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A B S T R A C T

The main objective of this article is to examine the impacts of energy consumption and economic growth on en-
vironmental quality in Pakistan. We use the ecological footprint (environmental quality) as a target variable, the
control variables of gross domestic products are a proxy of economic growth, and energy consumption and gross
fixed capital formation are proxies of capital from 1971 to 2014. For this purpose, a unit root test with break
dates is employed for a stationary check, and a BDS test is used for nonlinearity. The nonlinear autoregressive
distributed lag approach is employed to assess the asymmetric co-integration among the variables. These results
confirm the asymmetric co-integration among the variables. The asymmetric causality technique is also applied
to scrutinize the causal link between the variables. The asymmetric feedback effect is observed between positive
shocks to environmental quality and energy consumption, and symmetrically, environmental quality causes en-
ergy consumption. By contrast, the neutral effect is observed among environmental quality, economic growth,
and capital. Based on these findings, current energy portfolios should be diversified by either enhancing or in-
corporating renewable energy technologies, and this is indispensable to support the existing successful strides of
environmental policies. Thus, policymakers must buttress their commitments to reduce emissions by sustaining
and decarbonizing the trajectory of economic growth.

© 2018

1. Introduction

The energy sector plays an essential role in sustainable economic
growth for both developed and developing economies, and energy is
a key input in production processes. Accordingly, because of the im-
portance of energy in the economic growth, studies have investigated
the nexus between energy and growth (Sarwar et al., 2017; Shah-
baz et al., 2017a; Isik et al., 2018; Nordin and Sek, 2018; Tugcu
and Topcu, 2018; Benkraiem et al., 2019). The manufacturing sec-
tor is heavily dependent on electricity availability. The consequences of
greater energy demand are the substantial pressures on the environment
and ecosystem and are pertinent to energy economists, environmental-
ists, and policymakers worldwide that design and implement friendly
energy–environment policies. Although the energy–growth nexus is
valid for sustainable growth, it is also true that energy use has been re-
sponsible for environmental degradation through carbon dioxide (CO2)
emissions, which are emitted from the burning of fossil fuels in in-
dustrial production. Rising energy demand and the concern for cli-
mate change caused by the massive consumption of fossil fuel sources

⁎ Corresponding author.
E-mail address: xdy@cug.edu.cn (D. Xu)

have led many economic countries to shift toward renewable energy to
upgrade environmental quality (Kuriqi et al., 2019a). Nevertheless,
Ali et al.'s (2019) evidence has been presented on the negative impacts
of hydropower on the ecosystem. However, an expectation is that energy
consumption would have a positive impact on environmental pollution
and that a strong relationship would exist between the environment and
economic activities. For the purpose of this study, we focus on the re-
lationship between ecological footprint (EF), economic growth, and en-
ergy consumption in Pakistan.

Our study investigates the environmental quality, energy consump-
tion, and economic growth nexus by focusing on the Pakistan case. In-
vestigations of environmental degradation are notable for many reasons.
First, according to the World Bank (2016), there are critical, worrying
situations in terms of global environmental pollution. Second, the Pak-
istan energy situation is critical because the total demand for energy is
more than the supply. Therefore, the energy sector relies on fossil fuels
to generate more electricity, disrupting the environment in terms of CO2
emissions and increasing trade deficits because of fossil fuel imports.

Under these circumstances, we consider EF as one unit of various
natural areas that contribute to and support the national economy. This
information and other information on the accessibility of forests, water,
fresh air, grazing, and cultivation areas compose the EF. Thus, in this

https://doi.org/10.1016/j.scitotenv.2020.137364
0048-9697/© 2018.
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study, the EF is employed as a proxy of environmental quality for many
reasons. Accordingly, during the process of economic activities, the car-
rying capacity of the earth, natural resource consumption, and the ab-
sorption capacity of ambient pollution. In addition, consideration of the
EF is adopted to provide a broader prospective. Since the introduction
of the EF, it has been continuously considered in relation to environ-
mental quality. According to our review of the literature, several studies
have investigated the EF in a linear, symmetric model for different re-
gions. Furthermore, nonlinear and asymmetric techniques not have been
adopted for the EF, energy consumption, and economic growth in Pak-
istan.

