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Abstract
As one of the world’s largest economies, Chinese economy is maintaining the rapid economic development along with the cost of
environmental degradation. The role of fiscal policy instruments is still unknown in the Chinese pollution equation. To do this,
the present study is an effort to quantify the nexus of fiscal policy instruments and environmental degradation for Chinese
economy over 1980 to 2016. The results reveal that fiscal policy instruments significantly increase the environmental degradation
in the long run. The GDP and energy consumption of Chinese economy also enhance the environmental degradation respectively.
The innovative accounting approach and diagnostics tests also applied to confirm the empirical estimates of study are reliable and
valid for policy implications. The outcomes of study reveal that expansionary fiscal policy will lead to environmental degrada-
tion. Therefore, the Chinese authorities may consider the usage of advance and eco-friendly production methods to sustain the
fast-growing economic growth along with the healthier environment.
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Introduction

In recent decades, environment dynamics, climate changes,
and global warming have garnered the attention of researchers
around the globe by virtue of the fast-growing population,
industrialization, and transportation respectively. The poor en-
vironmental protection has raised concerns about the world’s
environment (Hafeez et al. 2019c). The environmental degra-
dation has direct linkage with human health, and it also affects
the glaciers melting, wildlife, rainfalls, and agriculture

(Hafeez et al. 2019c). In simple environmental Kuznets curve
(EKC) setting, the energy consumption is one of the essential
features of global warming and, hence, pollution (Istaiteyeh
2016; Ozcan and Ari 2017; Hafeez et al. 2019a).

At present, economic development and environmental pro-
tection are the two main challenges faced by the world. In the
race of economic development, one of the key determinants of
environmental degradation, each economy may also consider
the environmental aspects (Uddin et al. 2017; Kasman and
Duman 2015). For Belt and Road region, Hafeez et al.

Responsible editor: Nicholas Apergis

* Muhammad Hafeez
hafeez_86@hotmail.com

Peng Yuelan
yl-p@163.com

Muhammad Waqas Akbar
waqaseco786@gmail.com

Manzoor Ahmad
Manzoor.achakzai@qdu.edu.cn

Zeenat Zia
zeenatzia23@gmail.com

Sana Ullah
sana_ullah133@yahoo.com

1 Shanxi University of Finance and Economics, Taiyuan,
Shanxi, China

2 School of Economics and Management, Beijing University of Posts
and Telecommunications, No 10, Xitucheng Road, Beijing, People’s
Republic of China

3 The Center of Industrial Economics and Green Development, BUPT,
Beijing, People’s Republic of China

4 College of Computer Science and Technology, Qingdao University,
Qingdao 266071, China

5 School of Economics, Quaid-i-AzamUniversity, Islamabad, Pakistan

https://doi.org/10.1007/s11356-019-06071-4
Environmental Science and Pollution Research (2019) 26:28919–28932

/Published online: 5 August 2019

http://crossmark.crossref.org/dialog/?doi=10.1007/s11356-019-06071-4&domain=pdf
http://orcid.org/0000-0001-7231-5413
mailto:hafeez_86@hotmail.com


(2019b) found that foreign direct investment (FDI) and finan-
cial development are mitigating the carbon footprint, whereas
Salam et al. (2019) suggested that investment and human cap-
ital development stimulate the real income and economic de-
velopment in lower middle income countries. Many researchers
in their studies have considered the relation concerning envi-
ronmental degradation and other economic variables, such as
GDP growth, FDI inflows, trade liberalization, development of
financial sector, energy consumption, urbanization, tourism, lo-
gistics and transportation, and income inequality (Hafeez et al.
2018; Liu Y et al. 2018; Jalil and Feridun 2011; Kalayci and
Koksal 2015; Abdouli and Hammami 2017; Cetin and Ecevit
2017;; Rauf et al. 2018; Yasmeen et al. 2018; Hafeez et al.
2019a; Yao et al. 2019; Yasmeen et al. 2019). The aforemen-
tioned studies unfold that real income (GDP) is the principal
aspect of environmental degradation as real income and energy
consumption lead to environmental degradation regarding in-
dustrialization (Hafeez et al., 2019a, c; Alam et al. 2014;
Istaiteyeh 2016; Ozcan and Ari 2017).

In recent decades, demand for energy has been increased
along with economic growth and brought disastrous damages
to the environment (Yan and Crookes 2010), as non-
renewable energy consumption upsurges the GDP growth,
and CO2 emission levels respectively (Zhang et al. 2009).
Many studies found that energy consumption mitigates the
environment (Cetin and Ecevit 2017; Yasmeen et al. 2018;
Hafeez et al. 2019a), while a bidirectional causal link among
CO2 emissions and energy consumption is found in Asian and
ASEAN countries (Jamel and Derbali, 2016; Lean and Smyth
2010). Iwata et al. (2012) suggested a positive linkage among
environmental degradation, energy usage, capital stock, and
urbanization respectively.

In contrast, nuclear energy consumption had a negative
impact on CO2 emissions in China, Finland, Japan, Korea,
and Spain respectively (Zhang and Lin 2012; Alam 2013;
Jamel and Maktouf, 2017). As there is a trade-off between
economic development and income inequality reduction
(Iqbal et al. 2019), it also explored that income inequality
and per capita GDP are enhancing the environmental degra-
dation (Alam 2013; Abdouli, Kamoun and Hamdi 2018). In
developed countries, due to income equality, there is a greater
demand for environmental quality which can be considered a
luxury public good (Sekrafi and Sghaier 2018). Zhao et al.
(2018) argued that CO2 emission can be mitigated by shifting
final energy consumption to electricity for Chinese economy.
Moreover, results also revealed that, in current and long-term
periods, CO2 reductions can be achieved with increased GDP
and decreased carbon intensity which is similar to results of
Aung et al. (2017) for Myanmar.

