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Abstract: Citizen environmental complaints play a key role in China’s current environmental mon-
itoring network and environmental governance system. Based on 5796 cases of environmental
complaints lodged by citizens via hotline and the internet to the MEP of China, we examined the
spatial characteristics and influencing factors of citizen complaints for the period of 2013-2017 using
spatial analysis methods and spatial econometric models. The roles of citizen complaints in the
two systems were then reevaluated. The results show that, among all cases, 75.88% of cases were
identified as verified complaints, while nearly a 25% noisy rate directed large amounts of inspection
resources to be utilized in response to nonverified cases. Air pollution received the most attention by
citizens in China, accounting for 67.22% of total cases. The hotspots of citizen complaints were mostly
distributed in the three major national urban agglomerations in China. We found that industrial
wastewater and SO, were positively associated with the likelihood of citizens filing complaints, while
the effect of industrial soot/dust emission was insignificant. Citizen complaints might be triggered
by certain, but not all, forms of pollutants, even though highly visible particulate pollutants did not
necessarily induce corresponding complaints. Moreover, the negative relationship between citizen
complaints and per capita GDP revealed the unbalanced geographical pattern between economical
development and environmental quality. The proliferation of the internet greatly facilitated citizens
lodging complaints through various ways. The synergy mechanism between citizen environmental
complaints and other parts in China’s environmental monitoring and governance system should be
established in the future.

Keywords: citizen environmental complaints; hotline and internet; spatial characteristics; influencing
factors; spatial regression models; China

1. Introduction

Since the Chinese reform and opening up in 1978, China has experienced an unprece-
dented industrialization and urbanization process over the past forty years. While such
an important historical process has resulted in high-speed economic growth and continu-
ously improved life quality, severe environmental pollution and ecological degradation
problems have occurred across the country and are frequently reported through multiple
media channels. According to the Report on the State of the Ecology and Environment
in China in 2017, 239 cities failed to meet national air quality standards, accounting for
70.7% of all cities [1]. Furthermore, 66.6% of 5100 groundwater monitoring sites exhibited
poor or very poor water quality; the total area of counties with relatively poor or poor
ecological environmental quality took up 33.5% of total land area [1]. This, in turn, could
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endanger human health and safety, and further challenge the sustainable development of
the economy and society in China.

In order to effectively address these issues of environment and ecology, a multi-agent
system for environmental governance has been gradually established in China over the
years, mainly including governments, enterprises, social organizations and public par-
ticipation [2]. Under this mechanism, public participation plays an important bridging
role, linking other parts of the system through empowering civil rights and encouraging
citizens to participate in environmental protection [3-5]. Correspondingly, the government
of China issued a series of laws and regulations to ensure their citizens’ rights to participate
in environmental governance [6]; for example, the Environmental Protection Law was
issued in 1989 and amended in 2014. Other pertinent laws and regulations include the De-
cision of the State Council on Several Issues Concerning Environmental Protection (1996),
Environmental Impact Assessment Law (2003), Measures for Public Participation in Envi-
ronmental Protection (2015), and Guiding Opinions on Building a Modern Environmental
Governance System (2020). Furthermore, National Five-Year Plans and several action plans
for the prevention and control of major forms of pollution (i.e., air, water, soil pollution)
also emphasized and elaborated the function and importance of public participation for
environmental protection and management.

Of all the modes of public participation, citizen environmental complaints are un-
doubtedly the most popular and widely-used mode for individuals or communities pro-
tecting their environmental interests and public safety [7]. Other modes, for instance,
environmental protests, internet public opinions, public hearings in environmental impact
assessments, environmental non-government organizations (ENGOs), NPC motions and
CPPCC proposals, together with citizen complaints jointly constitute the main body of
the public participation subsystem in the environmental governance system [8,9]. The
Chinese state has set up its own environmental complaint system since the early 1990s,
namely the ‘Huanjing Xinfang’ system, a kind of system which literally means citizens
can lodge their complaints regarding environmental issues by means of writing letters
or visiting environmental agencies directly [10,11]. It should be noted that traditional
channels for citizens lodging complaints (e.g., writing letters or visiting the authorities in
early days) has been gradually replaced by emerging ways (e.g., dialing a hotline, reporting
online or, more recently, simply via smartphone apps) in the past three decades. In reality,
the availability of multiple and convenient channels also led to a surge in the number of
complaints and people involved. This change makes necessary the reevaluation of the role
of citizen environmental complaints in China’s current environmental governance system.

Although the efficacy of citizen environmental complaints on pollution abatement is
still contentious, plenty of studies show that it is conducive to environmental governance.
This can be understood by assessing the role that citizen complaints play in two closely
connected but distinct circumstances. In the first place, a number of studies examined
the effectiveness of citizen complaints on environmental performance, regarding citizen
complaints as a policy tool for public participation in the environmental governance system.
Some studies suggested that environmental complaints in China had positive influences
on pollution control [2,5,12], while other scholars held the opposite position, suggesting
that it had limited or even no significant effects on improving regional environmental
quality [5,13,14]. It is worth nothing that the usefulness of citizen complaints may vary
widely in terms of pollutant types and complaint methods at the aggregate level. Moreover,
the complaints may also exert various influences on environmental laws, regulations or
enforcement of the government, thereby indirectly prompting the enterprise behaviors to
comply with local environmental policies and improve the overall environment.

In the second place, as a special monitoring instrument, citizen environmental com-
plaints can also provide useful but noisy information in reflecting environmental quality
and health. Over the past few decades, China has progressively established a relatively
well-developed monitoring network to report eco-environmental dynamics. In spite of
this, the network is far from monitoring all sorts of pollution sources, especially for those
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small-medium enterprises dispersedly distributed in remote or rural areas in China [10].
Therefore, regulators may solicit complaints from the public damaged by pollution so as to
allocate inspection resources, because local residents are often more familiar with neighbor-
ing polluters located in their living surroundings [15]. This kind of cost-effective approach
for direct monitoring, however, often contains noisy information that requires further
investigation and verification on the spot [16,17]. In general, the public has a propensity to
complain about those polluting issues with visible and odorous pollutants [15]. In addition,
other possible factors, such as forms of pollutants, regional disparity and citizens” environ-
mental awareness, may also contribute to the cognitive bias of environmental information
in indicating actual pollution problems or polluted regions.

Nevertheless, previous research on the role of citizen environmental complaints and
the factors mobilizing citizens to file complaints on environmental issues is still limited.
Theoretically, if there is no environmental pollution, there are no environmental complaints.
Thus, a handful of studies suggested that citizen complaints were significantly associated
with pollution discharges in China using provincial level statistical datasets [10,15,18,19].
Complaints might be affected by certain, but not all, forms of harmful pollutants, such
as high-visible dust particulates in the air [15], industrial waste water [18,19], chemical
oxygen demand and SO, emissions [10]. In addition, those socio-economic factors that
may drive people’s awareness and behaviors to lodge complaints were also examined and
discussed in depth. Dasgupta and Wheeler investigated and estimated the relationship
between environmental complaints and socio-economic factors in China using a provin-
cial panel data set over the period 1991-1993 [15]. They found that higher income and
education levels increased the incidence of citizens filing complaints, which may lead to
disproportionate allocation of inspection resources to those who live in areas with better
economic and educational conditions. Based on econometric models and statistical data
at the provincial level in China, some studies have suggested that complaints were sig-
nificantly related with household income or per capita GDP [10,19], education level and
population size [20]. Furthermore, several studies were performed to assess the influencing
factors of environmental complaints in relation to livestock operations or agricultural spills
in North America [16,17,21]. For example, Weersink and Raymond examined the influence
of local environmental regulations and other factors on the possibility of both farm spills
and complaints in southwestern Ontario, Canada for the period 1993-1996 [16]. Their
results suggested that agricultural spills, education and income had a significantly positive
impact on the number of complaints and indicated that the complaints could be used by the
local regulators to identify problem regions, though the information signals would be noisy.
Additionally, this kind of environmental behavior may differ considerably from person to
person in terms of environmental psychology. Zhang et al. explored the social psychologi-
cal antecedents of citizen environmental complaints by using the norm activation model
and questionnaire survey data in China [7,11], which could aid in the understanding of
what microscopic factors drove citizens to file complaints to environmental agencies.

