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Abstract
This study aims to re-examine the impacts of monetary and fiscal policy on environmental quality in ASEAN countries from
1990 to 2019. We utilized the panel and time series NARDL approach to explore the long-run and short-run estimates at a
regional level and country level. ASEAN regional-wise analysis shows that contractionary monetary policy reduces the CO2
emissions, while expansionary monetary policy enhances CO2 emissions in the long run. The long-run coefficient further
confirms that expansionary fiscal policy mitigates CO2 emissions in ASEAN. The impact of expansionary monetary and fiscal
policy on CO2 emissions is positive and significant, while contractionary monetary and fiscal policy have an insignificant impact
on CO2 emissions in the short run. ASEAN country-wise analysis also reported the country-specific estimates for the short and
long run. Some policies can redesign in light of these novel findings in ASEAN economies.
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Introduction

In the current era, developing economies are confronted with
two major challenges of economic growth and environmental
quality. In the perspective of economic growth, among the
major challenge that raises the core issue is the degradation

of the environment in developing countries. Merely China’s
population, 1.32% lives in not vulnerable ecosystem (He et al.
2018; He et al. 2021). Consequently, sustainability of the en-
vironment needs mutual efforts of fiscal andmonetary policies
towards adaption and aggravating strategies. The imperative
question arises how central banks improve the balance be-
tween sustainability of the environment and economic growth.
The numerous determinations of the central bank—containing
financial and monetary stability—fundamentally involve allo-
cating, managing, and mobilizing resources in a way that pur-
sues balance; therefore, central banks play role in combating
environmental change in numerous economies. The fiscal pol-
icy is also contributing to improving quality of environment in
numerous top pollution emission economies like India, the
USA, and China in quality of the environment. However,
due to a matter of fact, both policies are very imperative in
an environment in developing countries.

In worldwide, fiscal policy is a vital component of the
demand side of the economy through public expenditure, tax-
ation, and revenue (Halkos and Paizanos 2013). The instru-
ments of fiscal policy, taxes, and government expenditures are
indirectly and directly linked with quality of environment,
aggregate consumption of energy, industrial, agricultural,
and service output level, and economic size, respectively.
Instruments of fiscal policy have several dimensions to
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influence the quality of the environment. The fiscal deficit of
the economy boosts the gross capital accumulation and for-
mation, demand level of energy consumption, and business
activities (Balcilar et al. 2016). Subsequently, the tax instru-
ment of fiscal policy can increase the effectiveness of energy,
and tax incentives positively and significantly influence the
quality of the environment (Dongyan 2009; and Liu et al.
2017). Fiscal policy leads to acceleration of incomes of gov-
ernment by the imposition of pollution taxes on the energy,
transportation, and industrial sector (Rausch 2013). However,
Yuelan et al. (2019) in case of China and Halkos and Paizanos
(2016) in case of the USA found that fiscal instruments sig-
nificantly influence pollution emissions.

It is worth mentioning to disclose the process through
which instruments of fiscal policy disturb the quality of the
environment. For example, government expenditures hurt the
quality of the environment by differentiating the causes of
carbon emissions (McAusland 2008). For the supply side,
Lopez et al. (2011) discriminate the several instruments
through which the government spending level may affect
quality of environment, as government spending on the health
and education sector enhances current and future level of con-
sumer income that may enhance quality of environment, gen-
erating the income effects. Conversely, government consump-
tion at a larger scale leads the administration, formation, and
environment control effectiveness that in turn enhance the
stability of institutions that improves quality of environment.
This infers that government spending exerts a positive and
significant influence on environmental pollution.

Certain imperative techniques of fiscal policy instruments
are identified as technique effect, income effect, and compo-
sition effect, respectively. For example, first, the technique
effect: this channel leads to diminishing pollution of environ-
ment by better efficiency of labor that is connected with higher
levels of public spending on health and education sectors.
Second, the income effect: it is explained as the increasing
level of income increases the demand for good quality of the
environment. Thirdly, the composition effect: public spending
enhanced the economic activities that are connected with hu-
man capital that is less damaging to the environmental quality
than physical capital (Lopez et al. 2011).