For Brazilian economy, Zambrano‐Monserrate and
Fernandez (2017) argued the existence of EKC and long-run
relationship between economic growth and environmental deg-
radation. On the other hand, Liu Y et al. (2018, studied the

effects of three types of environmental regulation on energy
consumption for Chinese economy. They found a significant
relationship between cost and economical environmental regu-
lation, whereas the concept of green paradox exists in other two
regulations, i.e., legal and supervised. The rebound effect of
energy is higher than the usage of energy which is made possi-
ble through technological innovation in indirect path. The en-
vironmental performance links positively with sociopolitical
and economic factors such as international trade (das Neves
Almeida and García-Sánchez 2017). In import-export-oriented
countries, an increase in production has negative effect on en-
vironmental performance (das Neves Almeida and García-
Sánchez 2017; Goulder 2013).

China adopts a proactive fiscal policy, which will get under
consideration of four sectors, lowering the taxes and fees, to
improve weak links, and trying to boost up the consumption
level for the sake of enhancement in the livelihood. China is also
announcing and focusing on policies to improve the real econ-
omy and technology. China’s fiscal revenues rose up to 4% (1.11
trillion RMB) yearly in August 2018 and lowered its fiscal def-
icit target: 2.6% of GDP for 2018 which is 0.4% less than 2017.
To overcome the pollution problem, Chinese government along
with academics is trying to reduce CO2 emission and increase
productivity. In USA, the government spending has an adverse
effect on the environment (Halkos and Paizanos 2016). The
temporal trend in carbon dioxide emission, government revenue,
and government expenditures is shown in Figs. 1 and 2.
According to the National Energy Administration, China’s total
energy consumption has been raised by 3.3% year on year in
2018. Electricity usage has been raised by 8.5% last year (World
Bank 2017). A hasty rise in energy consumption, containing
increased residential electricity usage, resulted as the biggest
contributor in CO2 emissions. China’s current gross domestic
product is 12.238 trillion USD (World Bank 2017).

The research related to financial development EKC reveals
that the monetary policy may not only affect GDP growth but
also indirectly figures out the money supply, and effects of envi-
ronment degradation through energy consumption policies
(Kaushal and Pathak 2015; Jalil and Feridun 2011). Fiscal policy
is also a significant policy instrument like the monetary policy to
manage the demand side of economy through government
spending and taxation because the government spent a larger
portion of GDP in most countries worldwide through fiscal pol-
icy (Halkos and Paizanos 2013). On the other hand, fiscal policy
instruments, taxes and government expenditures, are directly
linked with GDP growth, production level, energy usage, and
environmental quality respectively. Thus, it also is an interesting
dimension to research the nexus of environmental degradation
and fiscal policy instruments. The improvements in fiscal deficit
enhance the capital accumulation level, economic activities, and
energy demand within economy (Balcilar et al. 2016; Dongyan
2009). Therefore, the tax policies can improve energy efficiency
and tax incentives have a positive effect on environmental quality
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(Liu et al. 2017; Balcilar et al. 2016; Dongyan 2009). Fiscal
policy can increase the revenues by imposing environmental
taxes, and also affects the environment and energy sector due
to inelastic nature of energy products (Rausch 2013).

It is noteworthy to mention the mechanisms through which
fiscal spending affects the environmental pollution. The impact
of fiscal spending on environmental pollution may differ accord-
ing to the source of pollution, i.e., whether pollution is produc-
tion or consumption generated (McAusland 2008). For
production-generated pollution, Lopez et al. (2011) recognize
the different mechanisms through which the level of government
expenditure may affect environmental quality. Considering
consumption-generated pollution, fiscal spending on sectors like
health and education increases consumers’ current and future
income and may in turn lead to deterioration of environmental
quality, constituting the income channel. On the other hand,
higher levels of government expenditure aid the establishment,
enforcement, and efficiency of environmental regulations which
in turn may lead to the development of institutions that enhance
environmental quality. As a consequence, the total effect on con-
sumption pollution depends on the relative magnitude of the
income and environmental regulation effects.

The mechanisms of fiscal policy instruments are stated as
income effect, composition effect, and technique effect re-
spectively: (i) income effect: higher income levels, which
are usually associated with increased government expendi-
ture, enhance the demand for improved environmental quali-
ty; (ii) composition effect: increased fiscal spending fosters
human capital intensive activities which are less detrimental
to the environment compared with activities that are physical
capital intensive. Furthermore, Ahmed et al. (2019a, b) also
argued that economic development and energy consumption
do not mitigate the ecological footprints in case study of
Malaysian economy; (iii) technique effect: this channel also
tends to reduce environmental pollution which improved la-
bor efficiency associated with higher levels of government
spending on the health and education sectors.

Many researchers investigated the relationship of environ-
mental degradation with financial indicators, but incorpora-
tion of fiscal variables is still missing for China in the exiting
literature. About 1/5 of urban Chinese breathe in heavily pol-
luted air, and 1/3 of total cities in China meet China’s own
pollution standards (World Bank 2017). Therefore, this study
incorporates and unfolds the impact of fiscal policy
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Fig. 2 Pattern of fiscal policy instruments for Chinese economy
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Fig. 1 Pattern of CO2 emission for Chinese economy
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instruments, taxes and government expenditures, on
environmental degradation for Chinese economy, while
Halkos and Paizanos (2016) found that fiscal aggregates have
significant effect on CO2 emission in USA.

