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Abstract

The emerging environmental concerns are entrenched in social issues, largely stem from income differences and power
disparity. Income distribution and environmental disruption are increasingly pointed as obstacles in securing sustainable
development goals and environmental preservation. The existing empirical studies have explored the environmental pollution
impact of income inequality. However, the results are conflicting, and little attention has been paid to explore the short and
long-run environmental impacts from a national viewpoint. Similarly, the role of aggregate income and financial sector for
environmental quality has attracted considerable attention and many studies have provided conflicting empirical evidence.
The literature generally ignores the importance of relative income in explaining environmental outcomes and also assumes
symmetric association, ignoring asymmetric shocks. The present study explores the role of nonlinear associations in forming
the links between income distribution and environmental quality using linear and nonlinear autoregressive distributed lag
models from 1972 to 2018. The study follows the extended environmental Kuznets curve (EKC) approach. The results sug-
gest that inequality promotes environmental pollution. Further financial development also escalates carbon emissions. The
nonlinear analysis confirms the asymmetric effect of inequality on ecological footprint. The EKC, however, is not validated
for Pakistan. The results suggest important policy implications.
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Introduction

In recent decades, a growing consensus is emerging among
environmental economists, energy experts, and social sci-
entists that climate change has negative effects on human
life. Particularly, emerging economies are facing grave envi-
ronmental concerns owing to their leading role in global
greenhouse gas (GHG) emissions (Yang et al. 2020; You
et al. 2020). To prevent a significant ecological catastro-
phe, researchers and policymakers have been increasingly
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emphasizing the mitigation of rising GHG emissions, which
are recognized to be the leading reason for global warming
(Bhattacharya et al. 2017). The forest cover degradation, ris-
ing sea level, output volatility, droughts, storms, and floods
across the globe are attributed to global environmental
changes (Majeed and Mazhar 2019). Such outcomes jeop-
ardize people’s lives, infrastructures, natural resources, and
agricultural lands.

The literature has identified diverse drivers of environ-
mental loss and solutions to preserve the global environ-
ment. Particularly, GHG emissions are regulated in certain
boundaries in the wake of the Kyoto Protocol, signed in 1997
and executed in 2005. Similarly, the United Nations (UN)
has declared “clean energy” as the 17™ sustainable develop-
ment goal (SDG) to manage global environmental issues.
According to IPCC (2018), GHG emissions need to be cur-
tailed by 45% by 2030 in comparison to 2010 levels, achiev-
ing net-zero status about 2050 to maintain the 1.5 °C goal.

Environmental problems are largely attributed to growth
mania where growth is prioritized at the cost of environ-
mental quality (Ozturk et al. 2021; Hundie 2021). The
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growth mainly relies on non-renewable energy sources
which negatively influence the ecosystem services (Li et al.
2021; Ahmed et al. 2021b). In particular, the developing
world aims to attain high growth rates. In this respect, many
emerging economies have shown marvelous growth per-
formance in the recent decades. Many economists, energy
experts, environmental scholars, and policymakers see the
continuous expansion and global impact of emerging econo-
mies as both remarkable and alarming (Majeed and Mumtaz
2017; Zhao et al. 2021). In addition to the many socioeco-
nomic problems, such economic performance is coming at
the cost of severe conservation crises. Pakistan is ranked
among the top two high polluting economies and “more than
20% of deaths in Pakistan are attributable to the negative
health impacts of air pollution exposure” (IQAir 2020).

Given such a scenario, the contemporary research streams
need to move beyond conventional determinants of envi-
ronmental pollution and need to work on some deeper envi-
ronmental drivers such as the role of income imbalances
to conserve the earth’s natural environment. The burgeon-
ing research studies on the environmental Kuznets curve
(EKC) have discovered several important variables other
than aggregate income affecting environmental performance.
The importance of income distribution, however, is gener-
ally overlooked in shaping environmental preferences. Any
economic activity that boosts carbon emissions produces
both winners and losers. The winners take the benefit of
that activity whereas the losers are deprived of the gain and
become vulnerable to that activity. The winners have the
potential to lobby the government to relax the environmen-
tal laws, thereby deteriorating environmental quality (Boyce
1994). Contrary to this, if we assume that losers are the
rich and they negotiate with the winners and influence the
government for setting stringent environmental regulations.
Hence, environmental quality depends upon both aggregate
income and its distribution.

Now the question arises as to how income distribution
can influence environmental quality. The literature suggests
the following potential links. First, the impact of income
distribution on environmental quality can be expounded
using the “political economy” approach proposed by Boyce
(1994). The basic idea is that the rich prefer more pollu-
tion. They have the economic capacity to gain more politi-
cal rights to manipulate environmental laws. Consequently,
less stringent environmental regulation is implemented to
safeguard the interest of the rich.

Second, the positive impact of income distribution on
environmental loss could be explained through the “con-
sumption competition” approach which postulates that as
income distribution becomes unequal, consumption of pollu-
tion-intensive goods and services tend to increase, and envi-
ronmental quality is compromised (Schor 1998). One likely
explanation is that income inequality can alter consumption

style in favor of rich households. They consume more to
maintain their lifestyles and status. Another reason is that
high inequality also drives working hours. The longer work-
ing hours put pressure on energy sources and escalate pres-
sure on the environment (Bowles and Park 2005; Knight
et al. 2013; Fitzgerald et al. 2015).

Third, income inequality influences environmental qual-
ity by changing “marginal propensity to emit (MPE)”. The
MPE framework relies on a different hypothesis. According
to Ravallion et al. (2000) and Schmalensee et al. (1998),
the MPE is influenced by income changes. When citizens
with lower income have a comparatively higher MPE, then
any policy to lower inequality will result in higher environ-
mental degradation. Contrary to this negative effect, if they
have a relatively lower MPE, the policy lowering income
inequality might result in less emission. The poorest can
have high MPE for the following reasons. First, they might
employ inefficient energy sources than the richest ones that
might lead to higher MPE. Second, low-carbon goods usu-
ally need modern and clean technology, which the poor may
not afford.

