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measure the impact of province-level environmental regulations on the health of local population.
The study also applied the Alkire Foster method to develop the multidimensional health poverty
(MHP) score, a new index intended to measure the health status of individuals in a holistic
manner. Our results indicated that more fiscal spending on environmental regulation could
improve health of the local population, especially among low-income population living in the
rural areas. Further, the size of health benefit differs by the type of environmental regulation.
More specifically, regulations focusing on preventing environmental pollution can achieve more
sizable health benefits than remedial ones. Finally, fine inhalable particle (PMys) has the largest
mediating effect on the relationship between environmental regulation and public health. These
results provide several policy implications, which highlight the importance of: scaling up fiscal
environmental expenditure and optimizing the structure of environmental expenditure with more
emphasis on rural areas where more low-income population are located; shifting from ex-post
accountability to ex-ante prevention; and strengthening regional cooperation in environmental
protection among local governments, and establishing a cross-regional coordination mechanism.

1. Introduction

Good ecological environment is the foundation for human health [1,2]. Social deprivation theory states that environmental
pollution is one of the main social threats that deprives our health [3,4], and any negative externalities, such as air pollution, could
lead to higher incidences of chronic diseases, e.g., respiratory and cardiovascular diseases [5] as well as mental health problems, such
as depression and cognitive and nervous system disorders [6].

Since the Opening-up and Reform in the late 1970s, the rapid growth in China’s economy has aggravated significant pollution.
Environmental pollution has now become an important topic as the country has to juggle two tasks — seeking further economic
development while protecting people’s health. Governments, as the supplier of public goods, are obliged to promote environmental
and population health by strengthening environmental protection and regulation [7,8]and a good environment is associated with
positive externality. With this view, the Chinese government allocates a signification portion of the annual budget to facilitate
environmental protection. A large volume of official reports demonstrates the political commitment of China to participate in global
health governance and fulfill the Sustainable Development Goals (SDGs) agenda of the United Nations [9,10]. In 2016, the first year of
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the 13th Five-Year Plan, Chinese government only spent 480.29 billion RMB in the annual budget the environmental protection, while
in 2021, this number has increased by 14.6 %, reaching 553.6 billion RMB [11]. During this period, both the central and the local
governments have increased funding for ecological and environmental protection and provided financial support to reduce pollution,
which curbed the environmental pollution significantly [12]. Other than increasing fiscal spending on environmental protection,
Chinese government proposed some political terms - building a Beautiful China and realizing the Healthy China 2030 initiative in many
governmental documents [13-16]. As the consequence of environmental spending, health condition of Chinese people has been
bettered much and life expectancy in China has improved 5.85 years from 71.6 years in 2000 to 77.4 years in 2019 [17].

In China, Ministry of Ecology and Environment is the state-level authority that enforces environmental regulations and there are
province-level, county-level authorities related to environmental regulation under the Ministry of Ecology and Environment. Better-
regulated places usually have better environment, for example. Air quality in Beijing has improved significantly in recent years [18]
through the stringent environment regulations and resources allocated to remove pollution sources out of the city. Fiscal environ-
mental protection expenditure (FEPE) in the government’s annual budget is the most direct proxy for the governmental effort to
control pollution in China [19,20]. China’s FEPE include those expenditures on: environmental protection management affairs;
environmental monitoring and supervision; pollution control; natural ecological protection; energy conservation and utilization;
pollution reduction; and many other items.

FEPE is largely broken down into two categories: preventive expenditures (PE) and remedial expenditures (RE) [21]. The former refers
to the fiscal expenditures that facilitate the prevention and monitoring of pollution (e.g., environmental protection management af-
fairs, environmental law enforcement, supervision, natural ecological protection, reforestation and other expenditures), while the
latter refers to the fiscal expenditures providing compensations and reliefs to the people whose health deteriorated as a result of
pollution (e.g., pollution prevention and control, pollution abatement expenditures) [22]. While prior studies have demonstrated that
environmental intervention policies can effectively improve public health by suppressing pollution [23,24], there has been limited
research that differentiate the effects of the FEPE expenditure by type, i.e., PE and RE expenditures [25]. The current paper thus aims to
elucidate the effects of the preventive and the remedial FEPE expenditures more explicitly. Given that other basic environmental
research has compared the effectiveness of preventive and curative treatments in, for instance, of contaminated soil [26] as well as
wood deacidification [27], extending the existing environmental regulation research in this direction was deemed particularly
meaningful.

