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Abstract

Recently, China has declared its national objective of becoming carbon neutral by 2060. Hence, mitigating carbon dioxide
emissions has become an important agenda of the Chinese government. Against this backdrop, this paper aims to evaluate
the effectiveness of pursuing expansionary fiscal and monetary policies on China’s carbon dioxide emission figures by using
annual frequency data from 1980 to 2018. Accordingly, this study considers the levels of government expenditure and broad
money supply as fiscal and monetary policy instruments, respectively. Besides accounting for structural break concerns in the
data, the findings from the empirical analysis reveal that there are long-run associations between carbon dioxide emissions,
economic growth, and fiscal and monetary expansion in China. Moreover, the results also show that in both the short- and
long-run expansionary fiscal policy trigger higher carbon dioxide emissions while expansionary monetary policy inhibits
the carbon dioxide emission figures of China. Furthermore, the results invalidate the existence of the Environmental Kuznets
Curve hypothesis since the relationship between China's economic growth and carbon dioxide emissions is evidenced to
portray an N-shape. In line with these findings, it is recommended that China achieve environmentally sustainable economic
growth by aligning the national fiscal and monetary policies with the 2060 carbon-neutrality objective.
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Introduction

In the modern era, climate change-related adversities have
nudged the world nations to decarbonize their respective
economies (Wang and Zhang 2020, 2021; Balsalobre-Lor-
ente et al. 2021). In this regard, the 21* Conference of Par-
ties (COP21) to the 1992 United Nations Framework Con-
vention on Climate Change (UNFCCC) has united 196 of
the global countries to ratify the Paris Accord (Wang et al.
2021; Khan et al. 2021). In this agreement, the signatories
have promised to minimize their greenhouse gas emission
figures in order to limit the rise in the global temperature
level. Specifically, the central objective of the Paris Accord
is to keep the rise in the global temperature level to well
below 2 °C above the pre-industrial level (Nathaniel et al.
2021; Rehman et al. 2021a). Hence, controlling the growth
in the rate of discharge of greenhouse gas emissions into the
atmosphere has become an utmost important environmen-
tal development objective worldwide. Although all forms
of greenhouse gas emissions are considered detrimental to
environmental well-being, carbon dioxide (CO2) emission,
in particular, is acknowledged in the literature as the main
driver of climate change (Abbasi et al. 2021a, b). Accord-
ingly, several studies have been carried out to identify the
macroeconomic factors that can help the global economies
to decouple CO2 emissions from economic growth (Ozturk
et al. 2021; Wang and Wang 2022).

Like all other signatories of the Paris Agreement, China
has also pledged to decarbonize its economy (Li et al. 2021;
Liu et al. 2021). Recently, Chinese President Xi Jinping has
declared the vision of its government to make sure China
becomes carbon—neutral by 2060 (Jiahua 2021; Ma et al.
2021). It is believed that this declaration came forward due
to the persistent deterioration of atmospheric quality which
has accompanied the robust growth of the Chinese econ-
omy. In 2019, 27% of the total volume of greenhouse gases
emitted worldwide was originated from China; thus, the
Chinese emission figures exceeded the cumulative emission
figures of all developed countries in the (BBC News 2021).
Therefore, considering these statistical records, China is cur-
rently to be the greatest contributor to the global climate
change adversities. As a result, decarbonizing the Chinese
economy is not only relevant from the national perspective
but also important for the world as a whole.

In order to attain the carbon-neutrality target by 2060, it
is crucial for the Chinese government to adopt appropriate
policies that can be implemented to generate environmen-
tally sustainable economic growth (Rehman et al. 2021b).
Primarily, economic growth and energy consumption have
been recognized as the two major drivers of environmental
degradation in China (Abbasi and Adedoyin 2021; Shum
et al. 2021). Moreover it is important to note that China
produces a lion’s share of its national output using coal;
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thus, the nation is the largest consumer of coal in the entire
world. Such significant dependence on coal and other fossil
fuels has made the Chinese government admit that China's
CO2 emission figures are likely to be keep surging and reach
the peak by 2030. This, in turn, implies that China is likely
to be unsuccessful in attaining the environmental sustain-
ability targets enlisted under the 2030 Sustainable Develop-
ment Goals (SDG) agenda of the United Nations. Under such
circumstances, mitigating CO2 emissions beckons to be a
major challenge for the Chinese government since letting
go the nation's traditional fossil fuel dependency is likely
to take more time.

Keeping into consideration the 2060 carbon-neutrality
agenda, it can be hypothesized that the Chinese government
has a critically important role to play in controlling CO2
emission. This is because taxing the agents responsible for
generating CO2 emissions can be expected to inhibit the
discharge of CO2 and other fossil fuel combustion-based
pollutants into the atmosphere. On the other hand, carbon
taxes can also encourage the employment of cleaner energy
resources to further abate energy use-related emissions. In
the same vein, Ulucak et al. (2020) argued that imposing
environmental taxes can help to curb CO2 emissions to a
large extent. Similarly, deploying stringent environmental
regulations, especially in the form of emission taxes, has
been claimed to be effective in mitigating CO2 emissions
(Ahmed et al. 2021a; Neves et al. 2020). It is estimated that
enhancing carbon taxes to 75 United States dollars per ton of
CO2 emitted is necessary for realizing the objective of limit-
ing global warming to at least 2 °C above the pre-industrial
levels (Gaspar et al. 2019).

Although such fiscal measures, in the form of taxation,
are assumed to be necessary for curbing CO2 emissions,
government expenditure can also influence the emission lev-
els. This is because public investments in the health and edu-
cation sectors can be associated with human capital devel-
opment which, in turn, can contribute to the growth in the
future income of the people; consequently, the consumption-
based CO2 emission levels can be anticipated to rise (Halkos
and Paizanos 2015). However, such fiscal expansion-led
income gains can also enable consumers to afford green
commodities which can help to reduce emissions (Le and
Ozturk 2010). Moreover, government expenditure for infra-
structure development can help the industrialization process
within an economy whereby the production-based CO2
emissions can be expected to surge (Murshed et al. 2021).
Besides, specifically in the context of China, industrializa-
tion is believed to be a barrier to decoupling CO2 emissions
from economic growth (Wang and Jiang 2019). Moreover,
government expenditure for financing the development of
the energy infrastructure can facilitate renewable energy
transition to abate CO2 emissions (Murshed et al. 2020,
Murshed 2021). It is duly mentioned in the literature that
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budgetary allocations for clean energy development helps
to abate CO2 emissions (Ahmed et al. 2021b, c¢). Therefore,
considering the above-mentioned ambiguous environmental
effects associated with the government’s fiscal policy, Lopez
et al. (2011) argued that the overall effect is conditional on
the efficiency and enforcement of environmental regulations.

