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This study explores the influence of government’s spending on environmental protection on air
pollution in Taiwan. Using the panel data of 20 counties, county-level cities, and municipalities in
Taiwan covering the period from 2013 to 2018 and the spatial econometric analysis due to con-
sidering the possible spatial dependence of air pollution represented by PM2:5 concentration and SO2

emissions, the primary finding is that government’s spending in the environmental protection can
statistically significantly improve air pollution regardless of where the financial source is. However,
rather than the local fiscal expenditure on environmental protection, subsidies of the air pollution
control from the central government can play more important roles to effectively improve air quality
of the local area in Taiwan.
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1. Introduction

In recent years, improving the quality of life has become the focus of governments while
they pursue goals of economic growth and technology improvement. According to the
sustainable development goals proposed by the United Nations in 2015, it is mentioned that
“make cities and human settlements inclusive, safe, resilient and sustainable” and that
“ensure sustainable consumption and production patterns”. Undoubtedly, these statements
are related to issues regarding the environmental protection, including maintaining air
quality and managing chemicals and wastes in a proper and environment-friendly way.
Thus, it is obvious that air pollution, especially the two most common air pollution indi-
cators — PM2:5 concentrations and SO2 emissions, already acquired worldwide attention.

As a matter of fact, inferior air quality can be hazardous to the health of human being. In
2014, World Health Organization pointed out that inferior air quality deteriorated car-
diovascular function and that air pollution had already resulted in nearly 7 million deaths
around the world in 2012. Therefore, how to effectively restraint harms made by air
pollution is a critical issue that governments must pay attention. The damages arisen due to
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air pollution led many countries to carry on monitors and controls for the level of air
pollution.

In Taiwan, both the trend of annual average PM2:5 concentration and SO2 emissions are
declining under the active engagement in Taiwan’s air pollution control by central and local
governments.1 According to the official information provided by Environmental Protection
Administration, Taiwan, the concentrations of PM2:5 among five regions in Taiwan during
the period of 2013–2018 were no more than 30.2 To be more specific, annual average
PM2:5 concentration in Southern Taiwan and Central Taiwan is comparatively high ranging
from 20 to 30, while it is lowest in eastern area, which has the best air quality in Taiwan. In
addition, there demonstrates a yearly declining trend of annual average PM2:5 concentra-
tion among five regions during the same period. With regard to SO2 emissions, Southern
Taiwan is the area with the highest annual average SO2 emissions during 2013–2018 and
Northern Taiwan ranks third-highest one. Eastern Taiwan is the area with the lowest annual
average SO2 emissions during 2013–2018. Except for Eastern Taiwan, there exists a yearly
declining trend of annual average SO2 emissions among other four regions during the
period 2013–2018. Therefore, regardless of which air quality indicator is adopted, Eastern
Taiwan is still an area with best air quality in Taiwan.

The primary purpose of this paper is to understand the determinants of degree of air
pollution in Taiwan, especially the roles of central and local governments’ environmental
expenditure in this regard. Furthermore, this study examines whether the impact of gov-
ernments’ spending on environmental protection on air pollution will be different if the
budget is from different levels of government, which is from central and local governments.
A panel data of 20 county-level administrative areas (county, hereafter) from 2013 to 2018
is adopted and several spatial econometric models are estimated due to considering the
potential spatial dependence of air pollution, represented by PM2:5 concentration and SO2

emissions. The primary finding is that PM2:5 concentration can be mitigated if local
governments have more spending on environment protection. However, the magnitude of
this negative impact is larger if the budget of this spending is from central government than
from local government. However, SO2 can be mitigated only if local governments have
more spending on environment protection subsidized by the central government. Finally,
air pollution has positively spatial dependence, suggesting that an increase in air pollution
in one county will also increase air pollution in its neighboring counties.