In analyzing effects of the two types of expenditures on health, we introduce two additional concepts. First, by applying the Alkire-
Foster (AF) method [28], we constructed the multidimensional health poverty (MHP) index, which is comprised of a host of health
indicators with different weights and poverty cut-offs to calculate the individual-level health deprivation score. The mean of the MHP
index was then calculated to serve as a proxy for the local public health indicator. Second, we applied the Spatial Durbin Model (SDM)
[29] in our regression analysis to accommodate the two types of spatial dispersion, including.

(1) Dispersions of pollution, referring to the pollution spreading from one area to adjacent areas through the atmospheric and
water cycles [30-32]; and

(2) Intergovernmental competition, referring to environmental protection strategies of local governments that are interdepen-
dent in decision making [33-35].

Spatial Durbin Model (SDM) is an effective tool to estimate the spillover effect of variables that are spatial interdependent and has
been widely applied to researches related to public health [36], pollution [37], environmental regulation [38]. Based on the dispersion
of pollution and intergovernmental competition, SDM should be used to examine the spatial relation in this paper.

In addition, we examined the mediating role of pollutants in relation to FEPE and the MHP index as a mechanism analysis. In China,
industrial wastewater, sulfur dioxide and fine particulate matter (PMs 5) are the top three sources that attract wide public concern.
Industrial wastewater can contaminate underground domestic water and soil, and industrial sulfur dioxide and fine particulate matter
can potentially threaten human respiratory systems in the long-term [39]. Urban and rural areas are suffering from different pollution
sources. While urban areas are primarily polluted by atmospheric contaminants, rural areas are seriously threatened by water and soil
pollutants. However, due to atmospheric motion and water circulation, atmospheric pollution can be transformed into water and soil
pollution, deteriorating public health through several channels, including air, water, and food.

2. Materials and method
2.1. Data and variables

The current study utilized the individual-level health records collected between 2010 and 2018, which were part of the proprietary
China Family Panel Studies [40] database. After cleaning and excluding the observations with a large number of missing values, the
final panel data contained 4120 individuals aged 16 or above, located across 25 provinces in China. Additional variables were merged
to the data, including the province-level data on financial environmental protection expenditures and their classifications collected
from the China Statistical Yearbook, and the province-level control variables obtained from the China Environmental Yearbook and the
wind database. These variables are described below.

(1) Response variable: Multidimensional Health Poverty (MHP) index
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The MHP was developed using the afore mentioned database between 2010 and 2018. The MPH index calculations involved 3
sequential steps [41]. First, we introduced a binary health-related deprivation indicator, g;, which takes the value 1 if X; > Z,
indicating that Xj;, the individual i’s deprivation score in dimension j (j=1, ...,D), is larger than a given threshold level Z; > 0 (Table 1),
and g; = 0 if Xj; < Z;. Second, after determining the health deprivation level in all dimensions, we aggregated them to estimate the

individual-level MHP scores for all individuals. Here, we set the weight of dimension j as w;, Z]-'ilwi = 1. We used the principal

component analysis (PCA) to calculate the weights of the dimensions. The individual-level MHP index was then summarized as C;(g) =
Zj';lwigij. Third, we calculated the mean of the individual-level MHP scores in each province as the province-level MHP score where a
higher score corresponds to the worse health in the province.

The MPH index, as a proxy of public health, includes three dimensions and seven indicators [42,43]. Table 1 summarizes the
dimensions and indicators used to calculate the MPH index and the weights, in which chronic diseases accounting for a relatively large
weight, followed by dynamic health and mental state.

We used the principal component analysis (PCA) to determine the weights of the dimensions. First, we prepare the data and
standardize them before performing PCA. Second, we retrieve the component loadings and explained variance ratios from the fitted
model after performing PCA. Higher explained variance ratios indicate a more significant impact of a component on the overall
variance. Third, to assign weights to each index component, we first normalize the component loadings to sum up to 1 for each
component. Fourth, we calculate the weights for each index indicator in our dataset by using the first principal component loadings.

