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Abstract
Maintaining a balance between environmental quality and economic growth is now one of the common goals of fiscal and
monetary policies in developed and developing economies. This study examines the asymmetric impacts of fiscal and monetary
policy instruments on environmental pollution in Pakistan over the period 1985–2019 by employing the asymmetric or nonlinear
autoregressive distributed lag (NARDL) framework. The outcomes indicate that in Pakistan, a positive and negative shock in
fiscal policy instruments has a significant increasing influence on carbon emissions in the short run, while a positive and negative
shock in fiscal policy instruments has a significant decreasing impact on environmental pollution in long run. However, negative
and positive shock in monetary policy instruments enhances carbon emissions in short-run, whereas positive shock in monetary
policy instruments decreases carbon emissions in the long run. Therefore, the policymakers may consider the usage of fiscal and
monetary policy instruments to maintain economic growth along with lowering the environmental pollution.
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Introduction

At present-day, environmental quality and economic growth are
the two key challenges faced by developing economies. In the
context of economic growth, one of the core issues that stand up
is environmental degradation in developing economies.
Therefore, ecological sustainability requires combined efforts of

monetary and fiscal policies towards aggravating and adaptation
strategies. The important question is how central banks can boost
the balance between economic growth and environmental sus-
tainability. The several purposes of the central bank—including
monetary and financial stability—essentially involve mobilizing,
managing, and allocating resources in a manner that seeks bal-
ance; hence, central banks contribute to fighting against climate
change in various countries. The fiscal policy is also on the way
in environmental quality inmany top carbon emitters economies,
e.g., China, USA, and India in environmental quality. Therefore,
as a matter of fact, twin policies are also important in environ-
ments in developing economies, especially Pakistan.

In literature, fiscal policy is a key element of the demand
side of the economy through government expenditure, reve-
nue, and taxation in worldwide (Halkos and Paizanos 2013).
On the other side, fiscal policy instruments, government ex-
penditures, and taxes are directly and indirectly connected
with economic size, agricultural, industrial, and service output
level, aggregate energy consumption, and environmental
quality respectively. Fiscal policy instruments have various
dimensions to affect the environment. The fiscal deficit of
any economy enhances the gross capital formation and accu-
mulation, business activities, and energy consumption de-
mand level (Dongyan 2009; Balcilar et al. 2016).
Consequently, the fiscal policy instrument of tax can expand

Responsible Editor: Philippe Garrigues

* Sana Ullah
sana_ullah133@yahoo.com

Ilhan Ozturk
ilhanozturk@cag.edu.tr

Sidra Sohail
sidrasohail_14@pide.edu.pk

1 School of Economics, Quaid-i-Azam University,
Islamabad, Pakistan

2 Faculty of Economics and Administrative Sciences, Cag University,
33800 Mersin, Turkey

3 Pakistan Institute of Development Economics (PIDE),
Islamabad, Pakistan

4 Department of Medical Research, China Medical University
Hospital, China Medical University , Taichung, Taiwan

https://doi.org/10.1007/s11356-020-11093-4

/ Published online: 8 October 2020

Environmental Science and Pollution Research (2021) 28:7450–7461

http://crossmark.crossref.org/dialog/?doi=10.1007/s11356-020-11093-4&domain=pdf
http://orcid.org/0000-0003-3431-9776
mailto:sana_ullah133@yahoo.com


the efficiency of energy, and tax incentives have also a posi-
tive significant influence on environmental quality (Dongyan
2009; Balcilar et al. 2016; and Liu et al. 2017). Fiscal policy
can accelerate the government incomes by imposing carbon-
taxes on the industrial, transportation, and energy sector
(Rausch 2013). While Halkos and Paizanos (2016) for the
USA and Yuelan et al. (2019) for China find that fiscal instru-
ments have a significant effect on carbon emissions.

It is notable to reveal the procedures through which fiscal
policy instruments disturb the environmental quality. For in-
stance, fiscal spending hurts the environmental quality by dif-
fering the cause of pollution, i.e., whether environmental pol-
lution is consumption or production produced (McAusland
2008). For production-generated environmental pollution,
Lopez et al. (2011) distinguish the various instruments
through which the level of government spending may influ-
ence environmental quality. Considering government
expenditure-generated environmental pollution, fiscal spend-
ing on education and health sectors increases consumer’s cur-
rent as well as the future level of income and may, in turn,
enhances environmental quality, establishing the income ef-
fects. On the contrary, greater levels of government consump-
tion lead the formation, administration, and environmental
controls efficiency which in turn may also increase the insti-
tution's stability that enhances environmental quality. This
implies that government expenditure has a significant positive
impact on environmental pollution.

