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Abstract

Since modern rural development results from a complex interaction
between various exogenous forces, the sustainable development of
rural communities in ecologically fragile areas is inherently a
systemic endeavor. This study, guided by the social-ecological
system theory, examines the impact of social, economic, political,
natural, and other external factors on the sustainable development
of rural communities in these areas. The goal is to gain a deeper
understanding of the underlying causes of delayed development in
these communities. The results are as follows: First, labor outflow,
ecological fragility, and informal institutions significantly hinder the
sustainable development of rural communities, while regional
economic development demonstrates a strong positive relationship
with the sustainability of rural communities. Second, regional
economic development primarily influences the sustainability of
communities through its impact on locational conditions.
Communities closer to the county and town experience a more
pronounced positive effect from regional economic development.
Thirdly, informal institutions inhibit the sustainable development of
rural communities by obstructing the land rights reform process.



Finally, for small-scale communities, the inhibitory effect of
ecological fragility and the facilitating effects of regional economic
development are more substantial, while labor outflow and informal
institutions exert a pronounced inhibitory effect primarily on large-
scale communities. For low-poverty communities, labor outflow
exerts a more significant inhibitory effect on community
sustainability. In contrast, for high-poverty communities, the
regional economic development contributes more significantly to
sustainability, while ecological fragility and informal institutions
have a stronger inhibitory effect.

Keyword: Sustainable Development; Rural Communities;
Ecologically Fragile areas; social-ecological system.

1 Introduction

Rural decline has become a contentious issue in the international
community due to the acceleration of wurbanization and
industrializationll!]l, Rural decline is characterized by large-scale
population loss and challenges, including shrinking markets,
economic recession, social degradation induced by labor shortages,
and the gradual erosion of endogencus development capacityll2ll,
However, unlike the self-sufficiency model of agricultural societies,
contemporary rural developmeiit results from a complex interplay of
multiple exogenous factors, including demographic, social,
community, and environmental factors, which are often
interdependent!3ll, Despite the increased risk posed by the
complexity and variebility of the external environment, some villages
have prospered through their interaction with these external factors,
while others have faced extinction![#ll. Understanding the causes of
these outcomes has become a significant area of study for
researchers.

Overall, sustainable rural development is shaped by multiple
factors, including the natural environment, policy and institutional
frameworks, and wurbanization trends!l®ll, Since the Industrial
Revolution, the urban sector has become the dominant force
influencing rural development!l6ll, Through the process of resource
concentration, cities have extensively exploited rural resources,
including the disproportionate land expropriation for wurban
expansionll’ll, the excessive exploitation of rural natural
resources!8®ll and the migration of many rural inhabitants to
citiesll10ll, Reassuringly, an increasing number of policies promoting
sustainable rural development and rural revitalization have been
formulated in Europe, China, and other countries since the
1990sl![11LI121] Much of the research on rural development has



focused on the role of policy, such as urban preference policies![13]],
fiscal policyll14ll, and the household registration policyll51,
Furthermore, several scholars argue that the outward migration of
rural populations is a key factor contributing to the decline of rural
communities and local economiesl([161-[181],

However, current research on urban-rural relations and rural
development policies remains somewhat contentious. For instance,
as urban economies expand, their benefits gradually diffuse into
rural areas through positive externalities, such as improved rural
social welfare and infrastructurelll9l, as well as through
transformations in rural livelihoods and food systemsl[201,
Conversely, Li et al. (2013) suggest that a top-down policy approach
may constrain rural autonomy, preventing rural areas from
effectively responding to macro-level development strategies([211l, In
contrast, bottom-up development models—such as social
innovation—can stimulate local potential and promote sustainable
rural developmentl[221],

In the 1990s, the relationship between human activity and the
environment gathered significant societal attention. International
ecology introduced the concept of "fragility" into research fields
such as geographical environments and spatial studies. Ecologically
fragile regions, often located at the edges of ecosystems or within
transitional zones where multiple ecological types convergell23]-261],
face particularly severe chalienges. The fragility of these
ecosystemsl2711281]  the risks to livelihoodsl!29L1301 and social
instabilityl[3111331  are  all more pronounced in such areas.
Consequently, their capacity for sustainable rural development lags
behind that of more stable regions.

It is evident that the issue of sustainable rural development in
ecologically fragile regions is more complex than in other areas, as
it necessitates further examination of the influence of factors such
as urban components and policy frameworks on rural development.
Furthermore, few studies have integrated these elements into a
unified analytical framework to examine how each factor influences
the sustainable development of rural communities, considering the
combined roles of these components. Eventually, the research
methodologies employed in the existing literature tend to be quite
similar, primarily relying on case analysis, indicator evaluation, and
other methods to analyze sustainable rural development in
ecologically fragile areas. However, there is a need to incorporate
more empirical research into this field to strengthen the scientific
nature of these studies.

This study employs the social-ecological system (SES)
framework as a guiding theory to analyze the factors affecting rural



communities in ecologically fragile regions, addressing these gaps.
To highlight internal variations within communities, this study
utilizes data from rural community surveys. It applies OLS
regression models, Tobit models, group regression, and mechanism
analysis to examine the impact of various factors on the sustainable
development of these communities. The contributions of this study
are twofold: From a theoretical perspective, using a socio-ecological
systems research approach, we identified four key components—
labor force, ecology, institutions, and economics—that influence
sustainable development in rural communities located in
environmentally fragile regions. In an effort to establish an
innovative theoretical paradigm for rural development, these
components were integrated into a unified conceptual framework.
From a research methods perspective, the study employs a range of
empirical approaches to investigate the impact of factors such as
labor outflow, ecological fragility, institutional environment, and
economic development on the sustainable development of rural
communities in these regions. This approach enhances the
explanatory power of the factors contributing to the lagging
development of rural communities in ecologically fragile areas.

2 Theoretical analysis

The SES framework is a comprehensive analytical model
composed of multiple levels of variables. It includes six core
components: resource systen (RS), resource units (RU), governance
system (GS), and users (U), all of which interact with the behavioral
interactions (I) and outcomes (O) of individuals and groups in a given
action situation. Additionally, the interactions and outcomes among
these variables are influenced by two subsystems representing the
overall environment: the social, economic, and political context (S)
and the relevant ecosystem factors (ECO) (Figure 1). The impact of
"external variables" on the strategy process, such as the effects of
drought on resources or floods on public infrastructure in the ECO
system, is significant. These six-level core subsystems (RS, GS, RU,
U, I, and O) within the SES framework provide a basic structure that
provides a foundation for more detailed representations of how the
strategy process is implemented![34ll, The effects on the 1-6 basic
structure are dynamic, meaning that the sustainability trajectory of
the entire SES will evolve accordingly. External variables such as
ecological, social, and economic factors are inherently unpredictable
and subject to constant changell3®ll, Within the robustness
framework, the social, economic, and political (S) system
encompasses social development, demographic trends, political
stability, government resource policies, market incentives, and



media organizations. In contrast, the ECO system encompasses
climate, pollution, earthquakes, and landslidesl[36ll, Further
judgment is required regarding external variables: first, whether
there are thresholds for these variables; second, their historical
regularity to predict how the system dynamics will respond to future
external shocks; and third, the attributes of these variables, such as
whether they are "slow" or "fast" variables and whether they are
controllable (land-use policy) or uncontrollable (climate)3711,
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Figure 1. The core subsystems in a framework for analyzing the SES.

Rural communities represent typical socio-ecological systems
comprising both natural resources, such as land and rivers, and
resource users and stakeholders, including community members,
governmental decision-making bodies, and social organizations(381,
According to the SES framework, rural communities are influenced
by the social, economic, and political (S) system and the ECO system.
Labor migration is considered an exogenous shock in this framework,
given the substantial outflow of rural populations!391, Therefore,
this study considers labor, institutional, economic, and ecological
factors as second-level variables under the social, economic, and
political institutions (S) and the ECO system, which affect the
sustainable development of rural communities in ecologically fragile
areas (Figure 2).
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Figure 2. The factors affecting the sustainable development of rural

communities based on the SES framework.

(1) Ecological factors. Natural resources are a crucial element in
the sustainable development of rural communities, as the livelihoods
and production of rural residents are heavily dependent on natural
capitalll#0ll, However, a symbiotic relationship exists between
natural resources and their envircnment; the health of the
ecosystem affects the quantity and quality of resources, as well as
how humans utilize and develop them. Ecosystems, with poor
organic matter, biota, topography, and climate stability, are highly
vulnerable. This makes the capacity of natural resources—such as
arable land, forest land, and grassland—to absorb and store energy
relatively low. The quantity and quality of natural resources are
subject to significant constraints. Furthermore, the poor quality and
dispersion of land resources severely limit the basic livelihoods of
residents and community development(4111,

(2) Institutional factors. Social institutions are key drivers of
socio-economic development!42ll, Within the SES framework, policy
institutions can create new contexts for action or participation,
thereby intervening in and influencing governance systems or actors’
behaviors!43ll, Formal institutions established by government
authorities operate through enforceable regulatory mechanisms,
whereas informal institutions function through individually or
socially embedded constraints. To some extent, however, the
existence of informal institutions can also serve as a critical force
driving development!l44ll, In the context of rural sustainable
development, rural communities can achieve collaborative
governance and participatory decision-making through specific
institutional arrangements. Formal institutions provide a stable



social order for the sustainable development of rural communities
and represent the concrete embodiment of national policies at the
local level. Conversely, informal institutions shape the morality,
values, and social interactions of villagers, influencing cooperation,
willingness, and trust among members. This, in turn, affects
transaction costs and member cooperationl[451.1461],

Beyond their direct effects, both formal and informal institutions
exert indirect influences on the SES through the structure of
property rightsl47ll, Particularly in China, these institutions further
shape rural development by influencing land property rightsf[48ll,
Theoretically, well-defined property rights ensure the efficient flow
of resources across sectors, allowing markets to allocate resources
optimallyll49ll, Moreover, property rights play a vital role in
maintaining social stability and providing social security![>015111 An
effective property rights framework is also essential for addressing
issues related to power dynamics and the distribution of benefits
within communities!!45], In rural China, collective ownership of land
and means of production encompasses multiple attributes, including
collective and community property rights. These property rights not
only guarantee residents’ basic rights to land and residential
plotsli52ll but also provide a legal foundation for accessing public
benefits such as community healthcare and pension
programsl53L54ll In recent years, to strengthen farmers' property
rights and enhance community governance, the government has
promoted property rights reform through a series of policy
initiatives![®5H5711, These reforms aim to regulate the scope, methods,
and objectives of property rights changes, which, in turn, can have a
positive influence on rural communities.