Likewise fiscal policies, China’s CO2 emission figures
can also be assumed to be influenced by monetary policies. It
is obvious that monetary expansion is necessary for directly
enhancing economic growth; however, such strategies can
exert ambiguous indirect impacts on the environment as well
(Jalil and Feridun 2011). Enhancing the money supply under
an expansionary monetary policy regime is likely to boost
investments and facilitate industrialization. Consequently,
these policy measures can be associated with a rise in
energy demand whereby the energy consumption-based
CO2 emission levels are likely to go up (Ullah et al. 2021).
In contrast, monetary contraction, especially by increasing
the discount rate, is anticipated to reduce the aggregate
demand as consumers and producers are likely to consume
and produce less, respectively, and save more. Subsequently,
the monetary contraction-led decline in economic activities
can be associated with lower levels of CO2 emission (Chan
2020).

Although the above-mentioned arguments suggest that
monetary expansion is detrimental to environmental quality
while monetary contraction exerts environmental welfare-
enhancing effects, several studies have put forward counter-
arguments as rebuttals to these claims. It is acknowledged
in the literature that a contractionary monetary policy dis-
rupts technological innovation since it takes hefty invest-
ments to finance innovation-related projects (Qingquan et al.
2020; Azhgaliyeva et al. 2020). As a result, the prospects
of improving environmental quality through the technologi-
cal innovation channel become doubtful. On the other hand,
greening the monetary policies is likely to neutralize the
environmental adversities associated with the use of the con-
ventional expansionary monetary policy instruments (Schoe-
nmaker 2021). In this regard, reducing interest rates charged
against funds borrowed for investing in green projects can
be effective in reducing CO2 emissions (Zhang et al. 2021).
Besides, the extension of low-cost green finances can cata-
lyze technological innovations and renewable energy transi-
tion within the economy to further facilitate the attainment
of the environmental development objectives (Wang and Zhi
2016; He et al. 2019).

Against this backdrop, using annual frequency data
spanning from 1980 to 2018, this study aims to predict the
impacts of fiscal and monetary policies on China’s CO2
emission figures under the theoretical framework of the

Environmental Kuznets Curve (EKC) hypothesis.' In the
event of accelerated economic growth during the study
period, the EKC hypothesis-based analysis can help to
explain the economic growth-environmental degradation
trade-off scenario in China. Besides, this study is particu-
larly relevant from policymaking perspectives concerning
the attainment of China’s 2060 carbon-neutrality agenda.
Moreover, since the current government has expressed its
concerns regarding the aggravation of environmental qual-
ity in China, it can be assumed that public policies are to be
undertaken keeping China’s energy sustainability objective
into cognizance. In this regard, the possible environmental
outcomes associated with the execution of fiscal and mon-
etary policies need to be predicted.

The major contributions of this study to the correspond-
ing literature are three-fold. Firstly, although numerous stud-
ies on the EKC hypothesis have been conducted in the con-
text of China (Shahbaz et al. 2017; Pata and Caglar 2021),
not many of these have controlled for fiscal and monetary
policies within the analysis. Although only a limited num-
ber of preceding studies have analyzed the impacts of fiscal
policy on China's CO2 emission levels (Yuelan et al. 2019);
to the best of our knowledge, no study has simultaneously
evaluated the effects of fiscal and monetary policies on CO2
emissions in China’s context. Since both fiscal and monetary
policies have been recognized in the literature to be effective
in influencing the environmental attributes, it is pertinent to
control for both these key macroeconomic policies within
the EKC model.

Secondly, although the EKC hypothesis postulates CO2
emissions as a quadratic (inverted U-shaped) function of
economic growth (Apergis 2016; Apergis et al. 2017,
Isik et al. 2019; Rauf et al. 2020), it does not comment on
whether this relationship would sustain or not. Therefore, it
is important to evaluate this sustainability issue which has
largely remained unexplored in the literature. To particu-
larly address this literature gap, this study expresses the CO2
emission figures of China as a cubic function of economic
growth. In this regard, if the predicted coefficient attached
to the cubic term of the proxy variable used for measuring
economic growth is found to be statistically significant, then
it can be concluded that the EKC hypothesis is not likely to
sustain in the long-run. Lastly, this study adds to the limited
literature on EKC-related studies in the context of China
that have controlled for the possible structural break issues
in the data. It is said that ignoring the structural break data
issues generate biased results (Murshed and Alam 2021).
Since China has endured several domestic and international

! For an in-depth understanding of the principles of the ECK hypoth-
esis, see Apergis and Ozturk (2015), Paramati et al. (2018), Murshed
and Dao (2020), Hamid et al. (2021), and Wang et al. (2022).
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Fig. 1 Macroeconomic trends
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macroeconomic shocks during the study period, it is neces-
sary to check for structural breaks in the data. Accordingly,
this study identifies the location of the structural break using
a second-generation unit root testing technique and controls
for it within the regression analysis.

The rest of this paper is arranged as follows: Section 2
presents the trends in CO2 emissions, instruments of fiscal
and monetary policies, and the GDP of China during the
study period considered in this study. The summaries of the
preceding studies are presented in Section 3. Section 4 out-
lines the methodology followed in this study while Sec-
tion 5 presents the findings from the econometric analysis.
Lastly, the concluding remarks and policy recommendations
are put forward in Section 6.

Macroeconomic trends in China

An overview of the evolutionary trends in China’s key mac-
roeconomic variables is illustrated in Fig. 1. The traditional
economic growth-environmental degradation trade-off in
China is evidenced by the trends in the nation’s per capita
CO2 emissions and the GDP. It can be seen that between
1980 and 2018, the per capita CO2 emission figures have
multiplied by almost five-fold while the per capita GDP fig-
ures have surged by more than 140 times. These rising trends
highlight that the economic growth policies executed by the
Chinese government have not been able to safeguard the
well-being of the environmental attributes in China. Under
such circumstances, the monotonic fossil fuel dependency
of China can be referred to as the major contributor to the
aggravation of environmental quality alongside the growth
of the Chinese economy.