The contributions of this research are shown as follows. First, it compares the difference
between influences of the environmental protection spending from local government and of
the air pollution control subsidies from the central government on the local air pollution.
Second, this study takes PM2:5 concentrations and SO2 emissions as air pollution indicators

1The unit of annual average concentration of PM2:5 is � g/m3, while that of SO2 is parts per billion (ppb).
2This paper categorizes 20 counties/cities in Taiwan into five regions, Northern Taiwan, Central Taiwan, Southern Taiwan,
Eastern Taiwan and outer islands according to National Spatial Plan issued by the Ministry of Interior, Taiwan. Northern
Taiwan includes Taipei city, New Taipei city, Keelung city, Taoyuan city, Hsinchu city/county and Yilan county; Central
Taiwan includes Miaoli county, Taichung city, Changhua county, Nantou county and Yunlin county; Southern Taiwan
includes Chiayi city/county, Tainan city, Kaohsiung city and Pingtung county; Eastern Taiwan includes Hualian county, and
Taitung county; Out islands include Penghu county.

2 The Singapore Economic Review

August 19, 2021 12:04:14pm WSPC/172-SER 2150057 ISSN: 0217-5908
2ndReading



to examine the issue of air pollution. Third, this study explores the issue regarding whether
these two air pollution indicators have a spatial dependence by employing the spatial
econometric model. These contributions make this study different from previous studies.
The rest of this paper is organized as follows. Section 2 reviews the existing literatures and
Section 3 establishes empirical model and hypothesis followed by analyses and discus-
sions in Section 4. Finally, conclusions and policy implications are provided in Section 5.

2. Literature Review

There are abundant literatures investigating whether air pollution will relatively decline
when governments increase their expenditures of environmental protection, however their
conclusions are not consistent due to different air pollution indicators and countries. López
et al. (2011) analyzed 38 countries, which half are low and middle income, and proved that
a rise in the proportion of public goods spending significantly lowers the concentration of
SO2 emissions, whereas it has no significant effect on lead. Halkos and Paizanos (2013)
analyzed the effects of government spending on the emissions of SO2, CO2 and other
pollutants on a sample of 77 countries from 1980 to 2000 and revealed that government
spending has negative and significant effect on SO2 emissions, whereas it affects CO2

emissions hardly. Halkos and Paizanos (2014) further investigated the long-term effect of
government’s pollution protection spending on environment and revealed that the impact of
government expenditure on CO2 emissions is insignificant, whereas on SO2 emissions, it is
negative and significant.

In addition, López and Palacios (2014) further detected the reason why European
environment gets better through the aspect of fiscal, trade and environmental policies and
indicated that both increasing in the share of fiscal spending over GDP and shifting the
emphasis toward spending on public goods instead of non-social subsidies can signifi-
cantly reduce the concentrations of SO2 emissions and O3 emissions but not NO2 emis-
sions.3 Islam and López (2014) explored how the composition of government expenditure
by federal and state governments affects every kinds of air pollutants in America and found
that redistributing expenditure from private subsidy to society and public goods by state
and local governments can reduce the concentration of air pollution, but redistribution of
federal government expenditure cannot.

There are several studies taking China as the research objective in this regard. He et al.
(2017) empirically analyzed seven high contaminated cities in China including Beijing and
Shijiazhuang and found that environmental protection expenditure does not have a sig-
nificant effect on improving air pollution in long-term equilibrium, and even leads to
deterioration slightly. Zhang et al. (2017) further investigated how every levels of gov-
ernments affect environmental quality through fiscal expenditure. The result suggests that
the total effects of increase in government expenditure on different kinds of pollutants are
different such as the total effects are decreasing and inverted U-shaped for SO2 emissions

3López and Palacios (2014) also indicated that environmental tax is found to lower the concentration of NO2, but does not
have effect on the emissions of O2 and SO2. In addition, trade openness is found to have direct impact on SO2 emissions, but
not on NO2 emissions and O3 emissions.
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and soot, respectively. Huang (2018) adopted a spatial econometric model to empirically
find that environmental protection spending of China’s local governments has statistically
negative impact on SO2 emissions, suggesting that more environmental protection
spending is likely to effectively lower the SO2 emissions. An existence of spatial depen-
dence of SO2 emissions is also suggested.