However, unlike private property rights, the establishment of
collective land ownership rights presents exceptional challenges!>811,
Rural communities often require land readjustments to
accommodate changes in household size. Factors such as unstable
land tenure, the absence of formal registration procedures, and
ambiguous criteria for defining ownership boundaries can give rise
to numerous land disputes. If farmers participate voluntarily and
proactively, the process of rural land reform and rights confirmation
can be considerably streamlined!>9]l, Regarding farmers' behavioral
intentions, Mcnicoll and North (1991) emphasize that ideology
significantly shapes actors' cognition and subjective
understandingll60ll, In rural China, informal institutions, including
local knowledge, shared values, and normative constraints, play
crucial roles in shaping villagers' participation in community lifell611],
Evidently, informal institutions influence rural communities by
affecting members' engagement in land property rights reform



processes.

(3) Economic  factors. @ Within the SES  framework,
macroeconomic variables drive rural socio-economic development
by optimizing rural resource system!l62ll, Particularly with the
advancement of regional economic integration, economic
development in rural areas is primarily driven by factors such as new
technologies, market competitiveness, and the growth of the non-
farm economyl!l63]l, In general, new technologies and market
competitiveness are linked to the level of regional economic
development; the higher the level of economic development, the
more investments are made in rural technology, capital, and other
high-level factors by governments, enterprises, and external factors.
As a result, rural communities are better positioned to allocate
resources efficiently under market-driven conditions!64]l, The
influence of manufacturing and services on rural areas stems from
intersectoral spillovers, and the expansion of the non-agricultural
sector can drive industry upgrades, thereby accelerating the
transformation of traditional agriculture into multifunctional
agriculturell651.1661],

However, the geographical and spatial location is also a key
factor influencing the development of rural communities. The closer
a rural community is to a city, the stronger the symbiotic relationship
between them, fostering economic radiative effects, such as factor
mobility, spatial planning, and industrial layout optimization. These
dynamics, in turn, promote the upgrading and transformation of
rural industriesll67ll  Furthermore, research indicates that
townships—the smallest units of urban-rural integration—play a
critical transitional role in this process, serving as hubs for factor
aggregation and rural economic growthll68ll Therefore, this study
investigates the influence of proximity to cities and townships on the
sustainable development of rural communities.

(4) Labor factors. Neoclassical economic theory posits that a
significant portion of "surplus labor" from the agricultural sector will
naturally shift to the urban industrial sector as wage gaps between
the two sectors equalizell691, However, part of the labor outflow from
rural areas can be attributed to "imaginary surpluses" caused by
poverty and socio-economic lag rather than a true surplus resulting
from  agricultural @ modernization and increased labor
productivityll70ll, Consequently, younger, relatively better-educated
male laborers are more inclined to migrate from rural areas in
ecologically fragile areas to urban centers. This exodus of skilled
labor leads to population decline and demographic imbalances in
rural areas, leaving behind the older adults, the vulnerable, women,
and children!l7!ll, The outflow of labor not only exacerbates issues



such as labor shortages, rising labor costs, and declining human
capital, but also negatively affects the sustainable development of
rural areas. This is because it weakens public leadership in villages,
erodes accumulated social capital, dilutes villagers' sense of

belonging, and reduces farmers' dependence on agricultural
resourceS[Error! Reference source not found.].

3 Research methods and Data sources

3.1 Research methods

A standard approach for examining the impact of explanatory
variables (influencing factors) on dependent variables is through the
use of least squares regression. This study follows this method to
analyze the relationships, constructing the model as follows:

YO a0 X,A0 Controjd, [ Cityll4 g

Where y represents the dependent variable, the level of
sustainable development of rural communities; X includes the core
explanatory variables, namely ecological fragility (£co), regional
industrial structure (/ndustry), regional economic development
(Pergdp), formal institutions ( Formal), informal institutions
(/Informal), and labor outflow (Labor). Additionally, control variables
include geographic environnmient (Altitude), number of farm
households (Family), per capita income (/ncome), and regional
dummy variables (City) representing different cities.

3.2 Data sources

The data used in this study consists of both macro-level statistics
and micro-level research data. Macro-level data, such as regional
economic indicators, industrial structure, and formal institutions,
are primarily sourced from the Guizhou Statistical Yearbook. Micro-
level data, including information on ecological fragility, labor
outflow, informal institutions, and geographic environment, were
collected through field research conducted by the research team.
The field research consists of three main stages:

The preliminary preparation stage involved designing statistical
forms and interview outlines. Drawing upon existing literature and
considering the developmental characteristics of rural communities
in ecologically fragile regions, the study designed two instruments:
the Basic Statistical Form for Rural Community Development and
the Interview Outline. The Basic Statistical Form was primarily used
to collect objective factual data on the development of sampled
communities in 2021. Completed by relevant community staff, it
covered fundamental aspects such as community demographics,



resource utilization, economic conditions, and social development
indicators. It included information on population, labor force, aging
demographics, number of party members, geographical location,
natural resources such as total land area, arable land, forest land,
and water bodies, as well as community assets like operational
construction land and idle properties. Socio-economic development
indicators, including industrial composition, per capita net income
of farmers, asset investment, and community economic revenue,
were also recorded, along with data on community governance,
educational attainment of community leaders, and public
infrastructure.

In June 2021, a preliminary survey was conducted in Guizhou
Province, covering 20 rural communities across Panzhou, Zhenyuan,
and Shigian counties (cities). Based on feedback from this initial
survey, the statistical tables were refined and revised through
consultations with domain experts and project team members,
ultimately producing the finalized versions. The expert group
consisted of six specialists, including researchers from the Guizhou
Academy of Agricultural Sciences, government officials from
agricultural departments, and professors specializing in population,
resource, and environmental economics.

From July to August 2021, extensive field research was
conducted across rural commuuiiities in Guizhou Province, utilizing a
combination of fixed-point random sampling and snowball sampling.
Fixed-point random sainplinig ensured the scientific selection of
samples, while snowball sampling enhanced the diversity and
inclusiveness of research participants. Given the challenges of
obtaining data from rural communities, support was secured from
local agricultural departments in each county, city, or district. One
to two representative counties were selected from each prefecture-
level city or autonomous prefecture in Guizhou Province, excluding
the provincial capital, Guiyang. Within each selected county or
district, two to three representative townships were chosen, from
which three to four sample communities were randomly selected for
field investigation. This process yielded first-hand community data
through in-depth and semi-structured interviews, supplemented by
the completion of the Statistical Form on Basic Rural Community
Development. With assistance from township officials, contact
details of village cadres in other administrative villages within the
same township were obtained, and these cadres completed the
Statistical Form on Basic Rural Collective Economic Development
via telephone or e-mail. The sample size was determined with
reference to existing studies. For example, Li and Yao (2020)
selected 246 administrative villages in Shaanxi Provincell72ll, while



Zhou and Kang(2019) selected 271 administrative villages in
Liaoning Provincell74ll, In the present study, a total of 240 statistical
forms were distributed. After excluding incomplete or invalid
responses, 227 valid questionnaires were obtained, yielding a
response rate of 88.89%. Accordingly, the sample size in this study
is adequately representative of the overall situation. Regarding
sample distribution, the data encompass rural communities across
Guizhou Province, including those with strong, moderate, and weak
socio-economic development, thereby demonstrating robust
representativeness.

3.3 Measurement of variables
3.3.1 Level of sustainable development of rural communities

Based on the United Nations Sustainable Development Goals (SDGs),
sustainable development in rural communities is not only about
promoting the sustainability of the natural ecosystem but also
ensuring that future generations have access to the same or better
conditions than present generations to meet their natural, social,
economic, and other needsll751l, Several studies have developed rural
sustainable development indicator systeins based on the framework
of the SDGs to comprehensively analyze the local characteristics of
rural systems and rural revitalization strategies!l761.1771], However,
with the emergence of rural autonomous development models,
recent research suggests that assessing rural areas through a
resilience perspective can proactively identify both external
pressures and internal changes affecting rural systems. This
approach enhances understanding of the resource configurations
and functional mechanisms of these systemsll78ll, Rural resilience
theory, derived from ecosystem frameworks, emphasizes the
capacity of communities to absorb disturbances while maintaining
essential functions!!791l, Wilson et al. (2018) argue that rural system
resilience is inversely related to fragility; continuous improvement
in resilience signifies a gradual reduction in community fragility([80l,
Rural system resilience is closely linked to economic, social, cultural,
and political dimensions. Drawing on established resilience
assessment frameworks, this study selects four dimensions to
evaluate the sustainable development of rural communities. First,
economic growth[Error! Reference source not found.] plays a foundational
role in sustainable rural development. Economic diversification and
sustainability enable rural communities to pursue independent
development, allowing collective members to broaden their
livelihood options and increase income levels(ll, Second, social
mobilization constitutes a critical element in building community
resiliencelllll, Expanding social networks encourages participation



from groups such as returning entrepreneurs, village committees,
and rural residents in community development. Such participation
strengthens social relationships, enhances social capital, and
facilitates access to information and other resources. Third, resource
integrationll811l is essential, as rural communities are complex
systems composed of natural endowments, geographical conditions,
economic foundations, human capital, and cultural traditions. The
primary challenge in advancing sustainable rural social development
lies in correcting resource allocation distortions. This requires
optimizing the structure and functionality of rural communities by
coordinating and integrating the management of both tangible and
intangible assets[83ll, Fourth, public governancell84ll addresses the
distribution of interests and power among stakeholders, including
community members, local committees, government agencies, and
external markets. The governance process involves coordinating
resource elements and resolving conflicts among diverse actors
through policy interventions, governance mechanisms, and
institutional frameworks. Effective public governance enhances the
sustainability and efficiency of collective community action[l851],

The relevant level-3 indicators are developed based on the
existing literature (Table 1). According to research by Chen
(2020)[861], this study chose the mean value of the entropy value and
the analytical hierarchical process (AHP) to determine the weights
of various indicators.
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Table 1 Evaluation system for sustainable development of rural communities

The area of cultivated land owned by each member

includes paddy fields, water, and dry land etc.
Area of woodland owned by each member, including
forests, mountains, wasteland, orchards, etc.
Area of water resource owned by each member,

including lakes, rivers, etc.