Besides, Fig. 1 also provides an understanding of the
historical trends in China’s fiscal and monetary policies. It
is evident that China has implemented expansionary fiscal
policies over the years which can be perceived from the ris-
ing trend in the annual expenditure levels of the Chinese
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government. During the 1980s, the average per capita gen-
eral government final consumption expenditure budget was
around 133 Chinese Yuans which during the 2010s surged
to around 8000 Chinese Yuans. Moreover, it can be asserted
that under such expansionary fiscal policy regimes, the Chi-
nese government has managed to significantly boost its tax
revenues. Consequently, in 2018, China reduced its fiscal
deficit figures by 0.4% compared to the level in the previous
year, especially by enhancing the tax revenues by around 4%
(Yuelan et al., 2019). The surge in the tax revenue figures
implies that taxation policies in China have been effective
in generating revenue for its government.

On the other hand, as far as monetary policy is con-
cerned, the upward trends in China’s broad money (M2)
supplies certify the execution of expansionary monetary
policies by the Central Bank. In the 1980s, the average
per capita level of M2 in China was around 600 Chinese
Yuans which surged to more than 96,000 Chinese Yuans,
on average, during the 2010s. The Chinese central bank
has implicitly executed inflation targeting mechanisms to
maintain price stability whereby the monetary policies are
adjusted accordingly (Girardin et al. 2017). Therefore, the
collective trends in these key macroeconomic variables (as
depicted in Fig. 1) portray that both fiscal and monetary
expansion measures have contributed to higher economic
growth in China; however, these policies could have also
played a major role in aggravating environmental quality
in tandem. Hence, it is important to examine the environ-
mental impacts that have accompanied the expansionary
fiscal and monetary policies pursued within the Chinese
economy.

Literature review

Firstly, in this section, we summarize the findings of dif-
ferent EKC-related studies that have used CO2 emissions
to quantify the environmental impacts associated with
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economic growth. Secondly, the preceding studies that have
explored the effects of fiscal and monetary policies on CO2
emissions are reviewed.

The economic growth-C02 emissions nexus
within the EKC hypothesis analysis

In general, the EKC hypothesis, introduced by Grossman and
Krueger (1991), postulates that economic growth is the ini-
tiator of environmental adversity and also the means through
which these adversities are reduced. Accordingly, the EKC
hypothesis is only valid in the context of the economic
growth-CO2 emissions relationship depicting an inverted
U-shape. Following Grossman and Krueger (1991), the EKC
Hypothesis was evaluated using both country-specific and
cross-sectional data (Dogan and Ozturk 2017; Salahuddin
et al. 2018; Ahmad et al. 2021a; Verbi¢, M., Satrovic; Verbic
et al. 2021; Satrovic et al. 2021). The findings documented
revealed mixed evidence concerning the authenticity of the
EKC hypothesis for CO2 emissions.

Among the preceding studies that have validated this
hypothesis, Danish et al. (2017) asserted that the EKC
hypothesis holds for Pakistan. The findings, derived from
the Autoregressive Distributed Lag (ARDL) modelling
approach, showed evidence of economic growth initially
boosting CO2 emissions and later on mitigating them only
in the context of the long run. In contrast, the short-run
results refuted the authenticity of the EKC hypothesis as
the corresponding elasticity estimates suggested a U-shaped
relationship between the variables. Apart from economic
growth, the authors controlled for renewable and non-
renewable energy consumption and remarked that enhanc-
ing renewable energy use plays a key role in of-setting the
economic growth-environmental degradation trade-off
in the long run. Similarly, in the context of the Emerging
Seven (E7) nations including China, Bekun et al. (2021)
found statistical evidence of the EKC hypothesis holding
in the long run. Further, the authors also added that poor
institutional quality boosts CO2 emissions while renewable
energy abates the emissions. In another study on 66 devel-
oping nations, Akram et al. (2020) remarked that energy
efficiency improvement and clean energy use contribute to
validate the EKC hypothesis. However, controlling for for-
eign direct investment inflows, Ahmad et al. (2021b) found
evidence that the EKC hypothesis is valid for only five out
of 23 Chinese provinces.

Conversely, among the existing studies that could not
establish the inverted U-shaped nexus to verify the EKC
hypothesis for CO2 emissions, Halliru et al. (2020) con-
cluded that that the EKC hypothesis does not hold in the
context of six West African countries. Altintas and Kas-
souri (2020) also could not verify the EKC hypothesis for
CO2 emissions in the case of 14 European nations. However,

the authors did establish the validity of the EKC hypoth-
esis for these countries using their ecological footprints to
measure the environmental impacts of economic growth
across Europe. Similarly, Alola and Donve (2021) showed
that the EKC hypothesis does not hold for Turkey since the
findings revealed that the economic growth-CO2 emissions
nexus follows a U-shaped association. In another relevant
study on South Korea, Koc and Bulus (2020) opined that
the inverted U-shaped economic growth-CO2 emissions
nexus does not sustain; the results indicated that economic
growth in South Korea exerted an N-shaped relationship
with the nation’s CO2 emission figures. In the same vein,
the N-shaped relationship was also revealed in the studies
by Baris-Tiizemen et al. (2020) for Turkey and Allard et al.
(2018) for selected high-income, lower-middle-income, and
low-income countries.

In the context of country-specific studies on China, con-
trolling for coal consumption and globalization between
1970 and 2012, Shahbaz et al. (2017) employed the ARDL
technique and found the EKC hypothesis for CO2 emissions
to be valid. Similarly, analyzing annual data from 1965 to
2016, Dong et al. (2018) also verified the EKC hypothesis
for CO2 emissions in China while natural gas and renew-
able energy use were ascertained to boost the CO2 emis-
sion figures of the nation. In another time series analysis
on China between 1980 and 2014, Chen et al. (2019) also
concluded that promoting renewable energy use helps to
validate the EKC hypothesis; in addition, the authors empha-
sized the relevance of facilitating international trade to curb
CO2 emissions in China. The CO2 emissions-induced EKC
hypothesis for China was also highlighted in the study by
Jamil and Mahmud over the 1975-2005 period. Apart from
authenticating the EKC hypothesis at the national level, the
EKC hypothesis for CO2 emissions was also verified using
provincial data. Dong et al. (2017) used annual data from
30 Chinese provinces from 1995 to 2014 and concluded that
increasing natural gas consumption can help to authenticate
the EKC hypothesis by mitigating the provincial CO2 emis-
sion figures.