The environmental Kuznets curve (EKC) hypothesis has been an important issue when
it comes to the issue of economic development and environmental quality. Shafik (1994)
claimed that the level of environmental pollution is higher as early stage of economic
development. When income gets to a certain level, environmental quality would start to
become better. This hypothesis has been supported by Grossman and Krueger (1993,
1995), Selden and Song (1994), Panayotou (1997), Vollebergh et al. (2009), Giovanis and
Ozdamar (2016) and Sinha and Bhattacharya (2016, 2017).

Regarding other factors affecting air pollution, Bernauer and Koubi (2009) revealed that
degree of democracy has independent and positive effect on air quality,4 and that the
strength of labor union is also found to conduce to reduce air quality, while the strength of
green parties yields an opposite effect. Rosenblum et al. (2000) indicated that tertiary
industrial sectors have the features of producing relatively low emissions. Gibson and
Carnovale (2015) examined the influence of road user charge on driver behavior and air
pollution and found that suspension of road pricing significantly increases the concen-
tration of emissions of CO and PM10 in Milan by the range of 6–17%. Knorr et al. (2017)
concluded that regions and periods with higher fire frequency result in high-risk PM2:5

pollution. Giovanis (2018) suggested that traffic volume has a positive impact on air
pollutants. In addition, Lalive et al. (2018) stated that the increase in rail service in
Germany by 10% lowers the emissions of CO and NOX by 1% and 2%, respectively, but
will not influence emissions of SO2 and O3. Also, Giovanis (2018) pointed out that
teleworking and reducing traffic volume are able to enhance air quality. Fu and Gu (2017)
found that during the period of national holiday in 2012, the degree of air pollution
increased by 15–20% due to the cancelation of freeway toll. Yang and Zhang (2018)
concluded that sandstorm has significant effect on PM2:5. In addition, Huang (2018)
showed that trade factors have negative relationship with the SO2 emissions, provinces
with higher GDP of secondary industrial sectors per capita tend to discharge more SO2

emissions, industrial pollution control invested by private sectors is conducive to reduce
SO2 emissions, the increase in population density leads to the decline of SO2 emissions,
and spatial autocorrelation coefficient is positive which proves that there have positive
spatial dependence for the SO2 emissions in China’s provinces.

3. Methodology

Since this study mainly aims to analyze the influence of government expenditure regarding
to environmental protection on the degree of air pollution, the dependent variable, the level

4Bernauer and Koubi (2009) indicated that among democracies, those with presidential systems are more conducive to air
quality than with parliamentary systems.
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of air pollution in county, is represented by two variables: Annual average concentrations
of fine particulate matters (PM2:5Þ and sulfur dioxide (SO2Þ. The higher the volumes they
are, the higher the level of air pollution as well as the more severe air quality is. These two
variables are collected from Air Quality Annual Report announced by Taiwan Environ-
mental Protection Administration covering the period from 2013 to 2018 due to availability
and measuring consistency. The empirical model and explanatory variables adopted in this
study are illustrated as follows.

3.1. Model specification

For considering the potentially spatial dependence of air pollution, this study employs a
spatial econometric model that can be categorized into three types, spatial Durbin model
(SDM), spatial autoregressive (SAR) model and spatial error model (SEM). The SDM is
developed by LeSage and Pace (2009), and it can be described as follows by using a simple
two-way fixed-effect model:

yi, t ¼ �
XN

j¼1

wi, j yj, t þ αþ βxi, t þ θ
XN

j¼1

wi, j xj, t þ �i þ λt þ "i, t, i 6¼ j, ð1Þ

where yi, t is the level of air pollution represented either by PM2:5 concentration or SO2

emissions of county i in year t, i ¼ 1, 2,…, 20 and t ¼ 2013, 2014,…, 2018. In addition,
wi, j is an element in the ith row and jth column of a spatial weight matrix W and wi, j yj, t
represents the influences on dependent variables in a certain county arising dependent
variables of other neighborhood.5 � stands for SAR coefficient. θ and β are coefficients of
explanatory variables. �i represents spatial-specific effect, while λt represents time-specific
effect. Moreover, LeSage and Pace (2009) decomposed the impact of each explanatory
variable on the dependent variable, the average total effect, into two parts: the average
direct effect and the average indirect effect. For simplicity, estimation analysis focuses only
on the average total effect.