(2) Explanatory variable: Environmental Regulation

The level of Environmental Regulation (ER,;) was proxied for the years between 2010 and 2018 using the Fiscal Environmental
Protection Expenditure. Some prior literature uses Fiscal Environmental Protection Expenditures as a proxy of regional environmental
regulation [44,45]. Fiscal Environmental Protection Expenditures is a monetary indicator that measure how the government exert
policies and regulations on protecting environment and the data is more accessible than other proxies. This account includes ex-
penditures on environmental protection management affairs, environmental monitoring and supervision, pollution control, natural
ecological protection, returning farmland to forest, energy conservation and utilization, and pollution reduction. Environmental
protection expenditures can be divided into two types, i.e., preventive expenditures (pre,) and remedial expenditures (post,). The
former refers to the expenditures that occur before environmental pollution, and are intended for preventing the spread of pollution.
These include environmental protection management affairs, environmental law enforcement, supervision, natural ecological pro-
tection, reforestation and other expenditures that occur before the environmental pollution that is harmful to health. The latter refers
to expenditures that occur after environmental pollution, and are intended for reducing the environmental pollution, including
pollution reduction expenditures. Fiscal environmental protection expenditure is calculated as the logarithm of the total fiscal envi-
ronmental protection in province p in year t deflated by the CPI index in 2009. In addition, we did not use the fiscal expenditure of
environmental protection by per capita because the fiscal expenditure of environmental protection benefits the whole area or province,
and thus we cannot clearly figure out how much benefit one individual living in that area receive from the environmental expenditure.
Instead, we used the log of fiscal expenditure of environmental protection as the explanatory variable.

(3) Control variables

Multiple control variables, as summarized in Table 2, were developed for the years between 2010 and 2018. Our control variables
included a series of demographic factors and social economic factors that may affect public health [46,47]. In addition, both province
and year effects were included to adjust for any space and time factors correlated with the dependent variable. The explanatory
variable, control variables and the annual emission of industrial wastewater and industrial sulfur dioxide can be found in the database
of National Bureau of Statistics of China. Another mediating variable, the annual average of fine particulate matter (PM2.5), can be
calculated by using the database of Ministry of Ecology and Environment.

Table 1
Multidimensional Health Deprivation index and weights.
Dimensions Indicator Explanations and cutoffs Weights
(%)
Health Self-assessment health Respondent rates own health status from 1 (very poor) to 5 (very good), less than 3 means being ~ 13.053
assessment deprived in this dimension
Interviewer-assessment Interviewer rates respondent’s health status from 1 (very poor) to7(very good), over 4 means 9.934
health being deprived in this dimension
Body health Chronic disease During the past six months, respondent is diagnosed chronic disease, which means being 20.313
deprived in this dimension
Dynamic health current health status compared to a year ago, becoming worse means being deprived 19.011
Mental health Spiritual status I am in a low spirit, often (3-4 days) or most of the time (5-7 days) means being deprived 17.354
Life satisfaction satisfied with your life, rating from 1 to 5 means very unsatisfied to very satisfied, over 3 means  10.346
being deprived
Future confidence Confident about your future, rating from 1 to 5 means very confident to very confident, over 3 ~ 9.989

means being deprived
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Table 2
Summary of variables.
Variables Explanation mean Std min max
Multidimensional Health The multidimensional health poverty index calculated in 2.1.(1) 0.273 0.014 0.003 0.930
Poverty
Environmental regulation Explained in 2.1.(2) 5.141 0.645 2.782 6.620
Preventive expenditure Explained in 2.1.(2) 4.412 0.558 1.994 5.533
Remedial expenditure Explained in 2.1.(2) 4.893 0.502 2.330 5.802
Male-to-female ratio The male population divided by the female population of a province (%) 104.751 3.867 98.230  118.620
Death rate death toll over a year divided by the annually average population of a province ~ 0.603 0.077 0.421 0.754
(%)
Population density The population of a province(million) divided by the area of a province 439.411 634.058  2.659 3535.714
(thousand km?)
Urbanization rate The urban population divided by the population other than urban population ~ 0.561 0.137 0.227 0.893
of a province
Unemployment Rate The registered unemployment population divided by the working population 0.033 0.006 0.013 0.045
of a province
Healthcare capacity The number of medical professionals in 10,000 residents of a province 0.008 0.002 0.004 0.015
Economy growth The logarithm of GDP per capita of a province in one year, deflated by the CPI ~ 9.552 1.018 6.240 11.512

index in 2009

2.2. The model

The Spatial Durbin Model (SDM) includes spatial lags of explained and explanatory variables in the regression model to address the
cross-sectional dependence problem [48-50]. In this paper, the SDM was used to examine the spatial effect of environmental regu-
lation on public health, as specified below.

