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Background: Despite China’s economic growth, rural living environments

have often lagged behind. While public participation is gaining importance

in environmental governance, the magnitude and mechanism of its impact

remain understudied.

Purpose: This research investigates the relationship between public

environmental concerns and the rural living environment in China and

explores how public concerns impact living conditions.

Methodology: Using panel data from 245 prefecture-level cities (2012–2021),

we employed the entropy method to measure rural living environment scores

and used fixed-e�ectmodels to analyze the relationship between public concern

and the living environment.

Results: The findings demonstrate a positive relationship between strong

public environmental concerns and improved rural living environments. Further

analysis suggests that local government environmental attention acts as a partial

mediator in this relationship.

Conclusion: This study reveals that public participation can influence

government policies, ultimately leading to positive environmental outcomes.

Promoting public participation in environmental governance is crucial for

improving the rural living environment.

KEYWORDS

public environmental concern, rural living environment, government environmental

attention, environment governance, fixed-e�ect model

1 Introduction

The rural living environment (RLE) refers to the conditions where rural residents

produce and live (Liu Q. et al., 2023). The United Nations General Assembly recognizes

that a healthy, clean, and sustainable living environment is a basic human right.

Currently, there is a substantial gap between the RLE in China and its relatively

developed urban areas (Liu et al., 2022). Despite the economic development and

improving living standards in rural communities, the living environment in many

communities has deteriorated (Zhou and Azam, 2024). Notable issues include pollution

from domestic garbage, sewage, and toilet waste (Han et al., 2018; Deng et al., 2022).

In 2019, China’s rural communities generated about 299 million tons of domestic

waste, with a 66.11% growth rate from 2017 (Liu Y. et al., 2023). In 2020, the

proportion of household garbage being properly treated in rural China was only 48.46%

(Deng et al., 2022). In 2022, only 31% of the rural household sewage was treated

(Wang B. et al., 2023). Untreated garbage, sewage, and feces affect the health of rural

residents (Liu and Liu, 2020), pollute land and water resources, and release large
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amounts of greenhouse gases and odorous gases, damaging the

natural environment of rural areas (Wang et al., 2018). The

deterioration of RLE affects the health and welfare of rural

inhabitants (Hammer and Spears, 2016), while the improvement of

RLE quality can reduce medical and health expenses (Liu and Liu,

2020; Liang et al., 2023) and help rural communities’ sustainable

development (Wang and Zhu, 2023). Therefore, the improvement

of RLE has been identified as an urgent task in China.

The public policies regarding environment protection in China

are developed by the central government. Local governments are

tasked with implementing these policies and meeting the policy

targets (Cheng and Yu, 2023; Du and Ullah, 2024). The central

government has noticed that environmental problems have led to

the deterioration of RLE and the wellbeing of rural inhabitants and

has proposed a national policy for Rural Ecological Civilization

Construction (Peng and Zhang, 2019) with a Three-Year (2018–

21) and a Five-Year (2021–25) action plans for improving the

RLE to set the policy goals: “. . . the focus should be on rural toilet

revolution, waste management, and community beatification to

address the prominent issues in the RLE...” However, despite the

central government’s political intention, the attention resources

of local governments in China are not always focused on rural

environmental issues (Li et al., 2018); local governments may

prioritize economic development or other policy objectives to

satisfy performance evaluations and boost local fiscal revenues (Tu

et al., 2024). As the effectiveness of local governments’ actions

depends on the allocation of their attention resources (Meng et al.,

2024), the lack of attention toward the RLE can lead to the failure

of central environmental governance policies (Harmon, 1995).

The environmental governance system emphasizes protecting

the ecological environment through the collaborative actions of

governments, businesses, and communities (Geng et al., 2023).

However, the effects of public environmental concern (PEC) in

managing rural environment have not received sufficient attention

in policies and related research (Long et al., 2022). The PEC

is residents’ knowledge and perception of issues regarding the

environment and natural resources, as well as their efforts to

address these problems (Dunlap and Jones, 2002). It represents

the public’s concern for ecological incidents, the demand for

better living conditions, and the engagement in the governance

of environmental issues (Zhang M. et al., 2024). This bottom-up

supervision from the public is a significant force in environmental

governance (Li L. et al., 2023) and has been recognized by

the Chinese government (Xu et al., 2024). As stakeholders in

the RLE, residents are motivated to express their concerns

to local authorities. The public can engage in environmental

governance through surveillance, pollution complaints, and news

media reports, which can monitor the execution of environmental

policies (Cao and Chen, 2024) and exert external pressure on local

governments. The external pressure may push local authorities

to focus more on environmental issues (Pan and Fan, 2023) and

improve the RLE.

Assessing the influence of public concerns on the RLE

and understanding its working mechanism holds significant

theoretical and practical value. However, the role of PEC in rural

environmental governance has not been extensively recognized and

studied in policies and related research in China (Long et al., 2022).

Research has studied the impacts of household income (Han et al.,

2018), rural economy (Peng and Zhang, 2019), and public service

(Liu et al., 2022) on RLE. Some research has investigated the impact

of PEC on business participation (Li L. et al., 2023; Guo et al.,

2020), air quality improvement (Zhang et al., 2018; Wang S. et al.,

2023) and urban environmental governance (Zheng et al., 2013).

Therefore, this study tries to collect empirical evidence to examine

the relationship between PEC and RLE directly. This article reports

a study using panel data on 245 jurisdictions at the prefecture level

in China from 2012 to 2021 to describe the effect and working

mechanism of PEC on improving RLE.