This study first utilizes the Wald test proposed by Elhorst (2010) to test two null

hypotheses H 1
0 : θ ¼ 0 and H 2

0 : �β þ θ ¼ 0, and then to select the suitable spatial

econometric model among SDM, SAR and SEM. If both H 1
0 : θ ¼ 0 and H 2

0 : �β þ θ ¼ 0

are rejected, then the SDM is adopted. If H 1
0 : θ ¼ 0 is rejected while H 2

0 : �β þ θ ¼ 0
cannot be rejected, then the SAR that eliminates θ�wi, j xj, t from Equation (1) is adopted. If

H 2
0 : �β þ θ ¼ 0 is rejected while H 1

0 : θ ¼ 0 cannot be rejected, then the SEM that elim-
inates ��wi, j yj, t and θ�wi, j xj, t from Equation (1) and defines the error term as �i, t ¼
γ�wi, j�j, t þ "i, t is adopted.

6 However, if both null hypotheses cannot be rejected, then it is
incapable of utilizing spatial econometric model to analyze. Then, the Hausman test
proposed by Hausman (1978) is adopted to determine which of the fixed-effect or the
random-effects model is more appropriate.

5The numbers in the W matrix will be row-standardized, that is, making the sum of the elements in each row equal to 1.
6Here, γ represents the coefficient of the spatial error. When γ is significant and not equal to 0, it shows the existence of
spatial correlation among the error terms in the model, and the error term is no longer a white noise but is autocorrelated.
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3.2. Explanatory Variables

The primary explanatory variable in this study is environmental protection expenditure
from central government and from local government, respectively. The former is subsidies
of air pollution control from the central government but conducted the local government
(CGS) and the latter is the final accounting for the budget expenditure in environmental
protection of local government (LGS). These two variables can help us distinguish the
different impacts of environmental expenditure of air protection from local governments
and from central governments on the air pollution. In addition, due to possible problems of
endogeneity and the delay-effect of policy, both variables are 1-year lagged in the re-
gression.7 According to Huang (2018), more environmental protection spending of pro-
vincial government can effectively improve the quality of air. Therefore, the effects of CGS
and LGS on PM2:5 and SO2 are expected to be negative in this study. Moreover, the
effectiveness of CGS must be supervised by central government, and thus expected that the
effect of CGS should surpass that of LGS.

In addition to CGS and LGS, other explanatory variables are selected primarily based
on literatures mentioned above, including income, employment structure based on industry
and several main pollutants. Due to the famous hypothesis of EKC, this study includes
both annual real disposable income per capita (INCOM) and its square term (INCMSQ) as
explanatory variables. According to EKC, the sign of the average total effect of INCM on
the air pollution is expected to be positive, but it is expected to be negative for INCMSQ.
Variables that stand for local employment structure are the percentage of employment in
the industrial sector on total employment (SEC) and that of employment in the service
sector on total employment (TRD). It is expected that SEC will make the air pollution more
severe than TRD does. The density of firms with toxic chemicals (FIRM), fire frequency
(FIRE) and traffic volume (PCU) all stand for pollution sources and are expected to
damage the air quality in this study. Definitions, descriptive statistics, expected sign and
data sources of dependent variables and explanatory variables are summarized in Table 1.