The empirical literature produces mixed evidence. The
studies explore the inequality-environment nexus for differ-
ent groups of economies but do not provide a clearer rela-
tionship. The studies from a national perspective are also not
conclusive and ignore asymmetric associations between ine-
quality and the environment. Against this backdrop, the aim
of the present study is to examine the asymmetric impacts
of inequality on ecological quality.

Besides, the role of the financial sector in explaining
environmental changes has become fundamental in environ-
mental economics research (Ahmed et al. 2021a; Kihombo
et al. 2021a; Kihombo, et al. b). In recent years, the asso-
ciation between financial development and environmental
degradation has become critical owing to the increasing role
of green financing. Green finance supports environmental
conservation by supporting such projects which are carbon-
neutral and environmentally friendly (Majeed and Mazhar
2019). Moreover, financial development helps to mitigate
carbon pollution facilitating financial assistant for research
and development ventures, supporting environmentally clean
technologies, and providing monetary and technical support
to firms (Yuxiang and Chen 2010).

Whereas financial development can have adverse effects
on the environment owing to the fact that the financial sec-
tor facilitates production activities which, in turn, enhance
carbon emission, natural source loss, and health-related
problems (Zhang 2011; Tang and Tan 2014; Tsaurai 2019).
Furthermore, financial support to consumers increases the
demand for manufactured goods such as equipment and
automobiles, thereby stimulating GHG emissions (Sadorsky
2010). Thus, financial development can disrupt the envi-
ronment by enhancing economic activities and economic
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performance (Tamazian and Rao 2010; Yuxiang and Chen
2010; Majeed 2018; Ahmed et al. 2021a, b).

The motivation for selecting Pakistan’s economy is based
on the following reasons. Pakistan is ranked among the top
two high polluting economies (IQAir 2020). The environ-
mental quality is deteriorating owing to a rapid rise in CO2
and NO nitrogen oxide emissions (Khan and Majeed 2019).
Thermal sources comprise more than 60% of electricity pro-
duction, thereby polluting environmental quality by escalat-
ing emissions. The share of Pakistan in global GHG emis-
sions is 0.8%; however, it disproportionately confronts major
effects of global warming and climate change. “An estimated
annual cost of environmental problems in Pakistan amounts
to 6% of its GDP” (Majeed et al. 2020).”

Now, the State Bank of Pakistan (SBP) has commenced
managing environmental pressure by supporting clean
finance projects. The SBP and International Finance Corpo-
ration (IFC) signed an agreement to promote green finance
(Mumtaz and Smith 2019). JS Bank of Pakistan endorsed
Green Climate Fund. These initiatives inspire us to analyze
the relationship financial sector with environmental quality
in the case of Pakistan.

The present paper extends empirical literature by explor-
ing the effect of income inequality on the ecological foot-
print for Pakistan covering the time span from 1972 to 2018.
This research also explores hidden asymmetric associations
between income inequality and environmental pollution by
exploiting the non-linear autoregressive distributive lags
(NARDL) approach. To the authors’ best information, this
research is the first of its kind that explores asymmetric
impacts of income distribution on the ecological quality of
Pakistan. Prior studies have mainly analyzed the symmetric
effect of inequality on CO2 emissions ignoring the role of
hidden relationships between inequality and ecological qual-
ity. This research considers ecological footprint as a better
measure of environmental quality because it covers diverse
dimensions of the environment including carob emissions.
Analyzing ecological footprint as an environmental indicator
will offer an analysis of environmental quality from a wider
perspective, rather than merely relying on carbon pollution
as in many prior empirical studies.

The results of the present study will help researchers,
development economists, ecologists, commercial banks,
central banks, and global organizations. The study will
endeavor policy recommendations for safeguarding environ-
mental degradation and managing redistribution issues. The
outcomes of the present research are supportive for Pakistan
and for other developing economies with similar profiles
which are prioritizing social and financial reforms to safe-
guard the environment.

The remaining study is divided into the following sec-
tions: A brief “review of the related literature” is provided in
the next section. Section 3 explains the data and model. The
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empirical outcomes and their interpretation are provided in
Section 4. Section 5 puts forward the concluding discussion
and policy implication.

Literature review

Following the pioneering study of Boyce (1994), many stud-
ies have been devoted to exploring the association of income
distribution with environmental degradation. The scholars
have made excellent contributions towards this end. How-
ever, the outcomes of these studies are not yet decisive on
this topic. In view of this, some theorists claim that inequal-
ity is good to preserve the environmental quality while on
the contrary, many studies disregard this claim.

Torras and Boyce (1998) agree that citizen’s demand
for clean environmental matter for policy formation as
suggested by the EKC; however, they disagree that alone
income is sufficient to explain the falling part of the EKC. In
addition, they claim that a high equitable income distribution
leads to improved environmental preservation employing the
data of 58 economies from 1977 to 1991. That is, they con-
firm Boyce’s claim that inequality escalates environmental
pollution.

Magnani (2000) rebuttals the claim of a “development
path” that mechanically associates per person income growth
with lower environmental degradation when fiscal policy
choices are associated with heterogeneous individuals. He
suggests that the degree of environmental preservation relies
on two effects, “an absolute income effect and a relative-
income effect”. On the one hand per person, income growth
may enhance the ability to pay for environmental amenities
(“the absolute income effect”). On the other hand, unequal
income distribution may significantly lower citizens’ will-
ingness to pay for environmental preservation (“the relative
income effect”) by switching the median voter’s inclinations
away from consumption of the public good “environmental
amenities”. Magnani (2000) also found the positive influ-
ence of unequal income on environmental loss for “organiza-
tion for economic co-operation and development (OECD)”
economies over the period 1980-1991. Further, he argues
that these findings cannot be generalized for a developing
economy.

Eriksson and Persson (2003) argued that the relationship
of income inequality with environmental pollution is contin-
gent on the level of democracy. In a strong democracy, less
income inequality generates less pollution while the oppo-
site outcome turns out in a weak democracy. Employing the
“autoregressive distributed lag (ARDL)” method, Baek and
Gweisah (2013) showed the emissions boosting effects of a
high level of income inequality in the short- and long-term
from1967 to 2008. Contrary to this, Heerink et al. (2001)
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argue that income redistribution has an adverse impact on
environmental quality.

