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Abstract: During urbanization, rural human settlements experience dual pressures from both ecol-
ogy and culture. Strengthening resilience can enhance the system’s ability to withstand external
pressures and restore equilibrium, providing a new research perspective and practical approach
for the sustainable development of rural areas. Yet, there are limited reports in the literature on
evaluating and improving rural human settlements resilience. To fill this gap, the paper establishes
an evaluation system utilizing the DPSIR framework and entropy method. It employs 115 counties
and districts in Guangdong Province as samples to evaluate rural human settlements’ resilience in
2020. The Geographically Weighted Regression (GWR) model is used to analyze spatial differences
and the influencing mechanisms of various factors on resilience. The results suggest that the overall
rural human settlements’ resilience in Guangdong Province is relatively low, showing a concentrated
spatial distribution and also variations in the levels and spatial distributions of resilience across
different dimensions. Moreover, various dimensions of resilience significantly impact rural human
settlements. The driving force resilience coefficients are all significantly positive, with higher values in
Western Guangdong and Eastern Guangdong. The pressure resilience coefficients are all significantly
negative, decreasing from east to west. The state resilience coefficients show an overall positive
correlation, with lower values in the central and northern parts and higher values in the eastern and
western parts. The impact resilience and response resilience coefficients are generally positive, with
higher values in the Pearl River Delta. This paper extends the theoretical framework for evaluating
and analyzing rural human settlements’ resilience, offering empirical evidence to optimize their

resilience in a geographical context.
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1. Introduction

Rural areas are a vital component of human habitation, intricately intertwined with
people’s lives. According to United Nations statistics, rural populations make up over
half of the global population, with 79% of the world’s impoverished individuals being
impoverished rural residents. As of 2021, the rural population of China is 498.35 million, ac-
counting for 35.3% of the total population [1]; in Guangdong Province, the rural population
is 32.18 million, representing 25.4% of the total population. Rural human settlements world-
wide are undergoing deterioration, exacerbated by the rapid progression of urbanization
that intensifies population, social, and environmental conflicts in these areas. Ecological
livability plays a crucial role in rural revitalization as favorable rural human settlements
constitute the greatest advantage and are a valuable asset of rural areas. It serves as a vital
foundation for the sustainable development of rural communities. However, owing to
China’s extended focus on urban-centric development, rural areas, agriculture, and farmers
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remain in disadvantaged positions. The overall development level of rural human settle-
ments remains relatively low, with shortcomings persisting in areas such as environmental
hygiene, infrastructure, public services, and housing construction [2]. Especially in rural
areas, where income levels are low, environmental pollution increases the income-related
health inequality of people [3]. As living standards continue to rise, the current situation
falls short of meeting the needs of rural residents, emphasizing the imperative need to
address and enhance rural human settlements [4].

It is essential to acknowledge that the transformation, development, and ascension of
rural areas constitute a process that transcends the laws of nature and disrupts the balance
of resources, implying potential risks and crises. The continuous effects of China’s urban—
rural integration construction continuously erodes the stability and adaptability of the rural
human settlements system [5,6]. Correspondingly, the rural revitalization strategy places
greater emphasis on stimulating intrinsic vitality, enhancing sustainable development
capabilities, and inevitably encounters a comprehensive shift in awareness and conceptual
renewal in the improvement of rural human settlements [7]. Faced with a complex scenario,
the traditional government-led “rigid regulation” model has gradually faded, revealing
passivity and predicaments in the evolving risk response. The primary objective of the rural
revitalization strategy encompasses “ecological livability, cultural civility in villages, thriv-
ing industries, effective governance, and prosperous lives [8]”. In this context, researchers
are increasingly focusing on the resilience of rural human settlements. The enhancement
of rural human settlements’ resilience plays a part in the decisive role of the market in
allocating energy, improving the efficiency of energy allocation and utilization and thereby
reducing carbon emissions and promoting green development [9], further enhancing the
organizational and cohesive power of rural communities and promoting the revitalization
of ecology, organization, and culture. A favorable human settlement also facilitates talent
attraction and retention, boosts agricultural productivity, and stimulates talent and industry
revitalization, ultimately achieving economic prosperity and comprehensive revitalization.
Therefore, enhancing rural human settlements’ resilience aligns logically with the internal
connotations of the rural revitalization strategy.

Resilience refers to a system’s capacity to maintain stability when facing external dis-
turbances or its ability to self-organize and adapt when intrinsic balance is disrupted [10].
Originating from studies in mechanics and engineering [11], the concept of resilience has
evolved and found applications in various fields such as ecology [12,13], social ecosys-
tems [14], and management. It underwent progression from engineering resilience to
ecological resilience and then to evolutionary resilience [15]. Reducing the vulnerability of
the rural human settlements system while comprehensively enhancing resilience signif-
icantly improves efficiency and promotes sustainable development. This approach aids
rural areas in effectively addressing challenges and ensuring the health and well-being
of residents [16]. Resilience, a forefront topic in rural sustainable development research,
can be linked back to the concept of adaptive management proposed by Holling [17]. Re-
searchers have explored various perspectives, including Rural Ecological Resilience [18-20],
Rural Residents’ Livelihood Resilience [21-24], and Rural Settlements’ Resilience [25,26].
However, research on the resilience of rural human settlements is limited, with the focus
primarily on individual ecological systems. Research content predominantly revolves
around resilience concepts, indicators [27], comprehensive evaluations [28], influencing fac-
tors [29], etc., often neglecting the internal operational mechanisms and mutual interactions
of systemic resilience.