The literature on the effects of fiscal and monetary
policies on CO2 emissions

Different studies have used different fiscal policy instru-
ments to assess the impacts of fiscal policy on CO2 emis-
sions. Yilanci and Pata (2021), in the context of the Group
of Seven (G7) countries, used government expenditure level
as a proxy for fiscal policy and found that higher public
expenditure can be effective in curbing CO2 emissions. Sim-
ilarly, Katircioglu and Katircioglu (2018) investigated the
effects of the share of government expenditure on Turkey’s
GDP on the nation’s CO2 emission levels under the lens of
the EKC hypothesis. The results, although invalidating the
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EKC hypothesis, showed that a higher government expendi-
ture share in the GDP helps to reduce CO2 emissions. Tke
et al. (2020) also studied the relationship between fiscal
policy and CO2 emissions for Thailand using the per capita
levels of government’s final consumption expenditure and
tax revenues as proxies for fiscal policy. Their results indi-
cated that increases in the per capita levels of both these
fiscal policy indicators lower CO2 emissions in Thailand.
Besides, the EKC hypothesis was also validated for Thailand
in this study.

Furthermore, emphasizing pollution tax as a fiscal reve-
nue instrument, several studies have also attempted to predict
the effects of revenues generated from carbon taxes on CO2
emissions. In the context of 29 Organization for Economic
Cooperation and Development (OECD) member countries,
Hashmi and Alam (2019) documented evidence of higher
environmental tax revenues being associated with lower
CO2 emissions. In another similar study on 15 countries
members of the European Union, Aydin and Esen (2018)
concluded that carbon taxes initially do not effectively curb
CO2 emissions but beyond a threshold tax revenue level,
carbon taxation is evidenced to reduce CO2 emissions in
Europe. Considering industrial CO2emissions, Mardones
and Flores (2018) concluded that high carbon taxes help to
stimulate a cleaner fuel transition in Chile whereby the CO2
emission levels can be contained. However, low carbon taxes
were found to be ineffective in significantly reducing CO2
emissions in Chile.

In the context of China, Yuelan et al. (2019) scrutinized
the effects of fiscal policy on the Chinese CO2 emission
levels between 1980 and 2016. In this study, the authors
used two alternative fiscal policy instruments namely the
respective shares of total government expenditure and rev-
enue in the GDP. The results from the ARDL analysis dem-
onstrated that in the short-run expansionary fiscal policy
helps to mitigate CO2 emissions; however, this impact gets
reversed in the long run. In line with these findings, the
authors concluded that fiscal expansion, although exerting
environmentally friendly short-run impacts, is detrimental to
the long-run environmental well-being in China. Among the
other related studies for China, Hao et al. (2020) and Khan
et al. (2020) concluded that increasing public spending, as
an indication of the execution of expansionary fiscal policy,
is likely to raise CO2 emissions in neighboring Chinese
provinces. However, these studies were mostly conducted
at the provincial level and overlooked the environmental
impacts of monetary policy. Moreover, these studies have
also not evaluated whether the EKC hypothesis sustains or
not whereby little is known regarding whether the N-shaped
economic growth-CO2 emissions nexus exists in China or
not.

Now turning to the preceding studies on the monetary
policy effects on CO2 emissions, Qingquan et al. (2020)
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evaluated the effects of expansionary and contractionary
monetary policies on CO2 emissions in the cases of selected
Asian nations. The results revealed that enhancing money
supply (monetary expansion) is likely to boost CO2 emis-
sions while reducing money supply (monetary contraction)
can be expected to curb CO2 emissions across Asia. Con-
trarily, in a large panel data analysis comprising data from
101 global economies, Vo and Zaman (2020) found evidence
of a rise in M2 supply helps to curb CO2 emissions in the
long run. On the other hand, Qingquan et al. (2021) used
the shocks to the real interest rates to proxy for monetary
policy and found expansionary and contractionary monetary
policies to boost and inhibit CO2 emissions, respectively, in
Australia.

Until recently, a limited number of studies have precisely
modelled the determinants of CO2 emissions by simulta-
neously controlling for both fiscal and monetary policies.
Among these, Chishti et al. (2021) explored the effects of
expansion and contraction in monetary and fiscal policies
on CO2 emissions in the context of the BRICS? countries.
The results revealed that fiscal expansion amplifies CO2
emissions while fiscal contraction mitigates CO2 emissions.
Besides, both monetary expansion and contraction were
found to curb the CO2 emission figures of the BRICS coun-
tries. In the context of the Association of Southeast Asian
Nations (ASEAN) members, Mughal et al. (2021) evaluated
the effects of fiscal and monetary policies on CO2 emis-
sions using the government expenditure level and discount
rate to proxy for fiscal and monetary policy instruments,
respectively. The results from the non-linear ARDL analysis
portrayed that in the long-run monetary expansion trigger
CO2 emissions while monetary contraction reduces them.
As far as the fiscal policy was concerned, fiscal expansion
was evidenced to be effective in reducing CO2 emissions.
Recently, Bhowmik et al. (2021) concluded that monetary
policy uncertainty is associated with higher CO2 emissions
in the United States of America (USA) while fiscal policy
uncertainty was found to be rated to lower CO2 emissions.

Empirical model and econometric
methodology

Empirical model and data

As per the theoretical underpinnings of the EKC hypoth-
esis, the possible non-linearity of the economic growth-CO2

emissions nexus can be evaluated using a quadratic model
specification as follows:

2 BRICS denotes Brazil, Russia, India, China, and South Africa.
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Table 1 Descriptive statistics InCO2 InGE InGDP InGDP? InGDP® InM2
Mean 0.629 4.093 4.833 23.839 119.804 2.023
Median 0.632 4.033 4.930 24.309 119.854 2.093
Maximum 0.677 5.274 5.873 34.492 202.569 2.317
Minimum 0.584 3.056 3.662 13.407 49.092 1.561
Std. Dev 0.029 0.720 0.702 6.721 49.007 0.224
Skewness -0.017 0.172 -0.170 —0.007 0.152 —0.581
Kurtosis 1.811 1.692 1.778 1.753 1.777 2.090
Jarque—Bera 2.182 2.818 2.480 2.396 2.447 3.360
Probability 0.336 0.244 0.289 0.302 0.294 0.186
Sum 23.260 151.457 178.826 882.059 4432.758 74.838
Sum Sq. Dev 0.031 18.653 17.766 1626.246 86,460.820 1.812
Observations 37.000 37.000 37.000 37.000 37.000 37.000

InCO2, = 9y + 0,InGDP, + 62(lnGDP,)2 te, (1) growth resulting in higher emissions of CO2. Besides, the

