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Abstract: Resilience evaluation is an important foundation for sustainable rural development. Taking
the 57 counties in Guangdong province as examples, this study used the CRITIC method to construct
a comprehensive evaluation index system for rural resilience and identified the main influencing
factors and their spatial heterogeneity on the basis of the geographical detector method and multiscale
geographically weighted regression. The results showed that: (1) Most of the counties in Guangdong
province had medium or higher values of comprehensive resilience, and the high-value areas were
mainly located in the Pearl River Delta region. (2) The comprehensive resilience and each dimensional
resilience measure exhibited significant positive spatial correlations. (3) The geographic detector
results showed that the per capita gross regional product and the number of industries above the
scale were the main influencing factors for rural resilience, and each influencing factor had an
enhanced effect after interaction. (4) The effect of each factor on rural resilience demonstrated spatial
heterogeneity. Specifically, the proportion of secondary and tertiary industries showed negative
effects in some counties in eastern and northern Guangdong and positive effects in other counties.

Keywords: rural resilience; rural revitalization; geographic detector; multiscale geographically
weighted regression (MGWR)

1. Introduction

In recent years, the issue of urban–rural development imbalance in developing coun-
tries has gradually become apparent due to external disturbances, such as natural disasters,
rapid urbanization, and labor loss [1,2]. The internal structure and functions of rural areas
are also gradually undergoing changes. In response to external shocks and internal de-
mands, some villages are experiencing problems, such as landscape fragmentation [3], rural
hollowing [4], and aging [5], making the vulnerability of rural areas increasingly signifi-
cant [6]. Therefore, implementing a multidimensional development model, enhancing the
resilience of rural systems, and promoting rural revitalization and sustainable development
have become popular topics of concern.

Resilience is the ability of a system to resist, absorb, adapt, and recover from dis-
turbances that occur slowly or rapidly, and it is a dynamic system property [7]. Rural
resilience refers to the ability of rural areas as dynamic social-ecological systems to adapt to
changing external environments to maintain a satisfactory standard of living, emphasizing
that rural systems are persistent, adaptive, and transformative [8,9]. Compared with urban
resilience studies, which focus on economic and social factors, rural resilience studies
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focus on agricultural, ecological, and social factors that are closely related to agricultural
development. On the basis of the “disturbance-response” logic, resilience theory explains
the complex interaction between rural systems and the external environment and proposes
corresponding practical solutions; thus, rural resilience has become a new perspective for
studying rural problems.

Rural resilience evaluation provides an effective way of assessing the current situation
and the potential for development, distinguishing the grade of rural resilience, exploring
the causes of problems, and guiding practice with theory. The relevant evaluation index
system mainly focuses on four aspects of resilience: components, basic characteristics,
individual perception, and evolutionary processes [10–12]. Among them, the components
emphasize the diversity of rural natural capital, productive capital, human capital, and
social capital and the capacity of a village to acquire each type of capital. Basic character-
istics refer to the capabilities or systemic characteristics of resilient villages embodied in
different stages of resilience, such as robustness, adaptability, and transformational capac-
ity. Individual perceptions include community beliefs, emergency preparation, collective
efficacy, leadership, and social trust. Finally, the resilience processes focus on the three
stages of resistance, absorption, and recovery of rural resilience development. For example,
Wilson et al. combined social, cultural, natural, economic, and political factors to assess the
level of resilience of rural communities [13]. Sánchez et al. combined economic, social, and
human and natural capital to evaluate the resilience of rural areas in southern Spain [14].
Li et al. developed an analytical framework for integrating the resources, morphology,
and function of rural system resilience [15]. Li introduced the “pressure–state–response”
model to evaluate the economic, social, ecological, and engineering resilience of rural China
from 2000 to 2018 [6]. In the analysis of relevant drivers, through factors such as natural
resources and socioeconomic factors, rural internal and external assistance dynamics jointly
drive rural development [16,17]. Physical geographical conditions are the most basic fac-
tors affecting rural resilience level [15]. Villages with better geographical conditions and
resource endowments are less affected by environmental disturbances and usually have
higher resilience. The level of economic and social development provides material security
for rural development and can help protect against external risks. Moreover, the focus has
gradually shifted from natural disasters to human disturbances, emphasizing the role of
economic, social, and cultural factors in shaping rural resilience [18–21], such as industrial
development [19], social connections [22], rural policies [19], and government input and
governance effectiveness [13,23]. For example, Huang et al. found that the main causes of
rural resilience variations could be attributed to the diverse economic development modes,
as well as differing degrees of land market development and government regulation [8].
Social connections are also critical to resilience, as they regulate the relationships between
the economic, cultural, and environmental components of rural communities [13]. Research
has found that positive intergenerational relationships enhance rural resilience from the
sociocultural perspective [24]. Overall, the various factors affecting rural resilience are
nonlinear and interlinked in complex and often cumulative ways [25].