Mainly community-owned collective operating

construction land.

Unused village primary schools, abandoned rural
residences, and other facilities are available to the
community.
Total funds spent by the government on community
development.
Cumulative value of community account funds for the

year.

The number of professional trainings and learning

received hy community leaders during the year.

The proportion of community leaders and managers with

a high school diploma or higher level of education.

Whether the effectiveness of community development is
included in the assessment of leaders and managers

(1 =yes, 0 = no).

Whether community action organizations are formed (1 =

yes, 0 = no).

The proportion of political party members in the

community.

Whether leadership compensation incentives exist (1 =

yes, 0 = no).

Whether a mechanism for distributing the benefits of

membership is present (1 = yes, 0 = no).

During the year, expenditure is made on public utilities,
including environmental protection, infrastructure,

and rural development.




Economic
growth
C4

Democratic
participation
C34
Capital growth C41

Income growth C42

Profitability C43

The number of meetings related to community

development attended by members during the year.

Total community assets for the year.
The combined value of operating and investment incomes
for the year.

Operating income is the total amount for the year.

Bonus C44 A bonus for each member for the year. +

Using a linear weighting method to calculate comprehensive
scores, this study evaluates the sustainable development level of
rural communities and the performance of each subsystem in the
sampled region, as presented in Table 2. The average sustainable
development score for rural communities in the sample is 15.35, with
a maximum of 45.06 and a minimum of 1.20, indicating a difference
of 43.86 and a marked imbalance in development levels. From a
subsystem perspective, the public governance (C3) and social
mobilization (C2) dimensions perform relatively well, while the
economic growth (C4) dimension exhibits the weakest performance.
These findings are consistent with those of Yang et al. (2021)I151],
Compared with other regions in China, rural community
development in Guizhou remains at a relatively lagging stage,
characterized by significant risks and uncertainties in sustainable
livelihoods, and economic efficiencyll87ll, Village resilience
represents a systemic concept that depends on the synergistic
interactions among sociai, economic, and environmental systemsl(881,
This is consistent with the findings of Li et al. (2022)U89. which
indicate that communities with higher comprehensive resilience
indicators are better able to withstand stress, adapt to change, and
undergo learning-driven transformation. Conversely, some
communities exhibit weak resilience because they perform poorly on
specific dimensions of resilience.

Table2 Development level of the sustainable development and subsystems

values.
Azzfsge 2.30 5.59 6.48 0.98 15.35
Median 1.82 6.45 6.99 0.21 14.81
Crest value | 12.94 11.26 19.54 20.39 45.06
Least value 0.00 0.71 0.00 0.00 1.20

3.3.2 Measurement of other variables




The selection of six factors from ecology, economy, society, and
labor force was based on theoretical research and practical
development data. These factors include ecological fragility (£Eco),
regional industrial structure (/ndustry), regional economic
development (Pergdp), formal institutions (Formal), informal
institutions (/nformal), and labor outflow (Labor).

Ecological fragility (Eco). Timmerman (1981) defined fragility
as the degree to which a system experiences adverse effects or
damage in response to external disturbancesl!90]l Fragility is
generally understood as a function of three components:
susceptibility to exposure, sensitivity to stressors, and the system's
capacity for recovery. Turner et al. (2003) argued that ecological
fragility depends not only on the degree of exposure to hazards
(disturbances and stresses) but also on the system's sensitivity and
resilience when encountering such hazards!®1ll, Therefore,
ecological fragility assessments should consider the
interrelationships within human-environment coupled systems and
the fragility of both the systems and their surrounding environments.
Although the natural environment is typically regarded as the
primary response factor, numerous studies have shown that both
natural and anthropogenic factors serve as key drivers or stressors
of ecological fragilityl[92ll. While various models and methods exist
for assessing ecological fragility, 1o uniform criteria have been
established for parameter selection. Existing studies typically assess
the impact of human activities on ecological environments with
indicators such as ternperature, vegetation index, land use, land
cover, precipitation, slope, population density, surface humidity, and
vegetation coverll®3ll, Obtaining data on some of these indicators,
which measure the objective state of the rural community's
ecosystem, such as temperature, precipitation, and surface humidity,
is difficult. This study uses population density as an indicator of
ecological pressure to assess ecological fragility. Generally, the
greater the degree and likelihood of natural pressures and human
disturbances affecting an ecosystem's subsystem, the higher the
ecological fragility of that ecosystem. High population density
correlates with increased human interference in natural resources,
contributing to ecological degradation![941.1951],

Formal institutions (Formal). This study utilizes government
finance-related indicators to quantify the formal institutional
environment, including fiscal expenditure as a percentage of GDP,
government consumption as a percentage of GDP, and fiscal
revenues as a percentage of fiscal expenditures![96119711  Fiscal
support is considered an incentive-type institutional factor, where
the structure and proportion of fiscal expenditures reflect the level



of regulatory intensity![98ll, Public financial expenditure and transfer
payments are mandatory policy tools that ensure resource allocation
to backward regions![99ll, This study uses the proportion of fiscal
expenditure on agriculture, forestry, and water relative to the county
in which the rural community is located to measure the formal
institutions.

Informal institutions (informal). Informal institutions refer to
the unwritten rules that shape human behavior but fall outside
governmental jurisdiction and formal legal frameworks. These
private mechanisms, which guide daily interactions and influence
regional lifestyles, encompass social norms, customs, attitudes,
moral values, and enforcement practices!60l, Li et al. (2023) argue
that informal institutions constitute a distinct cultural environment
formed by the interaction of informal rules, customs, and values([991,
Consequently, several studies have used regional culture as a proxy
for informal institutional behaviorll47ll, Furthermore, research
suggests that informal institutions emerge from long-term social
interactions; for instance, Chinese rural socicty has developed
interpersonal networks rooted in clan-based structures. Studies
have measured the population proportion with the same surname to
assess thisl101L110211  This study follows Liang and Wang's (2019)
approachll103ll using a questionnaire to identify whether a "big
surname" exists in the rural comiunity (i.e., more than 20% of the
population shares the same surname).

Regional industrial structure (Industry). This is measured
by the share of GDP from the secondary and tertiary industries in
the county where the rural community is located.

Regional economic development (Pergdp). This is expressed
as GDP per capita in the county in which the rural community is
located.

Labor outflow (Labor). This is measured as the proportion of
permanent migrant labor to the total labor force in the rural
communityll10411,

Two mechanism variables are identified in this study: locational
conditions, which serve as the mechanism variable for economic
factors influencing rural sustainability, and land property rights
reform, which serves as the mechanism variable for social and
institutional factors affecting sustainable rural community
development.

Land rights reform process (Pro). Measured by whether the
community has completed land reform work(591],

Location conditions. Measured by the distance from the
community to the county seat (county), and the distance from the
sample community to the township (Zowmn)![671.1681],



In addition to these factors, the study controls for per capita
income (Income) and the number of farm households (Family), as
significant socio-economic differences exist between the rural
communities. Geographic variables are also controlled, as elevation
and slope can significantly influence the development of
transportation and water infrastructurelll05ll This study uses
community elevation as a proxy for geographic conditions
(Altitude). The detailed calculation methods for these variables are
presented in Table 3.



Table 3 Methods for measuring other variables

Ecologic

al factor

Economi

c factor

Social
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factor

Mechani
sm

variable
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S

Ecological

fragility(Eco)

Regional
economic
development
(Pergdp)
Regional
industrial
structure

(Industry).

Informal
institutions

(Informal)

Formal
institutions

(Formal)

Labor

outflow(Labo

r)
Land rights
reform
process

(Pro)

locational

conditions

Geographic
conditions
(Altitude)
Per capita
income

(Income)

Population density per unit area of land

The GDP per capita in the county in which

the rural community is located

The share of GDP from the secondary and
tertiary industries in the county where the

rural community is located

whether a "big surname" exists in the rural
community (i.e., more than 20% of the

population shares the same surname).

The proportion of fiscal expenditure on
agriculture, foresiry, and water relative to
the county in which the rural community is
located to measure the formal institutions.
The proportion of permanent migrant labor
to the total labor force in the rural

community

whether the community has completed

land reform work? 1=Yes, 0=No
The distance from the community to the
county seat (County), and the distance
from the community to the township

(Town)

The elevation of the rural community

Per capita income

Timmerman (1981)U9]; Turner
et al. (2003)91]; Beroya-Eitner
(2016)M92l; Kamran and
Yamamoto (2023)U93; Xiao et
al.(2023)l94; Xiao et
al.(2023)t951

Zhu et al. (2021)I64l]; Tao et al.
(2021)11657;
al.(2008)661

Gemmell et

Mcnicoll and North (1991 )!L601;
Li et al. (2023)991]; Williamson
et al.(2011)I47); Peng,
(2004)M1011]; Ruan and Zheng
(2013)I1021]; Liang and Wang
(2019)(c1031

Adlam (1988)!%1]; Qi and Xu
(2017)1971]; Yu et al.(2020)L981];
Chen and Chen (2014)991,

Zhang et al. (2023)[(10411

Bu and Liao (2022)!591

Tian et al.(2021)[671]; Ding et
al.(2020)(168l

Guo et al.(2012)1051




Number of
Households The number of farm households

(Family)

The characteristics of the variables are summarized in Table 4.
Statistical analysis indicates significant variation among the sample
communities in terms of labor outflow, regional economic and
industrial  structures, ecological conditions, geographical
environments, sustainable development levels, and formal and
informal institutional frameworks.



Table 4 Basic statistics of the variables.

y 227 15.35 9.31 1.20 45.06
Labor 227 54.95 17.98 5.66 93.81
Eco 227 310.47 377.00 44.69 4998.95
Industry 227 72.38 10.35 59.74 93.01
Pergdp 227 3.39 1.15 2.16 6.84
Informal 227 0.53 0.50 0.00 1.00
Formal 227 20.58 7.80 0.39 40.84
Altitude 227 1426.61 503.84 450.00 2400.00
Family 227 604.57 415.70 170.00 3098.00
Income 227 1.08 0.32 0.55 3.00

4 Analysis of factors influencing the level of

sustainable development in rural communities

4.1 Benchmark regression results

Before conducting the empirical analysis, this study used robust
standard errors in the regression process to ensure the reliability
and robustness of the results. Table 5 shows that the variance
inflation factor (VIF) values for each explanatory variable in the
model are significantly less than 10, indicating that multicollinearity
is not a major issue.
Table 5 Multiple covariance test results.