Correspondingly, Halkos and Paizanos, 2013, b) segregate
the effects indirect and direct effects of government
expenditures on pollution emissions. Government
expenditures indirectly and directly reduce emissions of
sulfur; however, the influence of government spending
remains inconclusive on pollution emissions. Adewuyi
(2016) reported indirect and direct negative effects on
pollution emissions and government expenditure.
Conversely, in the case of US economy, Halkos and
Paizanos (2016) reported that greater government expenditure
results in reducing pollution emissions created from the
consumption and production side. Similarly, for the Turkish

economy, Katircioglu and Katircioglu (2018) reported that in
the long run, government expenditure exerts a negative influ-
ence on carbon emissions. Lopez and Palacios (2010) noted
that government spending is negatively associated with car-
bon emissions as the European government spends more on
public sector transport as compared to private sector transport
that is energy relatively less pollutant and more energy-
efficient thus results in reducing the environmental pollution.

In view of prior findings, various macroeconomic factors
of pollution emissions have been reported in previous litera-
ture, for instance, innovation (Khattak et al., 2020), financial
development (Dar & Asif, 2017), population growth rate
(Harper, 2013), fiscal policy instruments (Yuelan et al., 2019
and Ullah et al. 2020), urbanization (Wang et al., 2018), in-
ternational trade (Lv & Xu, 2019), globalization (Shahbaz
et al., 2016 and Chishti et al. 2020), energy consumption
and foreign direct investment (Mirzaei and Bekri, 2017 and
Usman et al. 2020), national income (Grossman & Krueger,
1995 and Zhao et al. 2021), aggregate domestic demand con-
sumption (Ahmad et al., 2019), and inflow of remittances
(Ahmad et al., 2019). Beyond these determinants, this paper
also considers monetary policy as a novel and unexplored
determinant of pollution for the following reasons.
Commonly, central banks design a monetary policy tomanage
and control the money supply in the economy, in addition to,
maintaining the interest rates and controlling inflation.
Fluctuations in interest rates influence the patterns of industri-
al innovation activities, energy consumption, financial devel-
opment, aggregate domestic demand, and income per capita,
thus triggering environmental pollution. In response to con-
tractionary monetary policy, policymakers can interrupt for-
eign direct investments and green innovations. Industrialists
prefer to use traditional technologies for the production pro-
cess if loans are available at a higher interest rate for innova-
tion purposes. The increasing consumption of less eco-
friendly technologies leads to an upsurge in pollution
emissions.

Furthermore, the literature related to inflation and financial
stability postulates that monetary policies directly influence
economic growth and indirectly influence quality of environ-
ment through the consumption of fossil fuel (Jalil and Feridun
2011 and Aslam et al., 2021a, b). Due to the contraction in
monetary policy, producers and consumers improve
environmental pollution by reducing aggregate demand.
However, Chan (2020) concluded that a higher discount rate
set by the state bank encourages consumers to save more and
consume less, while producers also invest at a small scale in
the current period. As a result, investment and consumption
fall with a reduction in aggregate demand for services and
goods. In response, pollution emissions decline. The study
further concluded that monetary policy alleviates the
pollution emissions level in the economy as compared to
fiscal policy. By employing the New Keynesian pollutant

65117Environ Sci Pollut Res  (2021) 28:65116–65126



emissions model, Annicchiarico and Di Dio (2017) revealed
that monetary policy is not impartial in environmental carbon
emissions. The optimum response of the monetary policy to-
wards environmental pollution emissions is highly countercy-
clical. Furthermore, inflation instability is also hindering en-
vironmental pollution. Energy supply and demand matching
ability is relatively low (Zhao et al., 2020; Zuo et al., 2020).
Although the shock of monetary policy produces an upsurge
in the discount rate, that results in lower aggregate demand
and in turn, aggressive quality of environment achieved.

Annicchiarico and Di Dio (2017) also investigated that the
central bank plays a significant role in determining the influ-
ences of quality of the environment. Chen and Pan (2020)
highlighted that the central bank is more interested in green
financing and the study constructed an environmental dynam-
ic stochastic general equilibrium (E-DSGE) model in consid-
eration of pollution emissions and monetary policy. The re-
sults of the model concluded that the dynamic of monetary
policy is significantly affected by environmental and climatic
regulation. Decentralized encroachment helps to uplift the en-
vironmental performance (Li, Hu, Shi, and Wang, 2021a).
Numerous academicians and policymakers have assumed that
monetary and fiscal policy changes exert a symmetric effect
on quality of environment (Lopez et al. 2011; Katircioglu and
Katircioglu 2018; Chan 2020); however, monetary and fiscal
policy instrument variables behave in asymmetric manner.
Conversely, the asymmetric ARDL method results in produc-
ing more reliable and detailed findings as compared to sym-
metric ARDL. Technology and policy instruments will im-
prove the influencing parameters of the real-world groundwa-
ter (He, Shao and Ren, 2020).