China is the largest developing country in the world and has the largest agricultural
population. Despite the current rapid urbanization process, rural development still faces
problems, such as a weak economic foundation, an aging population, and uncoordinated
urban–rural development [26]. Thus, the Chinese government formulated the “Rural Revi-
talization Strategy” in 2017, and in September 2018, the country issued the “Strategic Plan
for Rural Revitalization (SPRR) (2018–2022)”, which prioritizes the development of agricul-
ture and rural areas according to the general requirements of thriving businesses, pleasant
living environments, social etiquette and civility, effective governance, and prosperity to
enhance the competitiveness and resilience level of sustainable rural development [27,28].
Guangdong province, as a large, economically developed province in the coastal region of
China, has a complex and diverse landscape type, including mountains, hills, terraces, and
plains, and the overall topography is high in the north and low in the south. The natural
resource endowments and economic and social development levels of different regions
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vary greatly, and the development of rural industries in Guangdong shows a distinct
trend of diversification and regional heterogeneity. The rapid development of the Pearl
River Delta has brought economic, social, and artificial environmental disturbances to
rural development in less economically developed regions and is a typical case area for
studying rural development in the context of unbalanced urban–rural development. In
addition, Guangdong province is located on the coast and is also influenced by the natural
environment. Therefore, in the context of unbalanced regional urban–rural development,
Guangdong province was chosen as the study area to analyze its rural resilience-related
issues in order to mitigate the impact on rural development due to external perturbations,
such as rapid urbanization, labor force loss, and natural disasters.

In general, although rich explorations of rural resilience have been carried out, the ex-
isting studies focus on the comprehensive evaluation of rural resilience, and their research
frameworks are not strongly related to the overall objectives proposed in the SPRR [29],
resulting in the failure to form a systematic and operable evaluation system to guide rural
development. In addition, in terms of the driving factors, authors have often used the
exploratory spatial data analysis (ESDA) methods [30], the geographical detector-based
model [16,31,32], regression analysis [33], and other methods to analyze the independent
forces of different factors, but the interaction between and the multiscale spatial heterogene-
ity of resilience’s influencing factors have yet to be intensively analyzed in a quantitative
manner. The methods in existing studies were mostly used to analyze the independent
effects of different factors at a global scale [29]. Although GWR can be used to analyze the
heterogeneity in the roles of each influence factor locally, the bandwidth setting for the influ-
ence factors is uniform. MGWR is an improvement of GWR that allows for a differentiated
bandwidth for each variable. This differentiated bandwidth reflects the scale range of the
spatially stable effects of each variable. Therefore, MGWR can more realistically reflect the
spatial variation for each influence factor and their scale differences. In order to establish
a systematic theoretical framework for resilience evaluation and provide a management
basis for the implementation of the SPRR, this study constructed a comprehensive rural
resilience evaluation index system using the long-term goal of rural revitalization and the
components of resilience and identified and analyzed the global forces, interaction forces,
and spatial heterogeneity characteristics of the driving factors related to rural resilience.

2. Materials and Methods
2.1. Data Source and Processing

Guangdong province is located in the southernmost part of mainland China. It con-
sists of 21 prefecture-level cities, including 65 municipal districts, 20 county-level cities,
34 counties, and 3 autonomous counties, and is divided into 4 zones; namely, the Pearl
River Delta (PRD), northern Guangdong, western Guangdong, and eastern Guangdong.