~ Varable  VIF  UVIF

Industry ' 5.14 0.194457
Pergdp 3.9 0.256527
Altitude 2.69 0.371166
Informal 1.91 0.523768
Formal 1.58 0.632317
Income 1.5 0.667969
Eco 1.37 0.729506
Family 1.14 0.873638
Labor 1.12 0.890612
Mean VIF 2.26

The study begins with a benchmark regression analysis, building
on the model setup outlined in the previous section. To better assess
the impact of the core explanatory variables on the sustainable
development of rural communities, the core variables—Eco, Industry,
Pergdp, Informal, Formal, and Labor—are sequentially introduced
into the model under robust standard error conditions, along with
relevant control variables. The results are as follows (Table 6)



Table 6 Basic regression results.

Lobor —0.0711*  —0.0752%%  —0.0725%  —0.0814%*
(—1.95) (—2.14) (—2.06) (—2.28)

oo —0.0054%  —0.0063%  —0.0064%%*
(—2.46) (—2.54) (=2.86)
Industry ~0.0747 ~0.1524
(—0.45) (—-0.93)
Porod 3.6508%* 4.3792%*

yap (2.28) (2.53)

_ koK
Informal (4_12517 3 )
0.0568
Formal (0.40)

. 0.0058%  0.0061%  0.0067%** 0.0051*
Altitude (2.35) (2.49) (2.68) (1.82)
Ieome 0.6888 1.2102 0.6554 1.0579

(0.32) (0.58) (0.31) (0.48)
Family ~0.0016 0.0010 0.0006 ~0.0001
(—0.84) (0.45) (0.26) (—0.05)

coms 14.9104% 14.7113%*  6.7634 13.9967

- (3.65) (3.67) (0.60) (1.24)
City YES YES YES YES

N 227 227 207 227

Adj-R? 0.0418 0.0722  0.0873 0.1002

Note: *+k ** and * indicate significance at the 1%, 5%, and 10% statistical levels,
respectively, and numbers in parentheses are t-values.

The effects of labor outflow. At the 5% significance level, the
estimated coefficient for labor outflow on the sustainable
development of rural communities is —0.0814. This suggests that
labor outflow has a significant impact on hindering sustainable
development in rural communities. Specifically, for every 1%
increase in labor outflow, the sustainable development of rural
communities in ecologically fragile areas declines by 8.14%. This
finding is consistent with the studies of Xiao et al. (2021) and Zhou
et al. (2020)H1061[107]] who observed that villages in the ecologically
fragile southwestern mountainous regions of China are particularly
affected by outmigration, particularly among younger members. In
most rural areas within ecologically fragile regions, traditional
agricultural practices such as crop cultivation and animal husbandry
remain the dominant economic activities, resulting in relatively high
labor demands. However, substantial labor outmigration has led to
increasingly acute developmental challenges, including labor
shortages and rising labor costs. Due to the mountainous terrain,
machinery cannot replace labor in promoting agricultural
modernization, and the aging population exacerbates land
abandonment, leading to a decline in livestock farming.

The effects of ecological fragility. With an estimated coefficient
of —0.00064, the degree of ecological fragility passes the 1 %



significance test. This suggests that ecological fragility inhibits the
sustainable development of rural communities, with a 0.64% decline
in sustainable development for every 1% increase in ecological
fragility. This finding is consistent with previous research by Zou and
Yoshino (2017)10811 Xue et al. (2019)I109]] and Kang et al.
(2018)11011 which highlighted the ongoing fragility of ecosystems in
China's ecologically fragile areas. The underlying causes of these
challenges can be attributed to two key aspects. On the one hand, in
ecologically fragile regions such as Guizhou—characterized by rock
desertification—the ecosystem recovery cycle is relatively prolonged.
Remote geographical areas continue to face the risk of renewed rock
desertification, implying that the constraints imposed by ecological
fragility on rural areas are a long-term reality. On the other hand,
although ecological compensation mechanisms established by the
Chinese government have alleviated the conflict between rural
economic development and environmental protection, income
derived from subsidies and transfer payments is insufficient to
ensure the sustainability of rural livelihoods. Consequently, some
farming households remain dependent on subsistence practices such
as logging, grazing, and cultivation![1111],

The effects of regional economic development vs. industrial
structure. With an estimated coetficient of 4.3792, regional
economic development shows a significant positive relationship with
the sustainable development of rural communities at the 5%
significance level. This suggests that rural communities in
ecologically fragile arecas experience improved sustainable
development as the regional economy develops. This result supports
the fil’ldil’lgS of Li et al. (2022)[Error! Reference source not found.]’ which
emphasize the positive effects of regional economic growth on rural
development, particularly when infrastructure projects, such as
transportation, water conservation, and rural production networks,
are implemented. The estimated coefficient for regional industrial
structure is —0.1524, which does not pass the significance test. This
result suggests that the regional industrial structure has a certain
inhibitory effect on the sustainable development of rural
communities in ecologically fragile areas. This finding is consistent
with those of Yang et al. (2023)[[112l]] who noted that the direct
impact of the secondary and tertiary sectors on rural revitalization
is weak. Upgrading the industrial structure in these areas is
challenging, and non-agricultural industries are underdeveloped.
Consequently, the influence of industry and services on agriculture
is insufficient to provide rural communities access to higher-quality
resources via the tertiary sector.

The effects of formal vs. informal institutions. The informal



institutions show a significant negative effect at the 5% significance
level, with an estimated coefficient of —4.1579. This indicates that
the informal institutions significantly inhibit the sustainable
development of rural communities. The estimated coefficient for the
formal institutions is 0.0568, which does not pass the significance
test. This result is similar to the findings of Zhang et al. (2022)[[1141],
who reported that Chinese rural societies increasingly form
pluralistic, interest-centered, and "open" social networks. The
migration of populations has led to the erosion of traditional village
culture, customs, and spiritual space, diminishing the influence of
informal institutions on values and kinship cohesion[!!15ll, As younger,
migrating individuals weaken their social ties to the village, they are
less likely to participate in public affairs [[116]l, Moreover, the rise of
the rural market economy has enabled village leaders, who are often
entrenched in clan networks, to prioritize their own interests over
the collective well-being of their community!l117ll, Conversely, the
insufficient provision of effective formal institutions in ecologically
fragile areas may explain the failure of formal institutions to promote
sustainable rural development effectively. State power is often
“suspended" in these areas, leading to more pronounced social
problems. While resource input and distribution have become
central to state policies in rural areas, the lack of formal rules for
resource redistribution, coupled with the pressure on rural cadres
to avoid responsibility and assessment, often results in inaction.
Additionally, concerns among villagers about uneven resource
distribution, rather than scarcity, have become more pronounced.
For example, during poverty alleviation programs, non-poor groups
sometimes misuse resources, while poor households compete for
recognition of their status, contributing to systemic inefficiencies.

4.2. Robustness test

As shown in Table 7, columns (1)- (3) display the results of the
robustness regressions. The three models are as follows. (1)
Replacement model. The sustainable development score for rural
communities, measured in the previous section, is greater than 0.
This score is treated as an intercepted explanatory variable when
used as the dependent variable for the level of sustainable rural
community development, meeting the conditions of the Tobit
regression model. Therefore, this study adopts the Tobit model with
a lower limit of O for investigation. (2) Replacement of explanatory
variables. This study recalculates the sustainable rural community
development level, substitutes it into the model, and re-performs the
regression analysis using the entropy value method. (3) Post-
tailoring regression. All continuous variables are shrink-tailed at the



1% and 99% quantiles and re-estimated to exclude the influence of
outliers. As seen in the table, the core explanatory variables remain
consistent with the structure of the base regression.



Table 7 Robustness analysis results.

e —0.0814%F —0.0599%* —0.0770%*
(—2.36) (—2.16) (—2.21)
o —0.0064%% —0.0046%+ —0.0062%+
(~3.45) (=3.07) (—2.88)
— ~0.1524 ~0.1405 ~0.1472
(—0.74) (—1.13) (—0.90)
S 4.3792% 3.3085% 4.3563%*
(2.22) (2.52) (2.54)
T —4.1579%* —2.8608% —4.0543%*
(—2.34) (—1.93) (—2.11)
o 0.0568 0.0842 0.0529
(0.33) (0.76) (0.38)

. 0.0051* 0.0034 0.0050*
Altitude (1.90) (1.57) (1.82)
I ~0.0001 0.0002 ~0.0002

(—0.05) (0.13) (—0.09)
Family 1.0579 1.6419 0.7652
(0.54) (0.91) (0.37)
L 13.9967 9.2164 13.7784
: (1.12) (1.11) (1.23)
City YES YES YES

N 227 227 227

Ad)j-R? 0.1032 0.0979
Pseudo R? _~0,0272

Note: *+k ** and * indicate significance at the 1%, 5%, and 10% statistical levels,
respectively, anid numbers in

parentheses are t-values.

4.3 Mechanism analysis
4.3.1 Mechanism analysis based on local conditions

Since the regional industrial structure coefficient was not
statistically significant in the basic regression model, the analysis
focused solely on verifying the impact mechanism of regional
economies on the sustainable development of rural communities,
treating all other variables as controls![!18ll, This study categorized
rural communities based on the median distance to both townships
and county centers. Regression results for rural communities near
the county are presented in column (1) of Table 8, while results for
rural communities farther from the county are shown in column (2).
Similarly, results for rural communities near townships are in
column (3), and those farther from townships are in column (4). The



results reveal that in communities located farther from townships
and county seats, the regional economic coefficient is statistically
insignificant. In contrast, in communities situated closer to these
centers, the Pergdp coefficient is consistently positive and
significant at both the 5% and 1% levels. This finding demonstrates
that locational conditions constitute a key mechanism through which
regional economies affect the sustainable development of rural
communities. These results highlight the significance of proximity to
townships and counties as a transmission mechanism for regional
economic factors that influence rural community sustainability.
Proximity to urban and economic centers enhances the development
value of rural assetsll65ll, For example, suburban rural communities
have benefited from urbanization and industrialization by converting
vacant residential land into warehouses and retail spaces, thereby
effectively revitalizing local resources!11911,

Table 8 Mechanism test based on local conditions.