MHP, = pW,MHP, + },ERy + i, W,ER, + fi;Controlsy + &y,
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Fig. 1. The local Moran’s I Scatterplot of environmental regulation and MHP index in 2018.
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where p denotes the spatial autoregressive coefficient of the spatial lag term of multidimensional health deprivation, measuring the
effect of the public health in the neighboring provinces on that in their own provinces. #; denotes a coefficient of fiscal environmental
protection expenditure on public health. W is a standardized spatial weighted row matrix (nxn, where n is the number of provinces),
describing the adjacency relationship between two regions, i.e., when province p and province g are adjacent, @ = 1, and otherwise
o = 0. p, denotes a spatial autocorrelation coefficient of fiscal environmental protection expenditure, which measures its spillover
effect on the public health in neighboring provinces in the province to p and on time to t. & is the model error in the province to p and
on time to t.

Environmental regulation could improve the living environment by effectively reducing pollutant emissions, which, in turn, could
reduce the occurrence of physical diseases and improves public health. It has been found that environmental pollutants have negative
effects on health (Noonan, 2014; Miller and Newby, 2020). Other than the basic spatial regressions, we also executed the non-
parametric percentile bootstrapping sampling method, with the number of samples 1,000, to examine the mediating effect of the
emissions of three major pollutants - industrial wastewater (waste), industrial sulfur dioxide (SO3), and provincial air pollution index
by annual average (PMjy ), between the relation of the environmental regulation and the MHP scores. The indirect effect of the
pollutants reveals the mechanism of how the FEPE improves public health [51,52].

3. Results
3.1. Spatial correlation test on fiscal and environmental expenditure and public health

The global Moran’s I index of fiscal environmental protection expenditure from 2010 to 2018 fluctuated between 0.225 and 0.251.
The positive spatial dependence indicates that the fiscal environmental protection expenditure of one province was positively influ-
enced by the fiscal environmental protection expenditure of its adjacent province. The global Moran’s I index of MHP index from 2010
to 2018 increased from 0.154 to 0.182. The positive spatial dependence indicates that the public health of a province positively
impacted by that of neighboring provinces.

The local Moran’s I scatterplot (Fig. 1) presents a negative spatial correlation between fiscal environmental protection expenditure
and public health deprivation, indicating that the higher the fiscal environmental protection expenditure, the better the health of the

Table 3
Spatial effects of total and structure of environmental regulation on public health.
Variables total urban rural total urban rural
(1) (2) (3) (4) (5) (6)
P 0.183* 0.075* 0.199* 0.234%** 0.176%** 0.105*** ( 0.018)
(0.108) (0.043) (0.109) (0.015) (0.017)
Environmental regulation —0.046** —0.012%* —0.071%*
(0.019) (0.005) (0.031)
o Environmental regulation ~ —0.014** —0.011** —0.025**
(0.006 ) (0.007) (0.011)
Preventive expenditure —0.113%** —0.186** —0.065**
(0.007 ) (0.078) (0.028)
Remedial expenditure —0.024%** —0.012%* —0.034**
(0.001) (0.005 ) (0.016)
o Preventive expenditure —0.120* ( 0.069 ) —0.135%* —0.053**
(0.056 ) (0.022)
® e Remedial expenditure —0.045%** —0.021%*** —0.048* ( 0.027 )
(0.006 ) (0.002)
Male-to-female ratio —0.012* —0.007%** —0.017* —0.051* ( 0.027 ) —0.032%* —0.058**
(0.006 ) (0.002) (0.009) (0.014) (0.026)
Death rate 0.002*** (1 0.000 ) 0.001*** (10.000 ) 0.004*** 0.004*** (10.000 ) 0.005*** 0.002*** (10.000 )
(0.000) (0.000)
Population density —0.053%** —0.018** —0.114%** —0.052%** —0.043%** —0.097%**
(0.004 ) (0.008) (0.011) (0.007 ) (0.011) (0.020)
Unemployment Rate —0.165%** —0.177%* —0.136%** —0.120* ( 0.068 ) —0.105%* —0.159**
(0.013) (0.002) (0.016) (0.043) (0.079)
Urbanization rate —0.177%** - - —0.027%** - -
(0.017) (0.004)
Healthcare capacity —0.082* —0.079* —0.144* —0.042* ( 0.024 ) —0.040%* —0.050* ( 0.028 )
(0.045) (0.046 ) (0.075) (0.016)
Economy growth —0.852%** —0.743%** —1.064** —0.220%* —0.152* —0.243**
(0.129) (0.048) (0.447 ) (0.102) (0.088) (0.110)
Year Controlled Controlled Controlled Controlled Controlled Controlled
Province Controlled Controlled Controlled Controlled Controlled Controlled
Ad-R2 0.366 0.295 0.301 0.288 0.181 0.230
Log-L 459.298 199.409 337.636 259.312 199.409 241.808

