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Abstract
As a wide-reaching institutional reform, China’s fiscal decentralization was launched in the
early 1980s to encourage provincial economic growth by granting more financial auton-
omy to provincial governments. In this paper, the impact of fiscal decentralization on
China’s environmental quality is investigated both theoretically and empirically. A neoclassi-
calmodel is developed based on the primary characteristics of China’s fiscal decentralization.
Using provincial panel data for the period 1995-2015, a two-equation regression model is
employed to empirically verify the three propositions of the theoreticalmodel: (1) there exists
an inverted-U shaped relationship between fiscal decentralization and GDP per capita; (2)
fiscal decentralization is positively related toGDPper capita at the steady state; (3) there is an
inverted-U shaped Environmental Kuznets Curve relationship between pollution emissions
and economic growth.
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1. Introduction
Since 2012, a vast area in the north and east of China, including the capital city of Beijing,
has frequently been surrounded by thick hazardous haze and fog. The serious air pol-
lution in China vividly illustrates the mounting environmental pressure faced by the
Chinese government as China’s economy has boomed in recent years. As recognized
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by Chinese officials in the Third Plenary Session of the 18th CPC Central Commit-
tee (9–12 November 2013), China is now at the crossroads of modifying its economic
development model and deepening various aspects of reforms to ensure sustainable
economic development. The same committee’s reform roadmap would accelerate sus-
tainable development, which requires that economic growth should be environmentally
friendly rather than detrimental to the environmental quality. Given China’s unitary
political system, a series of institutional changes and reforms must be performed by the
Chinese government to reverse the worrisome trend of environmental deterioration. As
an important institutional reform, China’s fiscal decentralization is considered by many
scholars and experts to be a possible breakthrough for future reform. For instance, as
Ding et al. (2019) summarize in a recent study, because the current fiscal decentraliza-
tion does not effectively address the issue of extra-budgetary revenues which essentially
gave implicit support to local governments that seek supplementary resources for local
economic development, the future reform direction of decentralization should be the
devolution of decision-making powers to local governments.

Fiscal decentralization was one of the most far-reaching and controversial reforms
during China’s post-1978 opening-up and reform era.1 As Davoodi and Zou (1998)
noted, the conventional wisdom is that fiscal decentralization is favorable to economic
growth. Since the mid-1990s, some scholars have empirically studied the effects of fiscal
decentralization on economic growth with actual data from China, but the estimation
results are rather controversial. Although some researchers found evidence that fiscal
decentralization has a positive influence on economic growth (e.g., Lin and Liu, 2000;
Jin et al., 2005; Chu and Zheng, 2013; Sun et al., 2017),2 others reported that the impact
of fiscal decentralization on China’s economic growth is negative (Zhang and Zou, 1998;
Jin and Zou, 2005).

Given that fiscal decentralization would influence economic growth, because eco-
nomic development may be related to environmental quality (as the Environmental
Kuznets Curve, or EKC for short, describes), fiscal decentralization might exert influ-
ence on environmental quality in an indirect way. Initially introduced by Grossman and
Kruger (1991, 1995), the EKC is an empirical hypothesis that describes an inverted-U
shaped relationship between economic development and the environment: pollutions
would at first increase and then decrease after the peak is reached along with eco-
nomic development. Most of the existing literature on this topic presents empirical
estimations to examine the existence of an inverted-U shaped EKC (e.g., Shafik and
Bandyopadhyay, 1992; Selden and Song, 1994; Cole, 1998; Kearsley and Riddel, 2010);
a few theoretical studies also interpret the existence of the inverted-U shaped EKC
by developing proper models (e.g., López and Mitra, 2000; Brock and Taylor, 2010).3

1A brief introduction to the history of fiscal decentralization can be found in online appendix A.
2Lin and Liu (2000) claimed that fiscal decentralization and the Household Responsibility System

(HRS) are the two key reform measures that have played a very important or even a fundamental role
in China’s economic success. Although Jin et al. (2005) did not investigate the relationship between
fiscal decentralization and economic growth directly, their findings suggest that fiscal decentralization is
pro-growth.

3It should be noted that the empirical estimations for EKC are mixed, and no consistent conclusion has
been reached about the existence of the inverted-U shaped EKC so far. For the possible reasons for the
controversial empirical results, one could refer to a series of review papers on EKC including Stern (2004,
2017) and Carson (2010).
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As economic development may affect the environmental quality, fiscal decentraliza-
tion would indirectly affect environmental conditions through its impacts on economic
growth.

Additionally, fiscal decentralization may also have a direct effect on environmental
quality. On one hand, greater fiscal decentralization might contribute to the improve-
ment of environmental quality, as the provincial governments under higher fiscal
decentralization have more freedom and financial resources for environmental pro-
tection. Because the provincial governments have better knowledge of local residents’
need for environmental quality, in theory they could spend more on environmental
protection and improve local environmental quality more efficiently than the central
government.4,5

On the other hand, fiscal decentralization might worsen environmental conditions.
It is noteworthy that the original motivation for conducting fiscal decentralization was
to foster economic growth (Lin and Liu, 2000), and the turnover of Chinese provincial
leaders primarily depends on local economic performance and the comparisons with
their predecessors (e.g., Chen et al., 2005; Li and Zhou, 2005; Shi et al., 2018). There-
fore, provincial leaders generally have strong incentives to make every effort to promote
provincial GDP growth rates, sometimes even at the cost of local environmental quality
(Chen et al., 2018). Moreover, greater fiscal freedom enables provincial and local gov-
ernments to increase investment in various productive projects and infrastructure con-
struction programs and support the development of heavy industries, which consumed
tremendous amounts of energy and produced a remarkable level of pollution.6

4This explanation is in line with the core idea of Environmental Federalism developed by Oates and
Schwab (1996), Oates (2001) and Oates and Portney (2003). In fact, Environmental Federalism has more
dimensions than the pure environmental effect of fiscal decentralization. For example, as Oates and Portney
(2003) argued, not only fiscal autonomy but also environmental management rights should be assigned to
sub-central governments. However, because China is still highly centralized, there is no sign that in the
foreseeable future provincial and local government could be given full rights tomanage local environmental
affairs (such as enacting local laws for environmental protection as Environmental Federalism requires);
therefore, Environmental Federalismmay not be established in China soon, and therefore this study focuses
on the environmental influence of fiscal decentralization.

5Another possible reason for the positive impact of fiscal decentralization on provincial environmental
conditions is that the provinces with higher fiscal decentralization may have greater interest in promoting
environmental quality so as to attract firms and citizens who have a higher demand for environmental
quality. However, the prerequisite condition for the validity of this argument is that the capital and labor
force should have full mobility (Oates, 2001; Oates and Portney, 2003). This is because only when the factors
of production aremovable would the local government have sufficient incentives to improve environmental
quality in order to attract investment and talent. However, because of the household registration (Hukou)
system and various barriers that hinder population and capital flow in China (Boyreau-Debray and Wei,
2005; Prasad andWei, 2007), neither labor force nor capital canmove freely. Therefore, whether higher fiscal
decentralization would give provincial governments greater incentive to improve environmental quality is
still an open question.