To our best knowledge, however, most of the existing literature studying citizen
environmental complaints in China merely utilized traditional methods of complaints from
statistical data as a proxy index (e.g., the number of visits or letters) at macro levels (e.g.,
national or provincial levels) [9,10,12,15,19,20]. Additionally, the typical characteristics of
environmental complaints, including its accuracy, types of complaints, and noisy problems,
were rarely analyzed or discussed in previous literatures. The purpose of this paper is to
reevaluate the role of citizen environmental complaints using cases of citizen environmental
complaints via hotline and the internet from the MEP of China for the period 2013-2017.
In order to do so, we first describe the typical characteristics of the accuracy and types of
environmental complaints. The spatial patterns and influencing factors are then identified
and presented at prefecture-level city scales by employing spatial analysis methods and
spatial econometric models, and finally the role of the complaints is assessed in China’s
current environmental governance system and environmental monitoring network.
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The rest of the paper is organized as follows: Section 2 describes data sources and
research methods selected. Section 3 presents the results of statistical characteristics, spa-
tial patterns and spatial regression models of citizen environmental complaints in China.
The potential influencing factors of citizen complaints regarding environmental problems
together with its roles in China’s current environmental governance and monitoring sys-
tems are then discussed in Section 4. Finally, we summarize major findings and policy
implications in Section 5.

2. Materials and Methods
2.1. Data Sources and Processing

In this study, the data of citizen environmental complaints were obtained for the
period 2013-2017, collected from the 12369 Network Reporting Platform [22]. This re-
porting platform was established to facilitate citizens lodging complaints via hotline and
the internet regarding environmental pollution or ecological destruction issues by the
Ministry of Environmental Protection of China (MEP, known as the Ministry of Ecology
and Environment of China since 2018) in 2011. This dataset is based on individual cases
that provided detailed information for each case, including serial number, year, month,
province, involved enterprises, existing environmental problems, and disposal information.
It should be noted that the method of data collection was citizens across the country lodging
their complaints directly to the MEP instead of local environmental agencies, and Hong
Kong, Macao, and Taiwan were not included in this data set due to data availability. After
collection, the geographic location of all cases was acquired by geocoding technique based
on the name and address of involved enterprises. Then, different types of environmental
pollution for all cases were grouped into 6 categories (i.e., air pollution, water contami-
nation, solid waste pollution, noise pollution, illegal production, and others) for further
analysis. According to the attributes of existing environmental problems and disposal
information, we further identified whether these cases had been verified or not, or to
say, which cases had been proven to be valid or not by the investigation of local agencies
or regulators.

To understand the potential factors behind environmental complaints filed by citizens
in China, we selected 10 independent variables with respect to socio-economic status,
environmental pollution, and environmental awareness. The selected variables were all at
the prefecture level and were mainly obtained from the China City Statistical Yearbook,
and the missing values were completed through the Provincial Statistical Yearbook and the
Statistical Bulletin on National Economic and Social Development in China.

2.2. Methods
2.2.1. Spatial Autocorrelation and Hot Spot Analysis

Identifying geographic patterns is of great significance to better understand how
geographic phenomena behave across space and over time [23]. Spatial autocorrelation is a
major feature of geographic phenomena which includes global and local autocorrelation.
Autocorrelation mainly refers to values of an attribute at close geographical sites which
are more similar (positive autocorrelation) or more dissimilar (negative autocorrelation)
than values at two distant sites [24,25]. To examine whether spatial patterns are clustered,
dispersed, or random, we measured the spatial autocorrelation of environmental com-
plaints based on Global Moran’s I statistic using GeoDa software (version 1.14.0 24, August
2019) [26]. The values of Moran’s I ranges from —1 to 1, where positive values indicate a
spatially clustered pattern, negative values imply a spatially dispersed pattern, and zero
suggests the random distribution of an attribute, such that there is no spatial autocorrela-
tion. In addition, to identify statistically significant hot spots and clod spots, we further
mapped spatial clusters of environmental complaints through calculating the Getis-Ord
Gi * statistic with the application of ArcGIS 10.5 software [23,27]. Here, a ‘Queen’ spatial
weight matrix was created with 1 order of contiguity for the two spatial statistics so as to
identify neighboring prefecture-level city units if their edges or corners were contiguous.
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2.2.2. Spatial Regression Models

Spatial regression models are necessary to consider in explaining the relationship
between dependent variables and their potential factors when the observed values of
dependent or independent variables present spatial autocorrelation characteristics [28,29].
Spatial regression models have been used in the fields of social economy [30], ecology and
the environment [31,32]. Spatial regression models applied in this study include the spatial
lag model (SLM) and the spatial error model (SEM).

The spatial lag model takes into account the spatial autocorrelation of the dependent
variable, and the SLM is expressed as follows:

y=pW, +XB+e 1)

where y is the dependent variables, i.e., the number of cases of environmental complaints
for each prefecture-level city; p is the spatial autoregressive coefficient; Wy is the spatial
weight matrix of spatially lagged independent variables, y; X is the n by k matrix of
independent variables, wherein n is the number of prefecture-level cities, and k is the
number of independent variables; {3 is the vector of parameter estimates associated with
the independent variables; and ¢ is a vector of random error terms.

The spatial error lag model considers the spatial autocorrelation of random errors.
The equations of the SEM is given as:

y=Xp+e @)

e=AWe+p 3)

where A is the coefficient of spatially lagged random error; W, is the spatial weight matrix of
spatially lagged error terms, ¢; and p is the random error term with a Gaussian distribution.

The ordinary least square model (OLS), spatial lag model (SLM) and spatial error
model (SEM) were all executed using GeoDa software. To determine which model was
more suitable to fit the curve—OLS, SLM or SEM—we followed the following criteria of
model evaluation [33]: the OLS model was firstly conducted to get the test of Lagrange
multiplier (LM) diagnostics for spatial dependence; if the LM-lag was statistically sig-
nificant whilst LM-error was statistically insignificant, SLM would be the appropriate
model. On the contrary, if the opposite scenario occurred, SEM would be chosen. If both
LM-lag and LM-error were statistically significant, the model whose Robust LM was more
statistically significant should be selected, or else, the results of the OLS model should
be kept. Furthermore, the log-likelihood (log-L), R?, Akaike information criterion (AIC),
and Schwartz criterion (SC) are also used as criterion for selecting the preferred model. A
regression model with lower values of AIC and SC, as well as higher values of Log-L and
R?, would be more likely to be chosen as the most well-fitted model.

3. Results and Analysis
3.1. Results and Analysis

A total number of 5796 cases of environmental complaints regarding pollution and
ecological issues were lodged by citizens directly to the MEP of China via dialing hotline
or reporting on the internet for the period of 2013-2017. Among these, 4398 cases were
classified as verified complaints, which accounted for 75.88% of the total. That is to say,
approximately three quarters of cases were deemed valid complaints indicating regulatory
violations of polluting enterprises after the complaint-initiated inspections implemented
by local regulators. It also could be seen that citizen environmental complaints were
undoubtedly noisy, with an error rate of a quarter (i.e., the proportion of nonverified cases).