2 Literature review and hypothesis

2.1 Rural living environment (RLE)
governance

China’s RLE governance is built on the national strategy of

Ecological Civilization Construction, organizes and utilizes existing

resources to help rural communities overcome pollution problems,

create a clean and beautiful rural environment, and promote

sustainable development (Zhou et al., 2024). Currently, air, water,

and soil pollution are affecting the health and quality of life of

China’s rural inhabitants. As such, the RLE governance in China

has been focusing on rural household garbage disposal, sewage and

human waste discharge, and ecological environment restoration

(Deng et al., 2022; Liu and Liu, 2020). Studies have shown that the

implementation of RLE governance is effective in controlling rural

pollution (Deng et al., 2022), lowering illness rates and healthcare

costs (Liang et al., 2023), and enhancing the overall wellbeing of

rural inhabitants (Zhang et al., 2023).

Socioeconomic conditions, such as the economic growth and

the living patterns of the village community, impact the quality of

the RLE. For example, the relationship between rural household

waste and households’ disposable income looks like an inverted U-

shape. Waste generation increases as income rises, but it starts to

decrease once disposable income per capita surpasses $2,500 (Han

et al., 2018). Currently, empirical studies based on rural China

have found that the RLE often deteriorates as the rural economy

develops. For example, the enhancement of rural living conditions

(Liu et al., 2015), the growth of the rural economy (Peng and Zhang,

2019; Zhang F. et al., 2024), and the extensive use of express delivery

service (Liu and Huang, 2014) has increased the rural household

solid waste and sewage and damaged the RLE.

Governments try to alleviate or solve the pollution problems

of rural China by providing public services, such as improving the

infrastructure (Li et al., 2021), allocating financial resources to local

communities (Li and Hu, 2023), and incentivizing environmental

services (Zhang et al., 2023). According to public servicemotivation

theory, it is essential to increase the public service motivation of

local government officials to address pollution problems, improve

rural living conditions, and protect the interests of rural residents

(Liu et al., 2022). Environmental concerns from the public can

exert supervisory pressure to motivate public servants to leverage

more public services to reduce pollution (Su Y. et al., 2023) and

improve the RLE. A grassroots-based governance model is a critical

factor contributing to better RLE (Xiao et al., 2022; Su Y. et al.,

2023). Including rural residents’ participation in environmental
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governance (Du and Jiao, 2023; Su Y. et al., 2023) and the

improvement of rural infrastructure Li Y. et al. (2022) can enhance

the quality of RLE.

The central government in China has primary authority over

environmental governance, with local governments tasked with

carrying out its policies andmeeting its goals (Cheng and Yu, 2023).

The central government establishes governance structure and

performance criteria in accordance with existing environmental

laws, while local governments develop specific action plans based

on central government policies, taking into account local factors

such as local economic development (Du and Ullah, 2024). This

top-down governance system can effectively monitor large-scale

environmental pollution sources but is less effective in regulating

a large number of scattered, small-scale pollution sources due to

the high costs of regulation (Tian et al., 2020). Public engagement

can fill these regulatory gaps in environmental governance (Yu

et al., 2023); public participation in environmental governance may

address these gaps by monitoring pollution and waste disposal

behaviors of enterprises in the private sector and pushing local

authorities to fulfill their environmental governance obligations (Li

X. et al., 2022).

2.2 Public environmental concern (PEC)

Public environmental concerns (PEC) have caught the

attention of scholars and are primarily categorized into three types.

The first type includes public actions such as complaints, petitions,

and proposals. Public expression of environmental concerns

through these methods contributes to improving wastewater

treatment (Langpap and Shimshack, 2010), reducing industrial

emissions (Zhang M. et al., 2024), and enhancing technological

efficiency in enterprises (Cao and Chen, 2024). Moreover, these

concerns have been found to discourage foreign direct investment,

leading to a decrease in pollution in the host nations (Xu et al.,

2024), and it is particularly effective in developed but polluted

cities (Zhou et al., 2024). Conversely, Zhang et al. (2019) propose

that public environmental complaints have no impact on the living

environment. The second form involves environmental incidents

reporting in news media, such as newspapers, radio, and television,

which has demonstrated positive impacts on water pollution

control in India (Kathuria, 2007) and on the environmental

performance of enterprises in South Korea (Mamingi et al., 2008).

The third approach entails using online media (search engines,

microblogs, Twitter) to express environmental concerns. Raising

PEC through online media has contributed to alleviating smog

pollution (Wang J. et al., 2023), improving air quality (Zhang

et al., 2018), and driving green technological innovation in heavily

polluting industries (He et al., 2022). Furthermore, research on

measuring PEC based on statistical data from search engines such

as Google and Baidu have shown that an elevated PEC can promote

government pollution control (Zheng et al., 2013), reduce rural-

urban environmental inequality (Long et al., 2022), alleviate air

pollution (Yu et al., 2023), and reduce greenhouse gas emission

(Wang Y. et al., 2024). The impact of the PEC on emissions control

is particularly pronounced in North China and cities that focus

on resource recovery and sustainability (Wang Y. et al., 2024).

Meanwhile, the PEC can also encourage corporate environmental

investments (Li L. et al., 2023) and green innovation (Geng et al.,

2023) and suppress the share yields of heavily polluting firms (Guo

et al., 2020). PEC not only obstructs the market entry of polluting

firms (Du et al., 2023) but also encourages the outwardmigration of

such enterprises, leading to the phenomenon of pollution transfer

(Wang Z. et al., 2024). Ren and Ren (2024) argue that PEC enhances

enterprise ESG performance, whereas Chen et al. (2024) assert

that these concerns amplify enterprise risk exposure, adversely

impacting enterprise ESG performance.

Previous research focuses on the impact of PEC on industrial

environmental performance and urban environmental governance.

However, few research examines the effects of PEC on rural

environmental governance. This gap provides an opportunity for

this research to investigate the association between PEC and RLE.

2.3 Hypothesis

Public concerns can motivate people to participate in

governance and potentially impact policies through two models.