The data required mainly included socioeconomic development statistics and spatial
vector data. The statistics were mainly from the 2021 China County Statistical Yearbook
(County and City Volume), the 2021 Guangdong Rural Statistical Yearbook, the main data
bulletin of the Third National Agricultural Census for each city, the bulletin of the Seventh
National Population Census, statistical yearbooks, and the statistical bulletin data relating
to the national economic and social development of each place. The spatial vector data
were mainly from the 2021 1:1,000,000 national basic geographic database (https://www.
webmap.cn/commres.do?method=result100W, accessed on 20 October 2022), and the DEM
data were ASTER GDEM 30 m resolution data (https://www.gscloud.cn/, accessed on
20 October 2022). Considering the strong influence of economic and social conditions on
rural resilience, the urbanization level of municipal districts is generally high. This study
took counties as the spatial research unit, and the study area comprised the 57 county-level
units in Guangdong province, excluding the municipal districts of prefecture-level cities
(as shown in Figure 1).

https://www.webmap.cn/commres.do?method=result100W
https://www.webmap.cn/commres.do?method=result100W
https://www.gscloud.cn/


Land 2023, 12, 1270 4 of 18

 

 

 

 
Land 2023, 12, x. https://doi.org/10.3390/xxxxx  www.mdpi.com/journal/land 

 

Figure 1. Scope of the study area. 

   

Figure 1. Scope of the study area.

2.2. Methodology
2.2.1. Rural Resilience Analysis Framework

This study attempted to answer the following questions: (1) What are the spatial
distribution characteristics of rural resilience levels in each county of Guangdong province?
(2) What are the main factors affecting rural resilience? In order to analyze the above
questions, the rural resilience analysis framework was constructed.

Rural territorial systems consist of a natural ecological component, economic produc-
tion, and sociocultural subsystems, and enhancing their resilience helps promote high-
quality and sustainable rural development. Rural resilience provides a dynamic framework
for analyzing rural development processes, while the planning goal of a rural revitalization
strategy indicates the ideal outcome of rural resilience evolution. Enhancing rural resilience
is a necessary condition and important path for achieving rural revitalization [29,34].

Based on the framework of the community resilience concept [35,36], this study con-
structed a rural resilience evaluation system with five dimensions comprising ecological
resilience, economic resilience, social resilience, cultural resilience, and governance re-
silience based on the structural elements of rural territorial systems (Figure 2). In terms
of the selection of specific indicators, the evaluation index system for rural resilience
was constructed from the linkage between process and goal based on the objectives of
the SPRR (thriving businesses, pleasant living environments, social etiquette and civil-
ity, effective governance, and prosperity) and the common indicators widely used in the
reference literature.

2.2.2. Rural Resilience Evaluation Index System

Considering the feasibility of indicator data acquisition, the evaluation index system
for rural resilience was constructed by screening the corresponding resilience indicators
from among the 22 indicators in the strategic plan for rural revitalization and adding widely
used indicators from relevant similar studies (as shown in Table 1). The specific indicators
are described as follows:
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Figure 2. Rural resilience analysis framework.

(1) Ecological resilience is mainly reflected by the natural background characteristics of a
region and the level of environmental management. Therefore, the greening coverage
rates of villages and the percentages of villages that treat domestic waste and sewage
were selected from the SPRR. In addition, as the natural background of rural areas is
mainly represented by arable land and mainly used for cultivation, the proportion
of arable land and the intensity of pesticide and chemical fertilizer application were
added with reference to the relevant literature. Overall, five indicators were included:
village greening coverage, proportion of cultivated land area, intensity of pesticide and
chemical fertilizer application, proportion of centralized treatment of village domestic
garbage, and proportion of centralized treatment of village domestic sewage;

(2) Economic resilience is mainly reflected by the production capacity of various agri-
cultural and non-agricultural economic activities, the level of human resources, and
the income of residents. Production capacity includes production capital input, in-
dustrial specialization, and diversification of economic activities. Considering the
data availability, the indicators from the SPRR included grain comprehensive produc-
tion capacity, agricultural labor productivity, and the ratio of agricultural processing
output to total agricultural output, and the gross domestic product per capita and
economic diversification indicators were selected with reference to the relevant lit-
erature. For the human resources level, the rural labor force as a proportion of the
rural population indicator was selected from the relevant literature. For residents’
income, the Engel coefficient of the rural residents was selected from the indicators in
the SPRR and the per capita disposable income from the reference literature;