Few important ways of fiscal policy tools are specified as
composition effect, income effect, and technique effect, re-
spectively. For instance, first, the income effect is closely
linked with government expenditure; hence, a higher level of
income enhances the demand for better-quality environments;
second, composition effect: government spending increased
the human capital related economic activities which are less
harmful to the environment than physical capital. Third, tech-
nique effect: this channel is also diminished environmental
pollution by better labor efficiency that is linked with greater
levels of government spending on the education and health
sectors (Lopez et al. 2011). Similarly, Halkos and Paizanos
(2013) differentiate the direct and indirect impacts of
government spending on carbon emissions. Government
spending both ways is used directly as well as indirectly to
reduces sulfur emissions, while the effect of government
spending has inconclusive on carbon emissions. Adewuyi
(2016) found direct and indirect negative outcomes among
government expenditure and carbon emissions.

In contrast, Halkos and Paizanos (2016) give attention to
the USA economy by using the annual data from 1973 to
2013. They showed that a greater fiscal policy instrument
(government spending) reduce carbon emissions that get up
from the production and consumption side. A similar finding
is shown by Katircioglu and Katircioglu (2018), who noted
that Turkish government expenditure has a negative

significant influence on pollution emissions in the long run.
In line, Lopez and Palacios (2010) note that government ex-
penditure has a negative link with pollution emissions because
the European government spending more on the public trans-
port sector compared with the private sector which is energy
efficient and less pollutant thus reduces air pollution.

Additionally, the research related to finance and inflation
stability has revealed that monetary policies may not only di-
rectly affect economic growth but also indirectly affects envi-
ronmental quality through fossil fuel consumption (Jalil and
Feridun 2011). With a contractionary monetary policy,
consumers and producers alleviate environmental pollution
by dropping aggregate demand. Therefore, Chan (2020) re-
vealed that a higher discount rate set by the state bank inspires
consumers to consume less and save more while producers are
also investing small in the current period. However, in turn,
consumption and investment fall with lowering the aggregate
demand for goods and services. As a result, carbon emissions
decline. They further show that monetary policy stabilizes the
carbon emissions level in an economy, but not fiscal policy.
Annicchiarico and Di Dio (2017) embodied the New
Keynesian pollutant emissions model; in this sense, they re-
vealed in the model that monetary policy is not neutral in en-
vironmental pollution emissions. The optimal response of the
monetary policy to environmental pollution is high countercy-
clical. Inflation is always a monetary dilemma, in the long run;
therefore, inflation instability is also impeding environmental
pollution. While monetary policy shock creates an increase in
the discount rate, which in turn, depresses aggregate demand
and so aggressively environmental quality achieved. In this
respect, Annicchiarico and Di Dio (2017) also explored that
stickiness in prices, the central bank plays a main part in deter-
mining the effects of environmental quality. Recently, the cen-
tral bank has been more interested in greening financing; there-
fore, Chen and Pan (2020) build an environmental dynamic
stochastic general equilibrium (E-DSGE) model with the con-
sideration of monetary policy and carbon emissions. According
to the model, the dynamic of monetary policy is significantly
influenced by climate and environmental regulation.

Pakistan's economy has suffered in history from internal
political clashes in many times. Therefore, large dynamics
are also captured in macroeconomics policies in terms of
fiscal and monetary policies. According to the World
Bank (2019), fiscal policy instrument, for instances, gov-
ernment expenditure (%GDP) was the highest in Pakistan at
(11.71%) in 2018, followed by Bangladesh (6.35%), Nepal
(11.68%), India (11.22%), and Sri Lanka (8.99%), and top
two emitters has been (14.67%) in China, (14.13%) in the
USA. Similarly, the monetary policy instrument discount
rate was the highest in Pakistan in double-digit (13.75%)
in South Asia in 2019, followed by Bangladesh (5.00%),
Nepal (3.75%), India (6.25%), and Sri Lanka (6.00%) and
top two emitters have been (2.90%) in China and (2.50%) in
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the USA (IMF 2019). These economies are correcting envi-
ronmental pollution by using macroeconomic policies.
While Pakistan’s fiscal expenditure rose to 8.64% in 2000
to 11.71% in 2018 which rose its fiscal deficit by 10% in
2017. To overwhelm the environmental pollution problem,
the Pakistan administration along with academics is strug-
gling to decrease carbon emission by increasing green pro-
duction by concentration onmacroeconomic policies (Ullah
et al. 2020). Following developing economies, for instance,
BRICS countries, Brazil, Indonesia, China, Nigeria, South
Africa, and Bangladesh, have been started green banking
that facilitates funding of clean-energy projects and there-
fore contributes to environmental quality (D’Souza and
Rana 2020).

Many policymakers and academia’s studies have assumed
that fiscal and monetary policy changes have a symmetric
impact on environmental quality (Lopez et al. 2011;
Halkos and Paizanos 2016; Katircioglu and Katircioglu
2018; Yuelan et al. 2019; Chan 2020), but, in indeed,
fiscal and monetary instrument variables behave to be
asymmetric manner. However, the asymmetric ARDL
method can produce more detailed and reliable findings
as compared with symmetric ARDL.