6For example, after the 4-trillion-yuan plan was launched in late 2008 to relieve negative effects of the
international financial crisis and economic slowdown, a large number of heavy and chemical industry enter-
prises, such as small iron and steel makers, small paper mills and small electrolytic aluminum factories,
popped up throughout China. Many of these enterprises utilized obsolete energy-consuming production
facilities and produced enormous amounts of pollution. According to public statistics, many provinces saw
an increase in the emissions of many pollutants (including CO2 and SO2) after 2008. The surge in the fixed
asset investment also helped to push up the level of environmental pollution (Liu et al., 2019).
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After taking both the direct and indirect effects into consideration, the total effect
of fiscal decentralization on environmental quality can be calculated. This method has
been used by some researchers to examine the impact of corruption (Welsch, 2004; Cole,
2007; Leitão, 2010) and government spending (López et al., 2011; Halkos and Paizanos,
2013; López and Palacios, 2014) on the environmental conditions.7

Therefore, to sum up, this study makes contributions to both the theoretical and
empirical literature, and the main contribution is threefold. First of all, a theoretical
model based on the framework of the endogenous growth model is developed to thor-
oughly explain the relationship between fiscal decentralization, economic development
and environmental pollution. Second, the impact of fiscal decentralization on the envi-
ronmental quality is divided into the direct and indirect effects, which are estimated
separately so that the total effect can be evaluated precisely and reasonably. Third, given
the potential spatial correlation in air pollutants, the spatial term is introduced to avoid
biased estimations caused by the spatial correlations. Therefore, this study could also give
some hints to policymakers to coordinate the fiscal, energy and environmental policies
through better and deeper understanding of themechanisms and reasons for the impacts
of fiscal decentralization on environmental quality.

The remainder of this paper is organized as follows. In section 2, the theoreticalmodel
is developed, and several testable propositions deduced from the solutions to the model
are introduced. In section 3, the data utilized in this study are briefly discussed, and the
regression specifications and corresponding econometric methods are interpreted. In
section 4, the estimation results are presented and discussed. In the final section, the
conclusions and policy implications are presented.

2. Theoretical model
In this section, a simple growth model is developed to theoretically explain how fiscal
decentralization would affect pollution levels. The simple model consists of one cen-
tral government and one provincial government with a choice of distribution of tax
revenues (hence financial resources) to capture the main spirit of Chinese fiscal decen-
tralization, without modelling many provincial governments. As discussed previously,
the key characteristic of China’s fiscal decentralization is the distribution of financial
resources between central and provincial governments rather than among provincial
governments. Decentralization is the opposite of centralization and means the central
government assigns more freedom and decision power over collecting and distributing
fiscal resources to provincial and local governments.

It is also noteworthy that, as Jin and Zou (2005) and Chu and Zheng (2013) summa-
rized, fiscal decentralization in China essentially reflects the allocation of tax revenues
and restructuring of fiscal powers between the Chinese central government and provin-
cial governments. In this regard, a choice of distribution of expenditures from tax

7In recent years, there has been a growing body of literature on the influences of power decentraliza-
tion between central and local governments on environmental outcomes (e.g., Fredriksson andWollscheid,
2014; He, 2015; Sjöberg and Xu, 2018). It is noteworthy that most of these studies focused on foreign coun-
tries, especially the developed economies. He (2015) conducted the first study investigating the relationship
between fiscal decentralization and environmental quality in China. The main finding of this study is that
China’s fiscal decentralization has no significant effect on environmental pollution, which is measured by
the emissions of wastewater, waste gas or solidwaste in per capita terms.However, becauseHe (2015) simply
ignored the spatial correlations in pollutant emissions, the estimation results may yield biased estimation
results.
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revenues on environmental improvement among a central government and a represen-
tative provincial government is critical to understanding relationships between pollutant
emissions and GDP growth. Davoodi and Zou (1998) also used a similar simple theoret-
ical model with one central government and sub-national governments to analyze the
issues of fiscal centralization and growth in the U.S. This study utilizes the same logic
for the setup of the theoretical model to investigate the relationship between pollution
and fiscal decentralization in China with one central government and one representative
provincial government.

Specifically, pollution is incorporated into a standard dynamic growthmodel to study
the role of one representative local government on cutting pollution. The government
expenditure channeled via taxes is introduced to reduce the level of pollutants (pt), which
has a detrimental effect on consumers’ utility u(ct , pt), where ct is per capita income. Fol-
lowing Forster (1975) and Baumol and Oates (1988), the explicit utility function follows
the form:

u(ct , pt) = ln(ct)− ψ
p1+γt − 1
1 + γ

, (1)

where ψ ≥ 0 and γ ≥ 0 are positive parameters, ∂u/∂c > 0 and ∂u/∂p < 0. The utility
function is commonly used in economic literature such as Rogerson (1988) and Hansen
(1985).

Governmental actions usually involve specific environmental taxation and use mon-
etary income to tackle pollution emission and discharge, in addition to legislation and
regulations to force firms to hold pollutant emissions to an acceptance level. Considering
the fact that Chinese provincial governments have strong incentives to foster economic
growth by pouring fiscal resources into productive projects, this assumption is reason-
able for China. Given that the decision power of sub-provincial governments in fiscal
affairs is rather limited, this model includes only two tiers of government – central gov-
ernment and provincial government. To keep the model as simple as possible without
losing generality, suppose that there are only one provincial government and one central
authority in the economy. Following the conventional assumptions of the standard neo-
classical growth model such as in Romer (1986) and Lucas (1988), a simple AK model
without technological growth is utilized,

f (kt) = Akt , (2)

where kt is capital per capita and A represents simple constant technological level in
the economy.We assume the government conducts a balanced budget, and government
environmental expenditure is financed contemporaneously by a flat-rate income tax τ
related to pollutants reduction. Then

g = g1 + g2 = τAk, (3)

where g, g1 and g2 are environmental expenditure in per effective worker terms for total
government, provincial government and central government, respectively. Suppose the
share of provincial government expenditure in total government expenditure is φ, then
g1 =φg and g2 = (1–φ)g. As Bach et al. (2009) noted, in reality the level of fiscal decen-
tralization is usually determined by the central government, which is the case for China.
Under the current Tax Sharing System (TSS) launched in 1994, the dominant position of
central government is further strengthened (Sun et al., 2017). Therefore, in this model φ
is assumed to be fixed. In addition, for simplicity, following Barro (1990) and Devarajan
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et al. (1996), we assume that the tax rate τ is fixed. The capital accumulation equation
with consideration of capital depreciation is:

dkt
dt

= (1 − τ)Akt − ct . (4)