In the literature, empirical studies have investigated the interac-
tions among economic activities, energy consumption, and environmen-
tal degradation. The literature is divided into two sections: the first
section has considered economic–environment nexus. This link can has
been demonstrated by investigating variability and using monotonic,
quadratic, and cubic approaches. However, because of the economic sit-
uation of Pakistan, we use the nonlinear and asymmetric techniques
to assess the relationship between the variables. The pioneer analysis
(Grossman and Krueger, 1991; Grossman and Krueger, 1995) of
growth in economies demonstrated that it might not affect the envi-
ronment. Balado-Naves et al. (2018) also considered the idea that
expending economic activities may produce new opportunities for a
friendly environment and improve greener technical efficiency. In a lit-
erature review, the majority of studies the environmental quality as CO2
emission, but recently, a few studies have used EF as a proxy of environ-
mental quality (Lanouar, 2017; Bello et al., 2018). Yousefisahzabi
et al. (2011) investigated the link between the CO2 emission and eco-
nomic growth by using a panel dataset to investigate the case of Iran.
Unidirectional causality was noted by Lee and Yoo (2016)) after they
ran economic growth and CO2 emission in time series data in the case
of Mexico. Chang (2010) also implied a causality that ran from eco-
nomic growth to CO2 in the case of China. The same results demon-
strated by Saboori et al. (2012) for Malaysia. Galli et al. (2012)
showed that economic activities affected environmental quality by us-
ing panel data in the case of India. Baloch et al. (2019) also implied
a causal link between economic growth and environmental quality in
a panel dataset of 59 Belt and Road countries. Notably, Ozturk and
Al-Mulali (2015) showed unidirectional causality running from CO2
emission to economic growth. The feedback effect was investigated by
Menyah and Wolde-Rufael (2010); Shahbaz et al. (2013) between
economic growth and CO2 emission. Additionally, the neutral effect was
implied by Kasman and Duman (2015) and Wang et al. (2016) be-
tween CO2 emission and economic growth.

In the literature, the majority of researchers have solely relied on
CO2 emission as measure of environmental quality, and a small portion
of literature has indicated that the EF is related to environmental qual-
ity (Ozturk and Al-Mulali, 2015; Bello et al., 2018; Alola et al.,
2019b; Destek and Sinha, 2020). The two major problems of climate
change and global warming have been hot topics of discussion, fore-
thoughts, and concerns among economists, researchers, academic schol-
ars, government and private institutions, and policymakers. As per the
International Panel on Climate Change, the annual temperature increase
has been within the range of 1–7 K during the span of 1960 to 2100
within various CO2 emission abstracts (Solomon et al., 2007). There-
fore, in the literature, energy use and economic growth have largely
been used as a proxy of environmental quality.

Mrabet et al. (2017) employed the ARDL technique to investigate
the nexus among trade openness, economic growth, oil prices, and en-
vironmental quality from 1980 to 2011 in the case of Qatar by using
EF as a proxy of environmental quality. Their results showed that eco-
nomic growth degrades environmental quality in the long run. Further-
more, Imamoglu (2018) revealed that gross domestic product (GDP)
and energy consumption upgrade the EF, after investigating the formal

and informal economy in Turkey. Destek et al. (2018) employed the
EKC and EF as determinants of environmental quality degradation in the
European Union region and found their nexus with renewable energy,
non-renewable energy, trade openness, and economic growth. Kuriqi et
al. (2019b) showed renewable energy should be developed in a sus-
tainable manner to mitigate as much as possible the adverse impacts on
the ecosystem. Bejarano et al. (2019) also showed the inverse effect
between trade-off and environmental quality. The EKC hypothesis con-
firmed the existence of the nexus between the variables and indicated
that an increase in non-renewable energy has positive impacts on the
EF.

Uncertainty remains regarding the function of energy consumption,
economic growth, and capital growth in environmental quality mitiga-
tion. Nevertheless, the complexities comprise factors that have varied
because of prescribed environmental regulations and the economic mod-
els among countries used to clear up the ambiguities of climate factors.
To advance the literature, we consider EF against CO2 because several
countries are struggling with problems related to the ecological deficit.
The main objective of our study is to propose econometric techniques
that permit us to consider the nonlinear and asymmetric co-integration
among environmental quality, energy consumption, economic growth,
and capital in the case of Pakistan from 1971 to 2014. The idea behind
the asymmetry and nonlinearity approaches, and the positive and nega-
tive changes in one exogenous variable, do not affect another variable in
the same manner (Shahbaz et al., 2017b; Tugcu and Topcu, 2018;
Baz et al., 2019). The existence of a nonlinear relationship among the
variables is affected by several factors, for example, financial, economic,
political, social, and international affairs, and technological advance-
ment provides either negative or positive variation in energy use, which
does not have the same impact on environmental quality. In this regard,
we use the nonlinear autoregressive distributed lag (NARDL) model pro-
posed by Shin et al. (2014) and the asymmetric causality test devel-
oped by Hatemi-j (2012) to enhance the literature on environmental
quality and energy nexus. We also employ the unit root test (Kim and
Perron, 2009) to find the integration order and unknown structural
break date in the series. Notably, the BDS (Broock et al., 1996) test has
been used to capture the presence of nonlinearity in series. As per the
literature, and according to our review of the literature, asymmetric and
nonlinear econometric techniques have not been investigated between
environmental quality and energy consumption in Pakistan.

The remainder of our study is organized as follows. In Section 2,
we examine the variables and explain the adopted methodology, asym-
metry, and nonlinear approach, which have not been studied in either
nexus. Section 3 presents the analysis of empirical results. In Section
4, we conclude our study by presenting policy suggestions based on em-
pirical results.