To the best of our knowledge, this is the leading
study in the context of Pakistan, which attempts to ex-
amine the nexus among selected variables in one scope
at the country-level, employing the time-series data.
Although there is no other study that inspects the asym-
metric effect of fiscal and monetary policy instruments
on environments, this study fills the gaps by examining
the asymmetric relationship between fiscal and monetary
policy instruments and environmental pollution. To de-
termine the gap and answer, this study explains the
asymmetric influence of fiscal and monetary policy in-
struments, government expenditures, and monetary poli-
cy rate, on environmental quality for the Pakistan
economy.

The remaining study is organized as follows. “Model,
methodology, and data” presented the model, methodology,
and data. “Results and discussion” describes the results and
discussion of fiscal and monetary policy instruments on envi-
ronmental quality. “Conclusion and policy implications” con-
cludes the studies with some policy implications.

Model, methodology, and data

The study desires to include and examine the effect of fiscal
and monetary policy instruments on environmental quality for
Pakistan’s. The usage of fiscal andmonetary policy is to create
clean environments in various stages of the business cycle. To
maintain environmental quality, fiscal policy instruments is a
notable aspect of environmental quality (Lopez et al. 2011;

Yuelan et al. 2019; Ullah et al. 2020). Another aspect is mon-
etary policy instruments that are a unique feature to correct the
environment (Chan 2020). To exam the proposition that fiscal
and monetary have asymmetrical impacts on environments at
Pakistan, we embrace the specification of Chan (2020) and
Ullah et al. (2020); therefore, the model is

CO2;t ¼ φ0 þ φ1Gexpt þ φ2Dratet þ φ3EGt þ εt ð1Þ

The model is quantified from the Pakistan environmental
outlook; meaning CO2, t is defined as carbon dioxide emis-
sions (Kilotons). The determinants of environmental pollution
are given as Gexpt in denoted by government expenditure (%
GDP); Dratet in denoted by the discount rate, which defines as
the central bank discount rate is the rate that is used by the
central bank to implement its monetary policy stance that is
charged in percent per annum, and the GDP growth rate sym-
bolized by EGt. We suppose the coefficient of φ1 to be a
positive sign and that of φ2 to be a negative sign. Equation
(1) gives us long-run estimates of the ARDL model of the
exogenous variables on Pakistan's air pollution. In order to
suppose short-run effects, in particular with respect to the
fiscal and monetary instruments, we postulate Eq. (2) in an
error-correction set-up. The error correction term infers how
rapidly the variables converge to equilibrium and should be
negative and significant. The error correction model of Eq. (2)
is denoted as follow:

ΔCO2;t ¼ α0 þ ∑
n1

i¼1
θiΔCO2;t−i þ ∑

n2

i¼0
ψiΔGexpt−i

þ ∑
n3

i¼0
πiΔDratet−i þ ∑

n4

i¼0
λiEGt−i þ η1CO2;t−1

þ η2Gexpt−1 þ η3Dratet−1 þ η4EGt−1

þ φECMt−1 þ εt ð2Þ

Pesaran et al. (2001) recommend the standard F statistics to
test the null hypothesis H0: η1 = η2 = η3 = η4 = 0 against the
alternative of H1: η1 ≠ 0, η2 ≠ 0, η3 ≠ 0, and η4 ≠ 0. If the
considered F statistic is statistically significant, this implies
that variables are supposed to be cointegrated, which they
tabulate new critical values in the context of small samples.
Once our cointegration is determined, the error-correction
component in Eq. (2) is set equal to be zero and the long-run
impacts are originated by normalizing estimate of coeffi-
cients η2–η4 on η1. The short-run estimates are arbitrat-
ed on the based of first-differenced variables. Under the
ARDL method, dependent and independent indicators
could be a mixture of I(0) and I(1).

A major supposition behind Eq. (2) is that a shock in any of
the fiscal and monetary instruments variables has symmetric
or linear effects on the environmental pollution in Pakistan.
For the fiscal and monetary instruments, this assumption
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infers that if positive shock enhances environmental pollution,
the negative shock must deteriorate it. Possibly, however, fis-
cal and monetary instruments may react in a different way to
positive shocks versus negative shocks, and thus, fiscal and
monetary instruments changes could have asymmetric or non-
linear impacts on the environments. Therefore, partial sum
processes of negative and positive changes in the fiscal and
monetary instruments variables are introduced in the analysis.
More precisely,

Gexpþt ¼ ∑
t

n¼1
ΔGexpþt ¼ ∑

t

n¼1
max ΔGexpþt; 0ð Þ ð3Þ

Gexp−t ¼ ∑
t

n¼1
ΔGexp−t ¼ ∑

t

n¼1
min ΔGexp−t; 0ð Þ ð4Þ

Drateþt ¼ ∑
t

n¼1
ΔDrateþt ¼ ∑

t

n¼1
max ΔDrateþt; 0ð Þ ð5Þ

Drate−t ¼ ∑
t

n¼1
ΔDrate−t ¼ ∑

t

n¼1
min ΔDrate−t; 0ð Þ ð6Þ

Shin et al. (2014) propose replacing the positive shocks
(Gexp+t , Drate

+
t) and negative shocks (Gexp−t, Drate

−
t) var-

iables in the error-correction model of Eq. (2). The result is the
asymmetric ARDL model given by as Eq. (7):