Model specification and data

The aspiration of study is to incorporate and investigate the
impact of fiscal policy instruments on environmental degrada-
tion for Chinese economy. The treatment of the fiscal policy is to
make the macroeconomic variables stable in different phases of
business cycle. To sustain the environmental degradation, the
government spending is a noteworthy factor of environmental
degradation (Islam and Lopez 2015; Galinato and Islam, 2014;
Lopez and Palacios, 2014; Lopez et al. 2011). Liu et al. (2017)
studied Chinese transportation sector and unfold that govern-
ment can improve environmental quality by giving tax incen-
tives and energy efficiency. Energy consumption is a primal
feature to enhance the environmental degradation (Halkos and
Paizanos 2016; Hafeez et al. 2019a; Jamel and Maktouf 2017;
Al-Mulali et al. 2015). As Hafeez et al. (2019c) suggested that
GDP has indirect relationship with environmental quality by
energy consumption channels, fiscal policy tools, taxes and rev-
enue, have a direct effect on environmental quality via real in-
come and energy consumption channels (Halkos and Paizanos
2016; Jamel and Maktouf 2017; Katircioglu and Katircioglu
2018). The economy size is measured through GDP (Yao et al.
2019; Yasmeen et al. 2019).

According to the US Environmental Protection Agency, car-
bon emissions, in the form of CO2, make up more than 80% of
the greenhouse gases emitted in the USA. The CO2 emissions
raise global temperatures by trapping solar energy in the atmo-
sphere. Hafeez et al. (2018) figured out that CO2 emission has
higher ambient half-life as compared with other air pollutants.
According to United Nations Framework Convention on
Climate Change (UNFCC), CO2 emission is creating problems
on global scale. Under the light of aforementioned arguments
and by following the recent literature, the environmental deg-
radation is measured through per capita CO2 emission (Hafeez
et al. 2019a, b, c; Liu J et al. 2018; Hafeez et al. 2018; Jamel &
Maktouf 2018; Al-Mulali et al. 2015).

Thus, to examine the effects of fiscal policy instruments on
environmental degradation, this study considers the following
proposed two econometric models:

log CO2t ¼ β1 þ β2log ECt þ β3log FP1t

þ β4log GDPt þ εt1t1 ð1Þ

log CO2t ¼ β4 þ β5log EC2t þ β6log FP2t

þ β7log GDPt þ εt2 ð2Þ

In Eqs. 1 and 2, “t”, Log, CO2, EC, and GDP are time span
(1980–2018), natural log, carbon dioxide emissions, energy
consumption, and gross domestic product respectively, where-
as FP1, and FP2 are the fiscal policy instruments, government
expenditures and total revenue, respectively. The parameters
from β2 to β4 in Eq. 1 and β5 to β7 in Eq. 2 are the long-run
estimates of energy consumption, government expenditures,
gross domestic product, and energy consumption, total reve-
nue, and gross domestic product respectively. While, ɛ1t, and
ɛ2t represent the error term in Eq. 1 and 2 respectively. The
detail of under-considered variables is presented in Table 1.
The dataset on CO2 emission and energy use is extracted from
World Development Indicator (WDI), while the dataset on
GDP, government revenues and expenditure, is retrieved from
the National Bureau of Statistics of China (NBSC).

WDI World Development Indicator, NBSC National
Bureau of Statistics of China

Econometric strategy

Autoregressive distributive lag model (ARDL) bounding test-
ing approach proposed by Pesaran et al. (2001) is a study used
to compute the long-run and short-run dynamics. It has some
authentic features as compared with Engle and Granger
(1987), and Johansen (1988) co-integration tests respectively.
Firstly, ARDL is more appropriate to indorse co-integration
between the variables for small data set (Ahmed et al. 2019a,
b). Secondly, it is equally useful to estimate the parameters
whether the regressors are integrated at level or at first differ-
ence (Charfeddine et al. 2018). It also utilizes the simple linear
transformation to compute short- and long-run dynamics
along suitable lag length and free from autocorrelation and
endogeneity issues (Ahmed et al. 2019a, b; Charfeddine
et al. 2018). The unrestricted models are given as follow:

ARDL equation for governmental expenditure model

ΔlogCO2t ¼ δ1þ ∑ p
k ¼ 1ð ÞΔλ1logCO2t−k

þ ∑ p
k ¼ 0ð ÞΔλ2logECt−k

þ ∑ p
k ¼ 0ð ÞΔ⋅λ3logFP1t−k

þ ∑ p
k ¼ 0ð ÞΔλ4logGDP

t−k þ ⋅aolog⋅CO2t−1

þ a1logECt−1

þ a2logFP1t−1

þ a3logGDPt−1þ ε0

ð3Þ
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ΔlogECt ¼ δ1þ ∑ p
k ¼ 1ð ÞΔλ1logECt−k