2. Data and methodology

2.1. Data

Energy is an indispensable factor in socio-economic activities and
economic transitions in developed and developing countries. This is
cleared in the possibility of access to energy to increase well-being
and livelihood. Nevertheless, the combustion of fossil fuels leading CO2
emission has been recognized as a prime contributor to the degrada-
tion of the global environment. Thus, we attempt to investigate the
nexus among a set of variables—EF, energy consumption, economic
growth, and capital—for the set of annual time series data from 1971
to 2014 in the case of Pakistan. In this study, we examine the signif-
icant impact on environmental quality because of energy consumption
and economic growth. The EF data is measured in global hectares (hga),
which comprise both land and sea, and are collected from the Global
Footprint network. The energy consumption (kg of oil equivalent), eco
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nomic growth (real GDPs in constant 2010 local currency), and capi-
tal (real gross fixed capital formation in constant 2010 local currency)
are from the World Bank Development Indicators. All comprise variables
are transferred into per capita by dividing by the total population of
each year. Further, to obtain accurate and precise empirical results, all
variables are converted into natural logarithms from Shahbaz et al.
(2017a). EFs have been discussed (Alola et al., 2019b; Saint Akadiri
et al., 2019; Wang, 2019).

2.2. Methodology

2.2.1. The NARDL co-integration approach
In the section, we applied the multivariate NARDL model proposed

by Shin et al. (2014) to capture the nonlinear and asymmetric re-
lationships between the variables. The main idea behind the NARDL
model is unexpected and hidden events, such as economic and financial
crises, political changes, and other disasters, which lead to inadequacy
in linear approaches to investigate the nexus among variables. In addi-
tion, the model distinguishes the short-run and long-run effects of exoge-
nous variables on the dependent variables. Moreover, unlike other mod-
els, the integrated order of time series is considered the same, whereas
the NARDL model accepts integration orders of I (0), I (1) or considers
both. Shin et al. (2014) proposed that the multi-collinearity problem
should be solved by selecting the appropriate lag order.

The asymmetric error correction models are presented as follows:

(1)

where, γi represents long term, and αi exemplifies short-term coefficients
with i = 0, 1….7. In Eq. (1), the short-run analysis shows the instan-
taneous impacts of exogenous variables on the endogenous variable.
Long-run coefficients indicate the reaction time of the adjustment in the
direction of the equilibrium level. In this study, we employed a time
series method to investigate how other independent variables, such as
energy consumption, economic growth, and capital, explain the corre-
spondence of the environmental quality as extended by EF. EF is repre-
sented by EFt; energy consumption by ECt; economic growth by GDPt;
and capital by CAPt (for more details see the Data section). The dummy
variable, structural break date, was identified through a unit root test
(Kim and Perron, 2009) and is also used in the equation. We exam-
ined the long-run (γ = γ+ = γ−) and short-run (α = α+ = α−) asym-
metry for all variables by employing the Wald test. p and q denote the
optimal lags for the endogenous variable (EFt) and exogenous variables
(ECt, GDPt, CAPt), which are determined through the Akaike information
criterion.

The exogenous variables were decomposed into positive and nega-
tive partial sums as follows:

where yt denotes ECt, GDPt, and CAPt.
The asymmetric co-integration was determined through a bound test

proposed by Shin et al. (2014) for all regressors with lagged levels.
We also applied the F statistic proposed by Pesaran et al. (2001) and
the t statistic (Banerjee et al., 1998) to test the null hypothesis of no
co-integration γ = γ+ = γ− = 0 and γ = 0, respectively.

2.2.2. Asymmetric Granger causality test
The process of Granger causality, a variable affects another variable,

has attracted scholars attention since the forerunner study by Granger
(1969). In the literature, symmetric techniques were used to deter-
mine the direction of the causal nexus between the variables, but re-
cently, Hatemi-j (2012) proposed an asymmetric causality test be-
tween the positive and negative shocks of variables. The causality test
works based on a theory in Toda and Yamamoto (1995), by incorpo-
rating non-leaner effects and differentiating between positive and nega-
tive shocks. The test serves as (Hacker and Hatemi-J, 2012) a causal-
ity test and helps investigate the asymmetric nexus between the vari-
ables.