Recently, Wu and Xie (2020) analyzed the relationship of
income distribution with carbon emissions for 78 OECD and
non-OECD economies from 1990 to 2017. They employed
ARDL, fully modified ordinary least squares (FMOLS),
and dynamic ordinary least squares (DOLS) estimation
approaches. The empirical findings reveal that an increase
in income inequality encourages per person CO2 emission in
OECD economies, while does not exert any significant influ-
ence in lower-income non-OECD economies. Kazemzadeh
et al. (2021) investigated the effects of economic complex-
ity and income inequality on the ecological footprint for 25
economies covering the period 1970-2016 and employing
the panel quantile regression method. The findings show
a positive influence of unequal income distribution on the
ecological footprint in the 10th, 25th, and 50th quantiles.

One main issue with the above-discussed studies is
that they either use cross-sectional data or panel data for
a group of economies and generalized their findings for an
individual country. Notwithstanding heterogeneous condi-
tions of different countries, these studies assume that an
individual country will mirror the pattern of a group of
economies irrespective of the development stage and coun-
try-specific characteristics. No prior study has estimated the
EKC with inequality and financial development using linear
and nonlinear ARDL approaches for Pakistan. This study
attempts to contribute to the extant literature by exploring
the growth-inequality-environment nexus for Pakistan. This
study focuses on the short-and-long-run impacts of aggre-
gate income and income distribution on ecological footprint
(EFP) over the period 1970-2018.

Now, it is widely argued that income is not the alone indi-
cator to elucidate environmental quality, prior studies may
suffer the omitted variable bias problem (Baek and Gweisah
(2013). Consequently, it has become a common practice to
model environmental indicators like energy usage, foreign
investment, and financial growth in the EKC framework
(Majeed et al. 2020). Although a plethora of variables have
been included in the EKC framework to explain environ-
mental outcomes, less focus is given to income distribution.
In earlier studies, Boyce (1994) emphasized that income
inequality influences the demand for the natural environ-
ment and thus induces policy response. Accordingly, he
emphasized that income distribution needs to be modeled
while estimating the EKC to explain environmental out-
comes. This is referred to as a “political economy” argu-
ment. The literature also suggests that income disparities
can help to preserve the environment. Ravallion et al. (2000)
suggest that “trade-offs exist between climate control (on
the one hand) and both social equity and economic growth
(on the other)”. They conclude that higher-income imbal-
ances are food for environmental quality. Using the data

over 1985-2012 for 149 countries, Hiibler (2017) concluded
higher-income imbalances improve environmental quality
in pooled regression model while the opposite results are
shown with fixed-effects estimation.

Using the data over 1960-1990 for 88 countries, Coondoo
and Dinda (2008) also confirmed the positive connection
between unequal income distribution and environmental
performance. For Europe and America, they found that an
equalizing redistribution of income will escalate carbon
emissions; however, this effect is not validated for much
poor country-group of Asia and Africa. Employing Swedish
household data from the “Swedish Family Expenditure Sur-
vey (FES)” of 1984, 1988, and 1996, Brinnlund and Ghal-
wash (2008) also confirmed a positive association between
unequal income distribution and environmental quality (air
pollution). Grunewald et al. (2017) showed that inequality-
environmental nexus depends upon the income level of
countries. Using panel data from over 1980 to 2008, cov-
ering 158 countries they demonstrated that higher unequal
income distribution enhances per person emission in high
middle-income and high-income countries while decreases
per person emission in low middle-income and low-income
economies.

Despite growing consensus on the harmful effects of
inequality on the environment a parallel research body also
disregards this positive association. For example, Scruggs
(1998) argues that the validity of Boyce’s (1994) argument
depends on strong assumptions. He critically evaluates
the “equality hypothesis™ using theoretical and empirical
perspectives. The equality hypothesis has two problematic
assumptions. The assumption is that “marginal demand for
environmental degradation (MDED)” goes up as an individ-
ual’s relative income or power goes up. Though, socio-eco-
nomic and political sciences do not validate this assumption
that rich people desire more environmental quality than that
of their counterparts. Second, the “equality hypothesis” pos-
tulates that democratic social preferences generate the most
appropriate solutions to public issues. In reality, however,
similar forms of democratic collective choice institutions
deliver varied results, whereas non-democratic institutions
can deliver environmentally friendly outcomes. Employing
air and water pollution data for 29 counties over the period
1979-1990, he demonstrates the favorable impact of unequal
income distribution on environmental sustainability.

Some latest studies also suggest mixed evidence on ine-
quality-emissions nexus. For example, Yang et al. (2020)
explored the effects of income distribution and financial
instability on carbon emissions for 47 developing econo-
mies from 1980 to 2019 using the “stochastic impacts by
regression on population, affluence, and technology (STIR-
PAT)” model. Their results confirm that income inequality
decreases environmental degradation while financial insta-
bility does not exert any independent impact on pollution.
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You et al. (2020) look into the interactive effect of income
distribution and democracy on carbon emission for 41 “Belt
and Road Initiative (BRI)”” economies covering the time span
from 1997 to 2012 employing the extended EKC framework.
The results exhibit that more inequality in combination with
a weak democracy produces higher CO2 emissions.

Uddin et al. (2020) claim that the relationship of income
distribution with emission varies over time. Using the panel
data for G-7 economies covering the time span from 1870
to 2014 and employing a nonparametric econometrics
approach, they found significant positive and negative effects
of income distribution on CO2 emissions over the period
1870-1880, 1950 to 2000, respectively, while insignificant
impact during 1881-1949 and 2000-2014.

Guo et al. (2020) explored the effects of income distribu-
tion and country risk on carbon emission for 73 countries
with heterogenous income levels over the period 1995-2014
and employing a panel quantile regression approach. The
study exhibits diverse relationships between inequality and
emissions depending upon the income level of countries,
the degree of risk, and the existing level of emissions. From
a global perspective, the authors confirm that coefficients
associated with income inequality drop consistently along
with declining country risk at 10th to 50th quantiles, while
at the remaining quantiles, the emission effects of inequality
consistently remain negative. Chen et al. (2020) explored
the inequality-emissions nexus for G20 economies covering
the time span from 1988 to 2015 employing an extended
EKC framework. The results for the developing economies
suggest that a lower income inequality mitigates CO2 emis-
sions while in the case of most developed economies no
significant relationship is identified.