þ ∑ p
k ¼ 0ð ÞΔλ2logCO2t−k

þ ∑ p
k ¼ 0ð ÞΔ⋅λ3logFP1t−k

þ ?∑ p
k ¼ 0ð ÞΔλ4logGDP

t−k þ ⋅ao⋅log⋅ECt−1⋅

þ a1logCO2t−1

þ a2logFP1t−1

þ a3logGDPt−1þ ε0

ð4Þ

ΔlogFP1t ¼ δ1þ ∑p
k¼1Δλ1log FP1t−k

þ ∑p
k¼0Δλ2log CO2t−k

þ ∑p
k¼0Δ λ3log ECt−k

þ ∑p
k¼0Δλ4log GDPt−k þ αo log FP1t−1

þ α1log CO2t−1þ α2log ECt−1

þ α3log GDPt−1þ ɛ0 ð5Þ

ΔlogGDPt ¼ δ1þ ∑p
k¼1Δλ1log FP1t−k

þ ∑p
k¼0Δλ2log CO2t−k

þ ∑p
k¼0Δ λ3log ECt−k

þ ∑p
k¼0Δλ4log FP1t−k þ αo log GDPt−1

þ α1log CO2t−1þ α2log ECt−1

þ α3log FP1t−1þ ɛ0 ð6Þ

where Δ indicates the difference operator and is the lag
length whereas t is the number of years. From coefficient λ1 to

λ4 are error correction dynamics and from α0 to α3 are the
coefficient which shows the long-run relation between the
series. Null hypothesis suggests that there is no co-
integration between variable which is (H0:λ1 ≠ λ2 ≠ λ3 ≠ λ4
= 0). For this purpose, we use F-statistics, irrespective of what
the series is integrated of I(0) or I(1).

ARDL Equation for governmental revenue model

ΔlogCO2t ¼ δ1þ ∑p
k¼1Δλ1log CO2t−k

þ ∑p
k¼0Δλ2log ECt−k

þ ∑p
k¼0Δλ3log FP2t−k

þ ∑p
k¼0Δλ4log GDPt−k þ αo log CO2t−1

þ α1log ECt−1þ α2log FP2t−1

þ α3log GDPt−1þ ɛ0 ð7Þ

ΔlogECt ¼ δ1þ ∑p
k¼1Δλ1log ECt−k

þ ∑p
k¼0Δλ2log CO2t−k

þ ∑p
k¼0Δ λ3log FP2t−k

þ ∑p
k¼0Δλ4log GDPt−k þ αo log ECt−1

þ α1log CO2t−1þ α2log FP2t−1

þ α3log GDPt−1þ ɛ0 ð8Þ

ΔlogFP2t ¼ δ1þ ∑p
k¼1Δλ1log FP2t−k

þ ∑p
k¼0Δλ2log CO2t−k

þ ∑p
k¼0Δ λ3log ECt−k

þ ∑p
k¼0Δλ4log GDPt−k þ αo log FP2t−1

þ α1log CO2t−1þ α2log ECt−1

þ α3log GDPt−1þ ɛ0 ð9Þ

Table 1 Variables description

Variable Description Symbols Data source

CO2 emissions Metric tons per capita CO2 WDI

GDP In Yuan’s (RMB) GDP NBSC

Energy use kg of oil equivalent per capita EC WDI

Fiscal policy instruments

Government expenditures Percentage of GDP Exp/LE NBSC

Government revenues Percentage of GDP Rev/LR NBSC
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ΔlogGDPt ¼ δ1þ ∑p
k¼1Δλ1log FP2t−k

þ ∑p
k¼0Δλ2log CO2t−k

þ ∑p
k¼0Δ λ3log ECt−k

þ ∑p
k¼0Δλ4log FP2t−k

þ αo log GDPt−1þ α1log CO2t−1

þ α2log ECt−1þ α3log FP1t−1þ ɛ0 ð10Þ

If the value of F-statistic is greater than the upper bound
value, then it is evident that there is a co-integration among
variables. In this case, the F-statistic lies below the lower
bound value; therefore, we fail to reject the null hypothesis.
If the value of F-statistic lies in between the upper and lower
bound, we cannot decide whether their co-integration exists or
not; these critical values are selected for the study proposed by
(Pesaran et al., 2001).

An error correction model (ECM) has been specified below
for both the models:

Δlog CO2t ¼ δ1þ ∑p
k¼1Δλ1log CO2t−k

þ ∑p
k¼0Δλ2log ECt−k

þ ∑p
k¼0Δ λ3log FP1t−k

þ ∑p
k¼0Δλ4log GDPt−k

þ αo log CO2t−1þ α1log ECt−1

þ α2log FP1t−1þ α3log GDPt−1

þ μECMt−1þ ɛ0 ð11Þ
Δlog CO2t ¼ δ1þ ∑p

k¼1Δλ1log CO2t−k

þ ∑p
k¼0Δλ2log ECt−k

þ ∑p
k¼0Δ λ3log FP2t−k

þ ∑p
k¼0Δλ4log GDPt−k

þ αo log CO2t−1þ α1log ECt−1

þ α2log FP2t−1þ α3log GDPt−1

þ μECMt−1þ ɛ0 ð12Þ

Empirical analysis and results

The aspiration of study is to examine the linkage of fiscal
policy instruments on the environmental degradation in the
case of China. The estimated outcomes are presented into

government expenditures and total revenue models respec-
tively. Table 2 represents the results of unit root tests,
Phillips-Perron (PP) and augmented Dicky-Fuller (ADF); it
concluded that all under-considered variables are stationarity
at 1st difference. None of under-considered variables is sta-
tionarity at 2nd difference. Thus, the is no problem to proceed
the application of ARDL to estimate short- and long-run esti-
mates. Before the estimation of short- and long-run estimates,
there is need to check the existence of co-integration between
the variables. Thus, the bound testing approach is adopted
based on Wald test to compute F-statistics value to test the
co-integration null hypothesis; there is no co-integration be-
tween the variables. The bound testing results are represented
in Table 3.