The main objective of this study is to explore the effect of
fiscal and monetary policy on pollution emissions for the
Association of Southeast Asian Nations (ASEAN) economies.
The novelty of the study is that it empirically determines the
effect of fiscal and monetary policy on environmental pollu-
tion in ASEAN. This study demonstrates how various policy
implementation scenarios stimulate the economy that influ-
ences environmental pollution. To the best of our knowledge,
no study has yet explored the asymmetric effect of fiscal and
monetary policy instruments on pollution emissions involving
ASEAN countries. This study fills the gaps by investigating
the asymmetric association between monetary and fiscal pol-
icy instruments and pollution emissions. The study elaborates
the asymmetric effect of monetary and fiscal policy instru-
ments, monetary policy rate, and government expenditures,
on quality of environment in ASEAN economies

Model, methodology, and data

Few empirical studies in the past have examined the fiscal and
monetary policy–CO2 nexus (Ullah et al. 2020). To maintain

a clean environment, fiscal policy instruments have a notable
impact on environmental quality (Lopez et al. 2011). Another
aspect is that monetary policy instruments have also a unique
feature to correct the environment (Ullah et al. 2021 and
Chishti et al. 2021). Based on the environmentalist argument
that monetary and fiscal have nonlinear impacts on environ-
ments in ASEAN, we embrace the specification of Ullah et al.
(2020); therefore, the basic form is:

C02;it ¼ φ0 þφ1DRit þφ2GEit þφ3GDPit þ εit ð1Þ

where subscripts t indicate years and i indicates country;
φ0, φ1, φ2, and φ3 are parameters for estimation; CO2, t

denotes carbon dioxide emissions; DRt denotes discount rate;
GEt government expenditure; GDPt denotes gross domestic
product; and εt is an error term, respectively. Similarly, in-
creased discount rate leads to less CO2 emissions, and we
expect estimates ofφ1to be negative, while increased govern-
ment expenditure may be a positive or negative impact on
CO2 emissions. Next, we turn Eq. (1) to the error-correction
model so that we can only assess the short-run impacts of
monetary and fiscal policy. In doing so, Pesaran et al. (2001)
announce a new method that describes short- and long-run
estimates in one step as follows:

ΔCO2;it ¼ ω0 þ ∑
n

k¼1
β1kΔCO2;i;t−k þ ∑

n

k¼0
β2kΔDRi;t−k

þ ∑
n

k¼0
β3kΔGEi;t−k þ ∑

n

k¼0
β4kΔGDPi;t−k

þω1CO2;i;t−1 þω2DRi;t−1 þω3GEi;t−1

þω4GDPi;t−1 þ εt ð2Þ

The short-run impacts are revealed in form of “first-
differenced” variables, and long-run impacts are yielded by
the estimates ofω2-ω4 normalized onω1 in Eq. (2). Pesaran
et al. (2001) propose two tests for the confirmation of the
results as one is F-test and the other is t-test or ECM. Both
tests have used non-standard distributions as well as employ
new critical for testing. A key assumption of the ARDL is that
model variables must have different integrating properties,
i.e., I (0) or I (1) and even a mixture of both. A key assumption
in Eq. (2) is that the effect of monetary and fiscal policy on
CO2 emissions is symmetric. Therefore, we have modified
Eq. (2) so that we can estimate the asymmetric impact effects
of monetary and fiscal policy on CO2 emissions. Our
modification follows the Shin et al. (2014) asymmetric error
correction modeling approach. Regarding this approach, we
must decompose “DRt and GEt” into two time series vari-
ables, one signifying increased monetary and fiscal policy
and one signifying declines in monetary and fiscal policy.
This is done using the partial sum approach as follows:
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DRit ¼ ∑
t