Hundie (2021) explores the inequality-emission nexus
for Ethiopia covering the time span from 1979 to 2014 and
using the ARDL and the DOLS approaches to cointegration.
The results demonstrate a positive relationship between
inequality and emission; however, the findings are sensitive
to the use of econometric approaches. Cheng et al. (2021)
investigate inequality-emissions nexus for 30 provinces in
China covering the time span 2000-2015 and employing
the STIRPAT framework and quantile regression approach.
Their outcomes show that higher inequality significantly

promotes direct CO2 emissions across all quantiles; however,
no significant impact is found on indirect carbon emissions.
Langnel et al. (2021) explore inequality-emission nexus for
11 Economic Community of West African States (ECOWAS)
over the period 1984-2016. The empirical outcomes posit
a mixed picture for inequality-emission nexus. The results
based on Augmented mean group estimator suggest that
income inequality improves environmental quality in
Burkina Faso, Nigeria, and Senegal; however, it degrades
environmental quality in Benin.

Aforementioned discussion suggests that the overall impact
of income inequality on environmental quality is not yet con-
clusive. The existing studies mainly focus on absolute income
ignoring relative income. Furthermore, the prior studies assume
a linear association between income inequality and environ-
mental quality ignoring nonlinear hidden dynamic effects.
Besides, existing research mainly focuses on CO2 emissions
to measure environmental quality which, however, just repre-
sents one dimension of environmental quality. The present work
contributes to the extant literature by exploring the short and
long-run associations between income inequality and ecological
footprint for Pakistan over the period 1972-2018. Moreover,
this study employs a nonlinear ARDL approach to explore the
dynamic associations between selected variables.

Data and methodology
Data

This research analyzes the asymmetric effects of income
inequality on environmental degradation including the
role of growth, energy usage, and financial development
for Pakistan from 1972 to 2018. The outcome variable is
EFP while GDP per capita, energy usage, and financial
development are control variables. The outcome vari-
able EFP is measured in global hectares. Economic per-
formance is measured with GDP per capita in constant
2010 local currency, energy use is measured in kg of oil
equivalent, financial development is measured domestic
credit to private sector % of GDP, and income inequal-
ity is measured with Gini coefficient. Table 1 presents

Table 1 The data sources and Variable

Description Data sources

description
Ecological Footprint
Energy Use
Economic Growth (GDP per
capita)

Financial development

Income Inequality

Global hectares
Kg of oil equivalent
Constant 2010 LCU

Global Footprint Network (2020)
World Bank (2020)
World Bank (2020)

Domestic credit to private sector ~ World Bank (2020)

% of GDP

Gini coefficient Government of Pakistan (2020)
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Fig. 1 Ecological footprint
trend
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the description and sources of the selected variables for
empirical analysis.

Figure 1 shows the EFP trend over the study period.
The EFP has considerably increased over the study period
suggesting that the ecological burden is increasing in
Pakistan. Figure 2 displays the EFP components trend
over the study period. Comparatively, carbon and crop-
land footprints are contributing more to overall EFP while
footprints related to the fishing ground, forest products,
and grazing land are putting the lowest pressure on over-
all EFP. Since 2001, carbon footprint is outpacing crop-
land footprint.

Empirical model

For the empirical model, we follow the theoretical model
proposed by Torras and Boyce (1998) and Heerink et al.
(2001) to reflect the long-term association between ecologi-
cal footprint and its main factors. Following the theoretical
literature, a simple regression modeling in a linear logarith-
mic form can be specified as follows:

EFP, = @, + @,IGDP, + @,IGDP"2, + @lineq, + @,IFD, +¢,......

ey

Where, EFP is ecological footprint, Ineq is inequal-

ity, FD represents financial development, GDP per capita

indicates the growth of the economy and EU is the energy
consumption.

Model specification: ARDL
To investigate the effect of inequality on ecological foot-

print, initially, the standard framework of the ARDL is used.
For this purpose, the specification is provided in Eq. (2).

1987
1989
1991
1993
1995
1997
1999
2001
2003
2005
2007
2009
2011
2013
2015
2017

AEFP, = @, + B,EFP,_, + f,IGDP,_, + f5IGDP*2,_, + B,Ineq,_, + psIFD,_,
+BIEU_ + Y« AEFP_ + 3| a,AIGDP_ + Y a;AIGDP2,;

+ Y @Al + Y WAIFD_+ 3" a,AEU,  +€ ...........

@)

Equation (2) shows short-term dynamics by parameters

associated with difference operators (a;, a,, a3, a4, s, ),

while long-term effects are shown using coefficients attached

with the first lags of the variables. In the following stage, the

error correction mechanism (ECM) for short-run dynamics
is specified as follows:

EFP, =@, + > a/AEFP_ + Y| AIGDP_+ Y a;AIGDP2,_+ Y, a,Alneq,,
+ 2 @AIFD_ + 3 AU, +0ECT, | +fy oo

3

The term ECT__ reflects the error correction mechanism

and n shows the speed of adjustment. The expected associa-

tion between the ECM and ecological footprint is negative.

Model specification: NARDL

The long-run relationship between variables can be esti-
mated through ARDL, ECM, and Granger causality, but
these linear models do not consider the nonlinear nature of
the variables. To consider the nonlinear behavior of vari-
ables, Shin et al. (2014) developed the method of NARDL
by extending the Pesaran et al. (2001) bound test approach.