(1) (2) (3) (4)
Pergdp 5.5752** -8.3687 7.7683+** 2.4510
(2.29) (-0.98) (2.93) (0.63)
cons 37.1816%* -147.9466 21.3098 -19.9423
- (2.14) (-1.31) (1.31) (-0.80)
control )
variables YES YES YES YES
City YES YES YES YES
N 114 113 122 105
Adj-R? 0.1091 0.0864 0.1091 0.1802

Note: ¥, ** and * indicate significance at the 1%, 5%, and 10% statistical levels,
respectively, and numbers in

parentheses are t-values.

4.3.2 Mechanism analysis based on the land property rights
reform process

As the coefficient for formal institutions in the basic regression
model was not statistically significant, this study investigates the
rural land property rights reform process as a mechanism variable
to understand how informal institutions influence the sustainable
development of rural communities. The theoretical analysis,
supported by the literature, has already established the relationship
between land property rights and community development. The
present section focuses specifically on empirically verifying the
relationship between informal institutions and the land property
rights reform process(l!20ll, The study uses the Probit model and the
OLS model for empirical analysis. Table 9 displays the effects of
informal institutions on land property rights reforms in rural



communities. The informal institutions significantly hinders the
progress of rural land property rights reforms, with a significance
level of 1%. These results suggest that the rural land property rights
reform process is a critical mechanism through which informal
institutions influence the sustainable development of rural
communities.



Table 9 Mechanism test based on the land property rights reform process.

Inf ] —0.2631%*+* —0.8921*%*
arorma (~3.16) (-2.91)
cons —-0.4001 —-3.0646
- (—0.56) (—1.47)
Control variables YES YES
City YES YES
N 227 227
Adj-R? 0.1783
Pseudo R? 0.1660

Note: *+k ** and * indicate significance at the 1%, 5%, and 10% statistical levels,

respectively, and numbers in parentheses are t-values.
4.4 Heterogeneity analysis
4.4.1 Membership size heterogeneity

The sustainable development of rural communities can be seen
as a form of collective action. Ostrom (1990) argues that the
efficiency of collective action is linked to the number of participants:
as membership size increases, so do transaction costs associated
with collective decision-makingll121ll Larger groups are also more
prone to "free-riding" behavior, which complicates the management
of community organizations. This study further divides the sample
into two groups for regression analysis based on the size of the
members, using the median as the cutoff point. Columns (1)
represent the small-scale group, while columns (2) represent the
large-scale group. The results are presented in Table 10. The
findings show that labor outflow and informal institutions exert a
pronounced inhibitory effect primarily on large-scale communities.
Regional economic development levels and ecological fragility
significantly influence both large and small-scale communities,
although the impact is more pronounced in the latter.



Table 10 Tests for membership size heterogeneity.

Labor -0.0445 -0.1184**
(-0.78) (-2.27)
Eco -0.0154* -0.0052%*
(-1.71) (-2.45)
Industry -0.3969 0.0414
(-1.19) (0.11)
Pergdp 8.884 7*** 5.8916*
(2.67) (1.67)
-1.2903 -5.1595*
Informal (-0.49) (-1.74)
0.4040 0.1120
Formal (1.28) (0.39)
cons -3.9294 -1.6209
- (-0.19) (-0.07)
Control variables YES YES
City YES YES
N 113 114
Adj-R? 0.1516 0.1344

Note: *+k ** and * indicate significance at the 1%, 5%, and 10% statistical levels,

respectively, and numbers in parentheses are t-values.

4.4.2 Heterogeneity of poveity rates

Poverty governance has long been a crucial aspect of social
governance in China. The Chinese government has supported
impoverished villages through industrial projects and financial
assistancell122ll, However, uneven policy support has led to
disparities in resource allocation between poor and non-poor
counties, as well as between low-poverty and high-poverty
communities, resulting in differing resource bases across rural
communities. This study thus examines the variability in sustainable
development between low-poverty and high-poverty communities.
Columns (1) correspond to low-poverty communities, while columns
(2) correspond to high-poverty communities, with the specific results
shown in Table 11. The analysis reveals that labor outflow exerts a
stronger inhibitory effect on the level of sustainable development in
the low-poverty rural communities. In contrast, for high-poverty
communities, the regional economic development contributes more
significantly to sustainability, while ecological fragility and informal
institutions have a stronger inhibitory effect.



Table 11 Tests for heterogeneity in poverty rates.

Labor -0.0838* -0.0707
(-1.77) (-1.25)
Eco -0.0029 -0.0154***
(-1.16) (-2.97)
Industry -0.6754** -0.3913
(-2.37) (-1.02)
Pergdp 4.7049* 9.6005%*
(1.86) (2.03)
-0.3144 -5.1372%*
Informal -0.12) (-1.81)
Formal -0.0403 0.6879**
(-0.15) (2.17)
cons 51.0703%** -2.0513
- (2.72) (-0.10)
Control variables YES YES
City YES YES
N 112 115
Adj-R? 0.1542 A 0.2237

Note: *+k ** and * indicate significance at the 1%, 5%, and 10% statistical levels,

respectively, and numbers in parentheses are t-values.

5 Conclusion and Prospect

This study examines ecologically fragile areas as a distinctive
region, utilizing the SES framework theory to explore the factors
influencing the sustainable development of rural communities in
such areas. The study uses a normative econometric model to verify
the impact mechanisms of the labor force, as well as ecological,
economic, and institutional factors, on the sustainable development
of rural communities in ecologically fragile areas. The findings
indicate that various influencing factors exert differing degrees of
impact on the sustainable development of rural communities.
Regional economic development promotes the sustainable
development of such communities, whereas labor outflow, ecological
fragility, and informal institutions have a constraining effect. This
conclusion remains robust after a series of sensitivity analyses and
endogeneity tests. Moreover, regional economic development
enhances the sustainable development of rural communities through
locational advantages, while informal institutions hinder this
development by impeding the progress in land property rights
reform. Specifically, communities with locational advantages
experience stronger resource diffusion effects from regional



economic development, facilitating the transfer of external
resources such as technology and information to the sustainable
development of rural communities. However, as population
migration intensifies and modern cultural influences expand, the
personal constraints embedded in community informal institutions
weaken. The fragmentation of social networks and heightened
conflicts of interest reduce members' willingness to participate in
land property rights reform, slowing the reform process and
ultimately inhibiting community development. Finally, for small-
scale communities, the inhibitory effect of ecological fragility and
the facilitating effects of regional economic development are more
substantial, while labor outflow and informal institutions exert a
pronounced inhibitory effect primarily on large-scale communities.
For low-poverty communities, labor outflow exerts a more significant
inhibitory effect on community sustainability. In contrast, for high-
poverty communities, the regional economic development
contributes more significantly to sustainability, while ecological
fragility and informal institutions have a stronger inhibitory effect.
Beyond the issues of high ecological {ragility and ongoing
environmental degradation, the sustainable development of rural
communities in ecologically fragile areas {aces additional challenges,
including poverty, population outflow, and the compounded effects
of multiple factors, such as natural, ethnic, religious, ecological, and
economic factors. These interconnected challenges make the
sustainable development of rural communities in ecologically fragile
areas particularly complex, requiring further scientific evaluation.
First, resolving the conflict between ecological governance and
economic development remains a key challenge for achieving
sustainable rural development in these areas. Efforts should be
made to highlight the value of collective actions in advancing the
coordinated management and development of rural natural
resources. Community-based units should conduct thorough
investigations into the local features of resources, including
ecological, cultural, and other assets!l123]l, The development of eco-
cultural tourism, utilizing traditional cultural resources, has also
emerged as an effective pathway for rural communities in
ecologically fragile areas to achieve coordinated industrial and
ecological revitalization![!24ll, Second, attention should be given to
the role of urban-rural integration in supporting the sustainable
development of rural communities. Accelerating the free flow of
resources between urban and rural areas and promoting the
integrated development of urban and rural industries can activate
the rural economyll125ll, Moreover, effective government planning
and policies are crucial for achieving sustainable development in



rural communities. In addition to increasing investment in basic
public goods, the government should improve the rural institutional
environment, encourage social innovation, and actively engage
social organizations in the development process. Lastly, rural
communities in environmentally fragile areas must enhance
economic opportunities, particularly non-farm employment options,
to foster return migration. This is essential, as one of the primary
drivers of labor migration in rural areas is the search for better
employment and livelihoods.

CRediT authorship contribution statement

Dandan Yang: Writing-original draft, Methodology,
Conceptualization; Wei Zhang: Writing-review & editing,
Visualization, Supervision; Chengjiang Li: Writing-review & editing,
Formal analysis, Funding acquisition; Jing Yang: Writing-review &
editing, Formal analysis, Visualization; Shiyuan Wang: Formal
analysis, Supervision.

Ethical statement

All participants were provided with informiation regarding the study
and gave their written informed consent prior to participation. This
study was conducted in compliance with the Declaration of Helsinki
and all applicable ethical guidelines. All study participants were fully
anonymized before furtlier analysis.

Funding

This research was funded by the National Natural Science
Foundation of China [72464005].

Declaration of Interest Statement

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to
influence the work reported in this study.

Data availability

The data sets are not publicly available for privacy reasons, but are
available from the corresponding author on reasonable request.
Please contact the corresponding author (cjli3@gzu.edu.cn).