(3) Social resilience is mainly reflected by livelihood protection and facility and service
conditions, social network connection, and social investment. The indicators from
the SPRR included the penetration rate for rural running water, the proportion of
established villages with hardened roads, and the penetration rate for rural sanitary
toilets, while the Internet penetration rate, medical facility configuration, doctor
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coverage, and per capita public expenditure indicators used in the reference literature
were selected;

(4) Cultural resilience is mainly reflected by the provision of cultural public facilities, the
cohesiveness and civility of social networks, the education level of the population, and
the government’s financial investment in education and culture. The coverage rate for
village comprehensive cultural service centers and the percentage of civilized villages
and townships above the county level were selected from among the indicators from
the SPRR, and the percentage of financial expenditure on education, science and
technology, culture, sports, and media and the average education level indicators
used in the reference literature were also selected;

(5) Government governance resilience is mainly reflected by the level of government
governance input and management. Given that the data for related indicators are not
yet covered in the national agricultural census, two indicators (namely, the degree of
urban–rural integrated governance and the degree of income disparity between urban
and rural residents) were selected from the references to reflect the effectiveness of
the system and the happiness of people.

Table 1. Rural resilience evaluation index system.

Dimensions Indicators Properties Weights Sources

Ecological
resilience

Village greening coverage rate (%) + 0.0424 SPRR *
Proportion of cultivated land area (%) + 0.0399 [33,37]

Proportion of centralized treatment of village domestic garbage (%) + 0.0426 SPRR *
Proportion of centralized treatment of village domestic sewage (%) + 0.0384 SPRR *

Pesticide and chemical fertilizer application intensity (ton/ha) − 0.0304 [38–40]

Economic
resilience

Grain comprehensive production capacity (million tons) + 0.0501 SPRR*
Agricultural labor productivity (million CNY/person) + 0.0419 SPRR*

Ratio of agricultural processing output to total agricultural output (%) + 0.0461 SPRR *
Per capita gross product (CNY/person) + 0.0371 [41]

Economic diversification (%) + 0.0402 [19,23]
Rural labor force as a proportion of the rural population (%) + 0.0394 [6,19]

Engel coefficient for rural residents (%) − 0.0497 SPRR *
Per capita disposable income (CNY) + 0.0379 [15,33,37]

Social
resilience

Penetration rate for rural tap water (%) + 0.0457 SPRR *
Proportion of villages with hardened roads (%) + 0.0289 SPRR *

Penetration rate for rural sanitary toilets (%) + 0.0388 SPRR *
Internet penetration rate (%) + 0.0634 [8,42]

Degree of rural medical facility configuration (per 1000 people) + 0.0264 [6,41]
Doctor coverage rate (people/1000 people) + 0.0274 [6,8]

Per capita public expenditure (CNY/person) + 0.0309 [6,41]

Cultural
resilience

Percentage of civilized villages and towns above county level (%) + 0.0327 SPRR *
Percentage of financial expenditure on education, science and

technology, culture, sports, and media (%) + 0.0396 SPRR *

Average education level (year) + 0.0354 [6,33]

Governance
resilience

Degree of urban–rural income disparity (%) − 0.0300 [23,43]
Degree of urban–rural subsistence allowance disparity (%) − 0.0648 [23,43]

* “Strategic Plan for Rural Revitalization (SPRR) (2018–2022)”. “+” Positive indicator. “−“ Negative indicator.

2.2.3. Rural Resilience Evaluation Model

1. Standardization of indicator data

The indicators were divided into positive and negative indicators and normalized
using the following equations:

Positive indicators:

yij =
xij −min

(
xij
)

max
(
xij
)
−min

(
xij
) (1)
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Negative indicators:

yij =
max

(
xij
)
− xij

max
(
xij
)
−min

(
xij
) (2)

where xij represents the original data, yij represents the normalized data, max(xij) is the
maximum value of the corresponding indicator, and min(xij) is the minimum value of the
corresponding indicator.