Different types of environmental problems (or pollution) might vary widely in terms
of quantity and proportion, while one case could also involve multiple types of envi-
ronmental issues (Figure 1). Air pollution received the most attention with 3896 cases,
which accounted for 67.22% of the total. The proportions of cases associated with water
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contamination, solid waste pollution, noise pollution, and illegal production were 24.4%
(1416 cases), 4.0% (233 cases), 18.8 % (1089 cases), and 35.8% (2079 cases), respectively. In
addition, other types, such as emergent environmental incidents, represented only 26 cases,
which were excluded from further analysis on pollution types. Figure 1 also presents the
intersection characteristics of two types of pollution problems that one case had simul-
taneously. Along with the process of illegal production, two or more types of pollution
issues for one case related to air (1141 cases), water (278 cases), solid waste (85 cases)
and noise (330 cases) pollution were filed by local inhabitants. The intersection of air
pollution with illegal production, water contamination, and noise pollution ranked in the
top three of all two-type cases. Given the accuracy of cases, citizens tended to effectively
lodge complaints on certain types of pollution problems. The proportion of verified cases
on air pollution (73.23%) and solid waste pollution (73.39%) were closest to the average
accuracy; the accuracy rate of 84.11% and 98.36% for types of noise pollution and illegal
production, respectively, were both above the average, while water contamination was far
below average with a 56.21% accuracy rate. It should be noted that citizens might also
complain about an identical enterprise, company or factory that damaged their dwelling
environment more than once.
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Figure 1. Quantity of different types of environmental problems.

To examine the spatial distribution of 5796 cases of environmental complaints, all
provincial-level administrative units in China (including 22 provinces, 5 autonomous
regions and 4 municipalities) were divided into 7 geographic regions in light of spatial
differentiation of physical and human characteristics (Figure 2a). Moreover, we drew
the Heihe-Tengchong Line (also named the Hu Line), which was firstly proposed by
Hu Huanyong in 1935 for the interpretation of China’s demographic distribution, and
the Qinling-Huaihe Line, which roughly divides China into the two parts of north and
south China. The spatial visualization map illustrated the unbalanced distribution of
complaint cases, showing that most of them occurred in the densely populated area east
of the Hu Line, while a few cases appeared in the sparsely populated areas west of the
Hu Line. In particular, plenty of cases were concentrated on three major national urban
agglomerations (i.e., Beijing-Tianjin-Hebei Urban Agglomeration, Yangtze River Delta
Urban Agglomerations, and Guangdong-Hong Kong-Macao Greater Bay Area from north
to south) together with provincial capitals and regional central cities.
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Figure 2. Spatial distribution of citizen environmental complaints. (a) Spatial division of China’s geographic regions and
spatial visualization of all geocoding cases. (b) Spatial distribution of different types of environmental problems for each
geographic region in China.

Figure 2b showed that, in terms of quantity, the east, north, and central regions of
China were the top 3 geographic regions; there were 1940, 1191, and 945 cases in these
areas, respectively, which accounted for 70.32% of the total. The rest of the geographic
regions, however, only accounted for one third of all cases, with nearly two thirds of
national territorial area. East China, the most economically developed coastal regions
with a substantial scale of populations and industries, shared the largest portion of the
total number of cases in the 7 geographic regions in China. According to statistics at the
provincial level, the Ministry of Environmental Protection of China had received numerous
cases of environmental complaints from all provinces, except for the Tibet autonomous
region. Henan, Hebei, Shandong, Jiangsu, and Guangdong ranked in the top 5 of all
provinces and municipalities, contributing to 44.06% of total cases. Unexpectedly, Henan,
a central province in China, rather than those more developed eastern coastal regions,
occupied the largest proportion of the total number of complaint cases at the provincial
level. Besides, the types of environmental problems faced by different geographic regions
had similarities in relation to the order of proportions of pollution types on the whole, and
differences existed in the actual values of quantity and proportion. Generally, with reference
to the current stage of socio-economic development in China, the more economically
developed areas would be expected to bring about more complaint cases, indicating a
long-term tension in the man-land relationship at the aggregate level.

3.2. Geographic Patterns of Environmental Complaints

Despite the fact that the spatial distribution map of all cases presented the overall
pattern of citizen environmental complaints, it failed to quantify the pattern and compare
different types of environmental problems. Therefore, the Global Moran’s I statistic was
calculated for different scenarios at the prefecture-level city scale throughout the country.
Results are listed in Table 1. The Moran’s I values for the total, verified and nonverified
cases were 0.39, 0.34, and 0.37, respectively, indicating the total, verified and nonverified
cases all had a significantly positive spatial autocorrelation. In other words, the spatial
distribution of high values and/or low values of cases of environmental complaints was
more spatially clustered in terms of the null hypothesis of a randomly distributed pattern.
Moreover, all types of environmental problems also had a positive spatial autocorrelation,
since their z-scores were statistically significant (p-value < 0.001) and positive. The intensity
of high and/or low value agglomeration, however, might vary related to different pollution
types. The values of z-scores from high to low were as follows: illegal production, water
contamination, air pollution, solid waste pollution, and noise pollution. The degree of
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spatial dependency for air pollution, water contamination and illegal production had
similar and much stronger features, whilst the remaining types demonstrated similar but
relatively weaker traits of spatial correlation. As a consequence, the spatial regression
models were necessarily introduced to investigate the potential factors behind citizens
lodging environmental complaints in this study.

Table 1. The Global Moran Index of environmental complaints in China.

Total Verified Nonverified Air Water Solid Noise Illegal
Moran’s Index 0.39 0.34 0.37 0.36 0.40 0.19 0.16 0.40
Expected Index ~ —290 x 1073 —290 x 1073 290 x 1073 —290x 1073 —290x10"3 —290x1073 —290x 103  —2.90 x 1073
Mean —310x 103 —320x1073 —280x10% —310x103 —230x10"% —230x103 —330x10"3 —3.30x10"3
SD 3.27 x 1072 3.33 x 1072 327 x 1072 324 x 1072 3.58 x 1072 3.44 x 1072 327 x 1072 3.37 x 1072
Z-score 11.88 **+ 10.44 **+ 11.26 *** 11.26 **+ 11.35 **+ 5.55 *** 5.03 **+ 11.82 *#+
% p < 0.01.

The spatial clusters of hot and cold spots of citizen environmental complaints at the
prefecture level were mapped and presented in Figure 3. Overall, the hot spots of the total
cases were mostly distributed in the area east of the Hu Line, whereas the area west of the
Hu Line contained the majority of cold spots. Indeed, the spatial clusters of hot spots could
be roughly divided into three major parts in terms of the discrepancies of location and
scale, which was spatially consistent with the three major national urban agglomerations
in China. The largest cluster of hot spots was observed in the North China Plain, spreading
over the Beijing-Tianjin-Hebei agglomeration, along with Shanxi, Shandong and Northern
Henan. The second largest cluster was the core parts of the Yangtze River Delta Urban
agglomerations, mainly including Shanghai, Jiangsu, and northern Zhejiang. The Pearl
River Delta cluster consisted of main cities like Guangdong, Dongguan, and Shenzhen that
featured a highly concentrated but small range.

In addition, the verified cases shared a similar spatial pattern with the total, indicating
that the spatial pattern depicted by the total cases with noisy information could also be
used in the identification of pollution areas or problems. Furthermore, the hot spot clusters
of the nonverified cases were slightly different from the total and verified cases, suggesting
that the greater the number of cases of complaints, the more noisy information would be
generated, and thus more inspections and governance resources would be allocated to
these hot spot areas. However, these noisy cases were not ‘noisy’” anymore. In fact, they
could also be a unique indicator in reflecting the status of regional environmental quality;,
because noisy cases might reflect citizens’ concerns and demands on the environment to
some extent. With respect to different types of pollution issues, the hot spots of air pollution,
water contamination, solid waste pollution, and illegal production had a similar spatial
pattern on the whole, while the hot spots of noisy pollution exhibited a more discrete
spatial pattern that was mainly located in the south area of the Qinling-Huaihe Line.