n¼1
ΔDRþ

it ¼ ∑
t

n¼1
max ΔDRþ

it; 0ð Þ ð3aÞ

DR−
it ¼ ∑

t

n¼1
ΔDR−

it ¼ ∑
t

n¼1
min ΔDR−

it; 0ð Þ ð3bÞ

GEþ
it ¼ ∑

t

n¼1
ΔGEþ

it ¼ ∑
t

n¼1
max ΔGEþ

it; 0ð Þ ð3cÞ

GE−
it ¼ ∑

t

n¼1
ΔGE−

it ¼ ∑
t

n¼1
min ΔGE−

it; 0ð Þ ð3dÞ

where DR+
t and GE+t variables are the partial sum of pos-

itive changes in the discount rate and government expenditure
which infers contractionary monetary and expansionary fiscal
policy. Similarly, DR−

t and GE
−
t variables are the partial sum

of negative changes in the discount rate and government ex-
penditure which infers expansionary monetary and contrac-
tionary fiscal policy. Thus we move back to Eq. (2) to replace
DRt (GEt) by DR+

t and DR−
t (GE

+
t and GE−

t), and our ex-
tended error-correction model is as follows:

ΔCO2;it ¼ α0 þ ∑
n

k¼1
β1kΔCO2;it−k þ ∑

n

k¼0
β2kΔDR

þ
it−k

þ ∑
n

k¼0
δ3kΔDR−

it−k þ ∑
n

k¼0
β4kΔGEþ

it−k

þ ∑
n

k¼0
δ5kΔGE−

it−k þ ∑
n

k¼0
β6kGDPit−k

þω1CO2;it−1 þω2DR
þ
it−1 þω3DR

−
it−1

þω4GE
þ
it−1 þω5GE

−
it−1 þω6GDPit−1

þ εit ð4Þ

A model like Eq. (4) is normally called the nonlinear
ARDL model, whereas an equation like Eq. (2) is labeled
linear ARDL models. Nonlinearity in Eq. (4) is incorporated
by the method of constructing the partial sum variables. We
also estimate the panel nonlinear ARDL through the pooled
mean group (PMG) or mean group (MG) estimators, and
thereafter we assess the appropriate estimators through the
Hausman test. This approach is the workhorse of the modern
time series dataset. The main edge of this approach is that it
allows us to incorporate the nonlinear variables in our analysis
and estimates the short and long run in a single step. After
estimating the model, a few additional asymmetry assump-
tions will be tested. First, the monetary and fiscal policy will
have short-run asymmetric impacts on CO2 if at any given lag
(k), estimate attached to ΔDR+

t − k(ΔGE+t − k) is dissimilar to
one attached to ΔDR−

t − k(ΔGE+t − k). Similarly, we also
confirm the long- and short-run cumulative or impact
asymmetries by using the Wald test.

Data

The empirical analysis is based on ASEAN countries, namely
Indonesia, Malaysia, the Philippines, Singapore, and
Thailand. Due to the unavailability of data for other ASEAN
economies, we have selected only five ASEAN countries,
while the study covers the data period between 1990 and
2019. The dependent variable, CO2 emissions, is measured
in kilotons to quantify environmental pollution (Aslam et. al,
2021; Li et. al., 2021b; Sun et al., 2020). Moreover, we used a
discount rate that is central bank policy rates by annually as a
proxy of monetary policy instrument and government expen-
diture that is the percentage of GDP as a proxy of fiscal policy
instrument. The choice of model is selected based on previous
literature (Yuelan et al. 2019; Ullah et al. 2021). The dataset is
extracted from IMF and World Bank by covering the period
1990 to 2019 (International Monetary Fund, 2019). In
Table 1, the mean of CO2, DR, GE, and GDP is 171956.7
kt, 5.506%, 10.97%, and 11482%, respectively, although the
standard deviation (S.D) is 129303 kt, 4.859%, 2.363%, and
5382%, respectively. Our model correlation estimates are also
free from multicollinearity problems.