In a classical “voting with feet” model, the public has the right to

move, and they can express their concerns with political, economic,

and social conditions by choosing to leave the jurisdiction in

which they reside, work, or invest (Tiebout, 1956). The outflow

of taxpayers, talent, or capital will significantly impact the local

economy, and the government may be motivated to improve

social conditions. Thus, “voting with feet” puts pressure on

local governments to improve public services and force them

to tighten environmental regulations (Tiebout, 1956). Hirschman

(1972) described another model of public participation, “voting by

hand,” which holds that the public expresses their concerns about

political, economic, and social policies and public services through

formal elections, voting, or appeals. This public participationmodel

encourages governments to be more responsive to public interests,

consider public satisfaction, and assess the real-world impact of

policies during implementation. With the rising living standards

in China’s rural communities, rural residents’ environmental

concerns and desires for a better living environment are also

increasing (Su M. et al., 2023), and the public has demonstrated

a strong willingness to participate in the governance of the RLE

(Zheng et al., 2013). Meanwhile, with the democracy development,

Chinese governments increasingly accept more forms of public

participation in governance, and online media channels are widely

used in the discussion of social and environmental problems and

empower the public to voice their concerns (Wang J. et al., 2023).

Partly because online platforms are convenient for stakeholders to

openly express their opinions anywhere and anytime (Li X. et al.,

2022), public participation in environmental governance through

online media channels has made a more significant impact than

traditional channels of complaint (Tu et al., 2024).

PEC is becoming increasingly important in environmental

governance (Liu and Mu, 2016). PEC encompasses various aspects,

including attitudes toward environmental pollution and support

for environmental protection initiatives (Jones and Russo, 2024).

This concern prompts individuals to advocate for upgrades in

pollution control facilities, the optimization of clean production
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technologies, and enhanced environmental management in rural

areas. Furthermore, PEC enables effective monitoring of pollution

activities by enterprises and the private sector in rural areas, urging

local governments to fulfill their environmental governance tasks

(Li X. et al., 2022), thereby boosting the performance of RLE

governance. As a result, PEC can encourage local governments to

implement measures to address deficiencies in rural environmental

governance (Long et al., 2022), leading to improvements in the RLE.

Based on this, the study presents its first research hypothesis.

H1: Public environmental concerns can improve the rural

living environment.

While research indicates that public engagement can improve

environmental governance (Long et al., 2022; Yu et al., 2023), the

intrinsic mechanisms of PEC affecting the RLE warrant further

exploration. This paper proposes that local governments’ attention

is a critical mechanism connecting public concern and improving

the rural environment. Attention is the process through which

managers are focused on specific pieces of information and ignore

other information (Simon, 1947). Local governments are more

likely to act on issues and problems that are deemed to be

high priorities, and the effectiveness of action is determined by

how much of the government attention is allocated to the issue

(Flavin and Franko, 2017; Meng et al., 2024). The attention

management theory states that attention, as a scarce resource,

determines the content and focus of organizational decision-

making (Ocasio, 1997). Governments must be selective in their

concerns (Fan et al., 2022), as an organization’s attentional

focus reflects how the organization prioritizes the objectives and

allocates time, finance, workforce, and other resources (Ocasio,

2011). Government attention allocation is a process in which

authorities assign attention and resources to selected problems and

solutions (Jones and Baumgartner, 2005). Therefore, the allocation

of government attention to environmental problems is important

for local governments to reach the RLE-related policy objectives.

However, the government’s attention does not always focus on

social and environmental issues. Local governments in China tend

to focus on economic growth. Such a “mismatch of attention”

between environmental, societal, and economic growth (Tu et al.,

2024) could adversely affect improvements in the RLE.

External pressure can sometimes push local authorities to pay

attention to matters of public concern (Pan and Fan, 2023; Zhang

M. et al., 2024). As the stakeholders of the RLE, the public or

social groups often try to communicate with relevant governments

through social media and other channels to report pollution issues

and demand a better RLE. The dissemination of opinions or

attitudes through popular online media can sometimes quickly

form a salient Internet public opinion (Wang Z. et al., 2023).

Such publicly expressed environmental concerns can exert external

pressure on local governments and force them to focus more on

improving the RLE. Since 2011, China’s central government has

launched a number of policies requiring governments at all levels

to develop mechanisms to collect, analyze and respond to Internet

public opinion, as well as to actively address the public’s concerns

on key issues. The Office of Cybersecurity and Information of

local governments is responsible for tracking and responding

to Internet public opinion (Yuan et al., 2023), including public

concerns for the RLE. Moreover, public opinions and attitudes,

if expressed through the Internet, can form social phenomena

and adversely affect the reputation of local governments. If local

governments fail to adequately address significant public concerns,

it may prompt accountability inquiries from higher levels of

government (Sun et al., 2024). As such, when public concern is

visible on the Internet, local governments may be forced to pay

attention to issues related to the RLE. The increased environmental

attention may facilitate the government departments to identify the

problems, find solutions, and allocate resources (Li S. et al., 2023).

Therefore, the study proposes a mechanism: PEC can pressure local

governments, affecting their attention allocation and consequently

improving the RLE.

H2-a:Government environmental attention is positively affected

by public environmental concerns.

H2-b: The rural living environment is positively affected by

government environmental attention.

3 Study design

3.1 An overview of data

This research analyzed the panel data from prefectural cities

in China over the period 2012 to 2021. In China’s administrative

structure, a prefecture-level city is a jurisdictional division below

the province level and has regional-level administrative authority

and functions. A prefectural-level city can include several counties,

autonomous counties, or county-level cities. A prefectural city

typically contains multiple cities, towns, and rural areas. The

governments of prefectural-level cities in China are responsible

for overseeing and managing environmental issues and rural

development within their jurisdictions (Ran, 2017). There are 294

prefecture-level cities in China, while 280 prefecture-level cities

with 10-year panel data were identified through an initial scan

of databases needed for this study. Some prefecture-level cities

identified in the initial scan had missing data. After removing these

jurisdictions, the data of 245 cities were used in the analyses. The

data on PEC came from the Baidu Index, while the frequency of

environment-related keywords was extracted from local authorities’

yearly publications. Other data were derived from various statistical

yearbooks, particularly at the prefectural level. The study employed

data from the rural regions of each prefecture-level authority to

analyze the RLE. Data pertaining to rural areas were collected from

each prefecture-level city’s statistical yearbooks and bulletins.