The literature indicates that the rural human settlements system comprises natural,
economic, and social elements [30], with this paper focusing on indicators derived from
these elements. Typically, the rural human settlements system embodies three dimensions:
nature, economy, and society [31]. Urban and rural ecological resilience research has utilized
models like the Pressure-State-Response (PSR) model and Driving Force—Pressure-State—
Impact-Response (DPSIR) model [32-37]. In comparison to the PSR model, the DPSIR
model intricately depicts the relationship between the ecological environment and human
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activities. Within the DPSIR model, the social and economic “Driving Force(D)” exerts
“Pressure (P)” on rural human settlements, inducing changes in the existing “State (5)”
and subsequently having an “Impact (I)” on human activities. This cascade of events
leads to a “Response (R)”, forming a comprehensive cause-and-effect chain. The DPSIR
framework captures the causal relationships among five-dimensional indicators, facilitating
the analysis of the rural human settlements system’s structure. It establishes a robust
foundation for evaluating the resilience of rural human settlements.

Taking into account the factors mentioned above, this paper develops a resilience
measurement system for rural human settlements. It is based on the DPSIR framework and
integrates natural, economic, and social aspects. Employing the entropy method, we evalu-
ate the resilience of rural human settlements in Guangdong Province and utilize the GWR
model to identify influencing mechanisms [38], proposing specific optimization strategies.
This not only furnishes theoretical backing for bolstering the resilience of rural human set-
tlements but also provides decision-making references for rural areas to confront uncertain
risks and enhance regional management capabilities. To a certain extent, it enriches and
advances the theoretical perspectives of rural resilience and ecological civilization.

2. Construction of Rural Human Settlements’ Resilience Evaluation System
2.1. Application of the DPSIR Model

The DPSIR model, introduced by the Organisation for Economic Co-operation and
Development (OECD) in the 1990s, has been extensively adopted by the European Envi-
ronment Agency (EEA) as a primary framework for establishing environmental quality-
assurance systems [39]. Following the OECD’s DPSIR model structure, this study regards
“Driving Force” as the fundamental factor propelling the enhancement of rural human
settlements. It delineates alterations in human actions associated with economic and
social development, population growth, and more. “Pressure” encompasses the threats
and stresses induced by human activities, such as resource consumption and utilization,
emissions of pollutants, and changes in lifestyles. The term “State” signifies alterations
in the conditions of rural human settlements under pressure. “Impact” pertains to the
effects on social and economic aspects and the lives of rural residents. “Response” includes
the measures undertaken by humans to alleviate pressure and enhance the resilience and
adaptability of rural human settlements in the face of impacts.

The DPSIR model applied to the resilience of rural human settlements elucidates the
interconnected relationships among nature, economy, and society. It facilitates the assess-
ment of the carrying capacity and thresholds of each subsystem and their repercussions
on human activities. The model underscores the inherent mechanisms of interaction and
mutual constraints between human activities and rural human settlements. In the absence
of disturbances, production activities focused on pursuing economic benefits, serving as the
core driving force (D), stand as the primary catalyst for changes in rural human settlements.
Simultaneously, due to resource consumption and environmental pollution, these activities
continuously exert pressure (P) on rural human settlements. As pressure accumulates to
a certain extent, external disturbances are more likely to trigger imbalances and recon-
struction in the system, resulting in a sharp decline in resilience and profound changes in
the state (S) of rural human settlements. Consequently, this impacts (I) human activities.
Humans respond (R) to these impacts through policy regulation, pollution control, and
restoration compensation measures, preventing and reducing the effects and losses caused
by disturbances. The DPSIR model, with its complete causal chain, effectively explains
the entire process and stages of resilience evolution, as shown in Figure 1. It provides
a unique perspective for constructing a resilience evaluation indicator system for rural
human settlements.
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Figure 1. DPSIR model construction framework of “Driving Force-Pressure-State-Impact-
Response” [40].

2.2. Rural Human Settlements’ Resilience Evaluation System Construction

Constructing a resilience evaluation system for rural human settlements based on the
DPSIR model, this study delves into key factors influencing the operation of the system.
These factors encompass driving force, pressures, operational states, changes in system
impacts, and activities that maintain the balance of the ecosystem. Upholding the principles
of scientific rigor, systematicity, universality, and data availability, and drawing on prior
research and experimental requirements, this study initially identified 20 indicators across
five dimensions of driving force, pressure, state, impact, and response (Table 1).

Table 1. Evaluation indicators library of rural human settlements’ resilience.