Results and discussion

Preliminary analysis

In the “Results and discussion” section, we estimate the asym-
metric or nonlinear panel ARDL model for ASEAN econo-
mies using annual data over the period 1990–2019. As a pre-
liminary analysis, to confirm the validity of nonlinear
cointegrating autoregressive distributed lag (NARDL) model,
the study has used IPS, ADF, and LLC methods of unit root
testing. The results of unit root statistics are described in
Table 2. The unit root tests are used to investigate the order
of integration of the variables to be used in regression analysis.
The outcomes of IPS test confirm that carbon emissions and
DR are integrated at level; however, GE and per capita GDP

Table 1 Descriptive and correlation matrix

Variable CO2 DR GE GDP

Mean 171956.7 5.506 10.97 11482.4

Std. Dev. 129303.2 4.859 2.363 5382.2

Min 19926.48 0.183 5.693 1501.21

Max 563324.6 38.44 17.12 59073.4

CO2 1

DR 0.174 1

GE 0.037 -0.432 1

GDP -0.431 -0.474 -0.157 1
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are stationary at I(1). NARDL approach satisfies the combi-
nation of level stationary and first difference stationary vari-
ables; therefore, we adopted this approach. Similar results
have been found in ADF and LLC unit root tests.

Group-wise analysis

Table 3 provides results of ASEAN group-wise estimates of
NARDL for the short run and long run including diagnostic
tests. The group-wise long-run findings of ASEAN economies
reveal that the coefficient of discount rate is negative for positive
shock of discount rate, whereas coefficient estimate of discount
rate is positive for negative shock of discount rate. The positive
component of the discount rate (i.e., contractionary monetary
policy) significantly decreases the pollution emissions, suggest-
ing that a 1% increase in the positive component of the discount
rate decreases pollution emissions by 0.177%. This finding is
also reliable with Ullah et al. (2021), who reported that contrac-
tionary monetary policy has a favorable impact on environmen-
tal quality. This finding infers that government can easily con-
trol dirty economic activities via a high discount rate. Our find-
ing also contradicts with Chishti et al. (2021), who suggest that
contractionary monetary policies improve the environmental
quality by reducing CO2 emissions in BRICS.

However, the results of a negative component of the dis-
count rate (i.e., expansionary monetary policy) reveal that in
response to a 1% increase in DR_NEG, the pollution emis-
sions increase by 0.615%. The findings validate the existence
of an asymmetric relationship between the discount rate and
pollution emissions. For fiscal policy, the coefficient estimates
of expansionary fiscal policy (i.e., GE_POS) result in decreas-
ing pollution emission in group-wise ASEAN economies;
however, the coefficient estimate of contractionary fiscal pol-
icy (i.e., GE_NEG) is statistically insignificant. The result of
the positive component of government expenditure reveals
that due to a unit increase in government spending, pollution
emissions decrease by 0.794%. In case of GDP, the result
implies that in response to a 1% increase in per capita GDP,
pollution emissions increase by 2.127%. This finding is also
consistent with Ullah et al. (2021), who noted that a positive
shock in fiscal policy has a significant positive impact on
environmental quality in Pakistan in the long run.

The short-run findings of group-wise ASEAN economies
reveal that positive component of discount rate has no impact
on pollution emissions as the coefficient estimate is statistical-
ly insignificant. However, in the case of short-run coefficient
estimates of negative component of discount rate, the effect is
positive on pollution emissions. The short-run coefficient es-
timates of government spending reveal that in response to a
unit increase in positive component of government spending,
pollution emission increases significantly; however, in the
case of negative component of government spending, the re-
sults are statistically insignificant. The short-run coefficient
estimate of per capita GDP is also statistically insignificant.

Table 3 also reports diagnostic tests for group-wise
ASEAN economies NARDL model. The short-run and long-
run asymmetries between discount rate, government spend-
ing, and per capita GDP are tested by employing Wald test.
The findings of Wald test reported that discount rate and gov-
ernment spending have an asymmetric association with CO2
emissions in short and long run except one. The F-statistics is
also significant and confirms that cointegration exists among
the variables in the model. The ECM term holds a negative
sign and also statistically significant at 5% level. The coeffi-
cient estimate of ECT term is −0.544 which suggests that
almost 54% error will be corrected within a year.