4. Empirical Results

Prior to the analysis of the estimation results, it is necessary to confirm that all variables
meet the requirement of stationary. The commonly-used unit root test for variables of panel
data in literatures is LLC test proposed by Levin et al. (2002) with the null hypothesis that
variable has a unit root.8 Table 1 also presents results of LLC unit root test for all variables
and concludes that all variables reject the null hypothesis of unit root at 1% significance
level, meaning that all variables are stationary and that spurious regression due to

7Due to that, values of CGS are zero for several counties in several years, such as Yunlin county from 2015 to 2017, Keelung
city in 2013, New Taipei Municipality from 2014 to 2016, Tauyuan Municipality in 2016, and Chiayi city in 2013 and unable
to be transformed into a logarithm form. Therefore, for consistency, the level values of all variables instead of their log values
are adopted in this study and thus it is unable for us to provide the elasticity of the government expenditure which is much
more meaningful.
8 It is assumed that the panel regression is expressed as Δyi, t ¼ ai, 0 þ γi yi, t�1 þ ai, 2t þ

PPi
j¼1 βi, jΔyi, t�j þ "i, t , where

i ¼ 1, 2,…, n, H0: γ1 ¼ γ2 ¼ � � � ¼ γn ¼ γ ¼ 0, H1: γ1 ¼ γ2 ¼ � � � ¼ γn ¼ γ < 0.
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non-stationary of variables can be avoidable. In addition, collinearity test of explanatory
variables is also conducted by using two approaches that are commonly used in literatures
to test collinearity: Pearson correlation coefficients and variance inflation factor (VIF).
According to Table 2, the absolute correlation coefficients for a pair of variables are all less
than 0.8, indicating no highly correlated relationship between any two variables. In ad-
dition, all the estimated VIF values are quite low, less than 5, meaning no collinearity
among all explanatory variables.

The model selection tests, including Wald test and Hausman test, and estimation results
for both PM2:5 concentration and SO2 emissions are all presented in Table 3. It is shown
that the most suitable spatial econometric model for both PM2:5 concentration and SO2

emissions is SDM with random-effect due to that both H 1
0 and H 2

0 are rejected at 1%
significance level by Wald test and that Hausman test cannot reject the null hypothesis that
random-effect is better than fixed-effect.

4.1. Estimation Results of PM2:5 Concentration

According to Table 3, both primary variables, subsidies of air pollution control from the
central government but conducted the local government (CGS) and the final accounting for
the budget expenditure in environmental protection of local government (LGS), have a
negative and statistically significantly impacts on the concentration of PM2:5. This finding
is consistent with that in previous studies. In addition, the magnitude of the negative
average total effect of CGS on the PM2:5 concentration is larger than that of LGS on the
concentration of PM2:5, meaning that an increase in the CGS can improve air quality in
terms of PM2:5 concentration better than LGS can do. One dollar increase in CGS will
decrease the overall PM2:5 by about 0.046� g/m3, but the overall PM2:5 will be decreased
only by about 0.0062� g/m3 when one dollar increases in LGS.

As mentioned earlier, it is because the effectiveness of CGS must be supervised by
central government. The other possible reason is that CGS is purely for air pollution
control, but LGS is for entire environmental protection, air pollution control is only part of

Table 2. Correlation Coefficient Matrix and VIF Tests of Explanatory Variables

Variables CGS LGS INCM INCMSQ SEC TRD FIRM FIRE PCU

CGS 1.000
LGS 0.138 1.000
INCM �0:120 0.604 1.000
INCMSQ �0:123 0.616 0.995 1.000
SEC �0:425 �0:458 �0:073 �0:091 1.000
TRD 0.118 0.766 0.538 0.526 �0:735 1.000
FIRM �0:202 0.287 0.459 0.472 0.055 0.291 1.000
FIRE �0:211 �0:009 0.140 0.133 0.148 �0:087 0.010 1.000
PCU �0:586 �0:097 0.024 0.004 0.369 �0:155 0.054 0.379 1.000

Mean VIF 3.73 3.74 2.93 2.56 2.64 3.29 4.22 4.09
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it. It is worth noting that this conclusion does mean that the central government can provide
a better public good, such as high quality of air in this study, than the local government in
Taiwan because both CGS and LGS are conducted by the local government to protect air
quality, but they are from different financial resources. The former is subsidized by the
central government, the latter is the budget of local government.