However, since this current study is interested in under-
standing whether or not the EKC hypothesis sustains in
the context of China, we transform the traditional EKC by
expressing CO2 emissions as a cubic function of economic
growth. The transformed model can be expressed as follows:

InCO2, = d, + 0,InGDP, + 3, (InGDP,) + 0, (InGDP,)’ + ¢,
@)

Moreover, to evaluate the effects of fiscal and monetary
policies on the CO2 emission figures of China, we also
include instruments of fiscal and monetary policies in our
model. The empirical model used in this study is shown as:

InCO2, = 9y + 3, InGDP, + 3, (InGDP,)*
+0,(InGDP,)" + 3,InGE, + a5inM2, + ¢, )
where the subscript t denotes the period of the study stem-
ming from 1980 to 2018, ¢ refers to the error term, d, is the
intercept parameter, and d,(k = 1,2, ..., 5) are the elasticity
parameters to be predicted. The dependent variable InCO?2 is
the natural logarithm of annual per capita CO2 emission fig-
ures (measured in metric tons) in China. The changes in the
CO2 emission figures can be interpreted as changes in envi-
ronmental quality. In simple terms, higher CO2 emissions
are synonymous with aggravation of environmental quality
while lower CO2 emissions are synonymous with improve-
ment in environmental quality in China. Among the explana-
tory variables of concern, the variables InGDP, InGDP2,
and InGDP3 refer to the natural logarithms of the per capita
Gross Domestic Product (GDP) level of China (measured
in 100 million Chinese Yuans) and its squared and cubic
terms, respectively. In this study, the annual GDP level is
used to proxy for the growth of the Chinese economy. If the
predicted signs of the associated elasticity parameters 0,,0,,
and d; are positive, then it can be interpreted as economic

EKC hypothesis is verified only if the signs of the predicted
elasticity parameters d; and d, are positive and negative,
respectively, and statistically significant while the elasticity
parameter d; is statistically insignificant. Furthermore, given
that the respective signs of the elasticity parameters d; and 0,
are positive and negative, if the predicted sign of the elastic-
ity parameter 0, is statistically significant and positive then
the economic growth-CO2 emissions nexus would depict an
N-shape (Barig-Tiizemen et al. 2020).

The regressor InGE refers to the natural logarithm of the
government expenditure level of China (measured in 100
million Chinese Yuans). The annual government expendi-
ture levels are used as a proxy for fiscal policy instruments
whereby higher expenditure levels indicate fiscal expansion
and lower values indicate fiscal contraction. Hence, if the
predicted sign of the elasticity parameter d, is positive, it can
be interpreted as expansionary fiscal policy being associated
with higher CO2 emissions in China and vice-versa. Lastly,
the variable InM2 stands for the natural logarithm of the
annual M2 supply level in China (measured in 100 million
Chinese Yuans) which is used as a monetary policy instru-
ment in the context of this study. In this regard, higher levels
of M2 would be an indication of monetary expansion while
lower M2 levels can be interpreted as monetary contraction.
Therefore, if the predicted sign of the elasticity parameter
0s 1s positive, it can be asserted that expansionary monetary
policy is associated with higher CO2 emissions in China
and vice-versa.

The data for all these variables have been compiled from
the World Development Indicators database provided by
the World Bank (2021). The missing values in the data are
addressed using the interpolation method. Table 1 presents
the descriptive statistics of the variables used in this study. It
shows that the variable InGDP has the highest mean with a
value of 4.833, and the variable InCO2 has the lowest mean
value of 0.628. Similarly, the variable InGDP has the highest
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median value of 4.930, and InCO2 has the lowest median
value of 0.632. Besides, it can be seen that the variables
InCO2, InGDP, InGDP?, and InM2 are negatively skewed
while the rest are positively skewed. Moreover, since the
kurtosis values of all variables are below 3, it can be asserted
that these variables are platykurtic. Furthermore, the prob-
ability values of the Jarque—Bera statistics for all variables
indicate that these variables are normally distributed.

Estimation strategy

Firstly, the econometric analysis conducted in this study
begins by evaluating the stationarity properties of the
variables using a relevant unit root estimator. Since accounting
for structural break issues within the unit root analysis is
important, the Zivot and Andrews (1992) test is employed
in this study. This method corrects for the limitations of
the conventionally used unit root test of Phillips and Perron
(1988) since those traditional techniques fail to consider
information about a structural breakpoint in the data. Ignoring
such structural break concerns lead to the estimation of
biased and inaccurate stationarity properties of the respective
variable (Zivot and Andrews 1992). Under the Zivot-Andrews
approach, a test statistic for each variable, either at the
level or at the first difference, is predicted considering the
null hypothesis of non-stationarity against the alternative
hypothesis of stationarity of the variable of concern. Besides,
this method also identifies the location of a structural break
in the data of the respective variable. The unit root analysis is
followed by the cointegration and regression analyses.

Secondly, this study utilizes the ARDL approach of Pesaran
et al. (2001) for conducting the cointegration and regression
analyses. Under this method, there are two different steps. In
the first step, a bounds test is performed to assess the existence
of cointegrating relationships among the variables considered
within the model. Accordingly, the ARDL bounds test predicts
a F-statistic under the null hypothesis of non-cointegration.
In the context of the F-statistic being greater than the upper
and lower bound critical values, it can be claimed that there
are long-run associations between the variables of concern.
Given that the presence of cointegration is detected, the ARDL
regression analysis is applied to predict the short and long-run
elasticity parameters in the second stage.