References



[1]Li, Y., Westlund, H., Zheng, X., & Liu, Y. (2016). Bottom-up initiatives and
revival in the face of rural decline: Case studies from China and Sweden.
Journal of Rural Studies, 47, 506-513.
DOI:10.1016/].JRURSTUD.2016.07.004

[2]Liu, Y., Li, Y. (2017).Revitalize the world's countryside. Nature 548, 275-
277.DO0I:10.1038/548275a

[3]Lépez-Penabad, M., Iglesias-Casal, A., & Rey-Ares, L. (2022). Proposal for
a sustainable development index for rural municipalities. Journal of
Cleaner Production. DOI:10.1016/j.jclepro.2022.131876

[4]Li, Y., Westlund, H., & Liu, Y. (2019). Why some rural areas decline while
some others not: An overview of rural evolution in the world. Journal of
Rural Studies. DOI:10.1016/].JRURSTUD.2019.03.003

[5]Jiang, Y., Liu, X,, Yang, L., Hu, T., Pan, H., Luo, H., Han, W., & Xiao, S.
(2024). Moving towards sustainable development in China's rural
counties: Ecological efficiency evaluation based on DEA-Malmquist-Tobit
model. Journal of Cleaner Production. DOI:10.1016/j.jclepro.2024.141093

[6]Li, Y. (2012).Urban-rural interaction patterns and dynamic land use:
implications for urban-rural integration in China. Reg Environ Change
12, 803-812. DOI:10.1007/s10113-012-0295-4

[71Li, Y., Jia, L., Wu, W,, Yan, J., & Liu, Y. (2018). Urbanization for rural
sustainability - rethinking China’s urbanization strategy. Journal of
Cleaner Production, 178, 580-586. DOI:10.1016/].JCLEPRO.2017.12.273

[8]Meng, L., Huang, J., & Dong, J. (2018). Assessment of rural ecosystem
health and type classification in Jiangsu province, China. The Science of
the total environment, 615, 1218-1228.
DOI:10.1016/j.scitotenv.2017.09.312

[9]Liu, Y., Yang, C., Tan, 5.H., Zhou, H., & Zeng, W. (2022). An approach to
assess spatio-temporal heterogeneity of rural ecosystem health: A case
study in Chongging mountainous area, China. Ecological Indicators.
DOI:10.1016/j.ecolind.2022.108644

[10]Wang, D., Zhu, Y., Zhao, M., & Lv, Q. (2020). Multi-dimensional
hollowing characteristics of traditional villages and its influence
mechanism based on the micro-scale: A case study of Dongcun Village in
Suzhou, China. Land Use Policy, 105146.
DOI:10.1016/j.]landusepol.2020.105146

[11]Leduc, G., Manevska-Tasevska, G., Hansson, H., Arndt, M., Bakucs, Z.,
Bohm, M., Chitea, M.A., Florian, V., Luca, L., Martikainen, A.A., Pham,
H.V., & Rusu, M. (2021). How are ecological approaches justified in
European rural development policy? Evidence from a content analysis of
CAP and rural development discourses. Journal of Rural Studies.
DOI:10.1016/j.jrurstud.2021.06.009

[12]Yin, X., Chen, J., & Li, J. (2019). Rural innovation system: Revitalize the
countryside for a sustainable development. Journal of Rural
Studies.DOI:10.1016/j.jrurstud.2019.10.014



[13]Li, Y.H.(2011). Urban-rural interaction in China: historic scenario and
assessment. China Agric. Econ. Rev. 3 (3), 335-
349.D0I:10.1108/17561371111165770

[14]Parag, Y., Hamilton, ]J.S., White, V., & Hogan, B. (2013). Network
approach for local and community governance of energy: The case of
Oxfordshire. Energy Policy, 62, 1064-1077.
DOI:10.1016/].ENPOL.2013.06.027

[15]Yang, Y., Bao, W., Wang, Y., & Liu, Y. (2021). Measurement of urban-
rural integration level and its spatial differentiation in China in the new
century. Habitat International, 117, 102420.
DOI:10.1016/].HABITATINT.2021.102420

[16]Wang, Y., Chen, C., & Araral, E. (2016). The Effects of Migration on
Collective Action in the Commons: Evidence from Rural China. World
Development, 88, 79-93. DOI:10.1016/].WORLDDEV.2016.07.014

[17]Jiménez-Moreno, M., Lazos-Chavero, E., & Balvanera, P. (2023).
(Dis)connections between youth migration and food security in a rural
community of the Sierra de Santa Marta, Veracruz, Mexico. Journal of
Rural Studies.DOI:10.1016/j.jrurstud.2023.103028

[18]Baggen, H.S., Shalley, F., Taylor, A., & Zander, K.K. (2023). The
application of machine learning to rural population migration research.
Population, Space and Place. DOI:10.1002/psp.2664

[19]Zhu, J., Zhu, M., & Xiao, Y. (2019). Urbanization for rural development:
Spatial paradigm shifts toward inclusive urban-rural integrated
development in China. Journal of Rural Studies.
DOI:10.1016/j.jrurstud.2019.68.009

[20]de Bruin, S.P., Dengerink, J., & van Vliet, J. (2021). Urbanisation as
driver of food system transformation and opportunities for rural
livelihoods. Food Security, 13, 781 - 798. DOI:10.1007/s12571-021-
01182-8

[21]Li, Y., Liu, Y., Long, H., & Wang, J. (2013). Local responses to macro
development policies and their effects on rural system in China’'s
mountainous regions: the case of Shuanghe Village in Sichuan Province.
Journal of Mountain Science, 10, 588-608. DOI:10.1007/s11629-013-
2544-5

[22]Dax, T., Strahl, W., Kirwan, J., & Maye, D. (2016). The Leader
programme 2007-2013: Enabling or disabling social innovation and neo-
endogenous development? Insights from Austria and Ireland. European
Urban and Regional Studies, 23, 56 - 68.
DOI:10.1177/0969776413490425

[23]Attrill, M.]., & Rundle, S.D. (2002). Ecotone or Ecocline: Ecological
Boundaries in Estuaries. Estuarine Coastal and Shelf Science, 55, 929-
936.DOI:10.1006/ECSS.2002.1036

[24]Maarel, E.V. (1990). Ecotones and ecoclines are different. Journal of
Vegetation Science, 1, 135-138.D01:10.2307/3236065



[25]Gosz, J.R. (1993). Ecotone Hierarchies. Ecological applications : a
publication of the Ecological Society of America, 3 3, 369-
376 .DOI1:10.2307/1941905

[26]Basset, A., Barbone, E., Elliott, M., Li, B., Jergensen, S.E., Lucena-Moya,
P., Pardo, 1., & Mouillot, D. (2013). A unifying approach to understanding
transitional waters: Fundamental properties emerging from ecotone
ecosystems. Estuarine Coastal and Shelf Science, 132, 5-16.
DOI:10.1016/].ECSS.2012.04.012

[27]Panthi, ]J., Aryal, S., Dahal, P., Bhandari, P., Krakauer, N.Y., & Pandey,
V.P. (2014). Livelihood vulnerability approach to assessing climate
change impacts on mixed agro-livestock smallholders around the
Gandaki River Basin in Nepal. Regional Environmental Change, 16, 1121-
1132. DOI:10.1007/s10113-015-0833-y

[28]Tessema, 1., & Simane, B. (2019). Vulnerability analysis of smallholder
farmers to climate variability and change: an agro-ecological system-
based approach in the Fincha’a sub-basin of the upper Blue Nile Basin of
Ethiopia. Ecological Processes, 8, 1-18. DOI1:10.1186/s13717-019-0159-7

[29]Peng, J., Liu, Y., Li, T., & Wu, J. (2017). Regional ecosystem health
response to rural land use change: A case study in Lijiang City, China.
Ecological Indicators, 72, 399-410. DOI:10.1016/].ECOLIND.2016.08.024

[30]Prasad, G., & Ramesh, M.V. (2018). Spatic-Temporal Analysis of Land
Use/Land Cover Changes in an Ecologically Fragile Area—Alappuzha
District, Southern Kerala, India. Natural Resources Research, 28, 31-
42.D0I:10.1007/s11053-018-2419-y

[31]Song, G., Chen, Y., Tian, M., Lv, S., Zhang, S., & Liu, S. (2010). The
Ecological Vulnerability Evaluation in Southwestern Mountain Region of
China Based on GIS and AHP Method. Procedia environmental sciences,
2,465-475.001:10.1016/J.PROENV.2010.10.051

[32]Gan, L., Wang, L., Hu, Z., Lev, B., Gang, J., & Lan, H. (2022). Do geologic
hazards affect the sustainability of rural development? Evidence from
rural areas in China. Journal of Cleaner
Production.DOI:10.1016/j.jclepro.2022.130693

[33]Holsman, D.K. (2023). Climate Change 2022 - Impacts, Adaptation and
Vulnerability. DOI:10.1017/9781009325844

[34]Anderies, J.M., & Janssen, M.A. (2013). Robustness of Social-Ecological
system: Implications for Public Policy. Policy Studies Journal, 41, 513-
536.D0I:10.1111/PSJ.12027

[35]Lebel, L., Anderies, J.M., Campbell, B.M., Folke, C., Hatfield-Dodds, S.,
Hughes, T.P., & Wilson, J.A. (2006). Governance and the Capacity to
Manage Resilience in Regional Social-Ecological system. Ecology and
Society, 11, 19.D0OI:10.5751/ES-01606-110119

[36]Anderies, J.M., Janssen, M.A., & Ostrom, E. (2004). A Framework to
Analyze the Robustness of Social-ecological systems from an Institutional
Perspective. Ecology and Society,9, 18.D0OI1:10.5751/ES-00610-090118



[37]Walker, B., Carpenter, S.R., Anderies, J.M., Abel, N., Cumming, G.S.,
Janssen, M.A., Lebel, L., Norberg, ]J., Peterson, G.D., & Pritchard, R.
(2002). Resilience Management in Social-ecological system: a Working
Hypothesis for a Participatory Approach. Conservation Ecology, 6,
14.D0OI:10.5751/ES-00356-060114

[38]Chu, V.H., Lam, W.F., & Williams, J.M. (2023). Building robustness for
rural revitalization: A social-ecological system perspective. Journal of
Rural Studies. DOI:10.1016/j.jrurstud.2023.103042

[39]Wang, Y., Su, Y., & Araral, E. (2022). Migration and collective action in
the commons: application of social-ecological system framework with
evidence from China.