Correspondingly, the differential equation for the accumulation of pollutants is

dpt
dt

= −δpt + δ1Akt − βc(1 − φ) τAkt − βlφτAkt , (5)

where δ is the constant depreciation rate of pollutant level, δ1 denotes the pollutant ratio
accompanied by production of firms, and βc and βl are parameters related to reduction
via central and provincial governments spending on reducing pollutants. It is further
assumed that βc < βl to reflect higher effectiveness of local governments on cracking
down on illegal activities leading to pollutants generated by δ1Akt .8

The representative consumersmaximize the following intertemporal utility by choos-
ing consumption ct over time,

max
ct

∫ ∞

t=0

(
ln(ct)− ψ

p1+γt − 1
1 + γ

)
e−ρtdt, s.t. (4) and (5), (6)

where ρ is the constant time-preference rate. The social planner is facing an intertem-
poral utility maximization problem with a view to keeping moderate economic
growth/level with a reduction of pollutant level in the steady state. It is assumed that
the central and provincial governments would jointly pick an optimal tax rate τ once
the equilibrium pollutants and per capital consumption are realized in the steady state.

To sum up, the equilibrium levels of capital stock k, per capita consumption c,
and pollutant emissions p at the steady state are shown in equations (7)–(9). The
corresponding proof can be found in online appendix B.

k = 1
A(δ1 − βc(1 − φ) τ − βlφτ)

(
δγ (ρ + δ) (1 − ρ/(A(1 − τ)))

ψ

)1/(γ+1)
, (7)

c = (1 − τ)

(δ1 − βc(1 − φ) τ − βlφτ)

(
δγ (ρ + δ)(1 − ρ/(A(1 − τ)))

ψ

)1/(γ+1)
, (8)

p = (1 − τ)

δ

(
δγ (ρ + δ)(1 − ρ/(A(1 − τ)))

ψ

)1/(γ+1)
. (9)

According to these steady-state values of k, c and p, the following testable propositions
can be obtained.9,10

8It is noteworthy that we assume that the annual pollutant level and governmental activities are all linear
positively/linearly related to the per capital output. Alternatively, a convex function for the provincial gov-
ernment’s abilities in tackling pollution emissions can be assumed. However, such an assumption would
then lead to a very complicated analytical form of steady-state values of consumption, output and pollutant
levels.

9For a detailed discussion of the features of the economy at the steady state, please refer to the
interpretations in online appendix C.

10Note that due to the fact that the differential equation (7) is linear in capital per capita k, a linear rela-
tionship between p and k is obtained in the steady state, which also implies a linear relationship between p
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Proposition 1. There is an inverted-U shaped nexus of per capita pollutant emissions and
fiscal decentralization. In otherwords, themaximum level of per capita pollution emissions
is reached when fiscal decentralization is chosen to be at a certain level.

Proof : See online appendix D. �

Proposition 2. At the steady state, the relationship between per capita GDP and decen-
tralization is positive.

Proposition 3. With pollutant emissions entering citizens’ utility function, per capita
pollutant emissions would grow at a decreasing rate and eventually reach its maximum
level.

Because propositions 1–3 can be tested using proper econometric techniques, the fol-
lowing section identifies suitable regression specifications and econometric methods to
test these propositions using actual data for China.

3. Data andmethodology
3.1 Data
In this study, SO2 and CO2 are the two representative pollutants under investigation.
The main differences between these two pollutants are reflected in the severity of their
effects on human health and the government’s willingness to control for their emission.
As stressed byCole (2007) andHalkos andPaizanos (2013), SO2 is a traditional industrial
pollutant that mainly affects local people, and the damage caused by SO2 has long been
recognized. In the early stage ofChina’s industrialization during the late 1980s and 1990s,
SO2 was the pollutant of highest concern because high emissions of SO2 were caus-
ing acid rain in many Chinese cities (Wang and Wang, 1995; Liu and Diamond, 2005).
Therefore, the provincial and local governments have a strong willingness and motiva-
tion to limit the emission of SO2.When the central government loosens the fiscal control,
the provincial government has more fiscal resources to improve local environmental
conditions.

In contrast, because CO2 does not directly affect human health in the short run,
CO2 has not received enough attention from China’s government until recently when
the pressure from the international community to curb CO2 emissions mounted (Hao
et al., 2015a). Given these differences, investigating both pollutants may help Chi-
nese policymakers to more deeply and comprehensively understand the effect of fiscal
decentralization on China’s environmental quality. In fact, other researchers have also
examined both of these pollutants at the same time (e.g., Yaguchi et al., 2007; Halkos and
Paizanos, 2013).

As a conventional pollutant, SO2 has long been monitored. Since the mid-1990s
China’s National Bureau of Statistics (NBS) has been reporting SO2 emissions from
the industrial and residential sectors each year, at both national and provincial levels.

and c in the steady state. While the parameters βc and β l have impacts on steady-state levels of k and c, the
steady-state value of pollutant emissions p is independent of βc and β l . This implies that higher values of
βc and β l lead to higher steady-state values of k and c via a faster reduction rate of p and higher value of
intertemporal utility.
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The data of provincial SO2 emissions are available in the China Environment Statis-
tical Yearbooks and China Environment Yearbooks 1995–2016.11 However, there are
no official statistics on China’s CO2 emissions; therefore, the emissions of provincial
CO2 emissions were calculated following the IPCC (2006). The basic idea is to esti-
mate CO2 emissions from the combustion of each type of fossil fuel and then add them
together.

This method was also used by several authoritative international academic institu-
tions, including the International Energy Agency and the Carbon Dioxide Information
Analysis Center, and some researchers (e.g., Huang and Meng, 2013; Wang and Zhang,
2014). Notably, this study also takes into account the CO2 emissions generated from
cement production, a sizable industry that creates approximately 10–15 per cent of
total CO2 emissions in China (Liu et al., 2009). The provincial energy consumption
data are collected from the China Energy Statistical Yearbooks 1996–2016, while provin-
cial cement production data are taken from the China Industry Statistical Yearbooks
1996–2016.

Determining the level of fiscal decentralization is essential for this study. Recall that
fiscal decentralization φ, as defined in the theoretical model, is the share of total gov-
ernment expenditure in the province that is expended by the provincial government.
Considering the data availability and previous similar research studies, the ratio of per
capita provincial fiscal expenditure to per capita national fiscal expenditure is utilized as
the benchmark measurement of fiscal decentralization, as in Zhang and Zou (1998) and
Jin and Zou (2005). The calculation is based on per capita terms rather than total values
so that the provincial population scale can be controlled.12 As mentioned previously,
because the decentralization mechanisms and the relationship between central and local
governments under the Fiscal Responsibility System (before 1994) and the TSS (since
1994) are quite different, in order to keep consistency and comparability, the post-1994
period is chosen as the sample period in this study just as in some recent studies like Jia
et al. (2014) and Sun et al. (2017).