It is worth noting that the spatial patterns delineated by environmental complaints
may be biased in reflecting real regional pollution and citizen concerns regarding the
environment. This is mainly because citizen environmental complaints can be considered
a product of various factors involving socio-economic levels, environmental pollution
discharges and citizen environmental awareness.
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Figure 3. Spatial clusters of hot and cold spots of environmental complaints in China.

3.3. Results of Regression Models

In this study, the number of cases of environmental complaints for prefecture-level
cities were selected as the dependent variables. The dependent variables were then classi-
fied as three scenarios (the total, the verified, and the nonverified cases) and five types of
environmental problems. After a thorough review on the literature of citizen environmental
complaints, we selected 10 independent variables from three aspects to test the relationship
between environmental complaints and its potential factors. Population, GDP, and indus-
trial structure of secondary and tertiary industries were defined as four proxy variables
to represent socio-economic status. Three pollutants—industrial waste water, sulphur
dioxide, and industrial soot (dust)—were selected as the proxy variables of environmental
pollution. With respect to environmental awareness, three proxy variables regarding the
telephone, internet and education were chosen. It should be noted that the independent
variables were summarized from numerous spatial points of 286 prefecture-level cities so as
to match the spatial scale of the influencing factors. Descriptive statistics for independent
and dependent variables were summarized and listed in Table 2.

To test the multicollinearity problem of the independent variables above, we per-
formed an analysis of the variance inflation factor (VIF) before model fitting using the IBM
SPSS Statistics 26 software. The results of the VIF analysis of all explanatory variables were
all less than 10, indicating no obvious multicollinearity existed in our regression models.
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Hence, these 10 proxy variables could be employed in the subsequent model regression
and analysis.

Table 2. Descriptive statistics of selected variables for 286 prefecture-level cities.

Variable Min. Max. Mean Std. Dev Description
the total 0.00 254.00 19.59 22.97 the total number of complaint cases
the verified 0.00 159.00 14.80 16.19 the verified number of complaint cases
the nonverified 0.00 95.00 4.79 8.07 the nonverified number of complaint cases
air 0.00 172.00 13.13 15.64 the total number of complaint cases of air pollution
water 0.00 59.00 4.84 6.68 the total number of complaint cases of water contamination
solid 0.00 8.00 0.77 1.22 the total number of complaint cases of solid waste pollution
noise 0.00 36.00 3.67 4.46 the total number of complaint cases of noise pollution
illegal 0.00 87.00 7.08 9.03 the total number of complaint cases of illegal production
POPD 5.77 2501.14 436.30 337.85 population density (person/sq.km)
PerGDP 1.10 20.72 5.11 2.96 per capita GDP (10,000 yuan)
SIP 15.17 71.45 46.67 9.57 secondary industry as percentage to GRP (%)
TP 24.17 79.65 40.99 8.70 tertiary industry as percentage to GRP (%)
Water 0.01 6.05 0.66 0.72 volume of industrial waste water discharged (10,000 tons)
SO, 0.02 42.68 4.93 4.25 volume of sulphur dioxide emission (tons)
Soot 0.09 185.99 4.88 13.91 volume of industrial soot (dust) emission (tons)
number of subscribers of mobile telephones at year-end
Tel 43.00 4052.00 457.28 498.36 (10,000 households)
Internet 6.00 1205.00 89.08 118.18 number of (sfg’gggifzs‘;;l&tgg‘et services
Student 479 1293.69 192.87 254,39 students enrollment of regular institutions of higher

education per 10,000 persons

Model selection is the critical process of determining which model will be chosen as the
appropriate one for estimation. The tests of Lagrange multipliers (LM) and Robust LM for
spatial dependence were conducted; Table 3 provides the test results of three scenarios for
the total, the verified, and the nonverified cases. For the total cases, the test statistics of both
LM-lag and LM-error were highly significant, whereas Robust LM-error (p-value < 0.0001)
was more significant than that of Robust LM-lag (p-value = 0.0003). Meanwhile, the R and
Log-L of the SEM were both higher than that of the SEM, whilst the AIC and SC were lower
than that of the SEM (Table 4). In addition, the spatial autoregressive coefficient p and the
coefficient of random error A were statistically significant, indicating that spatial regression
models were necessary to be adopted to replace the traditional nonspatial model, the OLS
(Table 4). Therefore, according to the criteria of model selection above, SEM was selected
as the appropriate model for the total cases to explore the effects of influencing factors on
citizen environmental complaints. Likewise, we also selected the most fitted model for
the remaining scenarios and all types of environmental problems on the basis of the same
model selection criteria.

Table 3. Diagnostics for spatial dependence.

The Total The Verified The Nonverified
TEST

MI/DF VALUE MI/DF VALUE MI/DF VALUE

Moran’s I (error) 0.36 9.54 *** 0.28 7.67 *** 0.31 8.43 ***
Lagrange Multiplier (lag) 1.00 69.65 *** 1.00 39.52 *** 1.00 72.00 ***
Robust LM (lag) 1.00 8.63 *** 1.00 4.07 ** 1.00 11.62 ***
Lagrange Multiplier (error) 1.00 81.69 *** 1.00 52.03 *** 1.00 63.26 ***

Robust LM (error) 1.00 20.67 *** 1.00 16.58 *** 1.00 2.88 *

Lagrange Multiplier (SARMA) 2.00 90.32 *** 2.00 56.10 *** 2.00 74.88 ***

*,p<0.1;*,p<0.05 **, p<0.01.
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Table 4. Regression model results.

. The Total The Verified The Nonverified Air Water Solid Noise Illegal
Variable OLS SLM SEM SEM SLM SEM SEM SEM OLS SEM
CONSTANT 3.93 7.76 16.34 7.23 3.17 11.15 8.70* 0.44 454 2.71
POPD 622 x 1073 * 8.00 x 10~* —3.06 x 107> 1.73 x 10~* 248 x 107 428 x 1074 —1.08 x 10~* 322 x107* 9.49 x 10~* 212 x 1073
PerGDP —0.63 —0.74 —0.91 ** —0.73 #** -0.13 —0.44 —0.26* —0.02 —0.29 *** —0.53 ***
SIP 0.07 —0.03 0.04 0.03 454 x 1072 0.01 —0.02 0.01 —0.01 0.05
TIP —0.10 —0.20 —0.27 —0.10 —0.09 —0.20 —0.12 —0.01 —0.09 ** —0.05
Water 454 ##x 427 #** 5.42 #** 4.77 ##x 0.34 3.04 1.19* 0.51 *** 0.60 1.96 ***
SO, 0.72 *** 0.66 *** 0.45 ** 0.50 *** 0.06 0.38 ** 0.07 —0.02 0.22 *** 0.23 **
Soot 3.64 x 1072 —4.38 x 10°* —1.72 x 1072 8.05 x 1073 —1.23 x 1072 —2.26 x 1072 408 x 103 450 x 1073 —6.07 x 1073 497 x 1073
Tel —610x 1073*  —853 x 1073 ** 571 x 1073 * —1.01 x 1073 —5.96 x 1073 #*+ —2.63 x 1073 —1.59 x 1073 —2.04 x 10~* 2.32 x 1073 #+ —1.44 x 1073
Internet 0.15 *** 0.15 **+ 0.14 *** 0.09 *** 0.06 *** 0.10 *** 0.03 *** 224 x 1073 ** 0.01 *** 0.04 **+
Student 259 x 10~* 6.05 x 1073 479 x 1073 1.70 x 1073 242 x 1073 1.68 x 1073 —1.44 x 1073 —345 x 10~* 427 x 1073 #=+ 425 x 1074
— 0.40 *** — — 0.45 *+* — — — — —
>p\ — — 0.58 *** 0.51 *** — 0.55 *** 0.54 *** 0.28 *** — 0.50 ***
R? 0.64 0.72 0.74 0.74 0.57 0.74 0.50 0.22 0.53 0.61
Log-L —1156.37 —1125.59 —1120.54 —1021.35 —890.14 —1011.02 —860.51 —430.61 —724.71 —909.08
AIC 2334.75 2275.18 2263.07 2064.70 1804.28 2044.04 1743.02 883.22 1471.42 1840.16
SC 2374.96 2319.05 2303.29 2104.92 1848.15 2084.26 1783.23 923.43 1511.64 1880.37

*,p<0.1;*,p<0.05 **, p<0.01.
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As shown in Table 4, we provided the results of the OLS, SLM, and SEM for the total
cases, whereas the appropriate model results were chosen and presented only for the rest
of the verified and nonverified scenarios, as well as for all the five types involved.