As to the hypothesis of EKC, only the square term of the annual real disposable income
per capita (INCMSQ) has a significant and negative influence on PM2:5 concentration of
meaning that the inverted U-shaped relationship between income and PM2:5 concentration
does not exist in this study. Both density of firms with toxic chemicals (FIRM) and fire
frequency (FIRE) have a positive and statistically significant influence on the concentration
of PM2:5. However, there are no evidences to support any impacts of employment structure
and traffic on PM2:5 concentration in this study. Finally, the coefficient of spatial auto-
correlation � is 0.519 and statistically significant at 1% significance level, implying that a
county’s PM2:5 concentration is positively affected by its neighboring counties.

4.2. Estimation Results of SO2 Emissions

As to the SO2 emission, according to Table 3, the finding of impacts of two primary
variables, CGS and LGS, on the SO2 emission is different from that of PM2:5 concentra-
tion. It is shown that CGS has a negative and statistically significantly impact on SO2

Table 3. Estimation Results of Panel SDM with Random-Effect

Dependent Variable: PM2:5 Dependent Variable: SO2

Explanatory Variables Average Total Effect S.E. Average Total Effect S.E.

CGSi, t�1 �45:957 (19.804)** �5:682 (2.098)***
LGSi, t�1 �6:198 (3.330)* �0:304 (0.340)
INCMi, t 201.205 (198.923) 38.078 (22.450)
INCMSQi, t �516:976 (306.519)* �78:264 (34.798)**
SECi, t 0.263 (0.347) 0.038 (0.039)
TRDi, t �0:432 (0.417) 0.022 (0.048)
FIRMi, t 0.086 (0.019)*** 0.003 (0.002)*
FIREi, t 1.086 (0.512)** 0.014 (0.051)
PCUi, t 2.374 (3.519) 0.387 (0.399)
Constant 12.193 �2:755
P 0.519*** 0.311***
�2
e 1.215 *** 0.025***

Log likelihood �225:313 4.661
Wald spatial lag test 46.1*** 26.95***
Wald spatial error test 46.64*** 22.62***
Hausman test 0.16 5.92
Observations 120 120

Notes: *, ** and *** indicate at 10%, 5% and 1% significance level, respectively.
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emissions, whereas LGS does not have a statistically significant influence on SO2 emis-
sions. That is to say, CGS is more effective to improve the quality of air than LGS in
Taiwan and 1 dollar increase in CGS will decrease the overall SO2 by about 0.0057 ppb.

In addition, the hypothesis of EKC is supported in the case of SO2 emissions. The
average total effect of INCM on the SO2 emissions is statistically significant and positive,
but it is statistically significant and negative for INCMSQ. It implies that the relationship
between income and SO2 emissions is inverted U-shaped. The density of firms with toxic
chemicals (FIRM) also has a statistically significant and positive influence on SO2 emis-
sions. However, there are no evidences to support any impacts of employment structure,
fire frequency and traffic on the SO2 emissions in this study. Finally, similar to PM2:5

concentration, there exists a significant spatial correlation of SO2 emissions among
counties in Taiwan. The coefficient of spatial autocorrelation � is 0.311 and statistically
significant at 1% significance level, implying that a county’s SO2 emission is positively
affected by its neighboring counties.

4.3. The robustness of the results

To conduct the robustness test, this study excludes the outer islands from the samples to
estimate the empirical model and provides the primary results in Table 4. It is same as in

Table 4. Primary Results of Panel SDM with Random-Effect W/O Outer Islands

Dependent Variable: PM2:5 Dependent Variable: SO2

Explanatory Variables
Average Total
Effect (S.E.) Explanatory Variables

Average Total
Effect (S.E.)