11Because SO2 emissions from the residential sector are not available in 1996 and 1997, the data of SO2
emissions in those two years are converted by dividing the residential sector’s SO2 emissions by the average
ratio of SO2 emissions from the residential sector to total emissions in 1994, 1995, 1998 and 1999.

12It is noteworthy that some researchers have also used other fiscal decentralization indicators for China,
but those indicators are inappropriate for this research. For instance, Lin and Liu (2000) and Jin et al. (2005)
utilized the marginal retention rate of the local government’s budgetary revenue to measure China’s fiscal
decentralization. The marginal retention rate was a good measurement under the Fiscal Responsibility Sys-
tem between 1980 and 1993 because at that time the provincial governments were allowed to keep some
fiscal revenues for their own use. However, under the TSS launched in 1994, the tax revenues are shared
between the central and provincial governments based on a series of sophisticated predetermined rules,
and the provincial governments no longer keep their fiscal revenues. Therefore, the marginal retention
rate is meaningless and immeasurable under the current TSS. Because the sample period in this research is
between 1995 and 2015, the marginal retention rate is not a proper measurement of fiscal decentralization.
In a recent study, Chu and Zheng (2013) utilized the ratio of the sum of provincial revenues and expendi-
tures to the sum of revenues and expenditures of the central and all provincial governments as the level of
fiscal decentralization. However, given the considerable differences in government revenues and expendi-
tures, the fiscal expenditure information may better reflect the fiscal power of provincial government (Vo,
2010); therefore, in this study the indicator suggested by Chu and Zheng (2013) is not used.Moreover, there
might be potential problems associated with the measurement of fiscal decentralization using fiscal revenue
data because some of the fiscal revenues received by local governments (such as the grants or transfer pay-
ments from the central government) are controlled by the central government and are not truly under the
provinces’ autonomous decision making.
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Table 1. Sample statistics and definitions

Variable Mean
Standard
deviation Min Max Definition

fisdec 0.952 0.556 0.396 3.691 Fiscal decentralization,
measured by the ratio of per
capita provincial fiscal
expenditure to per capita
national fiscal expenditure (%)

CO2/c 5,433.431 3,994.239 873.275 26,287.153 Per capita CO2 emissions
(kg/person)

SO2/c 18.500 12.045 2.318 64.471 Per capita SO2 emissions
(kg/person)

y 5,608.166 5,361.496 575.809 36,783.176 Per capita GDP (constant 1978
yuan)

k 12,806.243 14,333.150 722.288 86,169.305 Per capita capital stock
(constant 1978 yuan)

school 8.164 1.201 4.693 12.081 Average schooling years of
citizens (year)

popden 0.414 0.576 0.007 3.850 Population density (person/km2)

tradeopen 4.335 15.465 0.032 134.179 Trade openness, measured by
the ratio of the sum of exports
and imports to GDP

secondind 0.452 0.079 0.197 0.590 Ratio of second industrial
value-added to GDP

The other explanatory variables include capital stock per capita, average schooling
years, population density, industry structure (the ratio of secondary industry in GDP),
and trade openness (the ratio of total foreign trade volume to GDP). Capital stock and
average education time are generally included in standard growth regressions because
they measure the quantity of physical capital and the quality of human capital, respec-
tively (Wang and Yao, 2003; Islam et al., 2006). Population density, industry structure
and trade openness are often used as controlling variables in the regressions examin-
ing the EKC-type relationships (e.g., Auffhammer and Carson, 2008; Du et al., 2012;
Halkos and Paizanos, 2013). The data for these variables are collected from or calculated
based on official statistics. The data for provincial population, GDP and foreign trade
volume (the sum of imports and exports) are taken from the China Statistical Year-
book 1996–2016 and various Provincial Statistical Yearbooks. The perpetual inventory
approach suggested by Shan (2008) is utilized to estimate provincial real capital stock.13

A summary of the statistics and definitions of the variables used in this research are
reported in table 1.

13Currently themainland of China (excluding Taiwan province, Hongkong andMacao) has 22 provinces,
four centrally administered municipalities, and five autonomous regions. For simplicity and consistency,
throughout this study the term ‘province’ is utilized to represent all of these sub-national administrative
entities that are administratively equal. Because Chongqing became a municipal city only in 1997, the data
of Chongqing and Sichuan are merged into Sichuan province. Due to data unavailability, Tibet is excluded
from the data set.
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3.2 Method
Following Halkos and Paizanos (2013), the model used in this study consists of two
equations, (10) and (11), as follows:

ln yit = θi + λt + α1fisdecit + α2(fisdecit)2 + α3(fisdecit)3 + ⇀
x itϕ + uit (10)

lnpit = μi + ζt + β1fisdecit + β2(fisdecit)2 + β3(fisdecit)3 + β4 ln yit

+ β5(ln yit)2 + β6(ln yit)3 + β7

m∑
j=1

wij ln(pj,t−1)+ ⇀
z itη + εit . (11)

In these two equations, ⇀x and ⇀z represent the column vectors of control variables.
The subscripts i and t represent province and time, respectively. θi and μi are cross-
sectional effects that capture the time-invariant provincial factors that would affect GDP
per capita and pollutant emissions per capita, respectively. λt and ζt are time effects in
the two equations. uit and εit are independent and identically distributed residual terms.

Due to the high flowability of air pollution, the air quality of a certain province may
be affected by the pollution situations of its neighboring areas (Auffhammer andCarson,
2008; Kang et al., 2016). Therefore, in equation (11) the spatial term

∑k
j=1 wij ln(pj,t−1)

is introduced to account for the spatial correlation of pollutant emissions to avoid
biased estimations (Elhorst, 2014). wij is an element of the spatial weights matrix w
and measures the spatial correlation between provinces i and j. Specifically, wij are the
spatial weights given to the pollutant emissions of the previous year by its m neighbor-
ing provinces. In this study, we construct the most commonly utilized rook contiguity
weights, in which wij = 1 if provinces i and j are contiguous (share a section of the same
border) and otherwise wij = 0. Plenty of previous studies investigating China’s provin-
cial air pollution also utilized this rook contiguity weight matrix (e.g., Auffhammer and
Carson, 2008; Kang et al., 2016). After the weight matrix is constructed, the weights are
row standardized (each weight is divided by its row sum). It is also noteworthy that the
spatial lags are introduced in the spatial term.14

Equation (10) is a conventional growth regression. Equation (11) investigates the
impacts of economic development and fiscal decentralization on environmental quality.
Similar to equation (10), the level of fiscal decentralization (fiscdec) and its squared and
cubic terms are included in equation (11) to allow for a nonlinear relationship between
pollutant emissions and fiscal decentralization that is predicted by proposition 1. Loga-
rithmic per capita GDP (lny) and its squared term are incorporated in equation (11) to
capture the potential inverted-U shaped EKC relationship (proposition 3). It is notewor-
thy that the square and cube of fisdec and lny are incorporated as explanatory variables
to allow for various possible relationships between pollutant emissions and fiscal decen-
tralization as well as between pollutant emissions and GDP per capita.15 Following Cole
(2007) and Halkos and Paizanos (2013), the estimation procedure of the equation set

14As Auffhammer and Carson (2008) emphasized, there are two reasons for the introduction of spatial
lags. First, there are time lags in the opening of China’s economy across Chinese provinces from coastal areas
to inland regions. Second, the political control of central authority was differentially devolved, and China’s
environmental policies for different provinces have become increasingly decentralized. Some recent studies
have found evidence for the significant correlations between pollutant emissions or energy consumptions
and their spatial lags in China (Auffhammer and Carson, 2008; Hao et al., 2015c).