ΔCO2;t ¼ α0 þ ∑
n1

i¼1
θiΔCO2;t−i þ ∑

n2

i¼0
ϕiΔGexp

þ
t−i

þ ∑
n3

i¼0
ψiΔGexp

−
t−i þ ∑

n4

i¼0
δiΔDrateþt−i

þ ∑
n5

i¼0
ρiΔDrate

−
t−i þ ∑

n6

i¼0
λiEGt−i þ η1CO2;t−1

þ η2Gexp
þ
t−1 þ η3Gexp

−
t−1 þ η4Drate

þ
t−1

þ η5Drate
−
t−1 þ η6EGt−1 þ φECMt−1 þ εt ð7Þ

Since assembling partial sum (positive and negative) vari-
ables announce into Eq. (7), such models are normally stated
as the asymmetric/nonlinear ARDL model while the previous
model (2) is devoted to as a symmetric/linear ARDL model.
However, in addition to forming asymmetry cointegration, a
few extra hypotheses could be tested. First, if ΔGexp+t −
i (ΔDrate+t − i) and ΔGexp−t − i( ΔDrate−t − i) accept dissimilar
lag orders in either model, which will be a symbol of short-run

dynamic asymmetry. Second, if at the same lag (i) the coeffi-
cient estimate devoted ΔGexp+t − i( ΔDrate+t − i) is different
than the two devoted to ΔGexp−t − i( ΔDrate−t − i), which will
show short-run asymmetric effects. Third, strong short-run
asymmetric impacts will be recognized if we nullified the
proposition of ∑ϕi ≠ ∑ψi and ∑δi ≠ ∑ρi in the nonlinear
ARDL equation (7) by the Wald test. Finally, if the Wald test

nullified η2
þ�

η1
≠ η3

−
=η1 and

η4
þ�

η1
≠ η5

−
=η1 in Eq. (7), the

long-run asymmetric effects of fiscal and monetary instru-
ments on environmental pollution will be established. Both
the symmetric/linear equation (2) and asymmetric/nonlinear
model equation (7) are approached in the next section.

The aspect of under-considered dependent, independent, con-
trol variables is offered in Table 1. The choice of variables is
based on previous literature (Yuelan et al. 2019; Chan 2020). The
dataset is retrieved for Pakistan fromWorld Bank and IMF from
1985 to 2019. The dataset of CO2, Gexp, and EG extracted from
World Development Indicator (WDI), while Drate data taken
from the IMF. The mean of CO2, Gexp, Drate, and EG are
117,047.6 kt, 11.26%, 11.36%, and 4.532%, respectively, al-
though the standard deviation (S.D) are 42,593.1 kt, 2.13%,
3.41%, and 1.862%, respectively. While, the trend of the
Pakistan macroeconomic variables is also shown in Fig. 1.

Results and discussion

n the result section, we estimate both the symmetric or linear
model (2) and the asymmetric or nonlinear model (7) for
Pakistan using annual data over the period 1985–2019. ARDL
methodology confirmed first by using the unit root test statistics
are described in Table 2. We have started with an augmented
Dickey–Fuller (ADF) unit root test to scrutinize the order of the
variables of integration. The outcomes show that CO2, Drate, and
EG are integrated at I(0), while Drate has unit root problem at I(0)
but stationary at I(1). Similar results have been found in Phillips–
Perron (PP) unit root tests. ARDL methodology fulfills the com-
bination of I(0) and I(1), but not I(2), hence we follow this ap-
proach. However, in Table 3, Zivot-Andrews unit root test re-
vealed that CO2, Gexp, and Drate are stationary at the I(1),
while EG is stationary at the I(0). We impose a maxi-
mum of four lags in each model and use Akaike’s
Information Criterion to select an optimum model.

Table 1 Variables description
Variables Symbol Definition Mean SD

Carbon dioxide emissions CO2 Carbon dioxide emissions (Kilotons) 117047.6 42593.1

Government expenditures Gexp Government expenditure (% of GDP) 11.26 2.132

Discount rate Drate Central Bank policy rates by annually 11.36 3.415

GDP growth EG GDP growth (annual %) 4.532 1.862
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The 10%, 5%, and 1% critical values are − 4.58, − 4.93,
and − 5.34