The results from bound testing reject the co-integration null
hypothesis for all estimated fiscal policy instruments models,
government expenditures (LCO2/[LEC,LE,LGDP], LEC/
[ L CO 2 , L E , LGDP ] , L E / [ L EC , L CO 2 , LGDP ] ,
LGDP/[LEC,LE,LCO2]) and total revenue (LCO2/
[ LEC , LR , LGDP ] , LEC / [ LCO2 , LR , LGDP ] , LR /
[LEC,LCO2,LGDP],LGDP/[LEC,LR,LCO2]).

Asterisk and double asterisks are indications of rejection of
null hypothesis at least at 5% and 10% level of significance

Optimal lag length is determined by AIC. For critical
values, see (Narayan, 2005).

Triple, double, and single asterisks indicated level of rejec-
tion at 1%, 5%, and 10% respectively

After the confirmation of co-integration, the next step is to
compute the estimates of long and short through ARDL. The
results from ADRL for fiscal policy instruments models are
reported in Table 4. All the coefficients have a significant and
have expected effect on the CO2 emission at 0.05% signifi-
cance level. In both fiscal policy instruments models, the pos-
itive sign of the GDP’s coefficient in both short- and long-run
indicates the increment in environmental degradation with
increase in economy volume, as the economic growth triggers
the carbon footprints to upsurge for Malaysian economy
(Ahmed et al. 2019a, b). China is still in work very keenly
to improve its environment as it is achieving the environmen-
tal objective without bargaining its growth objectives. As
China is in its evolving stage, so the interpretation drawn
advises that government should focus to lift up the economy
and GDP which will help to increase the environmental
quality. Rauf et al. (2018) also suggested that economic ex-
pansion of One Belt and Road Initiative (BRI) region pro-
posed by China will create energy demand and, hence, envi-
ronmental degradation.

Asterisk and double asterisks indicated level of rejection at
1% and 5% level of significance respectively

The coefficient of energy consumption has significantly
positive impact on environmental degradation in the long
run, as the results show that 1% increment in energy use will
lead to 0.68% increase in environmental degradation. China,
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second largest economy of world, has higher rate of energy
consumption in household and industries. China is trying to
use hybrid and electric high-speed trains, vehicles, and motor-
bikes. Thus, increase in energy demand for electricity is also
very high for transportation and production of energy in China
mainly depends upon conventional methods like fossil fuels
(Bento andMoutinho 2016). Due to this, energy is one of vital
drivers of environmental degradation along with more elastic
energy consumption with respect to CO2 emission. Hafeez
et al. (2019a) suggested that energy demand is direct cause
to increase the environmental problems as well as environ-
mental degradation though CO2 emission. Yasmeen et al.
(2019) also argue that energy consumption is increasing eight
air pollution indicators.

For fiscal policy instruments, the coefficient of log gov-
ernment expenditure is also statistically positive and signif-
icant in the long run which tells us that, as the government
increases its expenditures, it will lead to environmental deg-
radation. The value of the coefficient is 0.21 in the long run,

which shows that, if 1% of government expenditure chang-
es, it will be the reason for a 0.21% increase in environmen-
tal degradation but, in the short run, the results are different
as the value of the coefficient in the short run is − 0.2 which
shows that, if the government increases its expenditure by
1%, it will lead to a fall in the environmental degradation by
0.2%. These results show that government expenditure af-
fects environmental quality quickly. However, long-term
pol i c i e s a re requ i red accord ing to government
expenditures.

While the coefficient of log government revenue shows
that the collection of revenue has a negative effect on environ-
mental degradation in the short run, in the long run, it will
have a positive effect on environmental degradation. The co-
efficient value of energy consumption from government rev-
enue is also significant and has positive impact on environ-
mental degradation. It states that an increase in energy con-
sumption by 1% will lead to destroying the environmental
quality by 0.52%.

Table 2 Results of unit roots test

Variables At level At first diff Order of integration

Augmented Dicky-Fuller test

Log CO2 − 0.285982 [0.9171] − 3.654067* [0.0095] I(1)

Log EC 2.213972 [0.9923] − 2.281254* [0.0237] I(1)

Log GDP − 1.752285 [0.3969] − 3.232003* [0.0267] I(1)

Log Exp 0.271660 [0.7591] − 3.665811* [0.0006] I(1)

Log Rev − 0.288395 [0.5748] − 2.729845* [0.0078] I(1)

Phillips-Perron test

Log CO2 0.529966 [0.9855] − 3.794814* [0.0066] I(1)

Log EC 0.319429 [0.9762] − 3.332125* [0.0209] I(1)

Log GDP − 1.191236 [0.6676] − 2.549162** [0.1131] I(1)

Log Exp − 1.479272 [0.5325] − 3.723923* [0.0079] I(1)

Log Rev − 1.523462 [0.5105] − 2.654196* [0.0922] I(1)