First, Hatemi-j (2012) presumed that the integrated variables y1
and y2 work as follows:

(2)

(3)

where y1 and y2 represent the initial values, and t = 1, 2, …. . , T,
and the two white noise disturbance terms are denoted by ε1i and
ε2i. Onward, these error terms are decomposed into positive and neg-
ative shocks: ε1i+ = max (ε1i, 0) and ε2i+ = max (ε2i, 0) denote posi-
tive changes, and ε1i− = min (ε1i, 0) and ε2i− = min (ε2i, 0) represent
negative changes. After we decomposed the initial values into positive
and negative shocks, the following was observed: ε1i = ε1i+ + ε1i− and
ε1i = ε1i+ + ε1i−. The variables are presented in asymmetric form as fol-
lows:

(4)

(5)

Further, each variable is fractionated into positive and negative
shocks and presented in cumulative form as y1t+ = ∑i=1tε1i+,
y1t− = ∑i=1tε1i−, y2t+ = ∑i=1tε2i+, and y2t− = ∑i=1tε2i−. We captured
the asymmetric causality between the variables to be estimated under
the vector autoregressive (VAR) model proposed by Hatemi-j (2012)
within the order of p. For the optimal lag length selection, we used the
HJC model proposed by Hatemi-J (2003) and Hatemi-J (2008) as
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follows:

(6)

The symbol denotes the determinant of the variance–covariance
matrix of white noise disturbance terms in the VAR model, where q is
lag order, ln represents natural logarithm, and total observations are de-
noted by T.

After the selection of optimal lag order, we specified the null hy-
pothesis of the kth element of y2, which does not cause the wth element
of y1 in the causality test. The hypothesis is tested under the Wald test
(Hatemi-j, 2012). H0: wth row, kth column in Ar is equal to zero for
r = 1… p.

The null hypothesis of no causality by using Walt test is :

(7)

where β = vec(D) represents the column-stacking operator, and C de-
notes the p x n(1 + np) indicator matrix. ⨂ represents the Kronecker
product, and SU indicates the estimated VAR covariance matrix of the
unrestricted VAR model as in each equation of VAR model,
and q represents the number of parameters. The hypothesis is rejected
for no causality if the calculated values of the Wald statistic are beyond
the bootstrap critical values.

3. Co-integration results and discussion

3.1. Stationary unit root test and descriptive statistics

The correlation and descriptive statistics are presented in Tables 1
and 2. The mean, median, and standard deviation figures of all vari-
ables are uniform. The Jarque-Bera value reveals that corresponding
variables are normally distributed and that none of them are outliers.
In the correlation analysis, EF is positively correlated with energy con

Table 1
Description of the variables.

Variables EFt ECt GDPt CAPt

Mean 18.2343 5.9856 6.0563 4.2335
Median 18.3058 6.0326 6.0157 4.2659
Maximum 18.8492 6.2610 7.1318 5.2093
Minimum 17.4595 5.6531 7.1318 2.4397
Std. Dev 0.4554 0.1970 0.6146 0.6489
Skewness −0.2135 −0.3193 −0.1253 −0.6534
Kurtosis 1.6313 1.6393 2.6896 3.3875
Jaeque-Bera 3.7685 4.1420 0.2917 3.4064
Probability 0.1519 0.1261 0.8642 0.1821

Note: EF denotes ecological footprint; EC denotes energy consumption; GDP denotes eco-
nomic growth; and CAP denotes by capital.

Table 2
Correlation of the variables.

Variables EFt ECt GDPt CAPt

EFt 1.000
EFt 0.9929 1.000
EFt 0.9352 0.9167 1.000
EFt 0.9110 0.9012 0.9830 1.000

Note: EF denotes ecological footprint; EC denotes energy consumption; GDP denotes eco-
nomic growth; and CAP denotes by capital.

sumption, economic growth, and capital. A positive correlation is ob-
served among energy consumption, capital, and economic growth. Be-
fore estimations and conducting the NARDL model, we must examine
the order of integration of the variables to ensure that all included vari-
ables are not integrated at order 2. The stationary tests (Dickey and
Fuller, 1979; Phillips and Perron, 1988) must be performed because
of the NARDL (Shin et al., 2014) that the variables follow at order I
(0) and I (1) or both. The unit root tests are reported in Table 3 and
show that EF, energy consumption, economic growth, and capital have
unit roots at levels associated with intercept, and at first difference, the
included variables are stationary at I(1) for both the ADF and PP unit
root tests. Somehow, Perron (1989) demonstrated that traditional unit
root tests have biased empirical results. Because all unit root tests ac-
cept the null hypothesis of stationary, the series may exit the structural
break. This problem is resolved by Kim and Perron (2009), by ac-
commodating structural break dates (Table 3). Accordingly, the vari-
ables are noted as non-stationary in the existence of the structural break
dates 1984, 2003, 1986, and 1974 for EF, economic growth, energy
consumption, and capital, respectively. Many economic policies have
been implemented in Pakistan over the span of the data that have im-
proved macroeconomic performance. For example, Faruqee and Carey
(1995) noted that first-time agriculture credit was disbursed to sectors
by lending agencies in Pakistan, which increased cultivation land and
environmental quality. Furthermore, after the 9/11 attacks, Pakistan
was one the most affected states in terms of its economy from 2000 to
2019. Similarly, the ongoing power generation projects were completed
in the 1990s, the total supply increased from 1863 to 4123 MW, which
increased energy consumption. The presence of a unit root in the vari-
ables leads us to apply NARDL model to investigate asymmetric co-in-
tegration among environmental quality, economic growth, energy con-
sumption, and capital. (See Fig. 1.)