Note: *** ** and * indicates the significance at the 1 %, 5 %, and 10 % levels, respectively, and the number in parentheses are standard deviations, as
in the following tables.
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population in the province and the neighboring provinces. Thus, fiscal environmental protection expenditure helps to alleviate health
deprivation and improve public health.

3.2. Spatial effect of total fiscal environmental protection expenditure on public health

The regression results of the total fiscal environmental protection expenditure are shown in Models 1-3 in Table 3. First, there was a
positive spatial autocorrelation of the MHP index (p = 0.183, p = 0.108). Thus, the higher MHP index of one province leads to the
higher MHP index of the neighboring provinces, implying that improving the public health in one neighboring province can improve
that in the neighboring provinces. The result also indicated that this spatial dependence has an urban-rural difference. Specifically, the
spatial cluster of public health of rural residents (p = 0.199, p = 0.109) was higher than that of urban residents (p = 0.075, p = 0.043).
Presumably, this is due to the dispersed and yet interconnected rural areas across contiguous counties, while cities are relatively
isolated and fragmented in their distribution. Second, there is a negative spatial spillover effect (f = —0.014, p = 0.006) of the
environmental regulation on the MHP index in its neighboring province, which means the environmental regulation in one province
can significantly improve public health in its neighboring provinces. Third, the significant negative effect of fiscal environmental
protection expenditure on the province-level MHP index indicates that this government spending can improve the public health of an
area, and the welfare effect on residents is revealed (f = —0.046, p = 0.019).

3.3. Spatial effects of breakdowns of environmental regulation on public health

The spatial effects of preventive and remedial expenditures on the health of residents and the urban-rural differences was also
analyzed. As Models 4-6 in Table 3 indicates, both preventive (f = —0.113, p = 0.007) and remedial environmental regulation (f =
—0.024, p = 0.001) had negative spatial spillover effects on the MHP index of residents in neighboring provinces. The negative
spillover effect was, however, larger for preventive environmental spending (f = —0.120, p = 0.069) than the remedial one (5 =
—0.045, p = 0.006), indicating that preventive environmental regulation inhibits the spatial spread of environmental pollution and
improves the health of residents in neighboring provinces. In the urban-rural comparison, there were different effects of the two types
of environmental regulation on the health of urban and rural populations. Between the two, preventive environmental regulation had a

larger effect on improving the health of urban population (8 = — 0.186, p = 0.078), while remedial one was more effective in rural
population (f = — 0.034, p = 0.016). In addition, the negative spillover effect of preventive environmental regulation was greater in
urban areas (f = —0.135, p = 0.056), while the negative spillover effect of remedial one was larger in rural areas ( = —0.048, p =
0.027).

3.4. Robustness test

In order to test the reliability of the effect of environmental regulation on public health, we implemented a Spatial Lag Model (SLM)
using the geographical distance weight matrix of provincial capitals and a Spatial Error Model (SEM) to test the spatial effect of
provincial environmental regulation on the MHP index of residents under the full sample. Table 6 shows that fiscal environmental
expenditures have a significant improvement on public health (SLM: g = — 0.165, p = 0.004; SEM: g = —0.087, p = 0.038) and
preventive environmental expenditures have a stronger effect (SLM: g = —0.158, p = 0.006; SEM: g = —0.155, p = 0.012) than
remedial environmental expenditures. This finding is consistent with the SDM model test results, which proves the robustness of the
baseline regression results. To analyze the sensitivity of results to the changing weights, we used the entropy method to calculate a new
set of weights of the MHP dimensions. Table 4 presents that results remains consist with the prior robust test results when the weights
of the MHP dimensions are changed.