[40]Barbier, E.B. (2012). Natural Capital, Ecological Scarcity and Rural
Poverty. Development Economics: Microeconomic Issues in Developing
Economies eJournal. DOI:10.1596/1813-9450-6232

[41]Berrouet, L., Machado, J., & Villegas-Palacio, C. (2018). Vulnerability of
socio—ecological system: A conceptual Framework. Ecological
Indicators, 84, 632-647. DOI:10.1016/].ECOLIND.2017.07.051

[42]Krasniqi, B.A., & Desai, S. (2016). Institutional drivers of high-growth
firms: country-level evidence from 26 transition economies. Small
Business Economics, 47, 1075-1094.D0I:10.1007/511187-016-9736-7

[43]0rtiz-Riomalo, J.F., Koessler, A., & Engel, S. (2023). Fostering collective
action through participation in natural resource and environmental
management: An integrative and interpretative narrative review using
the IAD, NAS and SES frameworks. Journal of environmental
management, 331, 117184.D0I1:10.1016/j.jenvman.2022.117184

[44]Williamson, C.R. (2009). Informal institutions rule: institutional
arrangements and economic performance. Public Choice, 139, 371-
387.D0I:10.1007/S11127-009-9399-X

[45]Bowles, S., & Gintis, H. (2002). Social Capital and Community
Governance. Wiley-Blackwell: Economic Journal.DOI:10.1111/1468-
0297.00077

[46]Bryson, J.M., Crosby, B.C., & Stone, M.M. (2015). Designing and
Implementing Cross-Sector Collaborations: Needed and Challenging.
Public Administration Review, 75, 647-663. DOI:10.1111/PUAR.12432

[47]Williamson, C.R., & Kerekes, C.B. (2011). Securing Private Property:
Formal versus Informal Institutions. The Journal of Law and Economics,
54, 537 - 572.D0I:10.1086/658493

[48]Qiu, T., Zhang, D., Choy, S.T., & Luo, B. (2021). The interaction between
informal and formal institutions: A case study of private land property
rights in rural China. Economic Analysis and
Policy.DOI:10.1016/j.eap.2021.10.005

[49]Alchian A A. (1965).Some economics of property
rights[]].Politico,30(4):816-829.

[50]Zhou, Y., Li, X., & Liu, Y. (2020). Rural land system reforms in China:



History, issues, measures and prospects. Land Use Policy, 91,
104330.D0I1:10.1016/j.landusepol.2019.104330

[51]Wang, Q., & Zhang, X. (2017). Three rights separation: China's proposed
rural land rights reform and four types of local trials. Land Use Policy,
63,111-121. DOI:10.1016/J.LANDUSEPOL.2017.01.027

[52]Davis, D.E., & Fernandez, J.C. (2019). Collective Property Rights and
Social Citizenship: Recent Trends in Urban Latin America. Social Policy
and Society, 19, 319 - 330. DOI:10.1017/S1474746419000459

[53]Duckett, J., & Wang, G. (2017). Why do Authoritarian Regimes Provide
Public Goods? Policy Communities, External Shocks and Ideas in China’s
Rural Social Policy Making. Europe-Asia Studies, 69, 109 -
92.D0I:10.1080/09668136.2016.1274379

[54]Poos, W.H. (2011). The local governance of social security in rural
Surkhondarya, Uzbekistan: Post-Soviet community, state and social
order.

[55]Xu, Y., Huang, X., Bao, H.X,, Xiang, J., Zhong, T., Zhigang, C., & Zhou, Y.
(2017). Rural Land Rights Reform and Agro-Environmental
Sustainability: Empirical Evidence from China. Energy eJournal.
DOI:10.2139/ssrn.3170855

[66]Liu, P., & Ravenscroft, N. (2016). Collective action in China's recent
collective forestry property rights reform. L.and Use Policy, 59, 402-
411.D0OI:10.1016/J.LANDUSEPOL.2016.09.011

[57]Yi, Y., Kohlin, G., & Xu, J. (2011). Property rights, tenure security and
forest investment incentives: evidence from China’s Collective Forest
Tenure Reform. Enviroriment and Development Economics, 19, 48 -
73.D0I:10.1017/S1355770X13000272

[58]Newman, C., Tarp, F., & Van den Broeck, K. (2015). Property Rights and
Productivity: The Case of Joint Land Titling in Vietnam. Land Economics,
91, 105-91.DOI:10.3368/1€.91.1.91

[59]Bu, D., & Liao, Y. (2022). Land property rights and rural enterprise
growth: Evidence from land titling reform in China. Journal of
Development Economics. DOI:10.1016/j.jdeveco.2022.102853

[60]Mcnicoll, G., & North, D.C. (1991). Institutions, Institutional Change and
Economic Performance. Population and Development Review, 17,
742.D0I1:10.2307/1973612

[61]Huang Jinghan, Zheng Qingchang. (2023).The structure of the
relationship between formal and informal system and the logic of
formation--Based on the observation of the reform of China's rural
collective property rights system. Journal of Fujian Normal University
(Philosophy and Social Science Edition),(06):39-48+72.

[62]Zang, Y., Liu, Y., Yang, Y., Woods, M., & Fois, F. (2020). Rural decline or
restructuring? Implications for sustainability transitions in rural China.
Land Use Policy, 94, 104531. DOI:10.1016/j.Jandusepol.2020.104531

[63]Gardner, B.L. (2005). Causes of rural economic development.



Agricultural Economics, 32, 21-41. DOI:10.1111/].0169-
5150.2004.00012.X

[64]Zhu Huayou,]JI Pan,Chen Zeman,et al. (2021).Rural resilience problems
and influencing factors in Zhejiang Province under the perspective of
heterogeneity. Economic Geography, 41(08):160-
166+222.D0OI:10.15957/j.cnki.jjdl.2021.08.019.

[65]Tao, Z., Guanghui, J., Wengiu, M., Guangyong, L., Yanbo, Q., Yingying,
T., Qing-lei, Z., & Yaya, T. (2021). Dying villages to prosperous villages: A
perspective from revitalization of idle rural residential land (IRRL).
Journal of Rural Studies, 84, 45-54.
DOI:10.1016/].JRURSTUD.2021.02.010

[66]Gemmell, N., Lloyd, T., & Mathew, M.]. (2008). Agricultural Growth and
Inter-Sectoral Linkages in a Developing Economy. Journal of Agricultural
Economics, 51, 353-370. DOI:10.1111/]J.1477-9552.2000.TB01236.X

[67]Tian, Y., Qian, J., & Wang, L. (2021). Village classification in metropolitan
suburbs from the perspective of urban-rural integration and
improvement strategies: A case study of Wuhan, central China. Land Use
Policy.DOI:10.1016/j.landusepol.2021.105748

[68]Ding Zhiwei, LIU Yingying, WU Xiaoni et al.(2020). Spatial differentiation
pattern and influencing factors of township economy in China - Based on
the data of farmers' per capita net income of 31755 townships. Economic
Geography,40(11):18-28+38.

[69]Lewis, W. A. (1954). Economic develocpment with unlimited supplies of
labour. The Manchester Scliool of Economic and Social Studies, 22(2),
139-191.

[70]Fan Shide. (2010).A dynamic review of research on the intrinsic
relationship among labour mobility, economic growth and income gap[]J].
China Labour Economics,6(01):245-266.

[71]Wu, Y., Zhou, Y., & Liu, Y. (2020). Exploring the outflow of population
from poor areas and its main influencing factors. Habitat International,
99, 102161. DOI:10.1016/j.habitatint.2020.102161

[72]Wang, Y., Chen, C., & Araral, E. (2016). The Effects of Migration on
Collective Action in the Commons: Evidence from Rural China. World
Development, 88, 79-93. DOI:10.1016/J.WORLDDEV.2016.07.014

[73]Li Min, Yao Shunbo. (2020).Analysis of the Mechanism by Which Village-
Level Governance Capacity Affects Farmers' Income. Agricultural
Technology Economics,(09):20-31. DOI:10.13246/j.cnki.jae.2020.09.002.

[74]Zhou Mi, Kang Zhuang. (2019). Heterogeneity in Village-Level Public
Goods Financing: A Perspective Based on Village Cadres' Personality
Traits [J]. China Rural Review,(02):78-92. DOI1:10.20074/j.cnki.11-
3586/£.2019.02.006.

[75]Makkonen, T., & Inkinen, T. (2023). Benchmarking the vitality of
shrinking rural regions in Finland. Journal of Rural
Studies.DOI:10.1016/j.jrurstud.2022.12.023



[76]Liu, D., Li, F., Qiu, M., Zhang, Y., Zhao, X., & He, J. (2024). An integrated
framework for measuring sustainable rural development towards the
sdgs. Land Use Policy, 147.D0I:10.1016/j.Jandusepol.2024.107339

[77]Li, M., Milojevic, M., Gura, D., & Hens, L.(2024). Development of
methodology for evaluating sustainable rural development. Environment,
Development & Sustainability, 26(8). DOI[J10.1007/s10668-023-03526-0

[78]Li, H., Jin, X., Liu, J., Feng, D., Xu, W., & Zhou, Y. (2022). Analytical
framework for integrating resources, morphology, and function of rural
system resilience—An empirical study of 386 villages. Journal of Cleaner
Production.DOI:10.1016/j.jclepro.2022.132738

[79]Walker, B., Holling, C.S., Carpenter, S.R., Kinzig, A.P.(2004). Resilience,
adaptability and transformability in social-ecological systems. Ecol. 9 (2),
5. DOI:10.5751/ES-00650-09020.

[80]Wilson, G.A., Hu, Z., & Rahman, S. (2018). Community resilience in rural
China: The case of Hu Village, Sichuan Province. Journal of Rural
Studies, 60, 130-140. DOI:10.1016/].JRURSTUD.2018.03.016

[81]Brown, K. (2014). Global environmental change I. Progress in Human
Geography, 38, 107 - 117.D0I1:10.1177/0309132513498837

[82]Kelly, C., Ferrara, A., Wilson, G.A., Ripullone, F., Nole, A.(2015).
Community resilience and land degradation in forest and shrubland
socio-ecological systems: evidence from Gorgoglione, Basilicata, Italy.
Land Use Pol. 46, 11-20. DOI:10.1016/].LANDUSEPOL.2015.01.026

[83]Long, H., Tu, S., Ge, D., Li, T., & Liu, Y. (2016). The allocation and
management of critical resources in rural China under restructuring:
Problems and prospects. Journal of Rural Studies, 47, 392-
412.D0OI:10.1016/1.JRURSTUD.2016.03.011

[84]Cumming, G.S., Barnes, G., Perz, S., Schmink, M., Sieving, K.E.,
Southworth, J., Binford, M., Holt, R.D., Stickler, C., Van Holt, T., 2005.
An exploratory framework for the empirical measurement of resilience.
Ecosystems 8, 975-987.

[85]Working Group of the International Institute of Administrative Sciences,
1996. Governance: A Working Definition. <www.gdrc.org/u-gov/work-
def.html>.