2. Determination of indicator weights

The CRITIC objective assignment method considers the standard deviation and poten-
tial for conflict as two important factors in determining the weight of an indicator [44]. A
high standard deviation and great potential for conflict indicate that the indicator responds
to a large amount of system information, and the corresponding weight is high. This method
considers the degree of variability for the values for each indicator and the influence of
the correlation between indicators on the weights and is, therefore, more suitable than the
ordinary entropy method for evaluating the level of rural resilience, which is influenced by
multiple factors and the interaction between them. The formula for the CRITIC method is
as follows:

Ci = σi ∑m
j=1

(
1−

∣∣rij
∣∣) (i = 1, 2, . . . m) (3)

Wi =
Ci

∑m
i=1 Ci

(4)

where Ci is the information entropy of indicator i, σi is the standard deviation of indicator i,
rij is the correlation coefficient between indicator i and other indicators, and Wi is the
weight of indicator i.

Finally, the weighted summation method was adopted to calculate the comprehensive
rural resilience score for each evaluation object j. The specific formula is as follows:

Sj = ∑m
i=1 wi × yij (5)

In the formula, Sj is the comprehensive rural resilience score for evaluation object j,
and yij is the standardized value of the corresponding indicator for evaluation object j.

2.2.4. Geographical Detector Method

The geographical detector method aims to detect the spatial heterogeneity of geo-
graphic phenomena and reveal the associated driving factors. Its rationale is based on
the assumption that, if the independent variables influence the dependent variables, then
their spatial distribution should converge [45]. The geographical detector method includes
four modules: factor detection, interaction detection, ecological detection, and risk detec-
tion [16,31]. Factor detection is used to estimate the spatial heterogeneity of the dependent
variable and detect the degree of influence of the driving factors, while interaction detec-
tion identifies the degree of influence of the interaction between different factors on the
dependent variable. The driving factors may be collinear due to the complexity of rural
resilience systems, but the model has no linearity assumption and is therefore generalizable.
This study mainly used factor detection and interaction detection to reveal the degree
of influence and the type of interaction for each driver. The specific equations for the
geographical detector method are as follows:

q = 1− 1
Nσ2 ∑L

h=1 Nhσh
2 (6)

In the formula, q is an indicator of the detecting power of the rural resilience impact factor,
and the value ranges from 0 to 1. The larger the value of q is, the stronger the explanatory
power of the impact factor on rural resilience is. h = 1, . . . , L is the number of sub-regions.
Nh and N are the numbers of samples in sub-region h and in the entire region, respectively.
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σh
2 is the variance of the sub-regional rural resilience index. σ2 is the variance of the entire

rural resilience index. Values were calculated using the “GD” package in R language [46].
The interaction detector can quantitatively characterize whether the influence of two

factors on the spatial pattern is stronger or weaker than that of a single factor. The inter-
action includes five relationships: nonlinear weakening, one-factor nonlinear weakening,
two-factor enhancement, independent enhancement, and nonlinear enhancement.

2.2.5. Multiscale Geographically Weighted Regression (MGWR)

Rural resilience is influenced by various natural environmental and socioeconomic
factors, and the impacts of each factor on rural resilience are spatially heterogeneous. In
this study, the MGWR model was used to reveal the spatial heterogeneity of the dom-
inant drivers. The conventional GWRassumes that all the independent variables affect
the dependent variable at the same spatial scale, while the MGWR model allows for dif-
ferent bandwidths for individual variables, thereby producing more reliable regression
results [47,48]. The MGWR model equation is as follows:

yi = ∑k
j=1 βbwj(ui, vi)xij + εi (7)

βbwj is the local regression coefficient of the variable, bwj is the bandwidth used for
the regression coefficient of variable j, (ui, vi) are the spatial coordinates of sample point
i, xij is the influence factor, and εi is the random disturbance term.

MGWR2.2, developed by the Spatial Analysis Research Center (SPARC) of Arizona
State University, was used for the calculations. The geographic detector was used to
identify the explanatory power of and interactions between different factors influencing
rural resilience, and the MGWR was applied to analyze the spatial heterogeneity of each
influencing factor in depth.