Table 4
Robustness test of the effect of environmental regulation on public health.
Variables SLM SEM Entropy method
(1) (2) (3) (4) (5) (6)
A6 0.054%** 0.201*** 0.051*** 0.261*** (1 0.039 ) 0.032%* 0.143**
(0.001) (0.012) (0.011) (0.015) (0.073)
Environmental —0.165%** - —0.087** - —0.067* —0.054*
regulation (0.004 ) (0.038) (0.036) (0.031)
Preventive expenditure - —0.158*** - —0.155%** - 0.143**
(0.006 ) (0.012) (0.071)
Remedial expenditure - —0.114%** - —0.129%** - —0.107*
(0.020) (0.025) (0.060 )
Ad-R? 0.264 0.177 0.234 0.291 0.232 0.205
Log-L 326.511 297.987 303.087 218.080 253.654 223.352
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Table 5
Subgroup analysis by income of the health effects of environmental regulation.
Variables High Mid-high Mid Mid-low Low
(1) (2) (3) (4) (5)
P 0.025%** 0.052%** 0.100%** 0.196%** 0.201***
(0.006) (0.005) (0.011) (0.028) (0.008)
Environmental regulation —0.005%** —0.028%** —0.041%*** —0.121%** —0.261*** (10.009 )
(0.001) (0.002) (0.009) (0.006)
® o Environmental regulation —0.011* —0.035%** —0.105* —0.150%** —0.185%**
(0.006) (0.012) (0.061) (0.009) (0.014)
Ad-R? 0.220 0.206 0.268 0.285 0.231
Log-L 318.098 392.524 301.227 266.325 306.089
Table 6
Subgroup analysis by geographical location of the health effects of environmental regulation.
Variables East Central West
(1) (2) (3)
P 0.012%** 0.034%** 0.053%*
(0.000) (0.001) (0.003)
Environmental regulation —0.010* —0.005** —0.002%**
(0.005) (0.002) (0.000)
o Environmental regulation —0.001* —0.003* —0.001**
(0.000) (0.001) (0.000)
Ad-R? 0.183 0.190 0.152
Log-L 311.009 243.252 233.927

4. Further analysis
4.1. Subgroup analysis by income

To examine the effects of environmental regulation on public health by income class, we divided the sample into five groups based
on the percentile level of annual personal income. The results in Table 5 show that environmental regulation has the highest health
benefits and spatial spillover for the low-income group (f = — 0.261, p = 0.009), and a lowest health benefit for the high-income group
(= — 0.005, p = 0.001). This may be because low-income groups tend to have a poorer quality of living environment and are more
exposed to the threat of environmental pollution, so the fiscal environmental protection expenditure can improve their health more
effectively. The middle and high-income groups usually have a better living environment and are resistant to environmental pollution,
so the marginal health benefits in this group may relatively be small. The population with a lower economic background is, in general,
more likely to suffer from a higher level of air pollution due to a poorer living environment, and this inequality seems to exist not only
in the level of exposure to environmental hazards, but also in the right to access to beneficial environments [53].

4.2. Subgroup analysis by geographical location

Geographical location is another factor that is likely to differentiate the health effect of environmental regulation. To examine the
effects of environmental regulation on public health by geographical location, we divided the sample into three groups — East China,
Central China and Western China. East China section consists of coastal provinces and municipalities, where experiencing humid
maritime climate and less temperature variance. Central China is made of several provinces that sandwiched between both the eastern
part and the western part. And the Wester China comprises the provinces that are far away from the ocean and shows a continental arid
climate. Ground-level pollutants are highly susceptible to temperature variations and humidity, and the geographical location leads to
the climate difference. Hence, we need to examine how the health effects vary among the samples in different geographical location.
The results in Table 6 present that environmental regulation has the highest health benefits for the East China group (4 = — 0.010,p =
0.005), and a lowest health benefit for the Western China group (f = — 0.002, p = 0.000). It is because the environmental spending in
East provinces is higher than Central China and Western China and the environmental regulation is more stringent than the other parts.
In addition, the spillover effect of the environmental regulation (# = — 0.003, p = 0.001) and the spatial cluster of public health of
Central China (p = 0.034, p = 0.001) was higher than that of other two areas. It is due to that the samples in Central China are more
interconnected and interdepend than the East and West China.