Compared to the conventional methods employed for
performing the cointegration and regression analyses, the
ARDL method has some distinct advantages. For instance,
the traditional methods require all the variables included
within the model to have a unique order of integration at the
first difference (Yuping et al. 2021). In contrast, the ARDL
method relaxes this requirement and can accommodate vari-
ables with mixed order of integration at either the level or
the first difference, but not at the second difference. Besides,
the ARDL bounds test for cointegration is more efficient
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in handling short time series data sets while the traditional
Johansen (1988) cointegration analysis is more relevant for
assessing cointegration in the context of long data sets (Al-
Mulali et al. 2016). Moreover, this technique can also correct
the endogeneity issues in the data (Murshed et al. 2021).
The empirical model considered in this study (as indicated in
Eq. (3)) can be shown using the ARDL specification as follows:

AlnCO2, = 0y + Y. 0,;AInCO2,_; + Y. 3, AInGDP,_,
i=0 i=0

s 5
+ Y, 0y,A(InGDP,;)* + ¥, 0,,A(InGDP, )’
i=0 i=0 (4)

s s
+ Y 05, AlnGE,_; + )" 05;AInM2,_; + ¢,InCO2,_, + @,InGDP,_,
i=0 i=0

+ @3 (lnGDP,_] )2 + @y (lnGDP,_l )3 + @5InGE + @5InM2 + ¢,

where A denotes the first difference operator. The sub-
script i stands for the lag order for the respective variable
which can differ across the variables. The optimal lags are
chosen as per the Schwarz Information Criterion (SIC).?
From Eq. (4), the short-run ARDL elasticity parameters can
be predicted using the equation specified below:

AlnCO2, = 0y + 3" 0, AInCO2,_; + " 0, AlnGDP,_,;
i=0 i=0

+ Y, 0y,A(InGDP,_;)* + ¥ 0,,A(InGDP,_;)’ (5)
i=0 i=0

+ 2 0s,AInGE,_; + 2 06,;AlnM2,_; + aECT,_; +¢,
i=0 i=0

where ECT stands for the one-period lagged error-cor-
rection term which shows the speed of convergence to long-
run equilibrium. The short-run elasticity parameters of CO2
emissions are given by d,(k = 1,2, ..., 6). From Eq. (4), the
long-run ARDL elasticity parameters can be estimated using
the equation expressed below:

InCO2, = @y + @,InGDP, + w,InGDP, + w, (InGDP,)2
+awy (lnGDP,)3+w5lnGE, + wglnM2, + o, ©
where @, (m=1,2,...,6) are the long-run elasticity
parameters of CO2 emissions to be predicted using the
ARDL analysis. Once the short- and long-run elasticities
are predicted using the ARDL method, it is necessary to
conduct some diagnostic tests. In this regard, the Breusch-
Godfrey Lagrange Multiplier (2 LM) test is performed to
explore the serial correlation problems in the model. Then,
to check whether the residuals are normally distributed or
not, the Jarque-Berra test (x2 NORMALITY) is conducted.
Besides, the heteroscedasticity issues are diagnosed using
the Autoregressive Conditional Heteroskedasticity (ARCH)
effects analysis (x2 ARCH). Furthermore, the model misspeci-
fication concerns are addressed using the Ramsey RESET (x 2

3 For brevity, the optimal lag selection output is not reported but can
be made available upon request.
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Table 2 Unit root test result Variable Levels, 1(0) First difference, I(1) Order of
— - — - integra-
Test statistic ~ Breakpoint Test statistic ~ Breakpoint tion
InCO2 —1.783 1990 —5.851%** 1992 1(1)
InGDP 2.844 1992 —4.194%* 1994 1(1)
InGDP? —1.653 1991 —4.202%** 2010 1(1)
InGDP? -0.514 1990 —4. 151 %** 1992 1(1)
InGE —-2.571 1992 —4.957%** 2011 1(1)
InM2 —3.661** 2008 - - 1(0)

The Schwarz Information Criterion (SIC) is used to set the optimal lags; *** and ** denote rejection of the
null hypothesis of non-stationarity at statistical significance at 1% and 5% significance level, respectively

RESET) test. Lastly, the stability of the elasticity parameters is
examined through the Cumulative Sum (CUSUM) and the Cumu-
lative Sum of Squares (CUSUMSAQ) tests. Furthermore, for check-
ing the robustness of the long-run elasticity estimates from the
ARDL analysis, the Dynamic Ordinary Least Squares (DOLS),
Fully Modified Ordinary Least Squares (FMOLS), and Canonical
Cointegrating (CC) regression estimators are utilized in this study.

Lastly, to find out if there is causality in the relationship
between the study variables, we apply the Vector Error-
correction Model (VECM) method. The approach is used
in mustering the long and short-run causality between the
variables. The VECM model concerning this study can be
expressed as follows:

InCO2, a Biii Bz Bz Brai Bisi Biei nCo2,_,
InGDP, a, Boti Bazi Brsi Bowi Bosi Poei InGDP,_,
InGDP; | %4 i(l ) Bsi Bsa Bisi PBawi Bisi Poer . InGDP?,_,
InGDPf 4 =l Baii Bazi Bazi  Pasi Basi Basi InGDP 31-1
InGE, 9 Bsii Bsy Bssi Bssi Bssi Psei InGE,,
M2, “ Boti Pox Boai Posi Bosi Pooi M2,

when the predicted ECT,_; is negative and statistically sig-
nificant, then the long-run causality is confirmed. The inter-
pretation of B, ; # 0V;, proposes that government expendi-
ture, M2 supply, and economic growth Granger cause the
CO2 emission figures of China. The statistical significance
of lagged error term, ECT,_;, apart from showing the con-
vergence speeds from short- to long-run equilibrium path,
is also the one that helps to confirm the long-run causal
relationships between the series.

Results and discussion

Firstly, the Zivot-Andrews unit root analysis is conducted.
The corresponding results, as illustrated in Table 2, indi-
cate that all the variables are stationary at the first differ-
ence [I(1)] while the variable InM2 is stationary at level
[1(0)]. Therefore, these findings portray the mixed order of

integration among the variables. Besides, the location of
the structural break for the respective variable, at either the
level or the first difference, is also identified.* Following
the identification of the integration order, the presence of
cointegrating equations within the model is checked using
the ARDL bounds text analysis.

Table 3 reports the F-statistic for our econometric model
that is predicted using the ARDL bounds test. It can be evi-
denced that the F-statistic is 4.924 which is above both the
lower and upper critical bounds at the 1% level of statistical
significance. Hence, the null hypothesis of non-cointegration
among the variables is rejected to affirm the presence of at
least one cointegrating equation in our model. In light of this

Bri Prai Pz Prai Bisi Prsi nC02,_, a 8,

Boi Booi Bosi Bowi Bosi Poei InGDP,_, B [

i By PBaai i Bisi Paoi InGDP?,_ 5

Baii Bazi Pazi Paai Basi Pie " 3:1 4 Y et 3

Bari Bazi Basi  Pagi Pasi Basi InGDP”,_, 9 By,

Psii Bszi Bssi Bssi Bssi Psei InGE,., P ¥

InM2,_ ® S,

Boii Bexi Boai  PBesi PBesi Pooi =1 o

Table 3 ARDL bound test results

Model F- statistics Lag structure

InCO2=AInGDP, InGDP?,
InGDP?, InGE, InM2)