Country-wise analysis

Table 3 also provides short-run and long-run coefficient esti-
mates of country-wise analysis of ASEAN economies. In the
case of monetary policy shock in the long run, the positive
component of discount rate exerts negative effect on pollution
emissions in the case of Malaysia and Thailand and signifi-
cantly positive influence on pollution emissions in the
Philippines. However, in the case of Indonesia and
Singapore, discount rate exerts no influence on pollution
emissions as the coefficient estimates of both countries are
statistically insignificant. In response to 1% increase in posi-
tive component of discount rate, pollution emissions decreases
by 0.110% in Malaysia and 0.160% in Thailand; however, it
results in increased pollution emissions by 0.280% in the case
of the Philippines. The long-run coefficient estimates of neg-
ative component of discount rate are statistically significant

Table 2 Unit root testing

IPS ADF LLC

CO2 −2.421* I(0) −2.431* I(0) −3.224*** I(0)

DR −2.375* I(0) −2.302* I(0) −4.176*** I(0)

GE −1.632 −4.565*** I(1) −0.181 −8.053*** I(1) −1.801 −4.987*** I(1)

GDP −0.453 −4.355*** I(1) −1.012 −7.103*** I(1) 0.039 −5.392*** I(1)

*** and * means 1 and 10 percent level of significance
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Table 3 ASEAN group-wise and country-wise estimates

ASEAN group-wise estimates ASEAN country-wise estimates

ASEAN-5 Indonesia Malaysia Philippines Singapore Thailand

Long-run

DR_POS −0.177** −0.013 −0.110*** 0.280*** 0.005 −0.160***
2.060 1.169 8.095 3.415 0.045 2.672

DR_NEG 0.615*** −0.006 −0.096*** 0.066*** −0.023 0.191*

3.115 0.690 16.53 3.813 0.193 1.703

GE_POS −0.794*** 0.063*** −0.009 0.127*** −0.114 0.345*

2.823 3.082 1.414 9.942 0.612 1.784

GE_NEG −0.118 −0.176*** 0.115*** −0.055*** −0.459* 0.046

1.078 2.946 13.99 4.489 1.676 1.228

GDP 2.127* 0.070 1.866*** −0.373 −2.816 2.300***

1.734 0.327 2.940 1.271 1.236 3.774

Short-run

D(DR_POS) 0.042 0.006 −0.020 −0.053* 0.004 −0.071**
0.697 0.345 0.467 1.702 0.045 2.253

D(DR_POS(−1)) 0.003 −0.009 0.144*** −0.396*** −0.080**
0.037 0.477 2.782 3.746 2.239

D(DR_POS(−2)) −0.004 −0.018 −0.220** 0.134***

0.047 1.593 2.464 3.742

D(DR_NEG) 0.076* −0.011 −0.018 0.111*** 0.230*** 0.107***

1.906 0.860 0.962 2.999 2.586 2.548

D(DR_NEG(−1)) −0.049 −0.023 0.092*** 0.004 −0.034
1.262 1.602 3.286 0.171 0.594

D(DR_NEG(-2)) −0.015 −0.004 0.075*** −0.066
0.409 0.860 2.894 1.445

D(GE_POS) 0.120* 0.193*** 0.011 0.214*** 0.254* 0.271***

1.862 5.185 0.502 4.735 1.674 2.399

D(GE_POS(−1)) 0.066 −0.095** 0.031** 0.018

1.623 2.369 2.306 0.693

D(GE_POS(−2)) 0.076* 0.173*** −0.024
1.768 4.383 0.846

D(GE_NEG) −0.053 −0.046 −0.157*** −0.092*** -0.124 −0.004
1.063 0.636 5.097 3.476 0.592 0.059

D(GE_NEG(−1)) 0.138 0.191 0.310*

0.691 1.527 1.845

D(GE_NEG(−2)) 0.001 −0.284*
0.017 3.080

D(GDP) 0.545 0.899 1.439*** -0.628 −0.404 2.071***

0.665 0.661 6.859 1.317 0.244 4.302

D(GDP(−1)) 0.910 −6.905*** −0.902*** 0.722

1.595 4.075 2.334 0.887

C 1.737 11.23*** −4.656*** 13.53*** 39.18* −7.271
0.365 6.955 6.283 6.277 1.700 1.400

Diagnostic

F-test 5.645*** 4.568** 13.40*** 2.506 5.328*** 4.940***

ECM(−1) −0.544** −0.442*** −0.486*** −0.684*** −0.791*** −0.725**
2.349 4.770 8.157 6.083 4.280 2.454

LM 0.123 1.156 4.074*** 0.805 1.864
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and positive in the case of the Philippines and Thailand; how-
ever, the effect is negative and significant in the case of
Malaysia. Again, the results are statistically insignificant in

the case of Indonesia and Singapore. Findings reveal that
due to 1% increase in negative component of discount rate,
pollution emissions increase by 0.066% in the Philippines and