Table 3 Bound test co-integration results for both the models

Bound testing to co-integration Diagnostic test Prob. value

Optimum lags F-statistics Co-integration χ2 LM χ2 ARCH χ2 RESET

With government expenditures

LCO2/[LEC,LE,LGDP] 2,2,0,0 8.356926** Yes 0.834* 0.097* 0.118*

LEC/[LCO2,LE,LGDP] 2,0,0,0 5.845676** Yes 0.175* 0.991* 0.675*

LE/[LEC,LCO2,LGDP] 2,1,1,2 3.871792** Yes 0.277* 0.115* 0.824*

LGDP/[LEC,LE,LCO2] 4,4,4,4 3.651996* Yes 0.221* 0.478* 0.027*

With government revenues

LCO2/[LEC,LR,LGDP] 2,0,0,4 4.661361** Yes 0.231* 0.909* 0.260*

LEC/[LCO2,LR,LGDP] 2,0,0,0 5.213806* Yes 0.616* 0.170* 0.138*

LR/[LEC,LCO2,LGDP] 2,3,3,0 3.454621** Yes 0.673* 0.147* 0.305*

LGDP/[LEC,LR,LCO2] 4,4,4,4 3.651996* Yes 0.404* 0.373* 0.247*
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The ECM (error correction model) shows that Chinese
economy is converging towards long-run equilibrium from
short run in case of any shock occurred in economy with
51% and 69.76% of speed of convergence in government
expenditure and revenue models respectively. We also per-
formed some diagnostic test as shown in Table 3. The proba-
bility values of diagnostic tests show that there is no problem
of serial correlation, multicollinearity in the model as the prob-
ability value of LM test is greater than 0.05 which means there
is no serial correlation and the estimated models are stable and
reliable. To check the structural invariance, endogeneity, and
estimates’ stability in both short and long run, the tests of
cumulative sum of squares of recursive residuals
(CUSUMSQ) and cumulative sum of recursive residuals
(CUSUM) also have been applied for both the estimated

models. The red lines in Figs. 3, 4, 5, and 6 show the 5% level
of significance.

Innovative accounting approach

To check the estimates’ reliability, variance decomposition
analysis has been conducted through innovative accounting
approach for both fiscal policy instruments model. The results
from innovative accounting approach are stated in in Tables 5
and 6 respectively. In government expenditure model, the en-
ergy consumption described a small amount of the difference
of carbon emissions 1.5% in the short term say in 3 years, and
in time of 5 years, energy consumption explained 1.7% vari-
ance and in 10 years 41% of the variance of CO2 emission.

Table 4 Long-run and short-run results for both fiscal policy instruments

Government expenditure model

Long-run coefficients Short-run estimates

Variable Coefficient t-statistic Prob. Variable Coefficient t-statistic Prob.

Log Exp 0.209948 2.212855 0.0355** D(LCO2(-1)) 0.223405 2.091434 0.0461**

Log EC 0.684633 4.241708 0.0002** D(LE) − 0.14503 − 1.71356 0.0981**

Log GDP 0.156855 3.368056 0.0023** D(LE(-1)) − 0.21815 − 2.38642 0.0243**

C − 2.565952 − 15.6248 0 D(LEC) 0.350077 2.900245 0.0073**

D(LGDP) 0.080205 3.814891 0.0007**

ECM − 0.51133 − 6.11626 0.000*

Diagnostic test

Adjusted R2 0.998103

F-stats 2375.02

Prob. (F-stats) 0

χ2 LM 0.868691[0.2675]

χ2 ARCH 0.749172[0.3772]

χ2 RESET 1.751321[0.1991]

Government revenue model

Long-run coefficients Short-run estimates

Variable Coefficient t-statistic Prob. Variable Coefficient t-statistic Prob.

LEC 0.519358 3.586412 0.0016** D(LCO2(-1)) 0.413527 3.719678 0.0011**

LGDP 0.207742 4.873141 0.0001** D(LEC) 0.362333 2.875623 0.0085**

LR 0.284425 3.510113 0.0019** D(LGDP) 0.144932 4.1946 0.0003**

C − 2.415365 − 17.036957 0 D(LR) − 0.115287 − 1.211456 0.238

D(LR(-1)) − 0.110134 − 0.730865 0.4722

D(LR(-2)) 0.143087 0.949612 0.3522

D(LR(-3)) − 0.255948 − 2.354254 0.0275**

ECM − 0.697656 − 6.231483 0.000*

Diagnostic test

Adjusted R2 0.998192

F-stats 1964.513

Prob. (F-stats) 0

LM 0.128852 [0.8187]

ARCH 0.794047 [0.3637]

χ2 RESET 1.443846 [0.2423]
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Similarly, the gross domestic product contributes about 8.09%
in 3-year horizon, in 5 years 23% share in the carbon emission,
and 19.3% share in 10 years because of shocks on economic
growth.

Similarly, the share of government expenditure in the var-
iance of carbon emission is 1.5% in the 3-year horizon, 6.4%
in 5 years, and 17.2% in 10 years respectively. About 25% of
variance in public expenditures is due to the shock in CO2

emission in the 3-year horizon, while in 5-year horizon CO2

emission explains 19.6% of the disparity in government ex-
penditures and, in year 10, 10% variation is due to carbon
emissions. Energy consumption’s share is 44% in the 3rd
year horizon, while in the 10-year horizon the contribution
is 60%. Variation due to economic growth in government
expenditure is 0.66% in 5th year; 0.73% is in 10th-year
horizon.