Dimension Type Indicators Definition and Interpretation

Per capita disposable income of rural
residents (D1)
Driving Force Per capita output value of agriculture,
D) forestry, animal husbandry, and fishery (D2)

Rural residents’ income level

Economic Development
Agricultural productivity indicators

Social Development Natural population growth rate (D3) Rate of population development

. . . Electricity resource consumption
Per capita electricity consumption (P1) y P

. intensity
Resource Consumption .
P ita dail 4 tion (P2) Water resource consumption
Pressure (P) er capita daily water consumption intensity
Fertilizer application intensity (P3) Impact of fertilizers on land

Environmental Poltution Pesticide application intensity (P4) Impact of pesticide on land
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Table 1. Cont.
Dimension Type Indicators Definition and Interpretation
State of Ecological Rural greening rate (S1) Green coverage of rural human
Resources settlements
State Per capita cultivated land (52) Cultivated land resource level
S) State of Productive Per capita construction land (S3) Construction land resources level
Resources Number of permanent residents in a . .
household (S4) Rural population density
. . Number of hospital beds per thousand Bed density in healthcare
Impact Quality of Life people (I1) institutions

@

Public Service Supply =~ Average years of education in rural areas (I2)  Level of education of rural residents

Proportion of administrative villages for Coverage of rural domestic sewage
Environmental domestic sewage treatment (R1) treatment
Improvement Proportion of harmless treatment of domestic ~ Coverage of harmless treatment of
waste (R2) rural domestic waste
Water supply penetration rate in villages (R3) Pure water supply coverage
Response (R) Improve Investment Density of rural road network (R4) Constructlofr;itﬁgless of highway
Coverage of village planning and Coverage of village scientific
Institutional Guarantee management (R5) planning

Resource Saving Water-saving irrigation area (R7)

Implementation of the red line for cultivated ~ Minimum value of land area under
land (R6) cultivation
Land area where water-saving
irrigation technologies are applied

Utilizing the Pearson correlation coefficient method [41], 17 indicators with strong
correlations were screened out, except D3, R6, and R7 (Figure 2), culminating in the
establishment of a resilience evaluation indicator system for rural human settlements.

The driving force (D) comprises dynamic factors that propel changes in rural human
settlements. These include the per capita disposable income of rural residents and the
per capita output value of agriculture, forestry, animal husbandry, and fisheries, reflecting
economic, productivity, and labor dynamics. These driving forces influence pressure, state,
and response factors, serving as the driving sources for the development and changes in
rural human settlements.

Pressure (P) refers to the factors imposing pressure on the rural human settlements.
This includes per capita electricity consumption, per capita daily domestic water con-
sumption, fertilizer intensity, and pesticide intensity, reflecting resource consumption and
environmental pollution. These factors impact state and response elements, influencing
environmental quality and the health of rural residents.

State (S) represents the current condition of rural human settlements. Indicators such
as the rural greening rate, per capita arable land holding, per capita construction land area,
and the permanent population of households reflect the ecological environment level and
characteristics of resources and population in rural areas. State factors are influenced by
driving forces and pressures, and they, in turn, affect other elements.

Impact (I) refers to the influence of rural human settlements on residents’ quality of
life. Indicators such as the number of hospital beds per thousand people and average years
of education reflect the provision of public goods in rural areas, directly affecting the social
security level of rural residents in education, healthcare, and other aspects.

Response (R) indicators focus on the feedback of human activities on the natural, social,
and living environment and their impact on residents’ lives. Indicators such as the propor-
tion of administrative villages with sewage treatment, the proportion of harmless treatment
of household garbage, the popularization rate of village water supply, the coverage rate
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Figure 2. Results of Pearson correlation coefficient analysis for rural human settlements’ resilience
indicators.

3. Materials and Methods
3.1. Study Area

Guangdong Province is situated in the southernmost part of mainland China and
covers a total area of 179,800 square kilometers. It administers 21 cities. The terrain exhibits
higher elevations in the north and lower elevations in the south, characterized by predomi-
nantly mountainous and hilly landscapes in the northern part and plains and plateaus in
the southern part. The provincial area is categorized into four regions based on economic
development, regional characteristics, and main functions, namely the Pearl River Delta,
Eastern Guangdong, Western Guangdong, and Northern Guangdong, as illustrated in
Figure 3. Guangdong Province places significant emphasis on the improvement of rural
human settlements. Since 2017, the provincial government has earmarked CNY 160 billion
over a 10-year period for rural human settlements’ improvement and infrastructure con-
struction, culminating in the establishment of the “Guangdong experience” in rural human
settlements” improvement. However, notable development disparities exist among dif-
ferent regions, and deficiencies persist in rural human settlements. Taking into account
factors such as geographical location, economic development level, rural management
proficiency, and administrative traditions, the efficacy and limiting factors of rural hu-
man settlements’ improvement closely align with the focal points of this study. Therefore,
Guangdong Province was selected as the research subject. Given the substantial number
of administrative villages and considerations regarding the feasibility and accuracy of
obtaining statistical data, this study adopts county-level administrative divisions as the
fundamental research units.
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Figure 3. Regional division of Guangdong Province.