3. Results
3.1. Comprehensive Evaluation of Rural Resilience in Guangdong Province

In accordance with the established comprehensive rural resilience evaluation system,
the CRITIC method was used to obtain the weights for each index and to calculate the
values of the rural resilience index for each county in Guangdong province in 2020 (Table 2).
Using the natural breakpoint method, the values were divided into five categories: low
(0.3005~0.3638), lower (0.3638~0.4183), medium (0.4183~0.4578), higher (0.4578~0.5044),
and high (0.5044~0.6386) values (Figure 3). The overall rural resilience index values in
Guangdong province ranged from 0.3005 to 0.6386, with a mean value of 0.4627. The
numbers of county units corresponding to the five levels were 5, 10, 15, 17, and 10 for
each county, accounting for 8.77%, 17.54%, 26.32%, 29.82%, and 17.54%, respectively,
and indicating that most counties in Guangdong province are above the medium level
of resilience.

Table 2. Rural resilience index values in Guangdong province.

Regions
Mean

Comprehensive
Resilience Value

Mean Sub-Dimensional Resilience Values

Ecological
Resilience

Economic
Resilience

Social
Resilience

Cultural
Resilience

Governance
Resilience

All areas 0.4627 0.1030 0.1394 0.1371 0.0498 0.0335
PRD 0.5499 0.1091 0.1745 0.1508 0.0519 0.0637

Eastern 0.4423 0.1082 0.1138 0.1438 0.0417 0.0348
Western 0.4169 0.0871 0.1395 0.1096 0.0556 0.0251

Northern 0.4470 0.1045 0.1313 0.1392 0.0491 0.0227
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Figure 3. Comprehensive rural resilience distribution.

In terms of spatial distribution, the areas with high values for the rural comprehensive
resilience in Guangdong province were mainly distributed in Jiangmen city and Huizhou city
in the PRD region, while the low-value areas were concentrated in Zhanjiang city in western
Guangdong, Shanwei city in eastern Guangdong, and Heyuan city in northern Guangdong.
The mean values for the overall rural resilience and for each dimension in the PRD region
were greater than those in the other regions. The values for rural ecological, social, and
governance resilience in western Guangdong were all lower than those in the other areas.

3.2. Spatial Pattern Correlation Analysis of Rural Resilience in Guangdong Province

The correlation and aggregation of the spatial distribution of resilience were charac-
terized based on the global univariate Moran’s I index. The results indicated that both
the comprehensive resilience and each dimensional resilience factor showed significant
positive spatial correlation characteristics (as shown in Table 3). The Moran’s I indices
for both comprehensive and social resilience were greater than 0.4, indicating that the
aggregation of their geographical distribution was obvious, and the higher and lower
values of resilience were mostly concentrated.

Table 3. Moran’s I index values for spatial distribution of rural resilience indicators.

Comprehensive
Resilience

Ecological
Resilience

Economic
Resilience

Social
Resilience

Cultural
Resilience

Governance
Resilience

Moran’s I index 0.482 ** 0.278 ** 0.382 ** 0.411 ** 0.334 ** 0.379 **
p value 0.001 0.004 0.001 0.001 0.006 0.003

** indicate significance at the 5% level.

To further reveal the characteristics of the local spatial clustering of rural resilience
levels in Guangdong province, a local indicators of spatial autocorrelation (LISA) map of
rural resilience was drawn (as shown in Figure 4). The results showed differences in the
local clustering characteristics of the comprehensive resilience and of each dimension of
resilience in Guangdong province. The high values for the comprehensive resilience were
concentrated in Jiangmen in the PRD, and the low values were concentrated in Zhanjiang in
western Guangdong, while the other counties showed an insignificant distribution pattern.
In the distribution of each sub-dimension of resilience, the high values for economic, social,
cultural, and governance resilience were concentrated around Kaiping city in Jiangmen,
and the high values for ecological resilience were clustered in Haifeng county in Shanwei.
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Figure 4. Rural resilience LISA distribution map.