CGSi, t�1 �37:609** CGSi, t�1 �5:456**
(18.743) (2.162)

LGSi, t�1 �4:053 LGSi, t�1 �0:103
(3.182) (0.350)

INCMi, t �155:864 INCMi, t 19.499
(198.923) (22.450)

INCMSQi, t 47.242 INCMSQi, t �50:044
(347.260) (34.798)

TRDi, t �0:707 FIRMi, t 0.002
(0.400) (0.002)

� 0.495*** � 0.311***
�2
e 1.103*** �2

e 0.024***

Log likelihood �208:119 Log likelihood 6.817
Wald spatial lag test 43.44*** Wald spatial lag test 27.43***
Wald spatial error test 47.68*** Wald spatial error test 23.98***
Hausman test 1.22 Hausman test 2.13
Observations 114 Observations 114

Notes: *, ** and *** indicate at 10%, 5% and 1% significance level, respectively.
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Table 3 that the most suitable spatial econometric model for both PM2:5 concentration and
SO2 emissions is SDM with random-effect. The significance and sign of estimated average
total effect of variables that are not shown in Table 4 are the same as those of their
counterparts in Table 3. According to Table 4, it is shown that CGS has a negative and
statistically significantly impact on both PM2:5 and SO2 emissions, whereas LGS does not
have a statistically significant influence on both PM2:5 and SO2 emissions. It implies that
the primary conclusion that an increase in the CGS can improve air quality in terms of
PM2:5 concentration and SO2 emissions better than LGS can do is quite robustness re-
gardless the outer islands is included in or excluded from the samples.

In addition, this study further includes the annual volume of diesel vehicles per km2 area
(ADV) in the empirical models to test the robustness of findings from Table 3.9 The
estimated results of adding ADV show that the significance and sign of CGS and LGS are
the same as those in Table 3 even though ADV does not have a statistically significant
impact on neither PM2:5 concentration nor SO2 emissions. It further confirms that the
primary findings from Table 3 are quite robust.10

5. Concluding Remarks

The primary purpose of this study is to explore the influence of environmental protection
expenditure of government on air pollution in Taiwan and to find any different impacts if
this expenditure is sourced from different levels of government, say central and local
government. This study uses PM2:5 concentration and SO2 emissions as the indicator of air
pollution and adopts a panel data of 20 counties in Taiwan covering the period from 2013
to 2018. After estimating a panel SDM with random-effects, suggested by several model
selection test, for PM2:5 concentration and SO2 emissions, respectively, due to considering
a potential spatial dependence of PM2:5 concentration and SO2 emissions, the primary
finding of this study is that the environmental protection expenditure of local government
can statistically and significantly mitigate the air pollution in Taiwan. The magnitude of
this negative influence of local government’s environmental protection expenditure on the
PM2:5 concentration is larger if this expenditure is subsidized by the central government
than from local government’s budget. In addition, only the environmental protection ex-
penditure subsidized by the central government can statistically and significantly reduce
SO2 emissions in Taiwan.

In addition, the hypothesis of EKC is supported only in the case of SO2 emissions. The
density of firms with toxic chemicals (FIRM) can worsen the quality of air regardless of
which indicator of air pollution is adopted. The fire frequency (FIRE) has a positive and
statistically significant influence on PM2:5 concentration. Finally, it is shown that air
pollution has a positive spatial correlation regardless of which indicator of air pollution is
adopted, meaning that a county’s air pollution is positively affected by its neighboring
counties.

9Since the correlation coefficient between PCU and the annual volume of diesel vehicles is larger than 0.8, this study uses
ADV instead of the annual volume of diesel vehicles in the empirical models.
10The estimated results including ADV in the models are available upon requests.
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In order to improve the quality of air in Taiwan, according to primary findings, this
study suggests that Taiwan’s central government should pay more attention to the issue
regarding air pollution and provides more subsidies of air pollution control to local gov-
ernment no matter the air is polluted by PM2:5 concentration or SO2 emissions. Although
the influence of the budget expenditure in environmental protection of local government is
less that of subsidies of air pollution control from the central government, if local gov-
ernment can spend more budget in environmental protection, it can also improve the
quality of air, especially if the air is polluted by PM2:5 concentration. In addition, once air
pollution is improved in one county, that of the neighboring counties can be also improved
due to the feature of spatial dependence of air pollution. It is also suggested that local
government should decrease the density of firms with toxic chemicals and the fire fre-
quency in its county. Finally, according to the EKC supported by this study, especially SO2

emissions, increasing residents’ income is another way for local government to improve
the quality of air in the county.
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