3.2. Data Sources

The data utilized in this study primarily encompass socio-economic, ecological re-
source, public service, and infrastructure data. The principal reference sources include the
“Guangdong Rural Statistical Yearbook”, “Guangdong Statistical Yearbook”, “Guangdong
Construction Yearbook”, “Guangdong Health Yearbook”, and other relevant publications.
The research spans 115 county-level administrative regions across the 20 prefecture-level
cities of Guangdong Province. Notably, according to the data from the “Guangdong Rural
Statistical Yearbook (2021)”, due to complete urbanization, Shenzhen has no relevant rural
data and is excluded from the scope of this study.

3.3. Research Methodology

The evaluation method adopted in this study involves three key steps. Firstly, con-
structing an evaluation indicator system for the resilience of rural human settlements based
on the DPSIR framework and determining the weights of each indicator using the entropy
method. Secondly, employing the weighted combination method to comprehensively
evaluate the resilience level of rural human settlements in each county, thereby analyzing
spatial heterogeneity. Lastly, utilizing the Geographically Weighted Regression (GWR)
model to analyze the spatial differences in influencing factors affecting the resilience of
rural human settlements in Guangdong Province.

3.3.1. Determine the Weights of Indicators Using the Entropy Method
(1) Apply the extreme value method to standardize the indicator data. Use the following

formula:
o e Xij — Xinin
Standardization of positive indicators X;; = XX (1)
max — “min
.. e .. Xmax — Xij
Standardization of negative indicators X;; = X % )
max — min

In this formula, Xij represents the value of the jth indicator for the ith sample, X;;qx
denotes the maximum value of the jth indicator, and X,,;,, represents the minimum value
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of the jth indicator. To prevent the standardized value from being zero, when X;; = 0,
Xij = Xjj + A (where A is a very small number, dependent on numerical precision).

(2) Calculate the weight of the jth indicator for the ith evaluation sample.

Sij = sz](o < Sij < 1) 3)

(3) Calculate the entropy value of the jth indicator.
m
8]‘ = —KZ Sl]lnSl/ (4)
i=1

(4) Calculate the information entropy redundancy of the jth indicator.
d] =1- 6]‘ (5)
(5) Calculate the weight of the jth indicator.

W= cor! ©)
b 4
The formula is as follows: S;; represents the weight value of the jth indicator for the
ith evaluation sample. ¢; denotes the information entropy value of the jth indicator, and d;
represents the information entropy redundancy of the jth indicator. W; denotes the weight
coefficient value of the jth indicator.

3.3.2. Evaluation of Rural Human Settlements’ Resilience
Add up the layer attributes of the five dimensions: driving force, pressure, state,
impact, and response to obtain the resilience of rural human settlements. The calculation
formula is as follows:
17
U=) WX; 7)
j=1
In the equation, U represents the rural human settlements’ resilience. X;; represents
the standard value of the jth indicator for the ith evaluation sample.

3.3.3. Geographically Weighted Regression Model

Taking the resilience of rural human settlements as the dependent variable and the
resilience in each dimension as independent variables, a Geographical weighted regression
(GWR) model is constructed to explore the spatial differences in the main influencing
factors of rural human settlements [42]. Assuming the existence of a series of explanatory
variables and the explained variable, the GWR model is as follows:

P
Y; = Bo(u;,v;) + Zﬁj(ui,vi)xij +e(i=12...,mj=12...,n) (8)
=1

In the equation, (u;, v;) are the coordinates of the ith sampling point in space, B;(u;, v;)
is a continuous function (1, v); ¢; is the residual value of the ith sample.

4. Results
4.1. Rural Human Settlements’ Resilience Evaluation Indicators System

In the context of the research background outlined in Section 2.2, this paper used the
Pearson correlation coefficient method. Within the DPSIR model framework, 17 indicators
were chosen. Subsequently, using relevant data from 2020, the entropy weight method
(Equations (1)-(6)) was applied to calculate indicator weights, resulting in the construction
of the rural human settlements’ resilience evaluation indicators system (Table 2).
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Table 2. Rural human settlements’ resilience evaluation indicators system.