Table 4 provides the short-run and long-run basic estimates
of linear and nonlinear ARDL model specification. The coef-
ficient of government consumption (ΔGexpt) is significantly
negative at a 5% level in the short-run which suggests that
government consumption decreases carbon emissions in the
short run. However, in the NARDL model, the positive and
negative shock of government consumption (ΔGexpt) has a
significantly negative impact on carbon emissions with the
elasticity of − 0.006 and − 0.009. Similarly, in the short-run,
the discount rate (ΔDratet) exert no significant impact on car-
bon emissions. However, in the NARDL model, the negative
shock of the discount rate (ΔDratet) has a significantly posi-
tive impact on carbon emissions with elasticity of 0.005, while
the positive form of the discount rate (ΔDratet) has no impact
on carbon emissions. The rest of the variables are statistically
insignificant in the short-run ARDL and NARDL estimation
for carbon emissions. On the other hand, in the long run,
government consumption (ΔGexpt) has a statistically nega-
tive significant impact on carbon emission at a 5% level, while
the negative shock of government consumption (ΔGexpt) co-
efficients have a negative influence on carbon emission.
Moreover, the discount rate (ΔDratet) have no influence on
CO2 emission in the long run in ARDL model, while similar
estimates have found in positive and negative shock of dis-
count rate (ΔDratet) in NARDLmodel.While EG coefficients
suggest that there is a positive and statistically significant re-
lationship that exists between economic growth and environ-
mental pollution in only ARDL models.

The third and lowest panel of Table 4 provides the
outcomes of several diagnostic tests. The numerical co-
efficients of the Lagrange multiplier (LM) and Ramsey
RESET test are statistically insignificant in all models
which supporting autocorrelation-free residuals and ap-
propriate model forms. While all estimated models are
stable in linear and nonlinear ARDL estimates, models
are reliable and efficient. While our adjusted R2 infers
that the symmetric and asymmetric models have a good
fit. The Wald statics are employing for computing the
symmetry of negative and positive shock of fiscal and
monetary policy instruments on environmental pollution
in the short-term and long-term, these outcomes re-
vealed that asymmetric effects are favorable.

To check the robustness of our analysis, Table 5 or-
ganizes the symmetric and asymmetric estimates for the
environmental pollution models by using the combined
fiscal and monetary policy instruments and we compare
the results with baseline formulation. The short-run es-
timates of symmetric ARDL, government consumption
(ΔGexpt) is statistically negative significant at 5% level,
suggests that a 1% improvement in government expen-
diture has decreased environmental pollution by 1521

kt. The impact of the discount rate (ΔDrate) is signifi-
cant at 5% level in the short run; this suggests that 1%
increase in the discount rate has increased the 702 kt
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Fig. 1 Trend of the variables
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carbon emissions. While, all other estimates of short-run
ARDL are insignificant.

In this study, we also want to examine whether the re-
sponse of symmetric short-run lasts into the long-term?
Therefore, short-run government expenditure result is main-
tained in long-run; this implies that 1% increase in govern-
ment spending has decreased carbon emissions by approxi-
mately 14,162 kt in the long run. This effect is comparatively
larger in the long run. The general meaning of the finding is
that fiscal policies are an effective instrument for environmen-
tal quality in way of climate change in Pakistan. The results
also imply that improvements in government expenditure im-
prove economic activities, capital accumulation, and energy
consumption levels within the economy, hence increase the
environmental pollution in developing countries. While, our
result is favorable in Pakistan because tax policies are
correcting the environmental quality in response. The results
also show that Pakistan’s fiscal expenditure on education and
health may lead to environmental quality, establishing the
income channel, which is less dangerous to the environment
compared with physical capital activities. Our outcome infers
that government consumption expenditures on education and
health sector are 2.3% and 1.1% of GDP in 2018–2019 that is
non-productive and negatively contributes to environmental
pollution, while the development expenditure is also 9.96%
of GDP that is most productive and therefore contribute to
environmental pollution. The fiscal policy instrument priori-
tizes the air quality as a result of motivating forest areas, green
economic growth by consuming more of clean and green en-
ergy sources with low carbon emissions. Thus, it means that
the government provides environmental protection through
fiscal policies instrument in Pakistan. However, the estimate
of the discount rate is statistically insignificant in the
long-term. The long-run coefficient shows that a 1%
upsurge in economic growth has increased carbon emis-
sions by approximately 7959 kt

Table 5 of Panel C provides the diagnostic statistics of the
symmetric ARDL model. The results indicate that the F sta-
tistic is significant; this implies that long-run cointegration
exists among carbon emissions, fiscal and monetary policy
instruments, and economic growth in Pakistan. The estimate
for ECMt − 1 is negative statistically significant at 5% level.
The coefficient − 0.178 infers that almost 17% disequilibrium

in carbon emissions is changed to long-run equilibrium within
a year. The symmetric ARDL results are satisfied because the
diagnostic tests of LM and RESET do not have any serial
correlation and misspecification problems.