Now move on to explain the discrepancy of energy con-
sumption due to other considered variables of the study. CO2

emissions explained the variation of 36 and 13% in GDP
growth in year 5 and year 10, respectively. The contribution
of government expenditure in the variation of energy con-
sumption is 10% in the 5th year and 17.6% in year 10. GDP
also plays its role in the variation of energy consumption as
15.4% and 15% in year 5 and 10 respectively. The estimates

ensured the trustworthiness of the connecting link among
GDP growth and the other under-considered variables of the
study. The contribution of carbon emissions in economic
growth is 36.5% in year 5, and 29.7% in year 10. Ten percent
variations in year 5 are due to government expenditures, and
6.1% in year 10 and 0.9% in year 5 are due to energy con-
sumption, and 1.4% in year 10 is 1.4%. The result of innova-
tion accounting approach supports the reliability of the find-
ings of the study.

In government revenue model, the energy consumption
explained the difference of CO2 emission in 1.3% in 5 years,
and energy consumption explained 5% variance in 10 years.
Similarly, the gross domestic product adds about 5.2% in 3-
year horizon, in 5 years and 10.3% variations in CO2 emis-
sions in 10 years is because of shocks on economic growth.
In the same way, the share of government revenue in the
variance of carbon emission is 8% in the 3-year horizon
and 48% in 10 years. Now describe the variance of energy
use due to other regressors of the model 2. The contribution
of government revenue in the variation of energy consump-
tion is 11.7% in 5th year and 38.9% in year 10. Gross do-
mestic product also plays its role in the variation of energy
consumption as 2.4% and 6.5% in the years 5 and 10
respectively.
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The outcomes ensured the trustworthiness of the pivotal
relationship between GDP growth and the variables used in
the study. 1.5% variations in year 5 and 4.3% in year 10 are
due to government revenue. The variation due to energy con-
sumption in GDP is 3.6% in year 5 and 5% in year 10. The
relation between the government revenues and other regres-
sors of the model 2. About 16.7% variance in government
revenues is due to the shudder in carbon emission in the 5-
year horizon, while in 10-year horizon carbon emission ex-
plains 16.3%. Energy consumption’s share is 16.8% in the 5-
year horizon, while in the 10-year horizon the contribution is
17.9%. Variation due to economic growth in government rev-
enues is 24.1% in 5th year and 20.9% in the 10th-year
horizon.

To check the robustness of the study, the impulse re-
sponse functions are also computed to check how the de-
pendent variable CO2 react to one standard deviation shock
given to the independent variables, GDP, energy consump-
tion, government expenditures, and government revenues
respectively (Fig. 7). The impulse response of one standard
deviation shock to energy consumption will lead CO2 emis-
sions upwards; then, it will bring it down for a short period
and then after 5 years, it will again lead it to a higher level
very quickly. In the response to one standard deviation
shock to GDP, CO2 will go up, but after reaching a

threshold level in the future, it will come down which is a
sign of EKC that, as GDP increases, CO2 will increase but
after a certain level, the environmental quality will improve.
To check how much CO2 respond to government expendi-
tures, we make a graph for impulse response to government
expenditures; as we can see, one standard deviation shock
to LE initially does not affect CO2 but later on it will push
upwards which is a sign that government should think about
its spending very carefully because with the same pattern
going on government expenditure will lead to environmen-
tal degradation. Government revenues initially decrease the
environmental degradation; later on, government revenue
will push CO2 upwards; it means the government can con-
trol environmental quality by the strict fiscal policy if they
make an affecting fiscal policy after thinking environmental
protection.

Conclusion and policy recommendations

China is moving towards economic development and has be-
come the second largest economy of world. Therefore, the
Chinese government is taking steps to ensure the coherence
and trying to maintain the balance concerning environment
and economic development; to do so, it is really a matter of
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thinking and a matter to identify the relation of economic
growth and environmental conditions in the case of China.
The study results are of great interest for both scholars and

policy-makers because this study is adding a contribution to
the related to fiscal policy instruments which are directly
effecting the environmental degradation. The level of CO2