Target Level Criterion Level Indicator Level Forward or Indl_c ator Data Source
Reverse Weight
Per capita disposable income of + 0.091 Guangdong Rural Statistical
Drivine rural residents (D1) ’ Yearbook (2021)
riving Force .
(D) Pe.r capita output valu.e of Guangdong Rural Statistical
agriculture, forestry, animal + 0.098 Yearbook (2021)
husbandry, and fishery (D2)
Per capita electricity B 0.015 Guangdong Rural Statistical
consumption (P1) ’ Yearbook (2021)
Per capita daily water B 0.021 Guangdong Statistical
Pressure consumption (P2) ’ Yearbook (2021)
(P) Fertilizer application _ 0.020 Guangdong Rural Statistical
intensity (P3) ’ Yearbook (2021)
Pesticide application _ 0.024 Guangdong Rural Statistical
intensity (P4) ’ Yearbook (2021)
. Guangdong Rural Statistical
Rural greening rate (S1) + 0.071 Yearbook (2021)
. . Guangdong Rural Statistical
State Per capita cultivated land (52) + 0.116 Yearbook (2021)
Rural Human S ;
Settlements ©) Per capita construction land (S3) + 0.158 Guar;;gecali)g goi(zgggﬁdlon
Resilience Number of permanent residents + 0.026 Guangdong Rural Statistical
in a household (54) ’ Yearbook (2021)
Number of hospital beds per . 0.059 Guangdong Health
Impact thousand people (I1) ' Yearbook (2021)
0)) Average years of education in + 0.051 Guangdong Health
rural areas (12) ’ Yearbook (2021)
P'rop ortion of adml'mstratlve Guangdong Rural Statistical
villages for domestic sewage + 0.082 Yearbook (2021)
treatment (R1)
Proportion of harmless .
. Guangdong Rural Statistical
treatment of domestic + 0.043
Response waste (R2) Yearbook (2021)
®) Water supply penetration rate + 0.037 Guangdong Rural Statistical
in villages (R3) ’ Yearbook (2021)
Coverage of village planning + 0.061 Guangdong Rural Statistical
and management (R4) ’ Yearbook (2021)
Density of rural road + 0.027 Guangdong Construction
network (R5) ’ Yearbook (2021)
4.2. Rural Human Settlements’ Resilience Horizontal Spatial Patterns
To illustrate the variations in the resilience levels of rural human settlements across
different regions, the natural breakpoint method of ArcGIS was used. Based on the criteria
outlined in Table 3, the factors associated with rural human settlements, encompassing
driving force, pressure, state, impact, response, and overall resilience levels of the 115 coun-
ties and districts in Guangdong Province, were classified into three levels: low, medium,
and high. The outcomes are depicted in Table 3.
Table 3. Rating criteria for resilience of rural human settlements.
Indices Driving Rural Human
Grading Force. re Pressure_re State_re Impact_re Response_re Settlements. re

Lower level
Medium level
Higher level

0.0092-0.0353
0.0354-0.0775
0.0776-0.1609

0.0336-0.0798
0.0799-0.1237
0.1238-0.2057

0.0178-0.0319
0.0320-0.0391
0.0392-0.0461

0.0156-0.0448
0.0449-0.0793
0.0794-0.1139

0.0370-0.0945
0.0946-0.1514
0.1515-0.2148

0.2170-0.3405
0.3406-0.4722
0.4723-0.6680
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4.2.1. Spatial Distribution Characteristics of Driving Force Resilience

The resilience of rural human settlements in Guangdong, concerning driving force,
spans from 0.0092 to 0.1609, with an average of 0.0507. Approximately 67.57% of the
counties and districts (75 in total) exhibit driving force resilience for rural human settlements
equal to or lower than the average. The driving force indicators primarily mirror the
regional agricultural productivity and economic development level. As indicated by the
spatial distribution in Figure 4a, the overall driving force resilience in Guangdong Province
is relatively low. Based on practical analysis, the Pearl River Delta region demonstrates
higher driving force resilience, attributed to its high level of openness, concentration of
production resources, and robust collective rural economy, resulting in the highest level
of agricultural economic development. Western Guangdong, benefiting from its natural
resource advantages in the agriculture and marine industries, follows as the second-highest
in agricultural economic development. Conversely, Northern Guangdong and Eastern
Guangdong, characterized by mountainous and hilly terrain, exhibit a relatively lower
level of agricultural development, resulting in a lower level of driving force resilience.
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[ 0.000001 -0.031867
I 0.031868-0.039059
[ 0.039060-0.046130

>z
>z

I 0.035256-0.077468

I 0.077469-0.160894

<<<<<<<

(a) (b)

Impact Resilience
[ complete urbanization
[ 0.000001 - 0.311682
I 0311683 0651916
I 0.651917-0.087661

>z
>z

[ o.or
[ 0. 090796 ~ 0.140346
0. 140347 ~ 0.205715

090795

yyyyyy

(0) (d)
Rural Hunan Settlements Resilience
N [ complete urbanization N
[ 0.001232-0.020824 A [10.173073- 0303489 A
[ 0.029825-0.126578 [ 0.303490-0.411024
N 0.126579-0.196424 [ 0.411025 - 0.610780

—

(e) (f)

Figure 4. (a) Spatial distribution characteristics of driving force resilience; (b) spatial distribution
characteristics of pressure resilience; (c) spatial distribution characteristics of state resilience; (d) spa-
tial distribution characteristics of impact resilience; (e) spatial distribution characteristics of response
resilience; (f) spatial distribution characteristics of rural human settlements’ resilience.
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4.2.2. Spatial Distribution Characteristics of Pressure Resilience

The resilience of rural human settlements of Guangdong, in terms of pressure, ranges
from 0.0178 to 0.0461, with an average of 0.0372. Approximately 59.46% of the counties
and districts (66 in total) exhibit pressure resilience for rural human settlements equal to or
higher than the average. Recognizing that relying solely on driving force indicators cannot
fully depict the level of resilience, pressure indicators, which reflect the impact of human
activities on human settlements, are considered. This includes the ecological perspective of
the efficiency of agricultural economic development. As depicted in the spatial distribution
in Figure 4b, with the exceptions of Dongguan and Huizhou, most cities in the Pearl River
Delta have lower scores and rank lower. The rural residents in the Pearl River Delta region
are relatively active, with significant energy consumption in production and daily life.
Therefore, they exert relatively high pressure on the rural human settlements, resulting
in lower agricultural development efficiency compared to Eastern Guangdong, Western
Guangdong, and Northern Guangdong.