3.2. Diagnostic statistics

For policy inferences and sound empirical estimation, we conducted
sensitivity (diagnostic) tests on time series data (Table 4). According to
the estimated model, all diagnostic results show that the null hypothe-
sis could not be rejected for no serial correlation, white heteroscedas-
ticity, and functional form (Ramsay reset test). The value of coefficient
(R2 = 0.9381) of the NARDL indicates that energy consumption, eco-
nomic growth, and capital explain the speedy adjustment toward the
equilibrium of the environmental quality model for both the long and
short run in a single equation. Furthermore, Figs. 2 and 3 show that
the cumulative sum of square (CUSUMSQ) and cumulative (CUSUM) of
the test statistics of the recursive residuals are within the critical values
at 5% significance. Hence, indications of graphical plots of the series are
stable in the error correction model.

The test statistics of Durbin Watson also confirm the absence of au-
tocorrelation in the estimated model. More importantly, the asymmet-
ric Wald test is significant for both the short run and long run, when
we used asymmetric and nonlinearity as the link among environmental
quality, energy consumption, and economic growth. Notably, the TBDM

Table 3
Unit root test (stationary).

Variables ADF test ADF break date PP test

Level 1st diff Statistic Date Level 1st diff

EFt −1.253 −7.662*** −2.432 1984 −1.386 −7.657***
GDPt −0.173 −5.739*** −1.596 2003 −0.156 −5.757***
ECt −1.880 −5.160*** −3.213 1986 −1.771 −5.185***
CAP −0.972 −4.951*** −2.983 1974 −0.930 −4.858***

The significance level represents ***, **, and * for 1%, 5%, and 10%, respectively.
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Fig. 1. Research design and methodology framework.

Table 4
Diagnostics and Wald test.

Asymmetric co-integration Diagnostic test

Variables
Wald (long
run)

Wald (short
run) Tests Result

GDPt 17.8568*** 8.5967*** Heteroscedasticity 25.0373
(0.572)

ECt 29.9280*** 8.8316*** Functional form 0.4309
(0.5250)

CAPt 17.2276*** 11.1302*** Serial correlation 0.7029
(0.7037)

FPSS 11.3202*** R 2 0.9381
TBDM −6.0433*** D-Watson 2.1080

Note: significance level represents ***, **, and * for 1%, 5%, and 10%, respectively.

and FPSS t statistic both confirm the co-integration among the variables
developed by Banerjee et al. (1998) and Shin et al. (2014), re-
spectively. Finally, we conducted a nonlinear BDS test (Broock et al.,
1996); thus, the null hypothesis of linearity is rejected and suggests that
all included variables are nonlinear, confirming the chaotic behavior in
the time series data (Table 5). These findings demonstrated the consis-
tency and reliability of the results and confirm that the model is well
designed. More importantly, the specified model of environmental qual-
ity is revealed to be appropriate for policymaking.

3.3. Co-integration analysis

Long-term and short-term results are presented in Table 6, which
indicates that positive shocks in energy consumption have a positive,
significant impact on EF, and similarly, negative shocks to energy con-
sumption positively affect the EF. These results show that a one unit
increase in the use of energy positively affects environmental quality;
by contrast, a 1% decrease in energy consumption, a slight increase,
has been noted in environmental pollution. In the short-run, a slight in-
crease in energy consumption has a positive significant impact on en-
vironment quality at lag 0 with a coefficient 1.8560, but at lag (1 and
2), a downward shift is observed in environmental quality (coefficient
–2.9149 and –1.9979, respectively). By contrast, a negative change in
energy consumption has a negative significant effect on environmental
quality at lag 1 and 3 with the coefficients −4.4932 and –4.7936, re-
spectively. This segment resonates with the evidence that has been pre-
sented by Aşıcı and Acar (2018), Sarkodie and Strezov (2018) and
Ulucak and Bilgili (2018) for EFs and energy consumption. However,
a study contradicted the findings of Charfeddine and Mrabet (2017)
and Destek and Sinha (2020), and many others. Notably, an increase
in energy consumption helps EFs to be wavelike. These findings show
that increases in energy consumption result in an upsurge in the envi-
ronmental quality in the case of Pakistan. From a policy prospective,
government authorities should reduce energy consumption to contribute
to environment quality and ensure the supply of energy to consumers by
shifting toward renewable energy generation, which will not affect eco-
nomic activities.
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Fig. 2. Cumulative sum of square test.

Fig. 3. Cumulative sum test.

Table 5
Nonlinearity BDS test.

Variables m = 2 m = 3 m = 4 m = 5 m = 6

EFt 0.1943*** 0.3296*** 0.4257*** 0.4896*** 0.5361***
GDPt 0.1609*** 0.2628*** 0.3405*** 0.3893*** 0.4273***
ECt 0.2027*** 0.3412*** 0.4373*** 0.5052*** 0.5528***
CAPt 0.1269*** 0.2775*** 0.3597*** 0.4252*** 0.4725***

Note: Results reveal the presence of nonlinearity for all variables based on residual val-
ues determined through the BDS test within VAR with m dimension. The significance level
represents ***, **, and * for 1%, 5%, and 10%, respectively.