3.2 Measurements

3.2.1 Public environmental concerns (PEC)
Similar to Google, Baidu is China’s most commonly used search

engine. The Baidu Index system is a platform established by Baidu

providing analyses of social trends based on their users’ search

behaviors. A given Baidu Index is calculated as the sum of search

frequencies of keywords, adjusted by factors such as relevance and

user intent, related to a specific topic (Long et al., 2022; Geng et al.,

2023) and can reflect the level of public concern about the issue (Du

et al., 2023). This study utilized methods similar to those of Geng
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TABLE 1 Assessment framework of RLE.

Level I
indicator

Level II
indicator
(denotation)

The meaning of
level II indicators

Unit

Rural living

environment

(RLE)

Domestic sewage

treatment (sewage)

Proportion of

administrative villages in

a prefectural level city

treating domestic sewage

in a proper way

%

Household solid

waste treatment

(waste)

Proportion of

administrative villages

disposing and treating

domestic solid waste in a

proper way

%

Sanitary toilets

(toilet)

Penetration rate of

sanitary toilets in rural

communities

%

Rural greening

(green)

Rural green area coverage

rate in the living areas of

rural communities

%

et al. (2023), searching for terms like “environmental pollution” and

“haze” within the Baidu Index to gather data from prefectural cities

(2012–2021) to quantify PEC.

3.2.2 Rural living environment (RLE)
The central government of China set four policy goals for the

RLE, which are to improve rural household solid waste disposal

and treatment, popularize rural sanitary toilets (i.e., rural toilet

revolution), accelerate the treatment of domestic sewage, and

promote rural greening and beautification. Rural environmental

greening refers to the planting of protective forests, roadside

trees, and various plants in residential areas and parks in rural

areas to beautify the rural environment. Following the widely

adopted approaches (e.g., Li and Hu, 2023), this research uses

these four policy goals to assess the yearly performance of the

RLE in each prefectural city. Table 1 listed the indexes used in

this study: domestic sewage treatment (sewage), household solid

waste disposal (waste), sanitary toilet popularity (toilet), and rural

environmental greening (green).

The entropy method calculates weights for indicators based

on their variability and information content and is extensively

applied in research such as economics. This method effectively

reduces the interference of subjectivity by assigning higher weights

to indicators withmore significant variation (information entropy).

Normalization ensures data comparability, maintaining objectivity

and accuracy of the calculated score. By using the entropy method,

researchers can construct indices that are less influenced by

subjective judgments and provide a more reliable representation

of the underlying phenomenon (Zhang Y. et al., 2024). The final

value of RLE ranges from 0 to 1, and a larger value indicates a better

quality of RLE. The calculation steps are as follows:

First, standardize the data for indicators

x′ij =
xij −min(xij)

max(xij)−min(xij)
(i = 1, 2, . . . , n; j = 1, 2, . . . ,m) (1)

Second, the weight of the ith prefecture-level city under the

jth indicator

pij =
x′ij∑n
i=1 xij

(j = 1, 2, . . . ,m) (2)

Third, the entropy of the jth indicator

ej =
1

ln(n)

∑
n
i=1pijln(pij) (3)

Third, the differentiation coefficient of the jth indicator

gj = 1− ej (4)

Fourth, the weight of the jth indicator

wj =
gj∑m
j=1 gj

(j = 1, 2, . . . ,m) (5)

Fifth, the sore of RLE

S =
∑

m
j=1wj × pj (6)

Where, n is the number of prefecture-level cities and m is the

number of indicators.

3.2.3 Government environmental attention
(gov_attention)

This study adopted a commonly used approach to measure

government environmental attention, that is, the share of

environmentally related keywords in government reports (Chen

et al., 2018). Chinese governments issue annual reports to

summarize the work of the past year and describe future plans. To

construct the indicator of government attention (gov_attention),

the study first gathered the work reports of 245 cities from

2012 to 2021, counted the occurrences of environment-related

keywords, and got the percentage of the keywords to the word

count of these reports. Drawing on the method of Zhang and

Chen (2021), the keywords related to environmental protection

include words describing sustainable natural environment (e.g.,

blue sky), sustainable practice (e.g., energy saving), pollution (coal),

and greenhouse gases (e.g., carbon dioxide).

3.2.4 Control variables
The analyses also included a set of control variables. Economic

development (economy) has a direct impact on environmental

governance (Tang et al., 2021), and it is also closely associated with

the RLE (Han, 2020). This study selects per capita gross domestic

product (GDP) as the indicator of the economic development

for each prefecture-level city. The level of industrialization

(industrialization) is constructed as the share of the secondary

industry output in the regional GDP. The secondary industry

mainly includes the manufacturing, construction, and processing

industries. The industrialization level is associated with pollution,

as pollutants discharged in the production process have negative

impacts on the natural environment. The ability of a government

to allocate resources represents the potential influence of the local
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TABLE 2 Means and standard deviations (SD) of key measurements.