Turning to the asymmetric impacts of fiscal and monetary
policy instruments on carbon emissions in Pakistan, the results
infer that positive and negative changes in government expen-
diture and discount rate effect on carbon emissions differently.
The short-run coefficient estimate of the positive shocks in
government expenditure is negative statistical significant at
10% level. This means that a 1% positive shock in govern-
ment spending increase carbon emissions in Pakistan by ap-
proximately 2106 kt in the short run. This result deviates in
asymmetric ARDL from symmetric ARDL. On the other
hand, a 1% negative shock in government spending declines
carbon emissions by approximately 3862 kt in the short run,
while this impact is different from positive shock. The short-
run estimate of positive shocks in the discount rate is statisti-
cally significant at 10% with a positive sign. The estimates
show that a 1% positive shock in the discount rate enhances
carbon emissions in Pakistan by approximately 585 in the
short run. While short-run estimate for negative shocks in
the discount rate is statistically positive significant at 5% on
carbon emissions and enhances carbon emissions by
2223 kt. The estimate of economic growth is statistical-
ly significant in the current period. The estimate infers
that a 1% upsurge in economic growth boosts carbon
emissions by 819 kt in the short run.

Do these asymmetric or nonlinear short-term responses last
into the long-term? However, a 1% upsurge in positive shock
in government spending declines carbon emissions by approx-
imately 13,226 kt in the long run, and this effect is estimated to
be statistically significant at 10% level. This finding is also in

Table 3 Zivot-Andrews unit root test

Variables I(0) Break year I(1) Break year Decision

CO2 − 2.387 2011 − 8.004*** 2008 I(1)

Gexp − 3.488 2001 − 5.573*** 1997 I(1)

Drate − 2.970 2006 − 5.489*** 2002 I(1)

EG − 4.359* 1993 − 6.155*** 2007 I(0)

Table 2 Unit root tests
ADF test statistic PP test statistic

Variables I(0) I(1) Decision I(0) I(1) Decision

CO2 − 2.046** - I(0) − 2.149** - I(0)

Gexp − 1.103 − 2.801*** I(1) − 1.204 − 2.832*** I(1)

Drate − 2.184* - I(0) − 2.212* - I(0)

EG − 2.561** - I(0) − 2.451** - I(0)
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line with (Lopez et al. 2011), who noted that government
expenditure on public goods may also discourage carbon pol-
lution that could be pro-environment. The negative shock of
government expenditure is a negative significant effect on
carbon pollution at 5% level in the long term. This suggests
that a 1% upsurge in negative shock in government expendi-
ture decrease carbon emissions by 14,162 kt in the long run.
This result is also reliable with (Chan 2020), who suggest that
contractionary fiscal policy decline demand of final good by

decreasing government and household consumption, which
also eventually reduces carbon emissions, respectively. The
asymmetric result of the fiscal policy instrument is also the
same as symmetric; this also implies that negative and positive
shock effects of government expenditure have the same direc-
tion but minor differences in magnitude. This suggests that
economic implication is also remaining the same in this con-
text. The results also conclude that the negative shock of gov-
ernment expenditure has also more influence on

Table 4 ARDL and NARDL coefficient estimates

Variable Coefficient t-stat Coefficient t-stat Coefficient t-stat Coefficient t-stat

Panel A: Short-run estimates

ΔGexpt − 0.006** 2.626

ΔGexpt − 1 0.006** 2.449

ΔGexpt
+ − 0.006** 2.285

ΔGexpt
− − 0.009** 2.178

ΔGexpt − 1
− 0.015** 3.163

ΔDratet 0.001 1.012

ΔDratet
+ − 0.001 0.399

ΔDratet
− 0.005** 2.083

ΔEGt 0.001 0.216 0.000 0.334 0.002 1.273 0.001 0.417

ΔEGt − 1 − 0.003* 1.888 − 0.003** 2.181 − 0.004** 2.275 − 0.003** 2.007

ΔEGt − 2 0.002 1.563 0.003* 1.694

Panel B: Short–long estimates

Gexp − 0.051** 5.050

Gexp+ − 0.044 0.856

Gexp− − 0.047** 2.593

Drate 0.017 0.838

Grate+ − 0.195 0.042

Grate− 0.287 0.044

EG 0.051** 2.542 0.040 0.991 0.086* 1.744 0.745 0.044

C 5.613** 4.425 5.013** 9.279 4.876** 3.391 6.995 0.063

Panel C: Diagnostic tests

F test 13.61** 11.20** 5.128** 3.188

ECMt − 1 − 0.106** 5.144 − 0.141 1.232 − 0.051** 2.607 − 0.003 0.045

LM test 1.396 0.489 0.282 1.372

RESET 1.912 0.012 2.331 1.939

Adj-R2 0.981 0.990 0.973 0.992

CUSUM S S S S

CUSUM squares S S S S

WALD test SR-Gexp 3.112* 2.013

WALD test LR-Gexp 3.023** 4.343**

WALD test SR-Drate 4.213** 3.673*

WALD test LR-Drate 3.351* 4.121**

*10% level of significance. **5% level of significance. Bounds F test critical values; 4.15 at 10% and 5.01 at 5% level of significance. These values are
taken from Narayan (2005) which is a better option in case of small samples like ours. Test of first-order correlation (LM) and test of misspecification
(RESET) are distributed at χ2 with the degree of freedom one. Hence, their critical values are 2.71(3.84) at 10% (5%) significance level. The tests of
asymmetry denoted by Wald-LR and Wald-SR are also distributed at χ2 with the degree of freedom one. Hence, their critical values are 2.71 (3.84) at
10% (5%) significance level of our analysis
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environmental quality compared with the positive shock of
government expenditure. It can be reasoned in this study that
fiscal policies in Pakistan are environmentally fruitful.