4.924%** (1,1, 1,1, 1, 1)

Significance level Lower bound criti-  Upper bound
cal value critical value

10% 2.18 4.00

5% 2.38 3.48

2.5% 2.80 3.63

1% 3.06 4.25

Optimal lag selection is based on SIC; *** denotes statistical signifi-
cance at 1% level

* The identified structural breakpoint locations for the dependent var-
iable InCO2 are used to compute dummy variables that are included
within the regression model.
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Table 4 Long- and short-run results from ARDL analysis

Regressors Coeff Std. error t-statistic Prob

Long-run analysis

InGDP 1.586%*  0.627 2.553 0.016
InGDP? —0.301**  0.126 —2.367 0.024
InGDP? 0.017#*  0.015 2.055 0.049
InGE 0.178*** 0.039 4.690 0.000
InM2 —0.293*** 0.070 —4.161 0.000
D(Break) —1.230**  0.620 —1.980 0.048
Constant —2.478** 0.955 —2.590 0.014
Short-run analysis

InGDP 4.201%%* 1.385 4.098 0.004
InGDP? —0.816%** 0.274 -2972 0.006
InGDP? 0.047**  0.017 2.648 0.015
InGE 0.482*** 0.136 3.532 0.003
InM2 —0.793*%** 0.226 —3.501 0.003
D(Break) —1.410**  0.629 —2.080 0.041
Constant —6.703*** 2315 —2.891 0.000
ECT, -0.369*%*  0.057 —6.451 0.015
Adj. R2 0.890

Diagnostics

Test Test statistic Probability

x2 LM 0.026 0.921

x2 NORMALITY 2.439 0.295

x2 ARCH 0.761 0.607

x2 RESET 0.041 0.841

* and ** denote statistical significance at 1% and 5% significance lev-
els, respectively

finding, it can be claimed that there are long-run associa-
tions between China’s per capita CO2 emission figures and
per capita levels of GDP, government expenditure, and M2
supply. Since the Zivot-Andrews test revealed mixed integra-
tion order among the variables and the ARDL bounds test
showed cointegrating relationships, it is relevant to predict
the elasticities of CO2 emissions using the ARDL regres-
sion method.

The elasticity parameters predicted using the ARDL
analysis are reported in Table 4. From the long-run analy-
sis, it can be evidenced that economic growth initially trig-
gers CO2 emissions, then reduces CO2 emissions, and then
boosts CO2 emissions again in China. Hence, in line with
these findings, it can be claimed that the economic growth-
CO2 emissions nexus depicts an N-shaped relationship in
the context of China. This implies that the EKC hypothesis
for CO2 emissions does not hold for China in the long run.
This is a plausible finding since the Chinese President, in his
declaration of the 2060 carbon-neutrality agenda, mentioned
that CO2 emission in China is likely to sustain till 2030
which would not enable China to attain the environmental
sustainability objective of the United Nations’ 2030 SDG
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agenda. As a result, it is likely that the economic growth-
environmental degradation trade-off in China is not likely
to be phased out soon which, in turn, justifies the finding
of the N-shaped relationship between these variables. This
finding is parallel to the findings reported Koc and Bulus
(2020) and Baris-Tiizemen et al. (2020) for South Korea and
Turkey, respectively.

Besides, the long-run estimates also show that fiscal
expansion in China exerts adverse environmental impacts
on China. Specifically, it is evidenced that if the per capita
government expenditure level increase by 1%, then the
Chinese per capita CO2 emission figures are likely to
surge by 0.18%, on average, ceteris paribus. This finding is
expected since it has been acknowledged in the literature that
public investments have played a major role in boosting the
growth of China’s manufacturing sector (Kim et al. 2021).
Subsequently, the public investment-led manufacturing
section boom in China is likely to have increased the energy
demand which is met mostly by the traditionally utilized
fossil fuels. As a result, the finding of a positive correlation
between government expenditure and CO2 emissions in
China can be claimed valid. Similar conclusions were made
by Yuelan et al. (2019) for China; however, the finding
contradicts the results reported by Ike et al. (2020) for the
case of Thailand.

Lastly, the long-run estimates also reveal that
expansionary monetary policy is environmental welfare-
enhancing in the context of China. The corresponding
elasticity parameter estimate shows that a 1% rise in the
per capita level of M2 supply is likely to curb the per
capita CO2 emission figures of China by around 0.30%,
on average, ceteris paribus. This finding certifies that the
monetary expansion mechanisms executed in China are
environmentally friendly whereby favorable environmental
outcomes have resulted. It has been acknowledged that
the Chinese government’s investments in research and
development have facilitated the growth of the economy
of China. In this regard, these investments can be expected
to finance the technological innovation-led environmental
development initiatives in China whereby the CO2 emission
figures of the nation can be efficiently contained in the long
run. This result corroborates the conclusion made in the
study by Vo and Zaman (2020).

The short-run results reported in Table 4 show that the
short-run effects of economic growth and fiscal and mon-
etary policies on CO2 emissions are similar to the corre-
sponding long-run effects. This phenomenon is understood
from the identical signs of the short- and long-run elasticity
parameters. Hence, the N-shaped economic growth-CO2
emissions nexus is also verified in the short run. However,
compared to the long run, the adverse environmental effects
of fiscal expansion in the short run are relatively larger. This
implies that expansionary fiscal policy is comparatively less
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Table 6 The VECM causality results

Estimator DOLS FMOLS CcC
Regressors Coeff Coeff Coeff
InGDP 2.860%** 2.960%** 2.811%%*
InGDP? —0.615%** —0.590%** —0.701%**
InGDP? 0.030%* 0.035%** 0.037#*
InGE 0.228%** 0.235%** 0.278***
InM2 —0.319%** —0.300%** —0.318%%*
D(Break) — 1.350%** —1.339%** —1.388%*
Constant —2.718%%* —3.121%** —2.950%**