4.2.3. Spatial Distribution Characteristics of State Resilience

The resilience of rural human settlements in Guangdong, in terms of state, ranges
from 0.0336 to 0.2057, with an average of 0.0980. Approximately 46.87% of the counties and
districts (52 in total) exhibit state resilience for rural human settlements equal to or lower
than the average. The state indicators reflect the comprehensive level of rural resources,
encompassing ecological and human resources. Examining the spatial distribution in
Figure 4c, it can be observed that most counties and districts in the Northern Guangdong
region and the Pearl River Delta region rank higher. This is as they primarily benefit from a
favorable natural environment and abundant resource endowments in these regions.

4.2 4. Spatial Distribution Characteristics of Impact Resilience

The impact resilience of rural human settlements in Guangdong ranges from 0.0156 to
0.1139, with an average of 0.0697. Approximately 45.95% of the counties and districts (51
in total) exhibit impact resilience for rural human settlements equal to or lower than the
average. A higher score in the impact indicators implies that the residents can enjoy higher-
quality public service supply. Examining the spatial distribution in Figure 4d, it can be
observed that the Pearl River Delta, Northern Guangdong, and Western Guangdong have
significantly higher scores than Eastern Guangdong, indicating that there is considerable
room for improvement in public services in Eastern Guangdong.

4.2.5. Spatial Distribution Characteristics of Response Resilience

The response resilience of rural human settlements in Guangdong ranges from 0.0370
to 0.2148, with an average of 0.1406. Approximately 59.46% of the counties and districts (66
in total) exhibit a response resilience equal to or below the average. The response indicator
reflects the action intensity and final effectiveness of various participants in the process
of rural human settlements” improvement. From Figure 4e, it can be observed that the
Pearl River Delta benefits from a relatively solid economic foundation, exhibiting higher
response resilience, indicating that there is a scale effect in the investment in rural human
settlements improvement, where a larger investment scale corresponds to a higher level of
response resilience.

4.2.6. Spatial Distribution Characteristics of Rural Human Settlements” Resilience

From Figure 4f, it can be observed that the overall resilience of rural human settlements
in the 115 counties and districts of Guangdong is relatively low, with an index ranging
from 0.1731 to 0.6108 and an average of 0.3473. Only three counties and districts have an
index above 0.6 (equivalent to 60 points on a percentage scale). The high-level counties and
districts are relatively concentrated, mainly in the Pearl River Delta, including cities such
as Zhuhai, Guangzhou, Jiangmen, and Foshan. On the other hand, low-level counties and
districts are mainly concentrated in Western Guangdong and Eastern Guangdong, including
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cities like Zhanjiang and Jieyang. It is evident that, despite Guangdong Province’s relatively
robust economic foundation, the rural human settlements’ resilience does not exhibit a
positive correlation with the level of economic development. In practice, governmental
attention and investment offer robust support for enhancing the quality of rural human
settlements. However, the political and social ecology, characterized by “strong government,
weak society”, lacks the internal dynamics to improve the rural living environment. This
deficiency leads to a lack of sustainable development capacity, consequently resulting in an
overall low resilience level.

4.3. The Spatial Differences of Factors Affecting the Rural Human Settlements Resilience

Furthermore, this study employed ArcGIS to conduct a spatial autocorrelation analysis
of the rural human settlements resilience in the 115 counties and districts of Guangdong
in 2020. Table 4 presents the Moran I index for the spatial autocorrelation of rural human
settlements’ resilience, along with the Moran I indices for the dimensions of driving force,
pressure, state, impact, and response. At the 1% confidence level, the Moran I indices
for rural human settlements’ resilience and its dimensions all exhibit significant positive
values, indicating a pronounced spatial clustering effect for these indices.

Table 4. Moran I index of Rural human settlements’ resilience.

Variable = Rural Human Settlements_re = Driving Force_re = Pressure_re State_re Impact_re Response_re
Moran I 0.8568 0.7535 0.2880 0.3806 0.6131 0.6825
Z score 21.2709 ** 18.7810 ** 7.3388 ** 9.6176 ** 15.2102 ** 16.9744 **

Note: ** stand for significance at 1%.

According to Equation (8), this study analyzed the spatial variations in the impact
of resilience in each dimension on the overall resilience of rural human settlements. The
robustness of the model is presented in Table 5. The R-squared values for driving force
resilience, pressure resilience, state resilience, influence resilience, and response resilience
are all greater than 0.6, indicating that the estimated results effectively reflect the statistical
relationships among the variables.

Table 5. The estimated results of the Geographically Weighted Regression (GWR) model.