Table 3 (continued)

ASEAN group-wise estimates ASEAN country-wise estimates

ASEAN-5 Indonesia Malaysia Philippines Singapore Thailand

Hetero 0.602 1.893 0.675 0.675 2.306

RESET 0.730 0.681 0.010 2.312 1.306

CUSUM S S US S S

CUSUM-2 S S S S S

Wald-SR-DR 3.987* 1.234 3.213 6.546*** 2.123 4.658***

Wald-LR-DR 7.356*** 0.123 4.688** 8.658*** 1.021 7.654***

Wald-SR-GE 2.325 4.656*** 6.546*** 1.255 1.325 4.689***

Wald-LR-GE 4.656*** 1.325 4.568*** 5.987*** 6.587*** 1.235

Note: Asterisks three, two, and one are for 1%, 5%, and 10% level of significance
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Fig. 1 Asymmetric dynamic multipliers effects of monetary and fiscal policy on CO2 emission in ASEAN.
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0.191% in Thailand; however it results in decreasing pollution
emissions in Malaysia by 0.096%. The findings of per capita
GDP reveal that the effect on pollution emissions is statisti-
cally significant only in Malaysia and Thailand, and the effect
is statistically insignificant in the remaining economies. The
coefficient estimates infer that due to 1% increase in per capita
GDP, pollution emissions increase by 1.866% in Malaysia
and 2.300% in the case of Thailand.

In the case of fiscal policy shock, the long-run coefficient
estimates of positive component of government spending are
positive in the case of Indonesia, the Philippines, and
Thailand; however, the coefficient estimates are statistically
insignificant in the case of Malaysia and Singapore. The find-
ings reveal that in response of a 1% increase in positive com-
ponent of government spending, pollution emissions increase
by 0.063% in Indonesia, 0.127% in the Philippines, and 0.345
in the case of Thailand. However, the long-run negative com-
ponent of government spending reveals significant and

negative influence in the case of Indonesia, the Philippines,
and Singapore and significant positive influence in the case of
Malaysia. Government subsidy as an incentive policy for
waste reduction (Liu, Yi, and Wang, 2020; Tian et al.,
2020). However, the coefficient estimate of Thailand is statis-
tically insignificant which postulates that government spend-
ing negative shock exerts no influence on pollution emissions
in Thailand. The findings reveal that due to 1% increase in
negative component of government spending, pollution emis-
sions decrease by 0.176% in Indonesia, by 0.055% in the
Philippines, and by 0.459% in Singapore. However, a unit
increase in negative component of government spending re-
sults in increasing pollution emissions by 0.115% in the case
of Malaysia.

The short-run findings of positive components of discount
rate reveal a significantly negative influence on pollution
emissions in the case of the Philippines and Thailand.
However, the negative components of the discount rate exert

3. Philippines

-0.8

-0.4

0.0

0.4

0.8

1.2

1 3 5 7 9 11 13 15

Multiplier for DR(+)

Multiplier for DR(-)

Asymmetry Plot (with C.I.)

-.4

-.2

.0

.2

.4

.6

.8

1 3 5 7 9 11 13 15

Multiplier for GE(+)

Multiplier for GE(-)

Asymmetry Plot (with C.I.)

4. Singapore

-.5

-.4

-.3

-.2

-.1

.0

.1

.2

.3

.4

1 3 5 7 9 11 13 15

Multiplier for DR(+)

Multiplier for DR(-)

Asymmetry Plot (with C.I.)

-0.8

-0.4

0.0

0.4

0.8

1.2

1 3 5 7 9 11 13 15

Multiplier for GE(+)

Multiplier for GE(-)

Asymmetry Plot (with C.I.)

Fig. 1 continued.
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significantly positive influence on pollution emissions in the
case of the Philippines, Singapore, and Thailand. In the short
run, positive component of government spending positively
and significantly influences pollution emissions in all ASEAN
economies except Malaysia; however, the negative compo-
nents of government spending negatively and significantly
influence carbon emissions only in Malaysia and the
Philippines. In the end, the short-run coefficient estimates of
per capita GDP reveal a significantly positive influence on
pollution emissions in the case ofMalaysia and Thailand only.