In the long run, positive change in economic growth has a nega-
tive significant impact on environment quality (coefficient –0.5293 at
5% significance), indicating that a 1% increase in economic growth in-
creases environmental pollution. We also found that negative shocks to
economic growth have a positive effect on environmental quality (with
3.9271 at 1% significance). This positive sign indicates that negative
changes in economic growth increase environmental quality (decrease
environmental pollution). Zafar et al. (2019) also found that eco

nomic growth has a long-run impact on environmental quality. Some
contradictory results have found that economic growth has a positive
impact on EF (environmental quality) (York et al., 2003; Bagliani et
al., 2008; Moran et al., 2008). These findings suggest that increas-
ing various economic activities accelerates energy use and in response
degrades environmental quality. In the short-run, positive shocks in eco-
nomic growth have a negative impact on environmental quality (from
lag 0 to lag 3), and these negative coefficients reveal that any posi-
tive change in economic growth hampers climate change and increases
global warming. By contrast, a negative change in economic growth pro-
motes environmental quality (coefficient 1.5886 at lag 0); however, eco-
nomic growth (negative shock) decreases environmental quality (at lag
1 and 2 with coefficients −3.2190 and –1.7455, respectively). Likewise,
growth in an economy leads to degradation of the environmental quality
level, and a decrease in economic growth increases the EF. These find-
ings are evidence that massive growth in economic activities would in-
crease Pakistan's environmental performance index.

Finally, a long-run positive shock to capital has a positive signifi-
cant effect on environmental quality (coefficient 0.4653), and this pos-
itive sign shows that long-run fiscal investments sustain and improve
environmental quality. This finding demonstrates that any positive
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Table 6
Nonlinear co-integration test.

Variables Coefficient t Statistic Probability

Constant 40.1472*** 6.1750 0.0000
EFt−1 −2.2141*** −6.1153 0.0001
ECt−1 + 5.9336*** 6.2752 0.0000
ECt−1 − 4.4890*** 5.9412 0.0001
GDPt−1 + −0.5293** −2.3320 0.0379
GDPt−1 − 3.9271*** 5.9149 0.0001
CAPt−1 + 0.4653** 2.4273 0.0319
CAPt−1 − −1.1309*** −5.5673 0.0001
D1984 −0.1806*** −3.2424 0.0071
∆EFt−1 1.1628*** 4.5943 0.0006
∆EFt−2 0.3576** 2.1913 0.0489
∆EFt−3 −0.1994 −1.3285 0.2087
∆ECt + 1.8560*** 4.0586 0.0016
∆ECt−1 + −2.9149*** −4.7992 0.0004
∆ECt−2 + −1.9979*** −4.414 0.0008
∆ECt−1 − −4.4932*** −4.6516 0.0006
∆ECt−3 − −4.7936*** −5.2595 0.0002
∆GDPt + −0.6994*** −4.0402 0.0016
∆GDPt−1 + −0.3588** −2.2878 0.0411
∆GDPt−2 + −0.9195*** −5.4870 0.0001
∆GDPt−3 + −0.4437*** −3.3444 0.0058
∆GDPt − 1.5886*** 4.6528 0.0006
∆GDPt−1 − −3.2190*** −3.6464 0.0033
∆GDPt−2 − −1.7455*** −5.6498 0.0001
∆CAPt + 0.4859*** 2.8105 0.0157
∆CAPt−1 + 0.2267** 2.1562 0.0521
∆CAPt−1 − 0.8623*** 3.0090 0.0109
∆CAPt−2 − 1.6709*** 5.7695 0.0001

Notes: Positive and negative variation are denoted by “+” and “–”, respectively. The struc-
tural break, dummy variable, is equal to 1 for the year 1984 and calculated through Kim
and Perron (2009). The significance level represents ***, **, and * for 1%, 5%, and
10%, respectively.

shock to capital sanction long-run capital investments in technologi-
cal development, and by that, increase environmental quality for the
long term. In the future, governments and policymakers in developing
countries, such as Pakistan, should uninterruptedly monitor productive
capital investment when implementing public policies that aim to ac-
complish sustainable environmental growth. A negative shock to capital
has a negatively significant effect on the environment (with coefficient
–1.1309 at 1% level of significance). This negative sign is a warning that
a 1% decrease in capital will hamper environmental quality. This may

occur because of the decreasing investment in environmentally friendly
technologies in Pakistan, which can affect the EF. From a policy point
view, policymakers in developing countries, such as Pakistan, should
make capital investments in the agriculture sector to achieve long-run
sustainable economic growth and contribute to reducing global warm-
ing. In the short run, we find capital (both negative and positive shocks)
has a positive significant effect on environmental quality (in lags 0 to
2). These findings suggest that a slight increase or decrease in capital
will improve the environment and protect the environment from global
warming.