Variable R2 AICc Sigma Bandwidth
Cr_Driving Force_re 0.778012 —363.973006 0.044215 0.98121
Cr_Pressure_re 0.715482 —335.906457 0.050154 1.02808
Cr_State_re 0.846307 —402.711713 0.036952 0.98121
Cr_Impact_re 0.665403 —335.658532 0.051643 1.63761
Cr_Response_re 0.826513 —394.282681 0.038716 0.98121

4.3.1. Spatial Distribution Characteristics of the Coefficient of Driving Force Resilience

Figure 5a displays the spatial distribution of the impact of driving force resilience on
the resilience of rural human settlements in Guangdong. The coefficient of driving force
resilience is significantly positive, with a mean value of 1.34. Examining specific indicators,
this suggests that elevating rural residents” income levels and improving agricultural
production efficiency contribute to enhancing the resilience of rural human settlements.
Economic development is the primary need in rural areas and the core driving force
for implementing improvements in rural human settlements. The higher the income of
farmers, the more resilient their livelihoods are when facing sudden events such as natural
disasters, enabling a rapid recovery of rural human settlements after encountering shocks.
Geospatially, regions with higher coefficients of driving force resilience are concentrated
in the western, and some eastern, parts of Guangdong. The spatial distribution pattern is
relatively concentrated, indicating that the positive impact of driving force resilience on
the resilience of rural human settlements is more pronounced in Western Guangdong and
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Eastern Guangdong compared to other areas. Unlike the Pearl River Delta, rural residents
in Western and Eastern Guangdong have lower incomes and less robust foundations for
agricultural development. This results in a greater marginal impact of driving forces on the
rural human settlements’ resilience.
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Figure 5. (a) Coefficient spatial distribution of driving force resilience index; (b) coefficient spatial
distribution of pressure resilience index; (c) coefficient spatial distribution of state resilience index;
(d) coefficient spatial distribution of impact resilience index; (e) coefficient spatial distribution of
response resilience index.

4.3.2. Spatial Distribution Characteristics of the Coefficient of Pressure Resilience

In Figure 5b, the coefficient of pressure resilience consistently exhibits significance
and negativity, with an average value of —2.10. This suggests that pressure resilience has a
significantly negative impact on the resilience of rural human settlements. Considering spe-
cific indicators, a lower pressure resilience implies that the production and daily activities
of rural residents exert greater pressure on rural human settlements [43]. From a spatial
perspective, pressure resilience decreases from east to west, and the spatial distribution
pattern is relatively concentrated. Regions with lower pressure coefficients are mainly
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concentrated in Western Guangdong. Guangdong Province witnesses substantial fertilizer
and pesticide use in agriculture, with per-unit usage once ranking among the highest
globally, causing soil and water pollution. While the agriculture in Western Guangdong is
developed, the negative impact of pressure resilience on the ecological environment cannot
be underestimated. Therefore, the negative influence of pressure resilience in Western
Guangdong on the rural human settlements’ resilience surpasses that of other areas.

4.3.3. Spatial Distribution Characteristics of the Coefficient of State Resilience

In Figure 5c, the coefficient of state resilience is consistently significant and positive,
with an average value of 1.21. This indicates that state resilience has a significant positive
impact on the resilience of rural human settlements. State resilience primarily characterizes
the ecological resource endowment of rural human settlements in the region. A robust
state resilience implies higher buffering capacity, which helps absorb and mitigate impacts
from both internal and external sources, maintaining system stability. Spatially, the state
resilience coefficient shows a trend of being lower in the central and northern parts and
higher in the eastern and western parts, with a relatively concentrated spatial distribution.
This suggests that the positive impact of state resilience on the resilience of rural human
settlements in Northern Guangdong is lower than in other regions. As the green ecological
barrier of Guangdong, Northern Guangdong possesses a more advantageous natural
resource endowment, resulting in a lower marginal effect of state resilience compared to
other areas.

4.3.4. Spatial Distribution Characteristics of the Coefficient of Impact Resilience

In Figure 5d, the coefficient of impact resilience is consistently significant and posi-
tive, with an average value of 1.63. This indicates that impact resilience significantly and
positively influences the resilience of rural human settlements. High impact resilience
implies better provision of public services and living conditions, contributing to the overall
quality and self-organizational capacity of rural residents. Spatially, the impact resilience
coefficient shows a lower trend in Western Guangdong, Northern Guangdong, and Eastern
Guangdong, while it is higher in the Pearl River Delta. The spatial distribution is relatively
concentrated, signifying that the impact resilience in the Pearl River Delta has a more
substantial impact compared to other areas. The Pearl River Delta boasts a developed in-
dustrial economy and high openness, attracting a significant number of mobile populations.
With a population density much higher than the national average, it is more sensitive to
the supply of public services such as healthcare and education.

4.3.5. Spatial Distribution Characteristics of the Coefficient of Response Resilience

In Figure 5e, the coefficients of response resilience are consistently positive, with an av-
erage value of 1.46. This indicates a significant positive impact of response resilience on the
resilience of rural human settlements. Regions with higher response resilience implement
more effective and substantial measures in rural human settlements’ improvement, facilitat-
ing swift recovery after facing disturbances. Spatially, the Pearl River Delta exhibits higher
coefficients of response resilience, and the spatial distribution is relatively concentrated.
The Pearl River Delta benefits from a strong economic development foundation, leading to
larger financial investments in rural human settlements’ improvement. Consequently, the
corresponding impact of response resilience is also more pronounced.