The third panel of Table 3 demonstrates the outcomes of
diagnostic tests. The coefficient of the Lagrange multiplier
(LM) is statistically insignificant in all models except the
Philippines; however, the Ramsey RESET test and Hetero test
results are statistically insignificant in all models of ASEAN
economies. The findings of Ramsey RESET test, Hetero test,
and LM tests (except the Philippines) support autocorrelation-
free residuals and appropriate forms of models. The findings
of Wald test reported that fiscal and monetary policy shocks
have an asymmetric association with pollution emissions in

most ASEAN economies. The F-statistics is confirming that
cointegration exists among the variables in all models of
ASEAN economies except the Philippines. The ECT term
holds negative signs and also statistically significant at 5%
level for Thailand and 1% level for remaining ASEAN econ-
omies. The coefficient estimate of ECM term is −0.442% for
Indonesia, −0.486% for Malaysia, −0.684% for the
Philippines, −0.791% for Singapore, and −0.725% in case of
Thailand. In the end, the findings of CUSUM and CUSUM-2
confirm the stability of all the models except the Philippines in
case of CUSUM. Finally, the cumulative multiplier for mon-
etary and fiscal policy shocks and CO2 emissions is presented
in Fig. 1 for ASEAN economies.

Conclusion and policy implications

Considering the debate over the reasons for environmental
pollution, this study re-examines the dynamic impact of mon-
etary and fiscal policy on CO2 emissions in the case of
ASEAN-five countries for the period 1990 to 2019. This study
contributes to the existing literature by empirically testing via
panel and time series nonlinear ARDL approach. Regarding
ASEAN region, our estimated long-run coefficient from panel
ARDL shows that contractionary monetary policy mitigates
CO2 emissions, while expansionary monetary policy en-
hances CO2 emissions in the long run. However, expansion-
ary fiscal policy enhances CO2 emissions, whereas contrac-
tionary fiscal policy decreases carbon emissions in the long
run. The results show that contractionary monetary policy
enhances CO2 emissions, but expansionary fiscal policy en-
hances CO2 emissions in the short run. Additionally, GDP is
increasing CO2 emissions in ASEAN region.

Findings also show that contractionary monetary policy
had a negative effect on CO2 emissions in Malaysia and
Thailand, while it is a positive impact on CO2 emissions in
the case of the Philippines in the long run. Findings also re-
vealed that expansionary monetary policy enhances CO2
emissions of the Philippines and Thailand and negatively sig-
nificant on carbon emissions in case of Malaysia. As far as the
long-run effects of expansionary fiscal policy on CO2 emis-
sions in ASEAN economies are concerned, they are positive
and significant for Indonesia, the Philippines, and Thailand.
Findings also show that contractionary fiscal policy has neg-
ative and significant impact on CO2 emissions for Indonesia,
the Philippines, and Singapore and positively significant in the
case of Malaysia. Our short-run findings are also country-
specific in economy-wise analysis.

Our outcomes are also applicable to other regional econo-
mies. Our study highlights a more efficient way of reducing
carbon pollution through the instruments of monetary and
fiscal policy. ASEAN authorities should extensively adopt
monetary and fiscal policies to cope with environmental
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quality. For policy implications, our findings raise the signif-
icance of monetary and fiscal policy coordination in the ener-
gy and environment. ASEAN economies spend more on clean
sectors of the economy such as education, health, environ-
mental protection, green transportation, and green infrastruc-
ture. ASEAN should devote public expenditures to green
goods which are entirely environment-friendly. A joinedmon-
etary policy is required to green finance for ASEAN regions.
The authorities encourage environmentally favorable finance
to contain better access in low-carbon projects. Regarding
policies, monetary and fiscal policy coordination is more sig-
nificant and extensively adopted in the environmental quality
process in ASEAN economies.

This study has some possible limitations for upcoming re-
search. This study is only conducted for ASEAN; future stud-
ies can overcome this limitation by examining the monetary
and fiscal policy’s impact on CO2 emissions in other heavily
populated regions. Authors are encouraged to include other
monetary and fiscal instruments to test the current model for
ASEAN. Upcoming studies should be analyzed by using non-
linear ARDL approach for contractionary and expansionary
shocks of monetary and fiscal policies.
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