Finally, we derived multiplier dynamic adjustments. The cumulative
multipliers for energy consumption are shown in Fig. 4, and they con-
firm the existence of a positive nexus between energy consumption and
environmental quality. The positive shock in energy consumption was
more dominant than negative shock initially. Although in Fig. 5, the
negative shock in economic growth has a positive association with en-
vironmental quality. Moreover, the negative shock in economic growth
has dominant its negative shock. Finally, Fig. 6 indicates a positive rela-
tionship between capital and environmental quality. Similarly, the neg-
ative shock in capital also dominant its positive shock.

3.4. Symmetric and asymmetric causalities

Table 7 shows the symmetric and asymmetric (Hatemi-j, 2012)
bootstrap causality nexus among the variables. No causality runs from
the EF to GDP in both cases, asymmetric and symmetric. Table 7 also
shows no causal link runs from GDP to the EF with regard to asymmetric
causality. Accordingly, the null hypothesis that there is no causal nexus
between the EF and GDP can be accepted, and an alternative hypoth-
esis is rejected. Similarly, Kasman and Duman (2015) and Wang et
al. (2016) have also concluded that there is no causality between the
environment and economic growth. However, some findings contradict
the results of Alola et al. (2019a). Akram et al. (2020) and Oz-
can et al. (2020) have also demonstrated that economic growth af-
fects the EF of developing countries. Nevertheless, increases in economic
growth decrease the EF, and decreases in economic growth increase EF.
These findings show that environmental quality can improve without
economic growth in Pakistan. Implementation of environmental policies
that sustain economic growth will not degrade environment in Pakistan.

In Table 6, we observe a symmetric nexus between the EF and en-
ergy consumption that runs from the EF to energy consumption. The
asymmetric causal nexus between positive shocks in EF and energy
consumption is significant (Wald test 8.192 at 5%). Furthermore, the

Fig. 4. Multiplier dynamic adjustments of EC on EF.
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Fig. 5. Multiplier dynamic adjustments of GDP on EF.

Fig. 6. Multiplier dynamic adjustments of Capital on EF.

asymmetric causality also noted between the positive shocks in energy
consumption and the EF is significant (Wald test 5.534 at 5%). These
findings reveal the feedback effect between positive shocks to the EF and
energy consumption. Olanipekun et al. (2019), Zafar et al. (2019)
and Ozcan et al. (2020) have demonstrated bidirectional causality be-
tween energy consumption and economic growth. Thus, both variables
affect each other in the case of increases in energy consumption and will
affect environmental quality. Similarly, an increase in the EF also re-
quires energy supply in Pakistan. Notably, negative shocks to both the
EF and energy consumption have no significant impact and run from the
EF to energy consumption. The same results are also noted for negative
changes in energy consumption and the EF, and they run from energy
consumption to the EF.

Various factors have greatly counteracted the contribution of envi-
ronmental quality. Energy sources, especially fossil fuels, have been a
significant driver for developed and developing economies. Addition-
ally, technological development has increased the energy efficiency of
economies, but its role should be minimized because of concerns for
environmental quality. Notably, the energy mix of economic countries
has included vigorous development of nuclear energy and renewable
energy in recent years, but fossil fuel resources remain essential be-
cause most developing countries rely on non-renewable energy. In this
case, any policies related to decreases in energy consumption would

not hamper environmental quality; however, for the sake of sustainable
economic growth, these policies should reduce fossil fuel consumption,
which is a huge trade deficit in Pakistan's economy.

Finally, we observe a neutral effect for the symmetric and asymmet-
ric causalities between the EF and capital. The same results were found
by Zafar et al. (2019) for the EF and human capital in the case of the
United States, whole (Bano et al., 2018) from Pakistan. According to
the results, the null hypothesis of no nexus between the EF and capi-
tal is accepted, which means that both variables have no relationship
with each other. These findings confirm that capital makes no substan-
tial contribution to the improvement of environmental quality. There
were gainsay results that capital has a negative impact on the EF (Chen
et al., 2019). Wang (2019) also demonstrated the bidirectional causal-
ity between EF and capital. These findings suggest that Pakistan's poli-
cymakers will pay less attention to capital when attempting to improve
environmental quality. Moreover, it will help decrease spending on en-
vironmental degradation.

4. Conclusion and policy implications

Energy consumption along and economic growth are the main causes
environment problems worldwide. We applied a neoclassical produc-
tion function to investigate the associations among environmental qual-
ity, energy consumption, economic growth, and capital for the
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Table 7
Symmetric and asymmetric causality.