4.3. Mechanism analysis

This section aimed to investigate the underlining mechanism that environmental regulation improves public health. Table 5
summarizes the results of our mechanism analysis. It shows that industrial wastewater, industrial sulfur dioxide, and fine particulate
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matter have significant mediating effects on the relationship between environmental regulation and public health in the following
descending order: (1) fine particulate matter (-Indirect =0.120, L=-0.141, U = —0.102); (2) industrial sulfur dioxide (Indirect=-0.106,
L=-0.116, U = —0.096); and (3) industrial wastewater (Indirect=-0.038, L=-0.051, U = —0.015). The results indicate that environ-
mental regulation can effectively reduce air pollution and industrial wastewater emissions, optimizing ecological and environmental
management, which in turn effectively improves public health Table 7.

5. Conclusions and discussions

Our results demonstrated that the total fiscal environmental protection expenditure can remarkably improve the public health. The
fiscal environmental protection expenditure in 2018 increased by 161.9 % compared with 2010, especially the two increasing accounts
of expenditure, i.e., pollution reduction and renewable energy. These accounts effectively ameliorated the quality of the ecological
environment and reduced the pollution of land, water resources, and atmosphere, thereby eventually reducing the incidence of chronic
diseases and improving the public health. The comparison between urban and rural areas indicates that fiscal environmental pro-
tection expenditure has a stronger inhibitory effect on the MHP index of rural residents. We opine that this reflects the increasingly
strict environmental regulations in cities that have made many heavy polluting firms move to rural areas. Thus, rural areas may suffer a
high incidence of environmental pollution accidents, coupled with their economical backwardness. The health of rural residents is
relatively more vulnerable and sensitive to pollutants, and thus environmental pollution shock is more likely in rural population.

Due to the diffusion of harmful pollutants, fiscal environmental protection expenditure can curb that spread in one region, which
indirectly reduces the harm to other regions and improves public health in neighboring provinces. In the urban-rural comparison, the
spillover effect of financial environmental protection spending on the health of rural residents is greater than that of urban residents.
This indicates that the government should take environmental protection as a systematic project, establishing the regional environ-
mental protection consultation and cooperation mechanism, and trying to alleviate the tension or contradiction caused by inter-
governmental competition and strengthen the synergy of cross-provincial protection.

Moreover, our results demonstrated that two types of breakdowns of environmental regulation have different health effect on
public health. Preventive environmental regulation can reduce the incidence of environmental pollution incidents, while remedial
spending requires the government to spend more financial resources to compensate for the negative consequences of the pollutants.
Our results also indicated that the urban and rural populations disproportionally receive the health benefits from the two types of
environmental regulation. The health effect of preventive environmental regulation is larger in urban areas where environmental
monitoring is more stringent. In contrast, the health benefit from remedial regulation is larger in rural areas where the incidence of
polluting environmental incidents is higher. With this view, the government should increase the proportion of preventive environ-
mental expenditures and shift the focus from post-event remediation to pre-event prevention.

Two sub-accounts of environmental regulation on public health could produce different spatial effects on public health of the urban
samples and rural samples. This is mainly due to the fact that, in recent years, cases of serious ecological damage have exhibited a
tendency to be transferred from one province to its neighboring one. When the government strengthens its efforts to protect the
environment in its own places and intensifies monitoring and prevention of all types of potential pollution, it reduces the possibility of
large pollution occurrence and transfer at source, ultimately benefiting the public health in neighboring cities. Similarly, when
ecologically damages occur, the government begins to increase its efforts in remedial activities in rural areas, which not only improves
the speedy recovery of the health of the province but also the health of neighboring provinces by preventing the deterioration and
spread of environmental consequences.