“* and ** denote statistical significance at 1% and 5% significance
levels, respectively

detrimental to environmental well-being in the long run.
However, in the comparison between the short- and long-run
environmental effects associated with monetary expansion, it
can be witnessed that the marginal CO2 emission-inhibiting
impact of monetary expansion tends to reduce with time.
This is a concerning finding which casts doubt on China’s
prospects of achieving environmental sustainability.
Besides, it can be seen that the parameters associated with
the structural break dummies, both in the short and long run,
are statistically significant. This justifies the relevance of
controlling for the structural break within the ARDL analy-
sis. The adjusted R-squared value is predicted at 0.890 which
implies that around 89% of the total variations in China’s per
capita CO2 emission figures can be explained by the positive
shocks to the nation's per capita levels of GDP, government
expenditure, and M2 supply. On the other hand, the lagged
ECT is predicted to be negative and statistically significant
as well. The value of the ECT (—0.369) implies that any
short-run disequilibrium in the current period is adjusted
at a speed of around 37% in the next period. Furthermore,
the findings from the diagnostic tests reveal that the ARDL
model considered in this study is free from serial correlation,
heteroscedasticity, non-normality, and model misspecifica-
tion problems. Additionally, the CUSUM and CUSUM of

InCO2 InGDP InGE InM2 Long run

(ECT)
InCO2 - 0.030  —0.611%* —1.050%* —0.108%*%**
(-0.347) (-0.300) (—0.440) (—0.008)

InGDP —0.539 - 26.589**  33239%k*  _—(.018*
(-0.514) (—13.050) (—13.881) (—0.011)

InGE 0.022 -0.126 - 0.020 0.019%*
(=0.151) (—0.194) (—0.246) (-0.011)

InM2  0.158 0.841*** —0.086 - 0.019*
(=0.153) (=0.197) (-0.198) (=0.013)

The standard errors are reported within the parentheses; ***, ** and
* denote statistical significance at 1%, 5%, and 10% significance lev-
els, respectively

squares plots (shown in Fig. 2) verify the stability of the
ARDL parameter estimates.

The robustness of the long-run elasticities of CO2 emis-
sions from the ARDL analysis is checked using the DOLS,
FMOLS, and CC regression estimators. The correspond-
ing estimates from the robustness analysis are presented in
Table 5. It can be seen that although the elasticity param-
eters predicted using the DOLS, FMOLS, and CC estima-
tors depict identical signs, their magnitudes are relatively
smaller than the corresponding long-run ARDL elasticity
estimates. This implies that the ARDL method is efficient
in reducing the overestimate bias observed from the other
three alternative methods considered in this study. The rela-
tively smaller ARDL elasticity parameters could be because
the DOLS, FMOLS, and CC regression methods require a
common order of integration among the variables, whereas
the limitation of these methods is accounted for within the
ARDL analysis which allows for a mixed order of integra-
tion among the variables which is the case of the data set
considered in this study. Finally, the regression analysis is
followed by the causality analysis.

The findings from the VECM Granger causality analy-
sis are reported in Table 6. The results indicate that in the
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Fig.3 The causality findings
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short run, there is evidence of unidirectional causalities
running from government expenditure and M2 supply to
CO2 emissions. However, in the long run, it can be seen that
CO2 emissions have bidirectional causal relationships with
GDP, government expenditure, and M2 supply. Therefore,
the evidence of bidirectional causalities suggests that our
model could be subject to endogeneity issues. However,
the ARDL approach takes into account the issue of endog-
enous covariates in the model within the regression analy-
sis. Consequently, the elasticity estimates can be claimed
unbiased. Figure 3 presents a graphical summary of the
causality findings.

Conclusion

Considering China’s objective of becoming carbon neutral
by 2060, it is deemed necessary for the Chinese government
to adopt relevant policies to make sure that this objective is
achieved. Hence, this study scrutinized the effects of expan-
sionary fiscal and monetary policies on CO2 emissions in
China between 1980 and 2018. Controlling for structural
break issues, the ARDL bound test results indicated long-run
associations between China’s per capita CO2 emission fig-
ures and per capita levels of economic growth, government
expenditure, and M2 supply. Besides, the ARDL elasticity
estimates revealed that fiscal expansion boosts CO2 emis-
sions both in the short and long run. Contrarily, monetary
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expansion was found to be related to lower CO2 emissions
both in the short and long run. Moreover, the N-shaped
nexus between economic growth and CO2 emissions was
also evidenced in the context of China; thus, the EKC
hypothesis for CO2 emissions could not be established.

In line with these major findings, several viable policies can
be put forward. Firstly, considering the adverse environmental
impacts associated with expansionary fiscal policy, the
Chinese government can consider pursuing a contractionary
fiscal policy to curb the emissions. However, since fiscal
contraction can harm the growth of the Chinese economy,
which is not a rational policy to implement, it is recommended
that expansionary fiscal policies of China are aligned with the
2060 carbon-neutrality agenda. In this regard, the Chinese
government should ideally invest more in research and
development-related projects that can facilitate the renewable
energy transition. On the other hand, China can also consider
imposing progressive carbon taxes to limit emissions of CO2.
Enhancing the carbon tax rates would not only boost the public
revenue and expenditure figures of the Chinese government
but would also neutralize the adverse environmental effects
associated with fiscal expansion.

Secondly, monetary expansion should be considered
an effective means of achieving the 2060 carbon-neutrality
agenda. However, it must be ensured that the expansionary
monetary policy should be environmentally sustainable so
that access to finance, for investment in green projects, should
be significantly enhanced. Accordingly, low-interest credit
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should be extended to potential borrowers who are likely to
invest in environmentally-friendly production processes. Most
importantly, more funds should be invested in research and
development for developing modern technologies necessary
for safeguarding the environmental attributed in China. It can
be hypothesized that greening the monetary policies in China can
also enable the nation to overcome the financial constraints that
have upheld renewable energy transition in China.

Lastly, since the economic growth-CO2 emissions nexus is
evidenced to depict an N-shape, it indicates that environmental
adversities associated with economic growth in China are not
likely to be neutralized unless proactive economic growth-
enhancing policies are persistently executed in China. It is
known that China is overwhelmingly dependent on coal for
meeting its energy demand. Hence, it is ideal for China to
augment renewable energy into the national mix so that greater
volumes of renewable energy are employed for generating the
national output.

Due to the unavailability of long data series, the period
of analysis considered in this study was confined between
1980 and 2018. Besides, as part of the future research
direction, this study can be conducted to simultaneously
estimate the effects of both expansionary and contractionary
fiscal and monetary policies on China’s CO2 emission
levels. Besides, it is also pertinent to check whether fiscal
and monetary policies jointly affect CO2 emissions in
China. Identifying the possible interactive impacts can be
beneficial for formulating relatively more comprehensive
environmental welfare-enhancing policies. Moreover, this
study can be extended by assessing the impacts of other
fiscal and monetary policy instruments on China’s CO2
emission figures. Lastly, it is also relevant to assess the
impacts of fiscal and monetary policies using alternative
environmental impact indicators.
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