Similarly, the positive shock of the discount rate is a neg-
ative significant impact on carbon emissions at 10% level in
the long run. This infers that a 1% increase in positive shock in

discount rate fall carbon emissions by 1755 kilotons in the
long run. This finding is reliable with Chan (2020), who noted
that the monetary policy positive shock could decrease the
carbon emissions; in contrast, a monetary policy negative
shock could increase carbon emissions and hardly achieve
the environmental quality target. This outcome suggests that

Table 5 ARDL and NARDL coefficient estimates (Robustness checks)

Variable Coefficient Std. error t-stat Coefficient Std. error t-stat

Panel A: Short-run estimates

ΔGexpt − 0.013** 0.005 2.657

ΔGexpt − 1 0.010 0.007 1.341

ΔGexpt − 2 0.008 0.006 1.362

ΔGexpt
+ 0.018* 0.010 1.806

ΔGexpt − 1
+ 0.007 0.009 0.745

ΔGexpt − 2
+ 0.030** 0.009 3.195

ΔGexpt
− − 0.033** 0.009 3.519

ΔDratet 0.006** 0.003 2.569

ΔDratet − 1 0.004 0.003 1.502

ΔDratet
+ 0.005* 0.003 1.661

ΔDratet
− 0.019** 0.004 4.708

ΔDratet − 1
− 0.005 0.005 0.981

ΔDratet − 2
− 0.015** 0.006 2.530

ΔEGt 0.003 0.004 0.810 0.007* 0.004 1.751

ΔEGt − 1 − 0.009** 0.004 2.449 − 0.006 0.003 2.005

Panel B: Long-run estimates

Gexp − 0.121** 0.014 8.887

Gexp+ − 0.113* 0.063 1.793

Gexp− − 0.121** 0.022 5.590

Drate 0.006 0.014 0.416

Grate+ − 0.015* 0.009 1.667

Grate− 0.008 0.011 0.729

EG 0.068* 0.038 1.772 0.013 0.026 0.505

C 13.055* 0.238 54.809 11.699 0.521 22.444

Panel C: Diagnostic tests

F test 10.26** 4.131**

ECMt − 1 − 0.178** 0.031 5.703 − 0.271** 0.110 2.458

LM test 0.007 0.048

RESET 0.305 0.090

Adj-R2 0.995 0.997

CUSUM US S

CUSUM squares S S

WALD test SR-Gexp 3.071*

WALD test LR-Gexp 4.102**

WALD test SR-Drate 3.729*

WALD test LR-Drate 4.055**

*10% level of significance. **5% level of significance. Bounds F tests critical values; 4.15 at 10% and 5.01 at 5% level of significance. These values are
taken from Narayan (2005) which is a better option in case of small samples like ours. Test of first-order correlation (LM) and test of misspecification
(RESET) are distributed at χ2 with the degree of freedom one. Hence, their critical values are 2.71 (3.84) at 10% (5%) significance level. The tests of
asymmetry denoted by Wald-LR and Wald-SR are also distributed at χ2 with the degree of freedom one. Hence, their critical values are 2.71(3.84) at
10% (5%) significance level.
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monetary policy can affect environments in two ways; first is
the demand side and second relates to the supply-side. While
the demand side is relatively better than the supply side to the
perspective of climate change.

The possible reason is the expected and unexpected in-
crease in the discount rate is to decrease the household’s con-
sumption and investment level, leading to falls in economic
activities as well as the carbon emission level. In the repose of
a high discount rate, firms diminished their production level
would employ less capital and labor. This economic situation
also drives down the capital return and labor wage rate from
the investment. A higher discount rate also enhances the in-
flation rate by squeezing the consumer energy consumption,
thus impedes pollution emissions. Another reason is the

higher discount rate also stimulates environmental quality by
outweighs the fiscal expenditure. This finding implies that
positive shock of discount rate negatively influences on stock
market returns, which would discourage household invest-
ment and improve environmental quality. Thus contractionary
monetary policy is strongly responsive to economic activities
by improving the environments. This finding is also in line
with Chan (2020), who infers that a contractionary monetary
policy alleviates pollution emissions by dropping aggregate
demand. While the negative shock of the discount rate has
an insignificant impact on carbon emissions. Overall, results
revealed that a fiscal policy instrument is a positive effect on
environmental quality is more than a monetary policy instru-
ment. The finding also implies that monetary policy does not

Fig. 2 CUSUM and CUSUM
(SQ) of ARDL model
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influence on the carbon emissions at very extreme levels in
Pakistan. The outcomes in Table 5 are quite similar to the
outcomes in Table 4.