Measurment Mean SD Minimum
value

Maximum
value

RLE 0.3963 0.1491 0.0033 0.9721

PEC 71.2193 72.0761 0.7787 575.1284

gov_attention 0.0034 0.0014 0.0003 0.0124

industrialization 45.4788 10.1230 10.68 87.96

government 0.1913 0.0832 0.0439 0.6754

economy 57,866.6 35,527.84 10,090 467,749

FDI 58.2514 104.223 0.0020 908.4635

government (Liu X. et al., 2024). This research uses the proportion

of the general expenses of a local authority over the prefecture-

level city’s GDP to reflect the ability of government intervention

(government). A higher ratio indicates that the local government

posits a stronger intervention capacity. Foreign direct investment

(FDI) is calculated as the total annual FDI received each year by

each prefecture-level city converted to Chinese yuan (CNY) at the

exchange rate in the current year. Some literature has identified

a pollution halo effect: foreign direct investment can make high-

tech flow into the host country, increase the efficiency of resources

and energy use, and then decrease pollution (Xu et al., 2024).

On the contrary, some studies have revealed a pollution paradise

effect (Singhania and Saini, 2021), that foreign investments will

transfer pollution-intense industries to the host country, leading

to increased pollution in local communities. Table 2 shows the

statistics used to describe the variables.

Figure 1 depicts the trend from 2012 to 2021 based on the

average scores of the RLE in 245 cities at the prefecture level. The

average score of China’s RLE generally exhibits an upward trend

over this period. Over these 10 years, the RLE score increased from

a low of 0.379 to a high of 0.413, marking an improvement of 8.97%.

This is in concordance with the findings by Peng and Zhang (2019)

and Liang et al. (2023), which suggest a gradual improvement in

China’s RLE. Notably, Table 2 shows a large variance between the

highest and lowest values of PEC, indicating substantial disparities

in public environmental awareness among different prefecture-

level cities.

3.3 Measurements

This study employs panel data for empirical analysis,

incorporating a cross-sectional (245 prefecture-level cities) and

a time series dimension (10 years: 2012–2021). Since panel

data have a cross-section and a time dimension, utilizing

ordinary least squares (OLS) regression to estimate panel data

would face problems such as omitted variable bias and cross-

sectional heterogeneity (Kim and Wang, 2024). The fixed-effect

model adopts a robust standard error structure to correct the

heteroscedasticity problem and considers the influence of time

dimension, which can better capture the relationship between

variables and the long-term trend of panel data (De Chaisemartin

and D’Haultfoeuille, 2020), thereby enhancing the precision and

FIGURE 1

The trend of average scores for the RLE.

consistency of the estimations and increasing the reliability of the

regression estimates (Liu L. et al., 2024; Kim and Wang, 2024).

Therefore, this research applies a fixed-effect model to examine

the association between the PEC and the RLE. The baseline model

equation of this research is as follows:

ln(RLE)it = β0 + β1ln(PEC)it + λln(controls)it + φt + εjt (7)

Here, i and t indicate the ith prefecture-level city and the tth year,

PEC indicates the variable of public environmental concern, and

RLE represents the rural living environment. The coefficient β1

represents the influence of PEC on the RLE. Controls are control

variables that may affect the RLE, the coefficient λ represents the

influence of control variables on RLE. The two error terms, φt and

εjt represent a fixed time effect and model error terms. All the

variables in the model are log transformed.

4 Results

4.1 Multicollinearity test

Since data heteroscedasticity can affect the accuracy of the

empirical analysis results, this paper has logarithmically treated all

the variables in the empirical analysis. Logarithmic processing can

make the data distribution closer to the normal distribution and

better satisfy the assumption of residual equal variance in linear

regressionmodels, thus reducing the influence of heteroscedasticity

and further improving the reliability of the empirical results (Silva

and Tenreyro, 2006). The study checked correlations between the

key variables. Table 3 shows Pearson correlation coefficients for

each pair of variables. Considering that the high correlation among

independent variables may cause a multicollinearity problem,

resulting in distortion of the model estimation results, this

paper conducted the variance inflation factor (VIF) test. Table 4

shows that the VIF values of all variables are <10, with a
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TABLE 3 Pearson correlation coe�cient.

ln(RLE) ln(PEC) ln(industrialization) ln(government) ln(economy) ln(FDI)

ln(RLE) 1.000

ln(PEC) 0.192∗∗∗ 1.000

ln(industrialization) −0.116∗∗∗ 0.082∗∗∗ 1.000

ln(government) −0.156∗∗∗ −0.487∗∗∗ −0.468∗∗∗ 1.000

ln(economy) 0.057∗∗∗ 0.427∗∗∗ 0.201∗∗∗ −0.678∗∗∗ 1.000

ln(FDI) 0.173∗∗∗ 0.576∗∗∗ 0.198∗∗∗ −0.545∗∗∗ 0.486∗∗∗ 1.000

∗∗∗p < 0.01.

TABLE 4 Variance inflation factor test results.

ln(PEC) ln(industrialization) ln(government) ln(economy) ln(FDI)

VIF 1.65 1.36 2.76 1.98 1.77

1/VIF 0.6046 0.7342 0.3628 0.5043 0.5648

TABLE 5 Estimated coe�cients (standard errors) of benchmark

regressions.

ln(RLE)

(1) (2) (3) (4)

ln(PEC) 0.166∗∗∗

(0.0183)

0.0779∗∗

(0.0239)

L.ln(PEC) 0.0957∗∗∗

(0.0256)

L2.ln(PEC) 0.106∗∗∗

(0.0268)

ln(industrialization) −0.563∗∗∗

(0.0659)

−0.532∗∗∗

(0.0699)

−0.509∗∗∗

(0.0735)

ln(government) −0.505∗∗∗

(0.0681)

−0.477∗∗∗

(0.0731)

−0.449∗∗∗

(0.0798)

ln(economy) −0.257∗∗∗

(0.0520)

−0.259∗∗∗

(0.0561)

−0.274∗∗∗

(0.0620)

ln(FDI) 0.0309∗

(0.0121)

0.0301∗

(0.0124)

0.0323∗

(0.0128)

Constant −1.687∗∗∗

(0.0745)

2.600∗∗∗

(0.5376)

2.499∗∗∗

(0.5773)

2.575∗∗∗

(0.6484)

FE Yes Yes Yes Yes

N 2,450 2,450 2,205 1,960

Adj.R2 0.0451 0.0982 0.0958 0.0950

∗∗∗p < 0.01, ∗∗p < 0.05, ∗p < 0.1; (1) and (2) list the estimated coefficients of the fixed

effect models with and without control variables. (3) and (4) present the result of models

with first-order [L.ln(PEC)] and second-order [L2.ln(PEC)] lag of PEC.

mean of <5, indicating that the model does not present serious

multicollinearity problems.