15As Lieb (2003) and Kaika and Zervas (2013) highlighted, without the cubic term of lny the possible
estimated shapes of the EKC are rather limited (i.e., linear or quadratic function), while in reality there are
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composited by equations (10) and (11) is as follows: first equation (10) is estimated, and
then the fitted values of lny obtained from equation (10) rather than the original lev-
els of GDP per capita are used to estimate equation (11), so that the net effects of fiscal
decentralization on pollutant emissions can be evaluated.

In this study, the Generalized Method of Moments (GMM) developed by Arellano
and Bover (1995) and Arellano and Bond (1998) is employed to estimate equations
(10) and (11). Compared with the conventional ordinary least squares and the fixed-
or random-effects of panel data approaches, GMM has several advantages. First, GMM
allows for the incorporation of the lags of the dependent variable and regressors as pre-
determined explanatory variables. In this way, the dynamics can easily be taken into
account. Second, GMM can control for the potential inertia that may exist when the
dependent variables are determined. Third, the potential reverse causality biases of the
regressors, which occur when predetermined and exogenous variables are selected as
instruments, can be dealt with in a reasonably systematic way.16 The most commonly
used GMM estimators include first-difference GMM (Arellano and Bond, 1991) and
system GMM (Arellano and Bover, 1995; Blundell and Bond, 1998), for which the main
differences lie in the instrumental variables utilized. Based on previous discussions,
the provincial cross-section fixed effects should be controlled for; therefore, the first-
difference GMM is preferred to system GMM and chosen as the benchmark estimation
method because the differencing transformation of the data can easily remove the fixed
effects.

Moreover, as Huang (2010) pointed out, when the number of cross-section units N
is not big enough, the system GMM estimator may suffer from weak finite-sample bias
although itmight bemore efficient. Similar toHalkos and Paizanos (2013), in addition to
the benchmark first-difference GMM, the orthogonal-difference GMM estimator is also
employed for the robustness check. These two difference GMM approaches differ in the
way the differentiation is conducted: in the first-difference GMM, only the differences
in the backward direction are allowed, while in the orthogonal-difference GMM, the
forward orthogonal deviations can also be taken.

3.3 The calculation of direct, indirect and total effects
According to the definition, following Halkos and Paizanos (2013), after estimating the
two regression equations (10) and (11), the direct, indirect and total effects of fiscal
decentralization on environmental quality can be calculated as follows:17

Direct effect = ∂p
∂(fisdec)

(12)

many other possibilities. In this regard, the introduction of (lny)3 as an explanatory variable is necessary
for the reasonable and comprehensive estimations for the EKC relationship. Similarly, the cube of fisdec
is also included to comprehensively capture the possible complicated nexus of pollution level and fiscal
decentralization. During the estimations, first the square and cube of fisdec and lny are added; if any of the
cubic terms is estimated to be insignificant, it is then dropped from the regression equation and only the
corresponding squared term is left.

16An alternative method for dynamic panel data is the dynamic fixed effects (DFE) estimator, which was
also used by Halkos and Paizanos (2013). However, because DFE cannot handle the potential problems of
endogeneity and reserve causality biases of regressors, the DFE estimators might still be biased and incon-
sistent. Nevertheless, we also attempted to estimate the model with the DFE method. However, most of the
coefficients were insignificant; therefore, the DFE estimates are not reported.

17The concrete research framework is also given in online appendix F.
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Indirect effect = ∂p
∂y

· ∂y
∂(fisdec)

(13)

Total effect = Direct effect + Indirect effect = ∂p
∂(fisdec)

+ ∂p
∂y

· ∂y
∂(fisdec)

. (14)

4. Results analysis and discussion
4.1 Estimation results of the regression model
As described previously in the section on empirical estimation methods, equation (10)
should be estimated first. Table 2 presents the estimation results for equation (10),
employing different estimation approaches.

The benchmark first-difference GMM estimates are shown in the second column of
table 2. The coefficients of the GMM estimations shown in table 2 are long-run esti-
mates, which are equal to the short-run estimates divided by the difference of one and the
coefficient of the first-order lagged dependent variable. According to the first-difference
GMM and orthogonal GMM estimates, the coefficients of fisdec, (fisdec)2 and (fisdec)3
are significantly negative, positive and negative, respectively.

Therefore, these results suggest that the relationship between GDP per capita and
fiscal decentralization is inverted-N shaped. Because for some economically-developed
provinces such as Beijing, Tianjin, Shanghai andGuangdong, the level of the fiscal decen-
tralization has been rather higher than the first inflection of the inverted-N shaped curve
but still far below the second turning point, this suggests that for these rich provinces
GDP per capita is positively related with the level of decentralization. It is noteworthy
that proposition 2 is valid for the economy in the steady state, whichmay describe the rel-
atively prosperous provinces given the remarkable differences in economic development
across Chinese provinces. As such, the empirical evidence supports proposition 2.

In other words, raising the level of fiscal decentralization would foster provincial eco-
nomic growth when the provincial economy is developed enough and enters the steady
state. Note that this finding is consistent with Lin and Liu (2000), Jin et al. (2005), and
Chu and Zheng (2013), despite the differences in the definition of fiscal decentralization
and the sample period used in this study. Compared to the static panel data fixed-effects
estimation, the coefficients of average schooling years (lnschool) by GMM estimations
are larger, which highlights the importance of education and human capital in economic
growth. The similarity of the estimates obtained from the first difference GMM and
orthogonal-difference GMM to some extent reflects the robustness of the results.

Using the fitted values of per capita GDP obtained from the benchmark first-
difference GMM estimation results, equation (11) is estimated. The corresponding
regression results for the two representative pollutants, CO2 and SO2, are shown in
tables 3 and 4, respectively. As Leitão (2010) noted, in the pollution equations, a series
of specific provincial characteristics including climatic conditions, geographic features,
fossil fuels endowments and even citizens’ energy use habits may all potentially affect
pollutant emissions. As a result, these provincial fixed-effects should be accounted for by
employing the FE and the first- and orthogonal-difference GMM estimators. Moreover,
because the coefficients of the cube of logarithmic GDP per capita, (lny)3, are estimated
to be statistically insignificant, this cubic term is excluded from the regression equations.