The long-term relationships among selected variables can
be determined using the ARDL, ECM, and Granger causality.
However, these models only detect linear association among
selected variables ignoring the non-linear associations. To
frame the nonlinear associations among variables, Shin
et al. (2014) constructed nonlinear ARDL on the basis of the
bound test method given by Pesaran et al. (2001).
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Fig.2 Ecological footprint
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Equation (4) represents an extension of Equation 1 as it decomposes
inequality into two separate positive and negative components.
The parameters are @ = (@o, D1, Dys @;r, D,,Ds, @6)
andlneq, = Ineq,, + Ineqz+ + Ineq; represents the vector of
unknown long-run parameters. The terms Ineq:r and Ineq, show
the partial sum of positive and negative alteration in Ineq,:

AEFP, =+ TLAEFP,_ + 3" AAIGDP,_ + ¥, BAIGDP2,,

=0""!

;)( ‘P?’Alneq:,. + ¥, Alneq,_, ) + +Zj

impact of a positive change in income inequality on ecological
footprint is calculated with Y &+ while the short-term influ-
ence of a negative change in income inequality on ecological
quality is calculated with Z?:()@l.‘. Thus, Eq. (6) provides the
outcomes for asymmetric influences of income inequality on
the ecological footprint in both the short and long run.

The ECM for Eq. (6) can be displayed as follows:

PAIFD, ; + 3" HAIEU,  +QECT, | +§....... N

=0 ! =0 !

Ineq! = Zj;lAlneq; = 2];1 max (Alneqj,O),Ineq;

! ; &)
= ZlleAlnqu_ = Zj:I min (Alneqj,()) ......

Equation (5) reflects the positive and negative partial sum
decomposition of inequality to estimate the asymmetric impacts
on inequality on ecological footprint. Equation (5) is developed
on the basis of methodology provided by Shin et al. (2014):

AEFP, = 6,4 0,EFP,_; + 1,IGDP_| + myIGDP"2,_, + @} Ineq’ | + o} Ineq;_, + 75IFD,_,
+P6lEU,_, ++ Y. CAEFP_ + Y ' yAIGDP,,
+ Y OAIGDP2 Y (@} Alneqt  + @ Alneq,_ ) ++Y._ 5,Alneq,;
t u
+ ) PAIFD_ + Y GAIEU, 4, ..
(6)
The notations (p, a, h and n) represent the lag orders. Equa-
tion (4) posits certain issues such as it does not reflect hidden
cointegration and, therefore, it is not able to provide a valid

interpretation of calculated asymmetric parameters. To

address this issue, certain parameter restrictions are imposed in
— + —_"
Eq. (4) thatis gt = ~% %

2 /51 & @, = /51. The short-term

@ Springer

The terms I1;, P, and H; represent short-run parameters
to be estimated and ¥, ¥, reflect the short-run symmetry
adjustment. Furthermore, €; denotes to the parameter of
ECM.

The framework of NARDL is based on the following
stages: First, the implementation of NARDL requires
the testing of unit-roots. The objective of confirming the
presence of unit roots is to assure whether all series are
stationary at level or first difference or have mixed orders
of integration. It is also important to make sure that no
series is stationary at the second difference. To check
for the integration order. the conventional “Augmented
Dickey-Fuller” and “Phillips Perron” tests of unit roots
are employed.

Second, for empirical analysis using the conventional
approach of ordinary least squares, Eq. (6) is constructed.
That is, we calculate the positive and the negative vari-
ables of income inequality to discover their asymmetric
impacts on ecological quality. Having specified Eq. (6), the
NARDL framework is improved using a general to specific
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approach by reducing insignificant lags. Third, the procedure
of bounds testing is adopted to confirm the long-run rela-
tionships and to estimate the long-run parameter estimates.
The test comprises Wald F-test. The null hypothesis is, H.:
0, =y, =7, = ¢ = 0, = T5 = ps Whereas the alternative is
H,:0, # v, # my # @5 # 0, # 75 # ps. Fourth, confirming
the existence of cointegration, the short and long-run asym-
metric impacts of income inequality on ecological footprint
are estimated. Moreover, “asymmetric cumulative multiplier
effect” of one % change in Ineqf_l.and Ineq,_, is formulated
as:

, OEFP » OEFP,

Kt = — M k= )
b Zj=0 a[neqr_l b Z/=0 alneqt__l

,b=1,2,3...

It should be noted that as b —c0,Kf—@7, & K, =@

Results and discussion

For empirical analysis, initially, we check the stationarity of
all selected variables. The stationarity of a series is impor-
tant to rule out the chances of spurious regression analysis.
Furthermore, it is important for reliable and unbiased param-
eter estimates and serves as a prerequisite for the use of
ARDL and NARDL approaches. These approaches require
that time series should be either integrated at level or first
difference, but no variable should be integrated at the sec-
ond difference. We apply ADF and PP tests with constant
and trend elements of the variables. Table 2 presents the
outcomes of these tests suggesting that all indicators are
integrated at first difference. That is, all series do not exhibit
stationary at level but turn out to be stationary at the first
difference, thus obeying the condition that no variable is
stationary at the second difference.

The results of the ADF test may become misleading when
structural breaks persist in the series (Perron 1989). To con-
firm it, we proceed further with Zivot and Andrews (2002)
unit root test which includes structural breaks in the data.
The findings reported in Table 3 confirm that the selected
variables have integration of order one and no variable is
integrated of order two. Hence, we can proceed to the next
step.

After confirming the stationarity of the selected series,
optimal lag length and cointegration among the series are
confirmed. Table 4 shows optimal lag selection criteria. We
have used the “Akaike Information Criterion (AIC)” crite-
rion to specify the optimal lags of the series.