4.2 Benchmark regression

To investigate the influence of PEC on RLE, this paper

used fixed-effect model for the benchmark regression test, and

the results were reported in Table 5. Column (1) included only

PEC as the predictor, and the other columns added control

variables and lag variables of the PEC. The results of the first and

second columns showed that the coefficient of PEC was positive

and significant, suggesting that PEC had a soft environmental

constraint effect that could enhance the RLE. Research hypothesis

1 was supported. Furthermore, the third and fourth columns

considered the lagged effects of PEC on the RLE. The analysis

demonstrated that both the first- and second-order lag variables

of public environment concerns were positive predictors of RLE.

Regarding the coefficients of the control variables, the ln(FDI) was

a significant and positive predictor, which supported the “pollution

halo” hypothesis of FDI; More foreign investment was associated

with a better living environment. The level of industrialization,

government intervention, and economic development had negative

effects on the RLE.

4.3 Robustness test

4.3.1 Substitution variable test
Measuring the explained variables from different perspectives

will affect the model estimation. To minimize the bias introduced

by the choice of metric indicators, this paper selected the secondary

indicators in the evaluation index system of RLE: domestic

sewage treatment (sewage), household solid waste disposal (waste),

sanitary toilet popularity (toilet), and rural environmental greening

(green) as the proxy variables of RLE. The coefficients of domestic

sewage treatment (sewage), household solid waste disposal (waste),

sanitary toilet popularity (toilet), and rural environmental greening

(green) were positive at 1% significance level (see Table 6 for the

results), which verifies that the public environ-mental concerns

can improve the RLE. Hypothesis 1 is further supported, and the

public environment concerns were positively associated with all

aspects of the RLE, including solid waste, sewage, toilets, and green

living spaces in rural communities. The significance of the control

variables’ coefficients also aligned closely with the benchmark

models, further verifying the earlier findings.
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4.3.2 Eliminate the policy impacts
The central government enacted the Guidelines for Public

Involvement in Environmental Protection (The Guideline) in 2015,

explicitly setting out the policies andmethods of public engagement

in environmental protection and the obligations of government

departments in supporting public engagement. To alleviate the

endogeneity issues, this research took the year 2015 as the policy

impact point and further divided the entire sample data into two

time periods of 2012–2015 and 2016–2021 for regression (see

Table 7 for the results). For both time periods, the coefficient of PEC

was significant and positive, indicating that PEC improved the RLE,

no matter whether the Guidelines were enacted.

4.4 Mediating e�ect

The analyses so far show that PEC likely influences the

RLE through government attention. Mediating effect analysis is

an important method of multivariate analysis, which is used

to explain how independent variables affect dependent variables

through mediating variables, with the purpose of revealing the

complex action path and internal mechanism between variables.

If an independent variable (X) influences a dependent variable (Y)

through a third variable (M), then M is considered a mediator in

the relationship between X and Y (Wen et al., 2004). Following the

mediation effect analysis method introduced by Wen et al. (2004),

this research developed Equation (9) and (8) based on Equation (7)

to test whether government environmental attention mediates the

association between PEC and the RLE.

ln(gov_attention)it = α0 + α1ln(PEC)it + λln(controls)it

+ φt + εjt (8)

ln(RLE)it = β2 + β3ln(PEC)it + β4ln(gov_attention)it

+ λln(controls)it + φt + εjt (9)

Figure 2 illustrates the procedure for testing mediation effects

as outlined by Wen et al. (2004). First: Without including the

mediator, Equation (7) examines the influence of the PEC on

the RLE. If the coefficient β1 is not significant, it suggests that

PEC do not improve the RLE, and the analysis should cease;

otherwise, the analysis continues. Following the results shown in

Table 3, PEC positively affects the RLE, warranting further analysis.

Second: Equation (8) examines the effect of PEC on government

attention, yielding the estimated coefficient α1. Third: Building

on Equation (7), government environmental attention is added

to form Equation (9) to investigate the association among PEC,

government environmental attention, and the RLE, obtaining the

estimated coefficients β3 and β4. If both coefficients β4 and α1

are significantly positive, it implies the existence of a mediating

effect of government attention. If coefficient β3 is not significant,

it implies that government attention exerts a complete mediating

effect; otherwise, it suggests a partial mediating effect. According

to the results of the mechanism examination (see Table 8), both

the coefficients of PEC and government attention are significant,

and the relationship is positive, showing a partial mediating effect

TABLE 6 Estimated coe�cient (standard errors) in substitution variable

test.

ln(waste) ln(sewage) ln(toilet) ln(green)

ln(PEC) 0.0621∗∗∗

(0.0140)

0.0655∗∗∗

(0.0140)

0.0592∗∗∗

(0.0138)

0.0591∗∗∗

(0.0144)

ln

(industrialization)

−0.435∗∗∗

(0.0370)

−0.432∗∗∗

(0.0370)

−0.437∗∗∗

(0.0370)

−0.407∗∗∗

(0.0386)

ln(government) −0.285∗∗∗

(0.0380)

−0.275∗∗∗

(0.0380)

−0.292∗∗∗

(0.0379)

−0.285∗∗∗

(0.0393)

ln(economy) −0.0862∗∗

(0.0296)

−0.0855∗∗

(0.0299)

−0.0888∗∗

(0.0297)

−0.0988∗∗

(0.0304)

ln(FDI) 0.0065

(0.0066)

0.0053

(0.0066)

0.0059

(0.0066)

0.0081

(0.0069)

Constant 4.517∗∗∗

(0.3043)

4.506∗∗∗

(0.3069)

4.756∗∗∗

(0.3061)

3.955∗∗∗

(0.3136)

FE Yes Yes Yes Yes

N 2450 2450 2450 2450

Adj.R2 0.1572 0.1536 0.1566 0.1431

∗∗∗p < 0.01, ∗∗p < 0.05, ∗p < 0.1.