The GMM estimates reported in tables 3 and 4 are also long-run estimates. As dis-
cussed previously, the first-difference GMM estimator is the benchmark estimation
method, based on which all discussions below are made unless otherwise specified. The
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Table 2. Estimates of equation (10) for the impact of fiscal decentralization on GDP per capita

Method FE First-difference GMM Orthogonal-difference GMM
Model (1) (2) (3)

fisdec 0.407*** −1.844*** −0.900**
(0.064)

(fisdec)2 −0.117*** 1.035*** 0.481*
(0.016)

(fisdec)3 −0.143*** −0.088*
lnk 0.646*** 0.610*** 0.516***

(0.010)

lnschool 0.576*** 1.653*** 2.107***
(0.076)

R2 0.846

Hausman FE versus RE 0.000

Wald test 0.000 0.000

Hansen test 0.704 0.782

A-B test of AR(1) 0.040 0.041

A-B test of AR(2) 0.994 0.855

Nobs/Provinces/IVs 609/29 580/29/39 580/29/41

Notes: Standard errors are in parentheses. p-values are reported for all tests. (fisdec)2 and (fisdec)3 represent the square
and cube of fiscal decentralization level, respectively. lnk and lnschool stand for the logarithmic per capita capital stock
and average schooling years, respectively. Given the problem of potential heteroskedasticity, the two-step Arellano-Bond
GMM estimator is utilized. *, ** and *** indicate significance at the 1%, 5% and 10% levels, respectively.

most important findings from the results shown in tables 3 and 4 are that propositions
1 and 3 are verified for both pollutants. Because the coefficients of logarithmic GDP per
capita and its square (i.e., lny and (lny)2) are significantly positive and negative respec-
tively by GMM estimates, the relationship between pollutant emissions per capita and
GDP per capita is inverted-U shaped as proposition 3 suggests.

In other words, the conventional EKC relationship for pollutant emissions exists: the
growth rate of per capita pollutant emissions would gradually slow down and eventually
peak as the economy continues to grow. Because the coefficients of fiscal decentralization
and its square and cube (i.e., fisdec, (fisdec)2 and (fisdec)3) are statistically significant and
their magnitudes are negative, positive and negative respectively, the nexus of pollutant
emissions per capita and fiscal decentralization is estimated to be inverted-N shaped.
However, because for the vastmajority of provinces, during the whole sample period, the
levels of fiscal decentralizationwere higher than the first inflection point of the estimated
inverted-N curve, the actual relationship is essentially inverted-U shaped as proposition
1 predicts (Song et al., 2008).18 For CO2, it can easily be calculated that the inflection
point occurs when the level of fiscal decentralization is approximately 3.1 per cent. For
SO2, the turning point appears at the level of fiscal decentralization of about 3.6 per cent.

18It is noteworthy that proposition 1 is for the total effect rather than the direct effect of fiscal decentraliza-
tion on pollutant emissions. However, as discussed in subsection 4.2, because the direct effect dominates the
total effect during the sample period examined in this study, and also because the indirect effect is far more
complicated as it is related to the level of GDP per capita, in this subsection the discussions of proposition
1 are based on the results shown in tables 3 and 4 that reflect the direct channel of the impact.
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Table 3. Estimates of equation (11) with logarithmic per capita CO2 emissions as the dependent variable

Method FE

First-
difference
GMM

First-
difference
GMM

Orthogonal-
difference
GMM

Orthogonal-
difference
GMM

Model (1) (2) (3) (4) (5)

fisdec −0.485** −1.976*** −1.800*** −2.675*** −1.512***
(0.203)

(fisdec)2 0.386*** 1.172*** 0.994*** 1.636** 0.893***
(0.122)

(fisdec)3 −0.070*** −0.180*** −0.153*** −0.253** −0.145***
(0.021)

wlnCO2perc_1 0.306*** 0.643*** 0.654*** 0.525** 0.635***
(0.044)

lny 0.756*** 2.009*** 1.778** 2.749*** 1.693**
(0.252)

(lny)2 −0.016 −0.108** −0.094* −0.148** −0.088*
(0.012)

secondind 1.758*** 2.024*** 2.115*** 2.517*** 2.050***
(0.179)

popden −0.175* 0.179 0.559
(0.093)

tradeopen −0.00041 −0.00042 −0.00036
(0.00048)

R2 0.739

GDP per capita
corresponding to the
turning point

10,948.2 12,803.2 10,798.5 15,052.8

Wald test 0.000 0.000 0.000 0.000

Hansen test 1.000 1.000 1.000 1.000

A-B test of AR(1) 0.001 0.000 0.000 0.001

A-B test of AR(2) 0.496 0.508 0.456 0.560

Nobs/Provinces/IVs 580/29 551/29/273 551/29/273 551/29/273 551/29/170

Notes: Standard errors are in parentheses. The probabilities are reported for all tests. For GMM estimations the long-term
coefficients are reported. (fisdec)2 and (fisdec)3 represent the square and cube of fiscal decentralization level, respec-
tively. (lny)2 stands for the square of lny. wlnCO2perc_1 is the spatial term for CO2 emissions per capita. The meanings of
the other variables are described in table 2. The two-step Arellano-Bond GMM estimator is utilized. *, ** and *** indicate
significance at the 1%, 5% and 10% levels, respectively. It is also noteworthy that the spatial correlations are controlled
for by introducing the spatial term

∑k
j=1 wij ln(pj,t−1) following the seminal research of Auffhammer and Carson (2008),

and the standard errors do not reflect the characteristics of spatial correlations.

Another interesting finding from the direct effect results shown in tables 3 and 4 is
that the inverted-U shaped relationship between fiscal decentralization and pollutant
emissions also to some extent reflects the fact that at less developed stages of economic
development, the impact of ‘more decision power’ that is brought by a higher level of
fiscal decentralization may not necessarily have too much benefit. One possible reason
for this finding is that the decision makers in the less developed regions might know less
about effective policy design, despite the fact that they could have better knowledge of
the local preferences if they have enough resources to detect those preferences.
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Table 4. Estimates of equation (11) with logarithmic per capita SO2 emissions as the dependent variable

Method FE

First-
difference
GMM

First-
difference
GMM

Orthogonal-
difference
GMM

Orthogonal-
difference
GMM

Model (1) (2) (3) (4) (5)

fisdec −2.171*** −3.198*** −4.812*** −3.174*** −3.357***
(0.266)

(fisdec)2 1.499*** 1.496*** 2.428*** 1.828*** 1.974***
(0.159)