5. Discussion

Rural human settlement systems face susceptibility to diverse events, including urban—
rural integration, industrialization, and natural disasters. Due to the prolonged urban
development bias in Guangdong, the overall level of rural human settlements remains
relatively low. Resilience theory provides a meaningful and practical analytical perspective
and method to enhance the systemic resilience, aiming to improve rural human settlements.
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Considering these findings, three recommendations are proposed to continually strengthen
the resilience of rural human settlements:

Firstly, embrace the concept of green development, innovate the transformation of
ecological resources into economic value, and stimulate the endogenous dynamics of
rural human settlements’ improvement. The government should increase guidance and
investment in rural green industries, prioritizing ecological benefits, reducing the pressure
of human production activities, promoting the scale operation of agriculture, focusing on
characteristic projects and industrial chains to enhance economic efficiency, improving
the income of rural residents, and fostering rural residents” enthusiasm and initiative to
enhance the quality of human settlements [44]. Efforts should be made to reduce the
pollution caused by rural residents” production and daily life, improve environmental
quality, and enhance residents” health. Furthermore, it is necessary to actively promote
clean, low-carbon, and efficient use of energy, improve carbon emission efficiency, and
optimize traditional rural production and lifestyles with high energy consumption and
carbon emissions.

Secondly, the government should intensify investment in social security and infras-
tructure construction [45] and specifically strengthen public infrastructure construction
and public service supply in Eastern Guangdong, Western Guangdong, and Northern
Guangdong to enhance the ability of rural human settlements to withstand risks and
shocks, enabling rapid recovery. Furthermore, governments should broaden the reach
of social security, encompassing medical care and agricultural subsidies, to consistently
enhance the livelihood resilience of rural residents [46]. Additionally, improving the
learning and innovation capabilities of the system helps disrupt the current equilibrium,
facilitating development and progression towards an optimal state. Therefore, offering
higher-quality education and public services, while elevating the knowledge and cultural
proficiency of rural residents, contributes to the evolutionary improvement of rural human
settlements’ resilience.

Thirdly, the government should persist in advancing digital rural development and
raising the standard of intelligent and sophisticated improvement. They should also
leverage digital technology to empower management innovations and technological ap-
plications, enabling 24 /7 risk monitoring, early warning systems, rapid responses, and
collaborative efforts among multiple stakeholders. This approach will furnish technical
support for fortifying the resilience of rural human settlements [47].

This study has several limitations. The study sample is based on county-level regions,
and despite the substantial volume of data, the exclusion of certain counties and districts in
China due to validity issues may impact the generalizability of the findings. Panel data
were not employed as the research project was initiated in 2020. The analysis predomi-
nantly centered on macro variables, overlooking the examination of the influence of micro
variables. In the future, our research could be expanded in two key aspects. Firstly, there is
potential for further collection of time-series data to facilitate spatiotemporal analysis. Sec-
ondly, we can explore the incorporation of additional variables from diverse perspectives,
enabling a more comprehensive and multidimensional analysis of issues related to rural
human settlements’ resilience.

6. Conclusions

Based on sample data of rural human settlements in 115 counties and districts in
Guangdong Province in 2020, the resilience of rural human settlements was calculated
using the DPSIR model and entropy method. The Geographically Weighted Regression
(GWR) model was employed to analyze the spatial differences in the influencing factors
of rural human settlements. The conclusions drawn from this comprehensive analysis are
as follows:

Firstly, the overall resilience of rural human settlements in Guangdong Province is
relatively low, with a concentrated spatial distribution. The resilience level is significantly
higher in the Pearl River Delta compared to other areas, followed by Northern Guangdong.
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Conversely, regions with lower resilience are predominantly concentrated in Western
Guangdong and Eastern Guangdong. Additionally, a noticeable spatial clustering effect is
observed for the resilience dimensions of driving force (D), pressure (P), state (S), impact
(I), and response (R).

Secondly, notable spatial differences exist in the distribution of influencing factors
across different dimensions of rural human settlements” resilience. The driving force
resilience is low and concentrated, pressure resilience is low and relatively dispersed, state
resilience is high and relatively dispersed, impact resilience is high and concentrated, and
response resilience is high and concentrated.

Thirdly, different influencing factors exhibit varied effects on the resilience of rural
human settlements, and there are significant spatial variations in the coefficients of these
factors. The coefficients of driving force resilience are all significantly positive, with higher
values in Western Guangdong and Eastern Guangdong, indicating that the positive impact
of driving force resilience in these regions is higher than in other areas. The coefficients of
pressure resilience are all significantly negative, showing a decreasing spatial distribution
from east to west, indicating that the negative impact of pressure resilience in Western
Guangdong is higher than in other areas. The coefficients of state resilience show an overall
positive correlation, with a trend of lower values in the central and northern parts and
higher values in the eastern and western parts, indicating that the positive impact of state
resilience in Northern Guangdong is lower than in other areas. The coefficients of impact
resilience are generally significantly positive, with higher values in the Pearl River Delta,
indicating that the positive impact of impact resilience in the Pearl River Delta is higher
than in other areas. The coefficients of response resilience are generally positive, with higher
values mainly distributed in the Pearl River Delta, indicating that the positive impact of
response resilience in the Pearl River Delta is higher than in other areas.
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