We have used the “Autoregressive distributed lag
(ARDL)” method to cointegration provided by Pesaran
et al. (2001). One main advantage of this approach is that it
does not limit cointegration. Table 5 presents the outcomes
based on the ARDL bound test approach. Since the “null
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Table 2 Unit root tests
Variables  ADF test statistics PP test statistics
Statistics Probability Statistics ~ Probability
Level 1% difference  Level 1% difference
LEFP -2.039 -8.121%%* -1.985 -8.187%**
(0.566) (0.000) (0.593) (0.000)
LGDP -1.845 -5.870%** -1.692 -5.877%**
(0.666) (0.000) (0.739) (0.000)
LGDP? -1.999 -5.618%** -1.893 -5.628%**
(0.585) (0.000) 0.641) (0.000)
LINEQ -8.656%** 8 O7*** -8.935 -8.769%**
(0.000) (0.000) (0.162) (0.000)
LFD -1.686 -5.605%** -1.686 -5.626%**
(0.741) (0.000) (0.741) (0.000)
LEU -0.220 -5.939%#* -0.219 -5.939%**
(0.998) (0.000) (0.998) (0.000)
***represent significance at 1% level of significance
Table 3 Unit root test: Zivot and Andrews
Level 1% Diff Level 1% Diff
LEFP -3.799 -8.799 1988 2001
(0.237) (0.000)
LGDP -1.946 -6.287 2001 1992
(0.986) (0.000)
LGDP? (0.99) -5.970 2001 1992
(0.648) (0.000)
LINEQ -5.045 -11.46 1999 2000
(0.000) (0.000)
LFD -4755 -6.297 2010 2004
(0.020) (0.000)
LEU -3.340 -7.397 1986 2007
(0.780) (0.000)

hypothesis of no co-integration” is rejected, we infer long-
term association among the selected series.

After confirming cointegration, we estimate the long-
and-short-term estimates. Table 6 provides the results for
long-term estimates. The coefficient on inequality shows
a positive and significant influence on EFP. In particular,
a 1% rise in inequality leads to a 0.1% rise in EFP. This
incline in EFP demonstrates that inequality in Pakistan
is exerting high pressure on environmental quality. This
result is in line with the prior studies (Boyce 1994; Tor-
ras and Boyce 1998; Kazemzadeh et al. 2021). Further-
more, Hundie (2021) and Cheng et al. (2021) find a similar
result for Ethiopia and China, respectively. This finding
differs from the outcome of Scruggs (1998) who demon-
strated the favorable effect of inequality on environmental
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Table 4 Optimal lag selection

criteria (top 30 models) Model LogL AIC* BIC HQ Adj. R-sq Specification
147 97.405968 -4.466998 -3.719225 -4.206005 0.957552 ARDL(1,3,1,2,3,1)
531 97.293767 -4.460765 -3.712992 -4.199772 0.957287 ARDL(1, 1,3,2,3,1)
387 97.100322 -4.450018 -3.702245 -4.189025 0.956825 ARDL(1,2,1,3,3,1)
579 96.987555 -4.443753 -3.695980 -4.182760 0.956554 ARDL(1,1,2,3,3,1)
659 94.885738 -4.438097 -3.778297 -4.207809 0.955823 ARDL(1,1,1,2,3,1)
323 97.867706 -4.437095 -3.645335 -4.160750 0.956329 ARDL(1,2,2,3,3,1)
403 95.825440 -4.434747 -3.730960 -4.189106 0.955974 ARDL(1,2,1,2,3,1)
146 97.761656 -4.431203 -3.639444 -4.154858 0.956071 ARDL(1, 3,1,2,3,2)
595 95.751306 -4.430628 -3.726842 -4.184988 0.955792 ARDL(1,1,2,2,3,1)
83 97.671329 -4.426185 -3.634425 -4.149840 0.955850 ARDL(1, 3,2,2,3,1)
530 97.647695 -4.424872 -3.633112 -4.148527 0.955792 ARDL(1, 1, 3,2,3,2)
131 97.640836 -4.424491 -3.632731 -4.148146 0.955775 ARDL(1,3,1,3,3,1)
275 97.604391 -4.422466 -3.630707 -4.146121 0.955685 ARDL(1, 2,3,2,3,1)
339 96.561896 -4.420105 -3.672332 -4.159113 0.955514 ARDL(1,2,2,2,3,1)
515 97.521406 -4.417856 -3.626096 -4.141511 0.955480 ARDL(1, 1,3,3,3,1)
19 98.457121 -4.414285 -3.578538 -4.122587 0.955249 ARDL(1, 3,3,2,3,1)
145 98.409187 -4.411622 -3.575875 -4.119924 0.955130 ARDL(1, 3,1,2,3,3)
643 95.354881 -4.408605 -3.704818 -4.162964 0.954808 ARDL(1,1,1,3,3,1)
529 98.297713 -4.405429 -3.569682 -4.113731 0.954851 ARDL(1, 1,3,2,3,3)
402 96.285707 -4.404762 -3.656989 -4.143769 0.954826 ARDL(1,2,1,2,3,2)
594 96.209702 -4.400539 -3.652766 -4.139546 0.954635 ARDL(1, 1,2,2,3,2)
386 97.174619 -4.398590 -3.606830 -4.122245 0.954614 ARDL(1,2,1,3,3,2)
658 95.112279 -4.395127 -3.691340 -4.149486 0.954194 ARDL(1,1,1,2,3,2)
3 99.082601 -4.393478 -3.513745 -4.086428 0.954076 ARDL(1, 3,3,3,3,1)
578 97.066025 -4.392557 -3.600798 -4.116212 0.954340 ARDL(1, 1,2,3,3,2)
67 98.063782 -4.392432 -3.556686 -4.100735 0.954261 ARDL(1,3,2,3,3,1)
259 98.025422 -4.390301 -3.554555 -4.098603 0.954163 ARDL(1, 2,3,3,3,1)
82 97.958562 -4.386587 -3.550841 -4.094889 0.953993 ARDL(1, 3,2,2,3,2)
274 97.889469 -4.382748 -3.547002 -4.091050 0.953816 ARDL(1, 2,3,2,3,2)
322 97.886456 -4.382581 -3.546835 -4.090883 0.953808 ARDL(1, 2,2,3,3,2)
*Denotes optimum selected lag order. AIC, Akaike Information Criterion; BIC, Bayesian Information Cri-
terion
Table 5 ARDL bound test Table 6 Long-run results of ARDL: long-run coefficients
Test Statistic Value k Variable Coefficient Std. error t-Statistic Prob.
F-statistic 4.577184 5 LGDP -6.698055 2.227279 -3.007281 0.0067
Critical Value Bounds LGDP2 0.470434 0.165001 2.851103 0.0096
Significance Lower bound Upper bound LEC 1.304638 0.199589 6.536626 0.0000
10% 2.26 3.35 LDCP 0.228294 0.058060 3.932050 0.0008
5% 2.62 3.79 INEQ 0.648461 0.156959 4.131411 0.0005
2.5% 2.96 4.18 C 14.624882 7.391004 1.978741 0.0611
1% 3.41 4.68

Null hypothesis: no co-integrating relationship exists

sustainability using air and water pollution data for 29
counties from 1979 to 1990.