(fisdec)3 −0.245*** −0.196** −0.327*** −0.277*** −0.284***
(0.028)

wlnSO2perc_1 0.403*** 0.290 0.328*** 0.264** 0.248**
(0.049)

lny 1.585*** 1.506*** 1.074** 2.105*** 2.455***
(0.279)

(lny)2 −0.095*** −0.085*** −0.059* −0.125*** −0.147***
(0.017)

secondind 1.346*** 2.145*** 2.509*** 1.815*** 1.740***
(0.239)

popden −0.139 −0.597 −0.364
(0.121)

tradeopen −0.00080 0.00023 0.00009
(0.00063)

R2 0.268

GDP per capita
corresponding to the
turning point

7,036.2 8,970.5 4,536.9 4,231.6

Wald test 0.000 0.000 0.000 0.000

Hansen test 1.000 1.000 1.000 1.000

A-B test of AR(1) 0.016 0.004 0.001 0.001

A-B test of AR(2) 0.065 0.060 0.052 0.053

Nobs/Provinces/IVs 580/29 551/29/225 551/29/150 551/29/225 551/29/276

Note: wlnSO2perc_1 is the spatial term for SO2 emissions per capita. The other interpretations are the same as in table 3.
*, ** and *** indicate significance at the 1%, 5% and 10% levels, respectively.

Among the control variables introduced in equation (11), only the ratio of second
industry value-added to GDP and the spatial term are estimated to be significant. As
expected, the second industry contributes significantly to the emissions of CO2 and SO2
in China (Hao et al., 2015b). On average, a 1 per cent increase in the ratio of secondary
industry to GDP would lead to an increase in per capita emissions of CO2 and SO2 of
approximately 2 per cent. Remarkably, the spatial correlation of pollutant emissions is
verified since nearly all estimated coefficients of the spatial terms are statistically positive
at least at the 5 per cent significance level (except for model (2) for SO2 emissions per
capita), which indicates that one province’s air quality is indeed affected by its neighbor-
ing provinces, asAuffhammer andCarson (2008) andKang et al. (2016) found.However,
for the other two control variables, the population density (popden) and trade openness
(tradeopen), the coefficients turn out to be insignificant by both GMMmethods. As Du
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et al. (2012) summarized, population density and trade openness may have both positive
and negative impacts on the environment, therefore the insignificant resultsmay suggest
that the relative strengths of the opposite directions for these two factors are roughly the
same.19

Despite the similarity, there are still some important differences in the estimation
results for CO2 and SO2. For instance, the levels of GDP per capita corresponding to the
emission peak of the two pollutants are quite different. As shown in table 3, per capita
CO2 emissions peak when GDP capita reaches the interval between 11,000 and 15,000
yuan (constant 1978 price). In contrast, as shown in table 4, the turning point of SO2
emissions per capita is reached before per capita GDP reaches 9000 yuan (constant 1978
price). If the medium values of the intervals are taken as the levels of GDP per capita at
the inflection points of the two pollutant emissions approximately, the turning points
would occur at around 13,000 yuan and 6,600 yuan for CO2 and SO2, respectively. The
levels of GDP per capita for a majority of provinces surpassed 6,600 yuan in 2006 when
total national SO2 emissions peaked inChina.However, as of 2015 (the end of the sample
period), only a few rich provinces’ GDP per capita was higher than 13,000 yuan, while
the turning point of CO2 emissions per capita for the whole nation is still yet to come.

The differences in the estimated turning points for CO2 and SO2 may to some extent
reflect the differentiated attitudes of the Chinese government toward these two pollu-
tants. In China, SO2 has long been recognized as a pollutant by the Chinese government
and the public. Partly thanks to the continuous efforts of environmental educators, it has
become general knowledge that SO2 may cause serious environmental problems like acid
rain and harm human beings’ health severely (Qing, 2004). In contrast, CO2 has not yet
been recognized as a pollutant by the Chinese government, and the Chinese people are
in general more tolerant of CO2 than of traditional air pollutants, such as SO2 and NOx
(Duan, 2010; Guo and Marinova, 2011).

Moreover, as Harris (2006) pointed out, according to the results of a series of sur-
veys on environmental perspectives and behaviors in China, most Chinese people pay
attention to the local pollutants that threaten their health (like SO2 and NOx) but nor-
mally have little knowledge about global environmental issues such as global warming.
Nor does the public have enough information about the techniques to curb CO2 emis-
sions (Duan, 2010). Therefore, it is reasonable to assume that the emissions of SO2
entered citizens’ utility function quite early, but the emissions of CO2 may not enter
residents’ utility function even when per capita income is considerably high. In fact,
some researchers have found evidence that the Chinese government has not taken seri-
ous actions to control CO2 emissions until recently (Yaguchi et al., 2007; Yuan and Zuo,
2011). In the meantime, it should be noted that the reduction in SO2 emissions may
have partly resulted from the effective SO2 reduction policies. For instance, as Karplus
et al. (2018) stressed in a recent study, China has achieved great success in reducing SO2
emissions with various emission control methods in the power sector.

19As for population density, although population accumulationmay lead to higher demand for energy and
therefore generatemore pollution (Wang et al., 2016), population accumulationmay alsomake it possible to
use energymore intensively (e.g., central heating) and therefore reduce the intensity of energy consumption
and pollutant emissions. Similarly, raising trade openness may have pros and cons for the environment.
Although trade openness may be associated with a higher level of pollution because of exporting more
energy-intensive products, international trade could facilitate the diffusion of more advanced technology
that helps to curb pollutant emissions.
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Figure 1. The effect of fiscal decentralization on CO2 emissions per capita.
Notes: For CO2, the direct effect of fiscal decentralization is−1.976+ 2.344fisdec-0.540fisdec2, while the indirect
effect of fiscal decentralization is (−1.844+ 2.070fisdec-0.429fisdec2) • (2.009–0.216lny). fisdec and lny represent
the level of fiscal decentralization and logarithmic per capita GDP.

4.2 The impact of fiscal decentralization on environmental quality
After estimating equations (10) and (11), the direct, indirect and full impacts of fis-
cal decentralization on the environment can be calculated. Concretely, the estimates by
the benchmark first-difference GMM approach are chosen for the calculations in this
subsection.

Based on the first-difference GMM estimates shown in table 3, the total environmen-
tal impact of fiscal decentralization on CO2 can be gauged. The overall effect of fiscal
decentralization on CO2 emissions per capita is depicted in figure 1. Because the direct
and indirect effects both depend on the values of per capita GDP and level of fiscal decen-
tralization, figure 1 has three dimensions: per capitaGDP, fiscal decentralization, and the
elasticity of CO2 emissions per capita with respect to fiscal decentralization.

