check the asymmetric relation of oil price and CO2 emission, and
results are presented in the above table 3 that are in favour of the long run and short run asymmetry.
Moreover, the graphical representation of asymmetry is explained by following a cumulative dynamic
multiplier graph.

Figure 3 Dynamic Multiplier Graph
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5. Conclusion

The study scrutinizes the impact of oil price on environmental degradation in Pakistan for the
year 1975-2018. The study uses NARDL model to achieve the objective. The NARDL result expresses that
oil price has a different effect as we break into positive and negative changes, and oil price decrease has
a more severe impact on environmental degradation in Pakistan. The other variables, FDI, energy
consumption and population have a significant and positive association with CO2 emissions in the
short-run while gross capital formation is found insignificant. On behalf of findings, the study provides
the policies for policymakers and government officials after uncovering the asymmetric relationship
between oil and other variables with an environment that would be helpful in policymaking for
Pakistan.
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Appendix
Table A1 Descriptive Statistics and Correlation
CO2 OP GCF FDI EC POP
Mean 91.0723 1.5067 1.2472 22.9900 1.0529 1.34E+08
Median 85.8524 1.4591 1.2556 23.6173 1.0842 1.31E+08
Maximum 195.7069 2.0479 1.3184 29.7861 1.2487 2.12E+08
Minimum 21.2233 1.1043 1.1498 15.3055 0.7546 68834326
Std. Dev. 50.9607 0.2914 0.0404 3.8139 0.1402 43420937
Skewness 0.2944 0.4522 -0.6306 -0.3679 -0.5455 0.1711
Kurtosis 1.9151 1.9942 2.5318 2.5075 2.1920 1.8000
Jarque-Bera 2.7300 3.2781 3.2432 1.4048 3.3025 2.7896
Probability 0.2554 0.1942 0.1976 0.4953 0.1918 0.2479
Sum 0.2554 64.7889 53.6294 988.5710 45.2777 5.77E+09
Sum Sq. Dev. |3916.109 3.5670 0.0685 610.9137 0.8259 7.92E+16
CO2 1
OP 0.7367 1
GCF -0.6067 -0.5461 1
FDI -0.4032 -0.4088 0.6703 1
EC 0.9472 0.6452 -0.4678 -0.1931 1
POP 0.9937 0.7365 -0.6476 -0.4274 0.9528 1
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