The findings for GDP per person and GDP per per-
son square reflect the negative and positive effects,

@ Springer

*#% * represents 1% and 10% level of significance

respectively. That is, the association between economic
growth and EFP exhibits a U-shaped relationship imply-
ing that economic growth escalates the pressure on earth
at a higher level of economic development. This find-
ing contradicts the existing studies favoring the EKC
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validity (Majeed 2018; Ahmed et al. 2021b). The likely
reason of this inconsistency could be that earlier stud-
ies confirm the EKC in a cross-country analysis or dif-
ferent country-specific studies. However, this finding
is consistent with Majeed et al. (2021b) who found
the U-shaped relationship between economic growth
and EFP for Pakistan. The coefficient on energy con-
sumption has a positive and significant impact on EFP
showing that a 1% increase in energy consumption EFP
increases by 0.1%. An incline in energy consumption
puts pressure on carbon footprint, thereby enhancing the
pressure on overall EFP. This finding is in line with the
findings of Majeed et al. (2021a).

The influence of financial development on EFP turns
out to be positive and significant revealing that financial
development is enhancing pressure on EFP. The pos-
sible reason could be the low priority of the financial
sector for environmental amenities. In Pakistan, fund-
ing is given to those projects which prioritize growth
over the environment. Financial development pollutes
the environment influences the environment by support-
ing production processes that require the intensive use
of energy. Since the major share of energy comes from
fossil fuels which pollute the environment by releasing
harmful gases, further, natural resources are overex-
ploited, and ecosystem services are disrupted causing
health issues. Likewise, financial facilities for equip-
ment purchase and vehicles usage also increase the
CO2 emissions in the atmosphere. This outcome is in
line with the past studies (Sadorsky 2010; Tamazian
and Rao 2010; Yuxiang and Chen 2010; Zhang 2011;
Tang and Tan 2014; Majeed 2018; Gul et al. 2018;
Tsaurai 2019; Ahmad et al. 2020; Ahmed et al. 2021a;
Ahmad et al. 2021; Kihombo et al. 2021a; Kihombo
et al. b). Ahmad et al. 2020 show pollution-enhancing
effects of financial development for 40 Asian econo-
mies for 1990-2018.

The findings for short-run analysis are reported in
Table 7. The error correction mechanism reflects a nega-
tive and significant effect on EFP at a 1% level of sig-
nificance. This finding confers that disequilibrium in
the model converges to equilibrium. The speed of con-
vergence is quite high as 0.85% of the error is resolved
each year. The effect of inequality on EFP is positive and
significant.

Nonlinearity BDS test

To check nonlinearity, we used the nonlinear BDS test pro-
vided by Broock et al. (1996). Table 8 provides the estima-
tions based on the BDS test. The results suggest that nonlin-
earity exists because the null hypothesis of linearity is not
accepted for all indicators.
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Table 7 Short-run estimates of ARDL
Cointegrating form
Variable Coefficient  Std. error t-Statistic ~ Prob.
D(LGDP) -9.547539  10.945245 -0.872300  0.3929
D(LGDP(-1)) 0.787181 0.269458 2.921349  0.0082
D(LGDP(-2)) -0.220243  0.213029 -1.033865 0.3130
D(LGDP2) 0.698259 0.814716 0.857058  0.4011
D(LEC) 0.772097 0.324344 2.380489  0.0268
D(LEC(-1)) -0.811176  0.379265 -2.138810  0.0444
D(LDCP) 0.099988 0.054978 1.818690  0.0833
D(LDCP(-1))  0.059260 0.093454 0.634114  0.5329
D(LDCP(-2)) -0.077030  0.088274 -0.872619  0.3927
D(INEQ) 0.157624 0.162641 0.969154  0.3435
CointEq(-1) -0.854001  0.207687 -4.111970  0.0005
Diagnosis Tests

R? 0.963781  Adj. R? 0.936186

F-statistics 34.92 Log Likelihood 92.72

(0.000)
Sy 0.8636 18 2.2938
(0.4375) (0.3176)

##% % represents 1% and 10% level of significance. x* y: LM test
for serial correlation and X2L_M3 Jarque-Bera normality test

Estimates of Nonlinear Auto-Regressive Distributed Lag
(NARDL) model

The NARDL methodology is used to analyze the
asymmetric association between inequality and EFP.
Table 8 provides the results estimated using the NARDL.
The calculated F-value (5.5) is greater than that of the
value of the upper bound at a 1% level of significance
confirming that linear cointegration does not persist.
Table 9 presents long-term estimates found using the
NARDL. The findings confirm the asymmetric effects
of inequality on EFP in the long run. A positive shock
in inequality demonstrates a positive and significant
effect on inequality. However, a negative shock in
inequality exerts less influence on EFP. The effects of
other variables are similar to the findings obtained using
ARDL. The effects of energy consumption on EFP are
positive and significant suggesting that overall energy
sources used in Pakistan are escalating environmental
degradation by enhancing EFP. The consumption of fossil
fuels is the main energy source in Pakistan (Ahmad and
Majeed 2021; Ullah et al. 2021a; Ullah et al. b). This
finding is consistent with Li et al. (2021) who showed
positive influence of fossil fuel energy consumption on
environmental pollution for one belt and road initiative
(OBRI) countries over the period 2007-2019.