We acknowledge six limitations in the current study. First, we did not acquire the county-level data of resident’s health and the
fiscal environmental spending due to the disclosure of the database. Instead, we used the provincial-level data, which failed to unveil a
more granular, local-level phenomenon of public health. Second, the samples size of this research might not be large enough to
accurately estimate the results and generalize the conclusion to the entire or other country populations. We should note, however, that
the CFPS database used in this paper is a nationally representative, biannual longitudinal survey of Chinese communities, families, and
individuals launched in 2010 by the Institute of Social Science Survey (ISSS) of Peking University, China, and was the best available
data for the current study. Third, the MPH index contains limited information to be a defensive index. Our MPH index captures three
dimensions and seven indicators where each indicator is supported by prior literature [54,55]. The development of the MPH index
reflects our effort to integrate these seven indicators into one measure, and thus further effort is needed to develop a more compre-
hensive measure for health. Fourth, we acknowledge that the scope and the scale of the dispersion of pollutants is directly impacted by
the balance of these different polluters in a particular geographic area. Due to the availability of the data, we could not differentiate
point sources of pollution such as steel mills versus nonpoint sources such as private vehicles, which may also impact the dispersion of
pollutants. Fifth, the finding of negative spatial spillover effect of regulation on public health does not necessarily indicate the cau-
sality, which is a limitation inherent to all conventional statistical analysis. Finally, while we focused on ex-post and ex-ante

Table 7

Mediated effects of industrial wastewater, industrial SO,, and PM s.
Variables Total Direct Indirect 95 % confidence interval (L, U)
Waste —0.102%** —0.064%** —0.038*** —0.051 —0.015

—0.142*
—0.118%**

—0.116 —0.096
—-0.141 —0.102

S0, —0.248*
PM> s —0.238*
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environmental regulations in the current study, we acknowledge that there are diverse approaches in regulating different types of
pollution, including permits to control point-source pollution as well as incentive programs to reduce nonpoint source pollution. The
ways in which these different regulations are enforced clearly influence the pattern of pollution diffusions. One good direction of future
research would be to look into how a diverse set of environmental policies and regulations effectively reduce different types of
pollution.

6. Policy implications

In this paper, we used the China Family Panel Survey (CFPS) from 2010 to 2018 to construct a MHP index and applied a spatial
econometric model to test the province-level fiscal environmental protection expenditure on the health of local populations. Based on
the findings and discussions above, the following policy implications are proposed.

First, the government should continue to scale up the spending to achieve the goal of ecological civilization construction. During
the 13th Five-Year Plan period, the fiscal environmental protection expenditures reached a cumulative total of RMB 3061.8 billion,
excluding the year 2020, which was hit by the Covid-19 pandemic, with an average annual growth rate of more than 15 % from 2016 to
2019, and the ratio of environmental protection expenditures to total fiscal budget expenditures grew from 2.67 % to 3.12 %. Although
it has continued to grow in recent years, the fiscal environmental protection spending in China only recorded at about 0.7 % of GDP in
2021. Compared to some developed countries, this ratio is still low. The outline of the 14th Five-Year Plan puts the construction of
ecological civilization in a more prominent position, promotes green development and the harmonious coexistence of man and nature.
Therefore, the governments at all levels should take a leading role in the construction of ecological civilization and scale up financial
expenditure on environmental protection is a practical guarantee to achieve the goal of ecological civilization.

Second, the government continues to optimize the structure of fiscal environmental protection expenditures and shift from ex-post
accountability to ex-ante prevention. The Article 5 of China’s Environmental Protection Law also establishes the basic principles of
putting protection first, stringent prevention, and comprehensive treatment. With this view, the local governments should shift their
environmental protection strategy from ex-post accountability to ex-ante prevention, and switch the focus of spending from pollution
treatment to ecological protection and energy conservation. The government should continue to expand the preventive input on
ecological protection, energy conservation, emission reduction, waste classification, and increase the proportion of preventive
spending and strengthen the support of special funds for environmental protection to nip the hidden dangers in the bud.

Third, the local government should strengthen regional cooperation in environmental protection and establish a cross-regional
coordination program. In China, pollutants such as waste gas and wastewater are spatially diffuse, and plus the increasingly
frequent movement of population, environmental protection in a region cannot be solely counted on a single local government but also
a interactive project for every local government. It is necessary to clarify the responsibility among local governments and build a fiscal
and taxation system that is proportional to the administrative burden of the government and design a reasonable inter-regional transfer
payment and ecological compensation system, and to motivate local governments to participate in inter-regional cooperation. The
provincial governments should further improve the cross-regional ecological and environmental protection coordination in coordi-
nation under the central government and improve the early warning and monitoring system for air and water pollution, and effectively
form a strong synergy for environmental regulation to vigorously build a healthy China in the 14th Five-Year Plan period.
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