TABLE 7 Estimated coe�cient (standard errors) of eliminating the policy

impacts.

ln(RLE)

2012–2015 2016–2021

ln(PEC) 0.121∗ (0.0512) 0.0667∗ (0.0269)

ln(industrialization) −0.702∗∗∗ (0.1172) −0.508∗∗∗ (0.0799)

ln(government) −0.656∗∗∗ (0.1001) −0.433∗∗∗ (0.0902)

ln(economy) −0.251∗∗ (0.0833) −0.254∗∗∗ (0.0679)

ln(FDI) −0.0089 (0.0230) 0.0418∗∗ (0.0140)

Constant 2.704∗∗∗ (0.7876) 2.526∗∗∗ (0.7222)

N 735 1715

FE Yes Yes

Adj.R2 0.1406 0.0841

∗∗∗p < 0.01, ∗∗p < 0.05, ∗p < 0.1.

of government attention in the positive association between PEC

and the RLE. Hence, Research Hypothesis 2 is validated. Consistent

with the theoretical analysis, PEC exerts external influence on the

allocation of government environmental attention, enhancing the

government’s focus, importance, and resource investment in the

RLE, thus improving it.

5 Discussions

The public participation is an important force pushing

governments to take action to protect and improve the wellbeing

of communities. This research examined the role of PEC in

promoting the RLE in China. The findings indicate a strong

positive correlation between PEC and RLE. PEC has the

greatest influence on domestic sewage treatment, followed by
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FIGURE 2

The mediating e�ect test procedure.

domestic solid waste disposal, sanitary toilet revolution, and rural

environmental greening.

The finding is consistent with the literature showing that

PEC can promote the environmental performance of corporations

(Chen et al., 2024) and alleviate air pollution (Yu et al., 2023),

and the study further suggests that public concerns can also

influence the environmental governance in rural areas. The finding

contradicts the conclusion of a study (Zhang et al., 2019) showing

that public environmental complaints did not improve the living

conditions. These conflicting findings may reveal a changing trend

in environmental governance in China. Zhang’s study analyzed

the data that covered an earlier period (2006–2014), and only

the traditional ways (through regular postal service) of public

complaints were studied. In a more recent period covered in this

study (2012–2021), the public is increasingly willing to express their

environmental concerns and demand a better RLE (Su M. et al.,

2023). Meanwhile, Chinese governments are increasingly open to

more ways of public participation, and online media channels

have been recognized as an essential way of public engagement

(Wang Z. et al., 2023). In the past decade, public engagement in

environmental governance through online media channels (such

as online search and Weibo public opinion) has been becoming

increasingly important, and the impact is significantly higher than

that of traditional channels (Tu et al., 2024). Facing pollution

problems in rural communities, the public appeals through internet

searches, Weibo (a popular micro-blogging platform), and other

social media channels (Tu et al., 2024). Compared to writing letters

or filing complaints through conventional channels, expressing

concerns through online media is publicly visible, may initiate

public discussions, and form a notable social force. Such public

discussions may push authorities to adopt necessary measures to

deal with the pollution problems and improve the RLE.

The study further reveals how PEC can impact the RLE.

The results show that government attention may mediate the

relationship between PEC and the RLE. Governments may pay

attention to issues that the public openly discusses and cares about,

and government attention can impact resource allocation and

ultimately improve the living conditions of rural communities. This

conclusion expands the study of the impact of public engagement

in Chinese governance, indicating that PEC is an influential

factor in the allocation of government attention. Government

attention is a finite resource (Li S. et al., 2023) and key to

leveraging actions to solve problems (Jones and Baumgartner,

2005). Historically, environmental protection was not a top priority

for local governments in China because economic development

and social stability were often more critical policy objectives (Zhou

et al., 2023; Cao and Chen, 2024). However, this dynamic is

changing. Public attitudes and opinions over pollution incidents,

amplified by online media, can now exert significant pressure on

local governments. Several factors contribute to this: increased

government monitoring of online public opinion, a desire to

maintain social reputation, the fear of accountability from higher

authorities, and the need to meet public demands (Wang Z. et al.,

2023). As a result, China sees more timely reallocation of resources

and stricter enforcement of environmental laws. Therefore, the

allocation of government attention to environmental issues is

important for the RLE. Our finding is in line with the literature

showing that external pressure can impact the attention allocation

of local governments (Pan and Fan, 2023). The findings are also in

accordance with literature showing that the authorities’ attention

can help relevant departments of a government to obtain necessary

resources, such as human resources, material, and funding (Li S.

et al., 2023) to improve the RLE.