The results of the OLS, SLM and SEM show that the explanatory power for the
variations in the total cases of citizen environmental complaints were 64%, 72% and 74%,
respectively (Table 4). This suggested that the explanatory power of the spatial regression
models (SLM and SEM) would be much stronger than that of the traditional nonspatial
model (OLS) after considering the spatial lag or spatial error terms. The values of p (0.40)
and A (0.58) parameters were both higher and statistically significant (Table 4); the former
indicated a positive spatial feedback effect, i.e., a greater number of cases in a city might
raise the predicted cases of its neighboring cities. The latter showed that the unexplained
variation in citizen complaints was positively correlated, and this could be attributed to the
results of omitted variables that affected cases lodged by citizens between adjacent cities.
Apparently, the latter tended to dominate the best position to better understand how these
potential factors exerted influences on the occurrence of citizen complaints in China.

From the perspective of socio-economic status, only per capita GDP was significantly
and negatively associated with the total number of cases of citizen environmental com-
plaints. This indicated that the total number of citizen complaints decreased as per capita
GDP increased. It also implied that, to a large extent, economic levels were not spatially
consistent with environmental pollution at prefecture levels. In terms of the spatial clusters
above, a relatively small number of hot spots were distributed in economically developed
coastal cities of eastern China or located in the cities of the southern China, which have a
high environmental and ecology carrying capacity. Generally, this was inconsistent with
several studies performed using provincial-level datasets for the past 10 years or longer.
Their results show that per capita GDP or household income level was positively associ-
ated with complaints [10,19,20]. Furthermore, it could also be seen that the coefficients
of population density, together with the proportion of secondary and tertiary industry in
GDP, were all statistically insignificant.

With regard to the aspect of environmental pollution, the positive correlation coeffi-
cient of the volume of industrial wastewater and SO, with the total cases suggested that
exposure to these harmful pollutants increased the likelihood of citizen complaints. An
increase of 1% in industrial wastewater discharge (10,000 tons) and SO, (1 ton) seemed to
induce an increase of approximately 5.5 cases and 0.5 cases, respectively. Industrial soot
(dust) emission was positive but not significant, indicating that even pollutants with highly
visible particulates were not necessarily significantly related to the number of environmen-
tal complaints. This confirmed the results of previous studies, most of which concluded
that the volume or intensity volume of certain pollutant discharges in a region determined
the number or incidence of citizens lodging environmental complaints [10,15,19,20]. There-
fore, the effects of different pollutants on citizen behaviors regarding filing complaints, or,
in other words, how regional environmental pollution defined the pattern and processes
that triggered individuals or communities to make complaints, seemed to become more
complex than expected.

For environmental awareness, two variables of communication tools were found to
exert impacts on the probability of environmental complaints. The coefficient of the mobile
telephone was negative, and the coefficient was positive for the internet. This implied that
a greater number of mobile telephones decreased the number of the total cases; conversely,
the more accessible the internet, the more cases would be generated. The proliferation of
phones and the internet not only enriched the methods of complaints, but also raised citizen
awareness regarding environmental protection. Moreover, the coefficient of educational
levels of citizens was positive but insignificant. There was no firm evidence to show that
citizens with higher education background might care more about pollution discharges
or have a stronger willingness to pay for the practice of environmental protection at the
prefecture level. Unexpectedly, this finding did not share the same view with previous
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studies, which believed people with higher educational levels would have a stronger
propensity to complain [15,18,20].

As for the verified cases of citizen complaints, the coefficients of all independent
variables were similar to that of the total cases in light of significant levels and direction
of effects. Hence, the total cases, with or without verification, could be regarded as the
dependent variable to investigate the effects of potential factors behind the citizen behaviors
lodging complaints. The comparative analysis, to some extent, could be regarded as the
validation process in data validity and results reliability. The reason might be ascribed to
the high proportion of verified cases in the total. However, for the nonverified cases, only
two variables of communication tools were statistically significant at the 1% significant
level with the opposite effects. Unlike traditional methods of citizen complaints, lodging
complaints online via PC or mobile apps was more time saving and cost effective for
local inhabitants to reflect their concerns and demands regarding environmental issues.
Accordingly, an increasing amount of nonverified complaint cases (or inaccurate cases)
would be inevitably lodged by citizens to the authorities due to the shifting transition of
complaint channels.

In addition, different pollutants discharged into ambient media might result in cor-
responding pollution types [10]. For example, industrial waste gases emitted into the air
were likely to bring about air pollution, whereas industrial wastewater or domestic sewage
dumped into the rivers, lakes, or seas would cause water pollution. Nevertheless, this
causality might not live up to our expectation sometimes. To test the casual relationship
in citizen complaints, therefore, we conducted the same model fitting for each type of
pollution problems and presented the most suitable model only (Table 4). The results
showed that the volume of industrial waste discharged and sulphur dioxide emissions had
significant impacts on the number of the total cases of air pollution. This result indicated
that a type of problem might be induced by multiple pollutants at the regional or macro
level. Furthermore, the volume of industrial wastewater discharged was significantly
associated with the total cases of air pollution, solid waste pollution, and illegal production,
in addition to water contamination. This finding suggested that certain pollutants might
lead to various types of problems filed by local residents, but not necessarily contributed
to its corresponding polluting issues. Similar to the three scenarios above, the number of
subscribers to internet services also had significantly positive effects on the likelihood of
citizen complaints for all types. It is worth nothing that the results of all types might be
affected by the sample size of cases, which possibly caused instability in estimation.

4. Discussion

Citizen environmental complaints play a key role in China’s environmental gov-
ernance system and environmental monitoring network. In recent years, the status of
ecology and the environment in China has been gradually improved as a whole, and at
the same time the citizens” concerns and demands for environmental quality has also been
continually rising [20]. Moreover, rapid changes in technology, such as mobile internet,
artificial intelligence (AI), and big data, facilitated citizens filing complaints and regulators
collecting information. Hence, the number of cases of citizen complaints seems to be bound
to continue to expand in the near future, which may lead to plenty of resources allocated
to responding to and solving these issues coming from citizens over the country. In this
context, it is extremely necessary to reevaluate the role of citizen environmental complaints
in China. To vividly depict its role in the above two systems, we illustrated an analysis
framework of the role of environmental complaints lodged by citizens via internet and
hotlines in China (Figure 4).
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Figure 4. An analysis framework of the role of citizen environmental complaints in China’s environmental governance

system and environmental monitoring network.