Causalities Wald test CV at 10% CV at 5% CV at 1%

EFt ⇏ GDPt 0.440 3.445 4.901 8.775
EFt + ⇏ GDPt + 0.586 2.578 4.249 13.851
EFt − ⇏ GDPt − 2.594 3.605 5.560 12.638
GDPt ⇏ EFt 2.767 7.149 9.290 14.720
GDPt + ⇏ EFt + 0.583 5.140 7.036 11.414
GDPt − ⇏ EFt − 0.442 2.768 4.083 8.946
EFt ⇒ ECt 6.915* 6.082 8.086 13.583
EFt + ⇒ ECt + 8.192** 2.224 4.287 138.868
EFt − ⇏ ECt − 2.594 3.605 5.560 12.638
ECt ⇏ EFt 0.001 3.377 4.807 8.7830
ECt + ⇒ EFt + 5.534** 2.394 4.543 59.091
ECt − ⇏ EFt − 0.698 4.947 6.798 13.195
EFt ⇏ CAPt 0.997 3.273 4.663 8.1980
EFt + ⇏ CAPt + 0.076 2.916 4.986 16.776
EFt − ⇏ CAPt − 2.491 5.654 7.668 14.940
CAPt ⇏ EFt 2.639 6.163 8.137 13.113
CAPt + ⇏ EFt + 0.115 4.327 6.642 16.377
CAPt − ⇏ EFt − 1.099 2.670 4.026 9.4350

Note:⇒/⇏ indicates unidirectional causality/no causality, respectively. The critical values
are represented by CV for significance level *, **, and *** represents 10%, 5%, and 1%,
respectively. The HJC criterion is used for lag selection, and the VAR model is used for
unit root effect, as proposed by Toda and Yamamoto (1995).

period of 1971 to 2014, and annual frequency in the case of Pakistan.
In this study, the asymmetric nexus was examined among the variables
through an asymmetric and nonlinear ARDL co-integration technique
developed by Shin et al. (2014), and the asymmetric causal link was
investigated between the variables proposed by Hatemi-j (2012). The
empirical evidence confirms the presence of an asymmetric connection
among the variables.

In the symmetric and asymmetric causality analyses, the only feed-
back effect we observed was between positive shocks to environmental
quality and energy consumption, and a unidirectional symmetric causal-
ity was observed running from environmental quality to energy con-
sumption. The NARDL long-run equilibrium also validated that energy
consumption has positive significant impact on environmental quality.
These findings suggest that a one point increase in energy consump-
tion impedes environmental quality and vice versa. By contrast, negative
shocks to environmental quality do not affect energy consumption. This
relationship validates that the increase in energy consumption plays a
vital role in improving environmental quality. Notably, we observed a
symmetric and asymmetric neutral effect between economic growth and
the EF.

We captured the same results for positive and negative shocks to the
EF and capital. Hence, policymakers should concentrate on the renew-
able energy supply to consumers and sustain the environment to attain
sustainable economic growth. The government authorities should also
install modern, free pollution technologies such as nuclear; develop a re-
newable energy portfolio; and more efficiently shift from fossil fuel con-
sumption to renewable energy to enhance environmental quality. More-
over, fossil fuels are largely used in Pakistan because of the nation's
trade deficit. In addition, the substantial increases in population are af-
fecting arable land per capita. Further, to achieve sustainable growth
and enhance the environment, the Pakistani government should attract
more foreign investment to the country, especially in renewable en-
ergy generation and the agriculture sector, which will vast cultivation
land size. Most importantly, the Government of Pakistan should pri-
oritize improvements to water restoration and the quality of drinking
water, because the water footprint represents one of the basic needs
of human life. Further research could improve on our research by in

corporating non-renewable energy, the EF, and bio-capacity within non-
linear and asymmetric approaches.
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Appendix A. Data units and description

Variables
Abbrevia-
tion Proxy unit Source

Ecological footprint EF Global hectare of land GFP
Energy consumption EC Oil equivalent per capita WDI
Gross domestic prod-

uct
GDP Constant 2010 (local cur-

rency)
WDI

Gross fixed capital CAP Constant 2010 (local cur-
rency)

WDI

Note. GFP represents global footprint network (https://www.footprintnetwork.org/) while
WDI denotes world development indicator (https://data.worldbank.org).

Appendix B. Nomenclature

ECt Energy consump-
tion

ECt−1 + Positive shocks (energy con-
sumption)

EFt Ecological foot-
print

ECt−1 − Negative shocks (energy con-
sumption)

GDPt Gross domestic
product

GDPt−1 + Positive shocks (economic
growth)

CAPt Gross fixed capital GDPt−1 − Negative shocks (economic
growth)

D1984 Break date CAPt−1 + Positive shocks (capital)
∆ Change in time CAPt−1 − Negative shocks (capital)
T Time EFt + Positive shocks (ecological

footprint)
αi Short run coeffi-

cient
EFt − Positive shocks (ecological

footprint)
γi Long run coeffi-

cient
VAR Vector autoregressive model

ϵt Error term NARDL Non-linear autoregressive dis-
tributed lag

Ln Natural log HJC Hatemi-J lag selection crite-
rion

Q Lag order CO2 Carbon dioxide
Hga global hectares Quantity kg of oil equivalent
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