[86]Chen, C. (2020). A Novel Multi-Criteria Decision-Making Model for
Building Material Supplier Selection Based on Entropy-AHP Weighted
TOPSIS. Entropy, 22. DOI:10.3390/e22020259

[87]You, H., & Zhang, X. (2017). Sustainable livelihoods and rural
sustainability in China: Ecologically secure, economically efficient or
socially equitable? Resources Conservation and Recycling, 120, 1-
13.D0OI:10.1016/J.RESCONREC.2016.12.010

[88]Anthopoulou, T., Kaberis, N., & Petrou, M. (2017). Aspects and
experiences of crisis in rural Greece. Narratives of rural resilience.
Journal of Rural Studies, 52, 1-11.
DOI:10.1016/].JRURSTUD.2017.03.006



[89]Li, H., Jin, X., Liu, J., Feng, D., Xu, W., & Zhou, Y. (2022). Analytical
framework for integrating resources, morphology, and function of rural
system resilience—An empirical study of 386 villages. Journal of Cleaner
Production.DOI:10.1016/j.jclepro.2022.132738

[90]Timmerman P. (1981). Vulnerability, resilience and the collapse of
society: A Review of Models and Possible Climatic Applications. Toronto:
Institute for Environmental Studies, University of Toronto.

[91]Turner, B.L., Kasperson, R.E., Matson, P.A., McCarthy, ]J.J., Corell, RW.,
Christensen, L., Eckley, N., Kasperson, J.X., Luers, A., Martello, M.L.,
Polsky, C., Pulsipher, A.A., & Schiller, A.F. (2003). A framework for
vulnerability analysis in sustainability science. Proceedings of the
National Academy of Sciences of the United States of America, 100, 8074
-8079. DOI:10.1073/pnas.1231335100

[92]Beroya-Eitner, M.A. (2016). Ecological vulnerability indicators.
Ecological Indicators, 60, 329-334.D01:10.1016/].ECOLIND.2015.07.001

[93]Kamran, M., & Yamamoto, K. (2023). Evolution and use of remote
sensing in ecological vulnerability assessment: A review. Ecological
Indicators. DOI:10.1016/j.ecolind.2023.110099

[94]Xiao0, H., Shao, H., Long, J., Zhang, S., He, S., & Wang, D. (2023).
Spatial-temporal pattern evolution and geological influence factors
analysis of ecological vulnerability in Western Sichuan mountain region.
Ecological Indicators, 155, 110980. DO1:10.1016/j.ecolind.2023.110980

[95]Guo, B., Zang, W., Luo, W.(2020). Spatial-temporal shifts of ecological
vulnerability of Karst Mountain ecosystem-impacts of global change and
anthropogenic interference.Sci. Total Environ. 741,
140256.D0OI:10.1016/j.scitotenv.2020.140256.

[96]Adlam J G. (1988). Confronting Impediments to Enterprise: A Legal
Perspective. Tmpediments to Enterprise, 173-188.

[97]Qi Lan, Xu Yunsong. (2017). Institutional environment, regional
financialisation and industrial structure upgrading - A dynamic
relationship study based on panel data in western China. Journal of
Central University of Finance and Economics,(12):22-33.

[98]Yu Yongze, Sun Pengbo, Xuan Ye. (2020).Does local government
environmental target constraint affect industrial transformation and
upgrading?. Economic Research,55(08):57-72.

[99]Chen Zhiyong, Chen Sixia.(2014). Institutional environment, local
government investment impulse and fiscal budget soft constraint[]].
Economic Research,49(03):76-87.

[100]Li, H., Li, J., Wang, J., & Yang, L. (2023). Informal institutions and
corporate social responsibility: a Confucian culture perspective. Applied
Economics, 56,7096. DOI:10.1080/00036846.2023.2277696

[101]Peng, Y. (2004). Kinship Networks and Entrepreneurs in China’s
Transitional Economyl. American Journal of Sociology, 109, 1045 -
1074.D0I1:10.1086/382347



[102]Ruan Rongping,Zheng Fengtian.(2013). Clan Networks and Rural
Enterprises in the Process of Marketisation. Community
Studies(Quarterly),12(01):331-356.
DOI:10.13821/j.cnki.ceq.2013.01.003.

[103]Liang Jinsong,Wang Zhengbing. (2019).The effect of clan structure on
the level of rural public goods provision - a mediation effect test based on
the willingness and ability of the elected. Journal of Hunan Agricultural
University (Social Science Edition),20(05):45-54.
DOI:10.13331/j.cnki.jhau(ss).2019.05.007.

[104]Zhang, Q., Bista, R., Bilsborrow, R., Zhang, Z., Huang, Q., & Song, C.
(2023). Understanding the mediating role of labor out-migration in
household income generation and distribution under a reforestation
policy in rural China. Journal of environmental management, 345,
118539. DOI:10.1016/j.jenvman.2023.118539

[105]Guo Xiaodong, Zhang Qiyuan, (2012).Ma Libang. Analysis of spatial
distribution characteristics of rural settlements and their influencing
factors in mountain-hill transition area[]J]. Economic
Geography,32(10):114-120.

[106]Xiao, L., Fertner, C., & Feng, C. (2021). Out-migration, rural livelihood
and housing in Southwest China. Geografisk Tidsskrift-Danish Journal of
Geography, 121, 128 - 141. DOI:10.1086/060167223.2021.2003714

[107]1Zhou, H., Yan, J., Lei, K., Wu, Y., & Sun, L. (2020). Labor migration and
the decoupling of the crop-livestock system in a rural mountainous area:
Evidence from Chongqging, China. Land Use Policy, 99,
105088.D0I1:10.1016/].LANDUSEPOL.2020.105088

[108]Zou, T., & Yoshino, K. (2017). Environmental vulnerability evaluation
using a spatial principal components approach in the Daxing'anling
region, China. Ecological Indicators, 78, 405-415.

[109]Xue, L., Wang, J., Zhang, L., Wei, G., & Zhu, B. (2019). Spatiotemporal
analysis of ecological vulnerability and management in the Tarim River
Basin, China. The Science of the total environment, 649, 876-

888 .DOI:10.1016/j.scitotenv.2018.08.321

[110]Kang, H., Tao, W., Chang, Y., Zhang, Y., Li, X., & Chen, P. (2018). A
feasible method for the division of ecological vulnerability and its driving
forces in Southern Shaanxi. Journal of Cleaner
Production.DOI:10.1016/J. JCLEPRO.2018.09.109

[111]Le, W., & Jin, L. (2020). How eco-compensation contribute to poverty
reduction: A perspective from different income group of rural households
in Guizhou, China. Journal of Cleaner Production, 275,
122962.D0OI:10.1016/j.jclepro.2020.122962

[112]Li, L., Zhao, K., Wang, X., Zhao, S., Liu, X., & Li, W. (2022). Spatio-
Temporal Evolution and Driving Mechanism of Urbanization in Small
Cities: Case Study from Guangxi. Land. DOI:10.3390/1and11030415

[113]Yang, X., Li, W., Zhang, P., Chen, H., Lai, M.M., & Zhao, S. (2023). The



Dynamics and Driving Mechanisms of Rural Revitalization in Western
China. Agriculture. DOI:10.3390/agriculture13071448

[114]Zhang, M., Yuan, L., Ke, Z., Jian, J., Tan, H., & Lv, G. (2022). How Does
Social Insurance Affect the Social Interactions of Rural Residents in
China: Study on the Impact of Rural Formal Social Security System on
Informal Social Security Mechanism. Frontiers in Psychology, 13.
DOI:10.3389/fpsyg.2022.751946

[115]Liu, C., & Xu, M. (2021). Characteristics and Influencing Factors on the
Hollowing of Traditional Villages—Taking 2645 Villages from the Chinese
Traditional Village Catalogue (Batch 5) as an Example. International
Journal of Environmental Research and Public Health, 18.
DOI:10.3390/ijerph182312759

[116]Xu, H., Zhang, C., & Huang, Y. (2023). Social trust, social capital, and
subjective well-being of rural residents: micro-empirical evidence based
on the Chinese General Social Survey (CGSS). Humanities and Social
Sciences Communications, 10, 1-13. DOI:10.1057/s41599-023-01532-1

[117]Zhao Yifu, Yi Yuyuan, Niu Lei.(2022). Does the reform of rural collective
property right system enhance the self-sufficiency of village public
goods? --An empirical analysis based on data from 171 villages in 8
provinces (autonomous regions). Journal of Hunan Agricultural
University (Social Science Edition),23(02):52-62.

[118]Fu Qiuyao, Zhang Donghao. (2022). How the transfer of agricultural
land affects the rural household pension scheme-A comprehensive
analysis based on the perspective of transferring out of agricultural land
and transferring in of agricultural land[]J]. Agricultural Technology and
Economics,(05):128-144

[119]Zhao, Q., Jiang, G, Yang, Y., Tian, Y., Fan, L., Zhou, T., & Tian, Y.
(2022). Multifunction change of rural housing land in metropolitan
suburbs from the perspective of farmer households’land-use behavior.
Land Use Policy.DOI:10.1016/j.1andusepol.2022.106206

[120]Chen Y, Fan Z, Gu X, et al. (2020). Arrival of young talent: The send-
down movement and rural education in China. American Economic
Review,110(11):3393-3430.

[121]Ostrom, E.(1990). Governing the Commons: The Evolution of
Institutions for Collective Action [M]. New York: Cambridge University
Press, P28.

[122]Song, J., Geng, L., Fahad, S., & Liu, L. (2022). Fiscal decentralization
and economic growth revisited: an empirical analysis of poverty
governance. Environmental Science and Pollution Research, 29, 28020 -
28030.D0I10.1007/s11356-021-18470-7

[123]Medina Hidalgo, D., Nunn, P.D., Beazley, H., Sovinasalevu, J.S., &
Veitayaki, J].Medina Hidalgo, D., Nunn, P.D., Beazley, H., Sovinasalevu,
J.S., & Veitayaki, J. (2021). Climate change adaptation planning in
remote contexts: insights from community-based natural resource



management and rural development initiatives in the Pacific Islands.
Climate and Development, 13, 909 -
921.D0I:10.1080/17565529.2020.1867046

[124]Wu, Y., Qin, Y., Wu, M., Zhang, F., & Zhou, M. (2023). Promoting rural
economic development in many ways under the strategy of rural
revitalization-A case study of Jingxing Township in Huaiyuan, Bengbu.
Journal of Innovation and Development.DOI:10.54097/jid.v2i2.5908

[125]Zhan, L., Wang, S., Xie, S., Zhang, Q., & Qu, Y. (2023). Spatial path to
achieve urban-rural integration development — analytical framework for
coupling the linkage and coordination of urban-rural system functions.
Habitat International.DOI:10.1016/j.habitatint.2023.102953