Table 5 Variance decomposition of government expenditure model

Period LCO2 LE LEC LGDP

Variance decomposition of LCO2

1 100.0000 0.000000 0.000000 0.000000

2 93.86772 1.883552 1.558992 2.689732

3 89.24065 1.156183 1.510906 8.092261

4 80.86859 2.411825 1.253026 15.46656

5 68.82822 6.424807 1.772603 22.97437

6 55.36342 11.95989 5.366804 27.30989

7 43.09723 16.36913 13.44815 27.08549

8 33.54921 18.23172 23.88316 24.33591

9 26.72028 18.16822 33.69100 21.42051

10 22.05505 17.24882 41.34141 19.35472

Variance decomposition of LE

1 13.45609 86.54391 0.000000 0.000000

2 22.31027 71.59877 6.063973 0.026987

3 25.03206 53.10325 21.69174 0.172947

4 22.74771 41.49340 35.32562 0.433275

5 19.61705 34.78605 44.93134 0.665554

6 17.04307 30.69845 51.46786 0.790614

7 15.26594 28.22209 55.69651 0.815458

8 14.17742 26.78425 58.25279 0.785534

9 13.57472 25.98538 59.69047 0.749426

10 13.26913 25.55276 60.44043 0.737680

Variance decomposition of LEC

1 20.59604 0.411729 78.98659 0.005646

2 37.44615 1.009081 60.79574 0.749024

3 45.17909 2.523519 48.41490 3.882494

4 43.41306 5.388356 41.69794 9.500646

5 36.36095 10.13785 38.08214 15.41906

6 28.69395 15.21396 37.20392 18.88816

7 22.77956 18.44020 39.55187 19.22836

8 18.57010 19.34795 44.22411 17.85784

9 15.46940 18.78903 49.46241 16.27916

10 13.18613 17.66483 53.95372 15.19532

Variance decomposition of LGDP

1 22.98459 20.07109 0.000000 56.94431

2 28.66709 17.03521 0.289673 54.00803

3 34.02094 13.96494 0.142434 51.87169

4 36.55213 11.87645 0.404139 51.16727

5 36.72862 10.33544 0.966887 51.96906

6 35.62752 9.080517 1.471831 53.82013

7 34.04366 8.060554 1.683217 56.21257

8 32.42991 7.253429 1.612334 58.70433

9 30.98089 6.618944 1.453326 60.94684

10 29.74887 6.111094 1.401890 62.73815

Table 6 Variance decomposition of government revenue model

Period LCO2 LEC LGDP LR

Variance decomposition of LCO2

1 100.0000 0.000000 0.000000 0.000000

2 94.91265 1.433344 3.643350 0.010653

3 93.32471 0.769719 5.660424 0.245143

4 90.53607 1.004093 5.982252 2.477580

5 85.34471 1.329295 5.224338 8.101660

6 76.25250 1.281816 4.764378 17.70131

7 64.04533 1.109899 5.829388 29.01538

8 52.23710 1.613213 7.762194 38.38749

9 42.85728 3.119899 9.388811 44.63401

10 35.87703 5.046210 10.33520 48.74156

Variance decomposition of LEC

1 7.787145 92.21285 0.000000 0.000000

2 19.01207 80.56141 0.284480 0.142032

3 30.80332 65.82645 1.719263 1.650964

4 33.90593 58.07838 2.812400 5.203294

5 31.84853 54.03598 2.414804 11.70068

6 26.62900 50.32109 2.205518 20.84438

7 21.09060 46.53907 3.096710 29.27362

8 17.42204 43.39508 4.587272 34.59561

9 15.29159 41.46885 5.828066 37.41149

10 13.77438 40.80397 6.515120 38.90653

Variance decomposition of LGDP

1 28.34788 4.692964 66.95915 0.000000

2 38.96017 8.659034 52.30321 0.077585

3 51.47337 4.055479 44.23449 0.236665

4 57.15222 3.257335 38.92368 0.666766

5 58.61015 3.617766 36.27137 1.500715

6 58.51775 4.212363 34.82755 2.442345

7 57.88889 4.768142 34.14264 3.200337

8 57.25502 5.012534 33.99607 3.736382

9 56.81635 5.078141 34.00949 4.096024

10 56.55211 5.116873 33.98475 4.346269

Variance decomposition of LR

1 8.944273 2.565369 27.42311 61.06725

2 12.71367 8.424441 26.94385 51.91805

3 15.29436 13.10621 26.23277 45.36666

4 16.40110 15.09435 25.49401 43.01054

5 16.72917 16.86055 24.12955 42.28074

6 16.58374 18.35914 22.85741 42.19971

7 16.33652 19.13446 22.02541 42.50361

8 16.20560 19.46816 21.51023 42.81601

9 16.22857 19.64512 21.18095 42.94536

10 16.35292 19.75101 20.96117 42.93490
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emissions in China expressively converges as contributed by
fiscal policy indicators to long-term equilibrium paths. The
long-term effects of fiscal policy tools on environment in
China are unfortunately positive. It reflects that China fiscal
policy is not successfully embraced in dropping pollution
levels up till now. The results of the study reasonably disclose
that environmental protection policies need to be balanced
with fiscal policies in China, though it is investigated that
fiscal policy does not have a strong effect on environmental
quality.

The main motive of the fiscal policy instruments is to pro-
mote real economy rather than environmental quality. The
computed results reveal that the fiscal policy instruments, gov-
ernment expenditure and revenue, are statistically increasing
the Chinese environmental degradation in the long run. It also
indicates that sustainable environment quality can be achieved
through consistent fiscal policy.

In both estimated models, the energy consumption is in-
creasing the CO2 emission in Chinese economy. As the in-
creasing demand of energy for consumption causes an in-
crease in demand for energy production. China is rich in re-
newable energy resources, e.g., the solar, biodiesel, wind, geo-
thermal, biomass waste for the production of energy still to
fulfill the demand for energy consumption government rely on
fossil fuels, and burning fossil fuels cause environmental

degradation. Consequently, the findings of present recom-
mend that fiscal policy may devise to have a continued and
eco-friendly policies to improve air quality. Chinese authori-
ties are extensively adapting fiscal policies to manage eco-
nomic growth; such policies are required in energy sector that
can improve the environmental quality such as regulations for
energy production sector, industrial sector, and agriculture
sector, and moreover government investment and encourage-
ment of private sector for participation in renewable energy
system through tax and subsidy programs. Such improve-
ments in fiscal policies will lead to better effect on environ-
mental quality.

Government needs to pay attention to the awareness
programs as most of the people do not know the devas-
tating impact of different things which leads to environ-
mental degradation, and citizen’s understanding about the
serious problem like environmental degradation can play
a pivotal role in cultivating the environmental quality. By
awareness, one can motivate people to use those methods
and tools which are envi ronmenta l f r iendly in
transportations, production methods, household electricity
consumption, and energy efficiency. The Chinese govern-
ment should focus on green energy use in transportation
like advanced euro technology which is completely envi-
ronment-friendly.
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