In NARDL diagnostic statistics, the LM test shows that
there is no issue of autocorrelation and the RESET test shows
that there is no problem of model misspecification. While our
adjusted R2 infers that the asymmetric model has a good fit.
The Wald statics are employing for computing the symmetry
of negative and positive shocks of fiscal and monetary policy
instruments on environmental pollution in the short-term and
long-term. The result supports the negative and positive
shocks asymmetric effect of government expenditure on car-
bon emissions in short-and long run. While asymmetric ef-
fects also exist in negative and positive shocks of the discount

rate on carbon emissions in the short and long run. Figures 2
and 3 indicate that the CUSUM and CUSUM (SQ) estimated
of ARDL and NARDL model was stable and faced no struc-
tural change issues in the 1985–2019 periods in Pakistan.

Conclusion and policy implications

The prime objective of the study to examine the asymmetric
effects of fiscal and monetary policy instruments on carbon
emissions in Pakistan. For this purpose, the time series annual
data from 1985 to 2019 is examined by using the asymmetric
NARDL method newly developed by Shin et al. (2014). Our
findings show that fiscal policy instruments (government

Fig. 3 CUSUM and CUSUM
(SQ) of NARDL model
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expenditures) exert an asymmetric short and long-run impact
on carbon emissions. In short-run, the negative and positive
shock of fiscal policy leads to enhance carbon emissions.
More importantly, our results also show that negative and
positive shock of fiscal policy helps improve the environmen-
tal quality by lowering the carbon pollution in Pakistan. The
asymmetric long-run results concluded that positive shock to
monetary policy instruments (discount rate) helps to increase
the environmental quality of Pakistan, and negative shock has
an insignificant effect on carbon emissions. The positive
shock of fiscal policy instruments contributes to environmen-
tal quality in the same lines as the negative shock of the fiscal
policy instruments. The empirical statistics show that the in-
fluence of positive shocks in fiscal and monetary policy in-
struments on carbon emissions is significantly different from
that of negative shocks in Pakistan.Moreover, the influence of
economic growth is positively significant in the short and long
term signifying that the major suppliers to increased carbon
emissions in Pakistan. Also, the outcome suggests that mon-
etary policy can affect environments in two ways; first is the
demand side, and second relates to the supply-side. While the
demand side is relatively better than the supply side to the
perspective of climate change.

For policy implications, our outcomes focus on the signif-
icance of fiscal and monetary policy coordination in the envi-
ronment. Government expenditure is more influence on car-
bon emissions due to the small share of government expendi-
ture in the health and education sector in Pakistan. Developing
countries, especially Pakistan commenced programs that not
only significantly enhance government expenditure but also
boost the importance of public goods and social spending in
health, education, green infrastructure, and environmental
protection. In addition to renewable sources, the government
should also focus on improving the infrastructure of already
installed fossil fuels (non-renewable sources) plants. The in-
vestment in pre-installed plants will help in reducing the det-
rimental effect on the environment by minimizing the leaks of
greenhouse gasses. Fiscal policy instruments, affecting both
expenditure and revenue, have a key role in climate change.
Therefore, efficient fiscal policies can help maximize their
positive effects on environmental quality. Pakistan should de-
vote government expenditures to green public goods which
are totally environment-friendly. Pakistan should invest in
green transportation in the economy that will be helpful in
the correction of environmental pollution.

Decarbonization requires a transformation in the underly-
ing structure of monetary policy instruments. A unified mon-
etary policy is a gravitational force required to finance the
greening of our economy. The monetary policy encourages
environmental quality finance to contain better access to state
bank finance schemes for public and private banks that invest
in low-carbon projects. Policy studies and academic suggests
that fiscal policy instruments are first in line, they need to be

complemented by monetary policy instruments. Pakistani au-
thorities extensively adopt fiscal policies to cope the climate
change and economy, fiscal policy cannot provide a complete
solution; therefore monetary policy should be jointly used
with the fiscal policy for better results. Regarding twin poli-
cies, fiscal and monetary policy coordination is more impor-
tant in the environmental quality process in developing econ-
omies. The governments in developing economies should also
allocate more budgets to environmental projects in their fiscal
and monetary reforms for the sake of moving to more inclu-
sive and greener economies with low-pollution activities. In
short, Pakistani authorities should extensively adopt fiscal and
monetary policies to control environmental quality.

This study has announced a novel and significant inquiry
research area in the environmental economics; further asym-
metric ARDL studies (e.g., for the fiscal policy instruments or
monetary policy instruments) will be required for taxation
purposes and can also be similarly connected to macroeco-
nomic policies in other economies.
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