As mentioned above, despite the fact that the effectiveness of citizen complaints on
environmental performance remains contentious, it is certain that it can be considered
as an essential and indispensable part of China’s environmental governance system. As
shown in Part 1 of Figure 4, the subsystem of public participation with multiple bottom-up
channels radically changes the situation wherein the government acts as the sole agent for
environmental health and safety, as in the governance system illustrated by a top-down
hierarchical architecture [10]. Compared with other channels, citizen environmental com-
plaints today are typically characterized by convenient, cost-effective, real-time, relatively
moderate, complaint-driven pollution abatement, and the real public participation involved
the majority of people. The system works in two ways, directly or indirectly, compelling
polluters to adhere to laws, regulations and standards. On the one hand, citizens, individ-
uals, or communities in China, once damaged by pollution, can lodge their complaints
to the authorities; after receiving cases of complaints, the agencies and regulators are
very responsive to citizens’ concerns on environmental issues by inspecting the potential
polluters within a given time. If the complaint is found to be true, agencies and regulators
will deal with the regulation violations of polluting enterprises in accordance with the law
and regulations by, for example, demanding rectification within a specific time, suspending
production, imposing fines or penalties, banning or closing the enterprise, and the like.
It has also been proven that environmental complaints could significantly promote the
law enforcement of the government only [6]. On the other hand, the public may also
enhance their bargaining position by threatening to make complaints to the authorities
when they are directly engaged in negotiation with neighboring polluting enterprises [10].
An error rate of approximately a quarter in citizen complaints may result in a huge waste
of inspection resources, but this seemingly ‘unnecessary’ practice is actually inevitable,
and extremely needed to promote environmental justice and environmental democracy in
China in terms of resolving individual problems regarding environmental pollution.

Over the past few decades, China’s own environmental monitoring network has been
built up by the government, which mainly refers to monitoring pollution sources, ecology,
coastal areas, and the atmospheric, water, soil, and acoustic environment, as described
in Part 2 (Figure 4). This network is comprised of many fixed monitors. Currently, these
include 2100 air quality monitoring stations, 2767 surface water monitoring sections,
300 water quality automatic stations, and more than 40,000 soil monitoring points [34].
Citizen environmental complaints, as a special monitoring tool, are also characterized by
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large coverage, high spatial-temporal resolution, noisy information. This sort of ‘noisy’
feature possibly constraints its effective information provision as environmental indicators
that can be further interpreted from several aspects, as follows. Firstly, unlike those precise
fixed monitors that can detect subtle changes in the environment and provide a variety of
quantitative indicators, citizen complaints are born to be subjective and qualitative when
regarded as a monitoring tool. Meanwhile, the complexity and diversity of environmental
pollution reinforces its uncertainty in reflecting the true status of the environment and
ecology. Secondly, people often make judgments on environmental issues basically by
relying on personal senses (i.e., sight, smell, touch, taste, and hearing) and, therefore,
visible, odorous, and loud pollutants or pollution processes tend to receive more attention
and even be exaggerated by personal perception to some extent. Nevertheless, it is scarcely
possible for citizens without the relevant expertise to recognize those invisible, odorless,
or imperceptible pollutants that may truly damage the ecology and environment; this
includes, for instance, ecological degradation, soil heavy metal pollution, and agricultural
non-point source pollution. Finally, individual or regional divergence related to economic,
education, pollution, and governance capabilities will project this noisy information on
the map, and this biased signal of citizen complaints, to some extent, may be further
strengthened or weakened at different scales. In practice, the approximately 75% accurate
rate of China’s citizen complaints on environmental issues was much higher than that of
the 55% rate of verified cases in the study of citizen complaints and livestock operations in
Michigan, USA [17].

Socio-economic characteristics are assumed to be the basis to influence and, to a
large extent, determine overall pollution status, citizen awareness or perception, and even
governance capability. In a previous study, the EKC effect was found between income
levels and the number of environmental complaints, with the turning point of around
140,000 yuan, which China was far from reaching [20]. In our conclusions, however, the
coefficient between per capital GDP and the number of citizen complaints was statistically
negative. However, this did not necessarily indicate that an inverted U-shaped curve had
been in existence in our study. In the past decade, China’s economic model, which had been
undergoing high-speed development and was energy-intensive and highly-polluting, was
already being progressively transformed into high-quality development with lower carbon
emissions and pollution discharges [35,36]. Furthermore, accompanying industrial trans-
formation and upgrades in eastern coastal areas in China, polluting industries and sectors
had already begun to transfer to central and western interior regions, which urgently need
to develop their economy and have loose environmental policies and regulations [37,38].
Additionally, the map of regional economies displayed the rising disparity between the
northern and southern areas in China owing to regional differences in economic devel-
opment models [39,40]. In contrast to the northern areas, southern China went through a
more thorough reform, opening up, and marketization. Given that regional differentiation,
the environmental capacity, resources endowment and ecology in the southern and coastal
regions is apparently much better than that of the rest of China. Therefore, a negative effect
was found between per capita GDP and citizen complaints at the prefecture level.

Theoretically, no pollution should result in no complaints. Nearly all studies had
firmly confirmed that environmental pollution triggered citizens lodging complaints. In
terms of pollution types, air quality or pollution received the most attention in China, which
has been proven by other studies [10,15]. China has been facing the worst air pollution
problem in the world [41,42]. Air quality changes can be easily sensed by citizens anytime
and anywhere [10,15]. In addition, other types of pollution, for example, water pollution,
might also deteriorate air quality by emitting odorous gases [15,21]. Nevertheless, it has
been rather difficult for an agreement to be reached on the effects of specific pollutants
on complaints based on various data sources and methods. Unexpectedly, there was no
significant relationship between the volume of industrial soot (dust) emission and the
number of complaints, even if in terms of air pollution. This result was contradictory with
the study conducted by Dasgupta and Wheeler [10], which suggested that high-visible dust
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(particulate) intensity could consistently and significantly induce citizens filing complaints.
Actually, environmental pollution, or a type of pollution, is generally represented by a set of
indicators; air pollution, for example, can be systemically measured by various indicators
of SO, NO,, CO, O3, PM10, PM 2.5, etc. Furthermore, China, especially in northern
areas, has been always covered by large-scale fog and haze with poor visibility and toxic
substances in winter, which root in a large number of production and living activities, such
as coal-fired heating, motor vehicles and traditional heavy industry enterprises [43,44].
Given that, hardly positioning these pollution sources and ‘free riding” among citizens
might also result in an insignificant association relationship. It should be noted that there
was still a gap between individual cases and regional environment quality due to the
existence of the ecology fallacy of scale transformation.

The era of the internet has brought unprecedented changes to all walks of life in
China, and environmental governance of course is not an exception. On the one hand, the
internet provides advanced media technology of information disclosure and access for
the government and the public, as well as multiple platforms for citizens expressing their
concerns and demands. In late 2011, the US Embassy reported Beijing’s PM 2.5 monitoring
data on Twitter, when PM 2.5 was not yet a regulated indicator or pollutant in China at the
time [20]. The PM 2.5 monitoring dynamics were reposted on Sina Weibo (a social media
website in China) by a netizen, which aroused a furious debate over air quality among
scholars, officials, and netizens throughout the country. In practice, this event could be
regarded as a landmark for the rising environmental awareness of Chinese citizens. As a
consequence, the debate derived on the internet directly prompted the government to set
up a national network for PM 2.5 monitoring, and the corresponding laws, regulations and
other policies were enacted and implemented in order to alleviate citizen grievances and
improve air quality. On the other hand, the government also established the 12369 platform
based on internet and mobile apps in 2011, which greatly facilitated citizens lodging
complaints. With a few clicks of buttons and the typing of a few lines of text, citizens in
China can accomplish the whole procedure of an environmental complaint case. In fact,
the proliferation of the internet and telephone, to a great extent, lower the threshold of
the educational level that early complaint channels of visits or letters should have. This
could be an appropriate reason to explain why the effect of higher education on citizen
complaints was insignificant in this study.

The government of China should continue to encourage and expand public partici-
pation with regard to environmental issues and raise the status of citizen complaints in
environmental governance. Citizen environmental complaints should work together with
other policy instruments, such as command-control policies, market incentive policies
and other modes of public participation. For example, the role of citizen complaints can
be viewed as an important reference for decision making in the environmental gover-
nance of the government in terms of investment, legislation and enforcement. In order
to improve environmental performance, the central government sets a series of binding
and anticipatory targets or goals that are further diluted to subordinate administrative
units to perform the tasks from top to bottom. In the process of responding to citizen
complaints, local agencies and regulators ought to combine complaint-initiated inspections
on polluters with the attainment of these ambitious targets, such as energy consumption,
carbon emissions, and air and water quality. One thing that must be kept in mind is the
information privacy of complainants, which urgently need to be further protected and
managed by the authorities. It has been reported that, in early 2021, Mr. Shao, who lived
in Zhoukou city, Henan province, dialed a hotline to complain about midnight pollution
emissions of a factory to the local environmental protection agency; nevertheless, he was
assaulted, beaten and threatened by the employees of this polluting factory owing to the
leakage of personal information by the local regulators [45].