While this research underscores how PEC can enhance the

RLE by influencing local government environmental attention,

it acknowledges that local governments are not always passive

actors in environmental governance (Kuang and Lin, 2021). The

relationship between public opinion and government attention

found in this study may also be due to the government’s influence

on public concerns. Some studies suggest that PEC may be

shaped by governmental focus and action on environmental issues

(Zhang M. et al., 2024). Nonetheless, due to high regulatory costs

and limited access to information about environmental pollution,

local governments have struggled to effectively tackle dispersed

environmental issues (Tian et al., 2020). Public participation in

expressing demands for environmental governance can assist local

governments in addressing these challenges (Buntaine et al., 2024;

Zhang M. et al., 2024). Thus, public opinion can further compel
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TABLE 8 Estimated coe�cients (standard errors) in mediation test.

ln(gov_attention) ln(RLE)

ln(PEC) 0.0421∗∗ (0.0147) 0.0753∗∗ (0.0238)

ln(gov_attention) 0.0601∗ (0.0296)

ln(industrialization) 0.189∗∗∗ (0.0470) −0.5745∗∗∗ (0.0669)

ln(government) 0.258∗∗∗ (0.0397) −0.5204∗∗∗ (0.0701)

ln(economy) 0.155∗∗∗ (0.0269) −0.2661∗∗∗ (0.0527)

ln(FDI) −0.0166∗∗ (0.0060) 0.0319∗∗ (0.0121)

Constant −7.834∗∗∗ (0.2920) 3.0706∗∗∗ (0.6134)

FE Yes Yes

N 2,450 2,450

Adj.R2 0.077 0.0995

∗∗∗p < 0.01, ∗∗p < 0.05, ∗p < 0.1.

governments to refine environmental governance approaches,

increase environmental attention, and boost the efficiency of

pollution management (Zeng et al., 2023). Of course, further

empirical research is needed to explore such causal relationships.

This study included FDI, industrialization levels, economic

development and government intervention as control variables

in explaining the RLE. The findings show that FDI is associated

with better RLE, which supports the “pollution halo” hypothesis

of FDI (Xu et al., 2024). Increased FDI in rural areas brings

newer technology and greater efficiency of regional sewage

and waste treatment, thereby mitigating pollution emissions in

rural areas. Industrialization levels, government intervention,

and economic development show negative impact on the rural

environment. The findings are consistent with those of previous

research. Economic development is a major task for Chinese

governments at all levels, which has led to a “promotion

tournament” based on GDP, industrialization, and urbanization

(Tang et al., 2021). This competition allocates local financial

resources toward developing high-value-added but high-polluting

industries (Singhania and Saini, 2021). While giving a boost to

regional economic development, these industries often take heavy

toll on the RLE (Peng and Zhang, 2019; Liu and Huang, 2014).

Industrial pollutants negatively impact the ecological environment

surrounding the production sites. In China, urban expansion and

urban planning increasingly situate industrial facilities near rural

areas to avoid high financial and social cost, and the pollutant

discharges by these factories significantly harm the RLE. In

addition, China’s environmental protection policies tend to pay

more attention to more populated urban areas than to rural areas

(Li et al., 2018), which hinders government intervention aimed at

rural environmental pollution mitigation.

This study is distinct from previous research in two aspects.

First, it concentrates on the important issue of the RLE. It

acknowledges the positive effect of PEC on improving living

conditions and expands the research scope into the rural

development. While existing studies frequently explore the effect of

PEC focusing its impacts on corporates behavior (Li L. et al., 2023),

air quality control (Wang S. et al., 2023), and urban environmental

governance (Zheng et al., 2013), this study is among the first

to investigate the public engagement in rural environmental

governance. Second, built on the attention-based view theory,

this study introduces government environmental attention as a

mediator. It outlines a pathway through which internet public

opinion exerts external pressure on local authorities to pay more

attention to the problems and lead to improvements in the RLE.

6 Conclusions

In the context of China’s endeavors to improve the RLE, this

research analyzes data from 245 prefecture-level cities for the

period 2012–2021. It creates an index system for the assessment

of RLE and uses the entropy method for assessment. Employing

fixed effects and mediation effect models, the study investigates the

influence and pathways of PEC on the RLE. PEC was found to have

a positive influence on RLE, a finding that withstands robustness

testing involving variable substitution and the removal of policy

shocks. The most significant effect of PEC is on domestic sewage

treatment, followed by household waste disposal, sanitary toilet

reform, and rural environmental greening. Mechanism testing

demonstrates that PEC motivates local governments to increase

their environmental focus, which subsequently improves the RLE.

Although the results enrich the understanding of the dynamics

of public involvement in governance and governments, this

study has certain limitations. First, while the study discloses the

relationship between PEC and the RLE, it is constrained by the

consistency of observable indicators. It has not established a unified

index system to separately measure both urban and rural living

environments, resulting in a lack of analysis on the differences in

PEC between urban and rural living environments. Second, this

study only explored one transmission mechanism by which PEC

impacts the RLE through government environmental attention.

The association with PEC and the RLE is complex, and PEC may

improve the RLE through alternative pathways. Therefore, further

research will explore the association between PEC and the living

environment from these two aspects.

Despite its limitations, this study’s findings provide valuable

policy implications for enhancing public participation and

improving the rural living environment in China. First, to reach

the environmental governance policy goals, it is critical to raise

awareness and advocate about environmental issues and to foster

public engagement in governance. To increase public participation,

governments at various levels can take some measures, such

as adopting multiple channels to raise public concern about

the environment and launching educational programs advocating

sustainable development. Meanwhile, it is also essential to protect

citizens’ right to report environmental incidents and express their

opinions, lower the barriers to public participation, and empower

the public to monitor pollution issues. The study points out that

local governments’ attention can link public concerns with actual

living environment improvements. The government of China has

established a national strategy for sustainable development with

economic, social, and environmental policy goals. This study

revealed that the rural environment is worse in more industrialized

and high-income jurisdictions. This implies that local governments

need to switch their attention to development goals other than GDP

growth. Furthermore, the higher-level authority should optimize

the allocation of attention to help local authorities turn their
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environmental attention into action. Finally, Chinese people are

increasingly embracing the digitalized society (Wang Z. et al.,

2023) and are accustomed to participating in social discussions

through digital platforms such as social media (Tu et al., 2024).

Governments need to improve their digital public service platform

and listen to public opinions on the internet.
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