As shown in figure 1, as the level of fiscal decentralization rises, the total effect of
fiscal decentralization is at first increasing and then decreasing after the turning point
of the total effect is reached. This is mainly because the direct effect dominates the
indirect effect during the sample period. It is noteworthy that the direct effect of fis-
cal decentralization for CO2 emissions per capita is inverted-U shaped, the shape of
the three-dimensional figure which has a similar inverted U-shape as the level of eco-
nomic development does not significantly affect the total effect. It is also noteworthy
that the range of fiscal decentralization is between 0.396 and 3.691 (as shown in table 2).
In the past years during the sample period, fiscal decentralization led to an increase
in CO2 emissions per capita in China, while it will decrease the emissions as the fiscal
decentralization continues in the future.

The relationship between fiscal decentralization and per capita CO2 emissions shown
in figure 1 intuitively reflects some important characteristics of CO2. The estimation
results suggest that the nexus of per capita CO2 emissions and per capita income is
shaped like an inverted U, which verifies proposition 3. As discussed previously, the
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harm from global warming and its main cause (the emissions of greenhouse gases, espe-
cially CO2) have not been completely recognized by Chinese citizens for a long time. In
this regard, the demand for curbing CO2 emissions has not been strong, and therefore
China’s CO2 emissions will continue to rise as the economy grows, as long as the public
is not fully aware of the negative effects of CO2 emissions (Yu et al., 2013).20

Finally, there is a caveat: although the estimation results indicate the existence of an
EKC relationship for both pollutants in China, it cannot be concluded that the envi-
ronmental issues can be automatically solved with economic development. It should be
noted that, with the data observed so far, the empirical evidence merely suggests that the
decrease in environmental pollution may occur as the economy continuously grows. In
other words, there is statistical rather than deterministic evidence for the existence of an
EKC, as there might also be uncertainties that may affect the shape and position of the
EKC relationship (e.g., Kijima et al., 2011; Bernard et al., 2015; Stern, 2017). Moreover,
as Roberts and Grimes (1997) and Cole (2004) stressed, considering the limited eco-
logical boundaries of the earth and the colonial history of most currently rich nations
that supports their ‘grow now clean later’ strategy, even if the EKC relationship indeed
exists, the EKC growth patterns might not be obtainable for the developing countries
nowadays.

In this regard, given that China currently contributes the largest shares of almost all
main pollutants to the world, various policies and measures – such as specific environ-
mental regulations (Chen et al., 2018), promoting technology progress (Yin et al., 2015)
and increasing green investment (Liao and Shi, 2018) – should be formulated and imple-
mented to accelerate the improvement of the environmental quality in China.Moreover,
as the observed EKC usually already incorporates effects from environmental policies,
the empirical evidence for the EKC does not reflect the ‘policy-free’ outcomes, so future
environmental policies are still very necessary. The estimation results of this study also
indicate that a properly designed fiscal decentralization system could help to improve
China’s environmental quality.

5. Conclusions and policy implications
In this paper, the effect of fiscal decentralization on China’s environmental quality is
comprehensively investigated. To examine the impact in a reasonable and convincing
way, a theoretical model based on those of Barro (1990), Devarajan et al. (1996) and
Ordás Criado et al. (2011) is developed, and several testable propositions are raised
on the basis of the solutions to the model. Using China’s provincial panel data for the
period 1995–2015, a two-equation model similar to that of Halkos and Paizano (2013)
is employed to examine the validity of the three propositions and estimate the direct,
indirect and total effects of fiscal decentralization on per capita emissions of two repre-
sentative pollutants – CO2 and SO2. The first-difference GMM approach is utilized to
control for potential endogeneity and allow for the dynamics.

The estimation results support the three propositions of the theoretical model, and
the total effects of fiscal decentralization on both pollutants is found to be dependent on
the levels of fiscal decentralization and GDP per capita. Specifically, when the economic
development level is high enough, the level of fiscal decentralization is positively related

20The impact of fiscal decentralization on SO2 is quite similar to that for CO2.Due to space limitations, the
interpretations of the impact of fiscal decentralization on SO2 are provided in online appendix G.Moreover,
we have also conducted robustness analysis, which is reported in online appendix H.

https://doi.org/10.1017/S1355770X19000263 Published online by Cambridge University Press

https://doi.org/10.1017/S1355770X19000263


Environment and Development Economics 177

to GDP per capita for relatively rich provinces which are considered to be at or near
their steady state (proposition 2), and the relationship between fiscal decentralization
and per capita pollutant emissions (for both SO2 and CO2) is estimated to be essentially
inverted-U shaped (proposition 1). Moreover, the inverted-U shaped EKC relationship
between pollutant emissions per capita and GDP per capita is also verified by empirical
estimations (proposition 3).

On the basis of these conclusions, some important and straightforward policy impli-
cations are as follows. First, at the current stage of China’s economic development, to
further promote the level of fiscal decentralization is beneficial not only to economic
growth but also to the environment. As suggested by the theoretical model and the
empirical results, there exists a certain interval of the fiscal decentralization level at
which economic growth is enhanced and environmental quality improves as the fiscal
decentralization is further expanded. As such, China’s central authority should deepen
fiscal reform and conduct corresponding appropriate policies to increase provincial fis-
cal decentralization to achieve two goals at one stroke. Second, given the considerable
gap in economic and social development across regions, different provinces may choose
different levels of fiscal decentralization to maximize its positive effects on environ-
mental quality and economic growth. Specifically, for the rich provinces for which the
fiscal decentralization is conducive to economic growth, a higher level of fiscal decen-
tralization is suitable. However, for the economically-backward inland provinces that
are still far away from their steady states, a reasonable level of fiscal decentralization
should be carefully chosen based on the economic conditions. Third, more provincial
fiscal resources should be put toward environmentally friendly projects. Currently,many
provincial and local governments focus on promoting construction of new infrastruc-
ture and the development of secondary industries, especially heavy industry. Although
these activities are likely to push up economic growth in the short run, they are in general
not environment-friendly. Increasing the ratio of fiscal expenditure for environmental
protection and improvement could therefore be vital and may be immediately effective
in reversing the trend of China’s environmental deterioration.

This paper quantitatively investigates the dynamic relationship between fiscal decen-
tralization, economic development and environmental quality, both theoretically and
empirically. Although this study fills a research gap andmakes a contribution to the exist-
ing literature, there are still some remaining limitations that could be possible directions
for future research. For instance, for the theoretical model setup, it is more interesting
and insightful to introduce one central government and two provincial governments so
that the competition among different regions can be well captured and accounted for
at the expense of increasing complexity of calculations. Moreover, given that China’s
economy has a series of new features as economic growth shifts gear from the previous
high speed to a medium-to-high speed at the ‘new normal’ stage, the influences of fis-
cal decentralization on China’s economic development and environmental quality may
be different now compared to the past decades investigated in this study. Therefore, in
the empirical aspect, this relationship could be further analyzed by employing recently
developed econometric tools like panel threshold regressionmodels as long asmore data
in the ‘new normal’ era are available.
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