In reality, tens of thousands of citizens can be seen as innumerable sensors monitoring
environmental dynamics; therefore, China has the largest environmental monitoring net-
work based on individuals in the world. The synergy and coordination between citizen
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environmental complaints and other monitoring instruments need to be promoted in years
to come. For example, air quality monitoring stations often fail to identify the position
of various polluters, while local residents are familiar with their neighboring status and
can easily determine the pollution sources or problem areas, especially for those small,
dispersed polluters and for remote, rural areas in China. Hence, their functions can com-
plement each other in providing more reliable and better information on the environment
and ecology. In order to reduce noisy information, it is necessary to introduce advanced
technology and deeply combine this with China’s current major social media platforms,
such as Wechat, Sina Weibo, and Douyin (TikTok). It will be helpful for regulators to
scientifically interpret environmental issues through providing richer information regard-
ing text, pictures, short videos, or even live broadcasts. In addition, the cultivation of
environmental awareness should be strengthened, especially for those relatively poorer
communities and remote areas, by means of increasing household income, enhancing basic
education, building internet infrastructure, etc.

5. Conclusions

Based on 5796 cases of environmental complaints lodged by citizens via hotlines and
the internet to the MEP of China, we examined the spatial characteristics and influencing
factors of complaints for the period 2013-2017. The roles of citizen complaints in two
systems were then reevaluated. Among all cases, 75.88% of cases were identified as verified
complaints, while nearly a 25% noisy rate directed large amounts of inspection resources
to be utilized in response to nonverified cases. Different types of citizen complaints varied
widely in terms of quantity and proportion; air pollution received the most attention, ac-
counting for 67.22% of the total. The hot spots of citizen complaints were mostly distributed
in the three major national urban agglomerations in China, and the clusters from large to
small scale were the Beijing-Tianjin-Hebei, the Yangtze River Delta, and the Pearl River
Delta urban agglomerations, respectively.

Spatial econometric models could improve the estimation effects between citizen
complaints and their potential factors. We found that industrial wastewater and SO, were
positively associated with the likelihood of citizens lodging complaints, while the effect of
industrial soot (dust) emission was insignificant. Citizen complaints might be triggered by
certain, but not all, forms of pollutants, even though highly visible particulate pollutants
did not necessarily induce corresponding complaints. Moreover, the negative relationship
between citizen complaints and per capita GDP revealed the unbalanced geographical
pattern between economic development and environmental quality. In addition, the
proliferation of the internet greatly facilitated citizens filing complaints through improving
information access, simplifying complaint process, and even lowering the threshold of
educational level for lodging complaints. Citizens” environmental complaints should be
deeply combined with major social media platforms (e.g., TikTok, Twitter, Facebook) in the
world so as to provide richer and more diverse data. The potential applications should be
investigated; for example, it can be applied in the synergy of pollution and carbon emission
reductions as a kind of monitoring or policy tool in climate change research. Additionally,
it will be helpful to observe and assess the process of achieving Sustainable Development
Goals (SDGs) regarding environmental issues, especially for those developing countries in
the world. Finally, the synergy mechanism between citizen environmental complaints and
other parts of China’s environmental monitoring network and environmental governance
system should be established in the near future.

Author Contributions: Conceptualization, methodology and writing—original draft preparation,
X.J.; data curation, D.T.; software, L.C. and X.M.; visualization, X.C. and B.L.; supervision, funding
acquisition, X.H. All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by the National Social Science Foundation of China (17ZDA061),
National Natural Science Foundation of China (41801104), and Science Fund for Creative Research
Groups of the National Natural Science Foundation of China (71921003).



Int. J. Environ. Res. Public Health 2021, 18, 9674 18 of 19

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: The data presented in this study are available on request from the
author. The data are not publicly available due to privacy. Images employed for the study will be
available online for readers.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. MEEC (Ministry of Ecology and Environment of the People’s Republic of China). Report on the State of the Ecology and Environment
in China; MEEC (Ministry of Ecology and Environment of the People’s Republic of China): Beijing, China, 2017; pp. 8—40.

2. Fu,]; Geng, Y. Public participation, regulatory compliance and green development in China based on provincial panel data. J.
Clean. Prod. 2019, 230, 1344-1353. [CrossRef]

3. Johnson, T. Environmentalism and NIMBYism in China: Promoting a rules-based approach to public participation. Environ.
Politics 2010, 19, 430-448. [CrossRef]

4. Wu,J,; Xu, M,; Zhang, P. The impacts of governmental performance assessment policy and citizen participation on improving
environmental performance across Chinese provinces. J. Clean. Prod. 2018, 184, 227-238. [CrossRef]

5. Wu, L;Ma, T; Bian, Y;; Li, S.; Yi, Z. Improvement of regional environmental quality: Government environmental governance and
public participation. Sci. Total Environ. 2020, 717, 137265. [CrossRef]

6.  Li, Z. The Impact of Public Participation on Local Government’s Environmental Governance—An Analysis of Provincial Data
2003-2013. Chin. Public Adm. 2017, 08, 102-108.

7. Zhang, X,; Geng, G.; Sun, P. Determinants and implications of citizens” environmental complaint in China: Integrating theory of
planned behavior and norm activation model. J. Clean. Prod. 2017, 166, 148-156. [CrossRef]

8.  Kostka, G.; Mol, A.PJ. Implementation and participation in China’s local environmental politics: Challenges and innovations. J.
Environ. Policy Plan. 2013, 15, 3-16. [CrossRef]

9.  Zeng, ].; Yuan, M.; Feiock, R. What drives people to complain about environmental issues? An analysis based on panel data
crossing provinces of China. Sustainability 2019, 11, 1147. [CrossRef]

10. Dong, Y.; Ishikawa, M.; Liu, X,; Liu, X.; Hamori, S. The determinants of citizen complaints on environmental pollution: An
empirical study from China. J. Clean. Prod. 2011, 19, 1306-1314. [CrossRef]

11.  Zhang, X,; Liu, J.; Zhao, K. Antecedents of citizens” environmental complaint intention in China: An empirical study based on
norm activation model. Resour. Conserv. Recycl. 2018, 134, 121-128. [CrossRef]

12.  Zhang, T.; Chen, C. The effect of public participation on environmental governance in China-based on the analysis of pollutants
emissions employing a provincial quantification. Sustainability 2018, 10, 2302. [CrossRef]

13.  Zhang, J.; Cai, N.; Yang, C. Impact of Environmental Regulation on Green Growth Index of Industry in China. China Popul. Resour.
Environ. 2015, 25, 24-31.

14. Wang, H. Comparison and selection of environmental regulation policy in China: Based on Bayesian model averaging approach.
China Popul. Resour. Environ. 2016, 26, 132-138.

15. Dasgupta, S.; Wheeler, D. Citizen complaints as environmental indicators: Evidence from China. In PRDEI Working Paper;
No.1704; World Bank: Washington, DC, USA, 1996; pp. 1-26.

16. Weersink, A.; Raymond, M. Environmental regulations impact on agricultural spills and citizen complaints. Ecol. Econ. 2007, 60,
654-660. [CrossRef]

17.  Hadrich, J.C.; Wolf, C.A. Citizen complaints and environmental regulation of Michigan livestock operations. J. Anim. Sci. 2011,
89, 277-286. [CrossRef]

18.  Qi, L.; Kong, W.; Zhao, Y. State Capacity, Civic Association, and Environmental Petition in Current China—An Empirical Analysis
of Provincial Panel Data (2003-2010). Chin. Public Adm. 2013, 07, 100-106.