Table 10 reports the shot-run estimates obtained using
NARDL. The short-run effects also confirm asymmetric
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Table 8 Nonlinearity BDS test Variables m=2 m=3 m=4 m=5 m=6
LEF 0.149394%#*x* 0.266684*** 0.349293%#*:* 0.403204%#** 0.443389%**
LGDP 0.1986227%*** 0.338626%*** 0.436386%** 0.508971#** 0.560549%**
LGDP? 0.19533 ] #** 0.333186%*** 0.431961*** 0.502044#** 0.554063%**
LEC 0.197853%#** 0.335542%** 0.433163%*** 0.502645%*** 0.551085%**
LDCP 0.103485%** 0.143886%*** 0.145083%*** 0.118111%#** 0.0646227%**
INEQ 0.110137%** 0.187676%*** 0.232244%%** 0.251530%** 0.271850%%**
#k5p < 0.01
Table 9 Long-run results of NARDL: long-run coefficients |NEQ1 NEG
Variable Coefficient ~ Std. error  t-Statistic Prob. .00
LGDP -5.613648 1.095039 -5.126435 0.0000
LGDP2 0.390616 0.080991 4.822979 0.0000 -05
LEC 1.150024 0.173823 6.616075 0.0000
LDCP 0.163878 0.035533 4.611936 0.0001 10
INEQ1_POS 1.034016 0.224950 4.596640 0.0001 '
INEQI_NEG 0.721978 0.103732 6.960039 0.0000
C 12.231266 3.246037 3.768061 0.0007 -15
*#% * represents 1% and 10% level of significance
=204
Table 10 Short-run estimates of NARDL .25
Cointegrating form
Variable Coefficient Std. error t-Statistic ~ Prob. -30
D(LGDP) -4.928862 0.899244 -5.481120  0.0000
D(LGDP(-1))  0.525968 0.200672 2621037 00135 -3 e e ey
D(LGDP2) 0.340463  0.071441 4.765648  0.0000 1975 1980 1985 1990 1995 2000 2005 2010 2015
D(LEC) 0.807635  0.243729 3.313659  0.0024
D(LEC(-1)) -0.592327  0.225047 -2.632015  0.0131 Fig.3 Negative component of income inequality
D(LDCP) 0.142836  0.026064 5.480228  0.0000
DANEQL_POS) 0901252 0.175424 3.137552 0.0000 pace. The tests are also performed to check the quality of
D(I.NEQl—NEG) -0.026970  0.175237 -0.153906  0.8787 the results. The adjusted R-squared shows that the overall
C?lntEq(_'l) -0.871604  0.080502 -10.773569  0.0000 model demonstrates a good fit, the Lagrange multiplier test
Diagnosis tests for autocorrelation suggests that the results are free from the
R? 0.9760 Adj. R? 0.9614 .
o o autocorrelation problem, and the Jarque-Bera test shows that
F-statistics 66.74 Log-Likelihood 104.48 the distribution of residuals is normal. The Wald test also
) (0.000) s rejects the null hypothesis of long-run symmetry, therefore
XM 12449 X8 0.7764 reconfirming the long-run asymmetries between inequality
(0.3084) (0.6783) and EFP
Wald Test 7.728 We also isolate the negative and positive components of
(0.000)

##% * represents 1% and 10% level of significance. x* : LM test
for serial correlation and X2 J.B: Jarque-Bera normality test

associations between inequality and EFP. The ECM term
shows a negative and significant impact on EFP suggest-
ing that any short-run disequilibrium adjusts at a faster

@ Springer

inequality using the NARDL method. Figure 3 shows the
disintegrated negative element whereas Fig. 4 displays the
positive constituent of inequality.

Finally, the stability of the model is also tested. Figure 5
shows that that the coefficients and variance are stable fol-
lowing the cumulative sum (CUSUM) and CUSUM of the
squares at the 5% level of significance.
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Fig. 4 Positive component of income inequality

To plot nonlinearity, the dynamic multiplier figure is
illustrated. The figure reflects the adjustments of asym-
metries in the long run in response to the negative and
positive shocks in inequality. The asymmetry adjustment
is apparent from the positive and negative changes at a
certain time. The graph for the dynamic multiplier in Fig. 6
indicates that the negative shocks of income inequality

have a weaker influence on ecological footprint than that
of the positive shocks.

Conclusion

This research explores the associations among inequality,
economic growth, financial development, energy consump-
tion, and ecological footprint for Pakistan covering the
period from 1972 to 2018. The results are estimated using
both ARDL and NARDL approaches. The NARDL analysis
suggests the asymmetric relationship between income ine-
quality and ecological footprint as the positive and negative
shocks in inequality exert different influences on ecological
footprint. The ARDL results exhibit that inequality signifi-
cantly increases EFP in the longer term in Pakistan. Besides,
the dynamic multiplier analysis suggests that the positive
shock in inequality has a greater influence on EFP than that
of the negative shocks. In addition, the EKC is not validated,
and energy use and financial development significantly have
a positive effect on EFP.

Following the empirical outcome, this research offers
the following policies. First, as it is clear from the results
that inequality is a key factor influencing ecological foot-
print in Pakistan therefore, redistribution policy choices
need to be considered taking into account ecological con-
cerns. In this regard, welfare programs can be strengthened
by sparing more budget for social activities. The effect of
negative shocks in inequality is worth incorporating while
developing social sector policies. Second, as an increase
in financial development positively affects ecological foot-
print, the policymakers may consider the financial reforms
while devising environmental conserving policies. The
financial sector can be regulated to support green finance

Fig.5 Cumulative sum 20
(CUSUM) and CUSUM of
squares 15
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Fig.6 Dynamic multiplier 1.6
graph. INEQI is income
inequality. Years are plotted 1.2
on the horizontal axis and the ]
magnitude shocks (+ and -) on
the vertical axis 0.8
0.4
0.0 - —
0.4 |
-0.8 T T T

for clean and carbon-free projects. Third, as the findings
exhibit that energy use increases ecological footprint, the
government may strive to substitute nonrenewable energy
sources with renewable energy sources. The use of coal
and fossil fuels in the production process can be curtailed.

The analysis of this study can be replicated for other
developing countries with similar profiles. Besides, other
significant determinants of EFP such as foreign trade, pov-
erty, employment, and global value chain can be explored.
Future research can also explore the distribution profile
of EFP while analyzing its determinants. Moreover, this
research considers overall EFP, and future research can
explore different components of EFP in a comparative set-
ting to explain EFP and inequality nexus.
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