19. Zeng, ].; Hu, J. Factors Contributing to Environmental Public Participation in China: An Empirical Analysis of Provincial Panel
Date (2003-2012). China Popul. Resour. Environ. 2015, 25, 62-69.

20. Wen, T.; Wang, J.; Ma, Z.; Bi, ]. Driving forces behind the Chinese public’s demand for improved environmental safety. Sci. Total
Environ. 2017, 603, 237-243. [CrossRef]

21. Huang, H.; Miller, G.Y. Citizen complaints, regulatory violations, and their implications for swine operations in Illinois. Rev.
Agric. Econ. 2006, 28, 89-110. [CrossRef]

22. Data Center of the Ministry of Environmental Protection of China. Available online: http://datacenter.mep.gov.cn (accessed on
1 January 2017).

23. Mitchell, A. The ESRI Guide to GIS Analysis, Volume 2: Spatial Measurements and Statistics; ESRI Press: Redlands, CA, USA, 2005;
pp. 147-190.

24. Tobler, W.R. A computer movie simulating urban growth in the Detroit region. Econ. Geogr. 1970, 46, 234-240. [CrossRef]

25. Wang, ].; Zhang, T.; Fu, B. A measure of spatial stratified heterogeneity. Ecol. Indic. 2016, 67, 250-256. [CrossRef]


http://doi.org/10.1016/j.jclepro.2019.05.093
http://doi.org/10.1080/09644011003690914
http://doi.org/10.1016/j.jclepro.2018.02.056
http://doi.org/10.1016/j.scitotenv.2020.137265
http://doi.org/10.1016/j.jclepro.2017.08.020
http://doi.org/10.1080/1523908X.2013.763629
http://doi.org/10.3390/su11041147
http://doi.org/10.1016/j.jclepro.2011.03.015
http://doi.org/10.1016/j.resconrec.2018.03.003
http://doi.org/10.3390/su10072302
http://doi.org/10.1016/j.ecolecon.2005.12.023
http://doi.org/10.2527/jas.2010-3257
http://doi.org/10.1016/j.scitotenv.2017.06.086
http://doi.org/10.1111/j.1467-9353.2006.00275.x
http://datacenter.mep.gov.cn
http://doi.org/10.2307/143141
http://doi.org/10.1016/j.ecolind.2016.02.052

Int. J. Environ. Res. Public Health 2021, 18, 9674 19 of 19

26.

27.

28.
29.

30.

31.

32.

33.

34.
35.

36.

37.

38.
39.

40.

41.

42.

43.

44.

45.

Anselin, L.; Syabri, I.; Kho, Y. GeoDa: An introduction to spatial data analysis. In Handbook of Applied Spatial Analysis; Springer:
Berlin/Heidelberg, Germany, 2010; pp. 73-89.

Getis, A.; Ord, ] K. The analysis of spatial association by use of distance statistics. In Perspectives on Spatial Data Analysis; Springer:
Berlin/Heidelberg, Germany, 2010; pp. 127-145.

Wang, E. Quantitative Methods and Applications in GIS; CRC Press: Boca Raton, FL, USA, 2006; pp. 167-188.

Anselin, L.; Rey, S.J. Modern Spatial Econometrics in Practice: A Guide to GeoDa, GeoDaSpace and PySAL; GeoDa Press LLC.: Chicago,
IL, USA, 2014; pp. 157-280.

Wu, K; Wang, Y.; Liu, Y.; Zhang, Y. On innovation capitalization: Empirical evidence from Guangzhou, China. Habitat. Int. 2021,
109, 102-323. [CrossRef]

Song, J.; Du, S.; Feng, X.; Guo, L. The relationships between landscape compositions and land surface temperature: Quantifying
their resolution sensitivity with spatial regression models. Landsc. Urban Plan. 2014, 123, 145-157. [CrossRef]

Yin, C,; Yuan, M,; Lu, Y.; Huang, Y.; Liu, Y. Effects of urban form on the urban heat island effect based on spatial regression model.
Sci. Total Environ. 2018, 634, 696-704. [CrossRef] [PubMed]

Anselin, L. Exploring Spatial Data with GeoDaTM: A Workbook; Center for Spatially Integrated Social Science: Urbana, IL, USA,
2005; pp. 165-223.

China National Environmental Monitoring Centre. Available online: http:/ /www.cnemc.cn/ (accessed on 19 January 2020).
Yu, Y; Yang, X.; Zhang, S. Research on the Characteristics of Time and Space Conversion of China’s Economy from High-speed
Growth to High-quality Development. J. Quant. Tech. Econ. 2019, 36, 3-21.

Fan, J.; Wang, Y.; Liang, B. The evolution process and regulation of China’s regional development pattern. Acta Geogr. Sin. 2019,
74, 2437-2454.

Hu, Z.; Miao, C. The Spatiotemporal Pattern of China’s Pollution Industry Transfer and Its Relationship with Pollution Transfer.
Soft Sci. 2018, 32, 39-43.

He, C.; Hu, Q. Evolution of Chinese industrial geography since reform and opening-up. Acta Geogr. Sin. 2019, 74, 1962-1979.
Dong, X.; Chi, R. Characteristics of the Temporal and Spatial Pattern of the Economic Disparity and Convergence between
different Regions in China. Econ. Geogr. 2020, 40, 11-21.

Xu, X.; Lei, Z.; Dou, Y.; Liu, S. Research on Gap of Balanced Development between the North and the South of China—Analysis
Based on “China Balanced Development Index”. China Ind. Econ. 2021, 2, 5-22.

Kan, H.; Chen, R.; Tong, S. Ambient air pollution, climate change, and population health in China. Environ. Int. 2012, 42, 10-19.
[CrossRef] [PubMed]

Song, C.; Wu, L.; Xie, Y,; He, J.; Cheng, X.; Wang, T; Lin, Y. Air pollution in China: Status and spatiotemporal variations. Environ.
Pollut. 2017, 227, 334-347. [CrossRef]

Li, L.; Xia, X.; Chen, B.; Sun, L. Public participation in achieving sustainable development goals in China: Evidence from the
practice of air pollution control. J. Clean. Prod. 2018, 201, 499-506. [CrossRef]

Fan, H.; Zhao, C.; Yang, Y. A comprehensive analysis of the spatial-temporal variation of urban air pollution in China during
2014-2018. Atmos. Environ. 2020, 220, 117066. [CrossRef]

Sohu News. Henan Villagers Anonymously Reported Pollution and Beatings, and the Squadron Leader of the Environmen-
tal Protection Bureau Was an “Inner Ghost”. Available online: https://www.sohu.com/a/449252730_161623 (accessed on
7 February 2021).


http://doi.org/10.1016/j.habitatint.2021.102323
http://doi.org/10.1016/j.landurbplan.2013.11.014
http://doi.org/10.1016/j.scitotenv.2018.03.350
http://www.ncbi.nlm.nih.gov/pubmed/29649714
http://www.cnemc.cn/
http://doi.org/10.1016/j.envint.2011.03.003
http://www.ncbi.nlm.nih.gov/pubmed/21440303
http://doi.org/10.1016/j.envpol.2017.04.075
http://doi.org/10.1016/j.jclepro.2018.08.046
http://doi.org/10.1016/j.atmosenv.2019.117066
https://www.sohu.com/a/449252730_161623

	Introduction 
	Materials and Methods 
	Data Sources and Processing 
	Methods 
	Spatial Autocorrelation and Hot Spot Analysis 
	Spatial Regression Models 


	Results and Analysis 
	Results and Analysis 
	Geographic Patterns of Environmental Complaints 
	Results of Regression Models 

	Discussion 
	Conclusions 
	References