3.3. Analysis of Factors Influencing Rural Resilience in Guangdong Province

Rural system resilience is influenced by various perturbing factors, such as the ecolog-
ical environment, social economy, and resource background. Moreover, the government
drives various factors, such as capital, resources, and labor, to continuously flow between
the rural production spatial system and the external environment through financial al-
location and policy enactment, which indirectly affects the resilience level of the rural
territorial system. Related studies have found that the natural environment, population
size, income level, industrial structure, resource abundance, and financial support are the
main factors influencing the rural resilience level [15,16,49]. Drawing on relevant studies
and taking into account the actual situation in Guangdong province and the feasibility
of data acquisition, the comprehensive rural resilience index was used as the dependent
variable. Indicators were selected from three areas—the natural environment (average
elevation (X1), average slope (X2)), the social economy (per capita disposable income of
rural residents (X3), number of industrial enterprises above a designated size (X4), per
capita gross regional product (X5), proportion of secondary and tertiary industries (X6),
rural labor-force level (X7), number of tourism resources above grade 3A (X8)), and gov-
ernment input (per capita financial expenditure on agriculture, forestry, and water (X9),
per capita financial expenditure on education, science and technology, culture, sports, and
media (X10))—to analyze the factors influencing the comprehensive rural resilience (as
shown in Table 4).
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Table 4. The factors influencing rural resilience.

Dimensions Subcategory Indicators Factor

Natural environment Natural conditions
Average elevation X1

Average slope X2

Social economy

Economic level

Per capita disposable income of
rural residents X3

Number of industrial enterprises
above designated size X4

Per capita gross regional product X5

Industry structure Proportion of secondary and
tertiary industries X6

Population size Rural labor-force level X7

Tourism resource Number of tourism resources above
grade 3A X8

Government input Financial input

Per capita financial expenditure on
agriculture, forestry, and water X9

Per capita financial expenditure on
education, science and technology,

culture, sports, and media
X10

3.3.1. Geographical Detection of Influencing Factors

The results showed that eight independent variables passed the significance test, as
shown in Table 5. Ranked by the magnitude of the q-value for each influential factor, per
capita regional GDP (X5); number of industries above the designated size (X4); average
slope (X2); per capita financial expenditure on education, science and technology, culture,
sports, and media (X10); and average elevation (X1) were the main factors influencing rural
resilience at the county scale, all with explanatory power greater than 40%. Among them,
gross regional product per capita (X5) and number of industries above the designated
size (X4), which characterize the economic level, were the dominant factors influencing
rural resilience with explanatory power greater than 50%, which was significantly higher
than that of the other factors.

Table 5. Statistics for the q-values for influencing factors.

Influence Factor X1 X2 X3 X4 X5 X6 X7 X8 X9 X10

q-value 0.429 ** 0.463 ** 0.363 ** 0.501 ** 0.551 * 0.328 * 0.294 * 0.265 0.204 0.446 **
p-value 0.004 0.002 0.000 0.001 0.062 0.092 0.059 0.993 0.235 0.001

** and * indicate significance at the 5% and 10% levels, respectively.

3.3.2. Quantification of Influencing Factor Interactions

Given that different influencing factors have individual effects on or interactions
with rural resilience, interaction detection was further used to investigate whether the
interactions between the factors increased or decreased the explanatory power with regard
to rural resilience. Eight impact factors (X1, X2, X3, X4, X5, X6, X7, X10) with high q-values
that passed the significance tests were selected. The results indicated that the explanatory
power of the interactions between the factors was greater than that of the individual factors,
showing two-factor enhancement and a nonlinear enhancement type, which demonstrated
that the differences in rural resilience levels were affected by the combined effect of multiple
influencing factors. Figure 5 shows that the key interaction factors with relatively high levels
of influence on rural resilience were X10 ∩ X2, X10 ∩ X1, X10 ∩ X3, X5 ∩ X1, X5 ∩ X2, and
X10 ∩ X4, indicating that the interactions of per capita financial expenditure on education,
science and technology, culture, sports, and media with topography and economy had the
greatest explanatory power with regard to rural resilience.
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3.3.3. Spatial Heterogeneity in the Effects of Influencing Factors

The previous section showed that the Moran’s I index value for the spatial distribution
of rural resilience was 0.482, and it passed the significance test of p = 0.001, satisfying the
prerequisite requirement of the MGWR model for the spatially heterogeneous distribution
of variables. Then, to test the covariance and significance of the factors and avoid the bias of
regression model estimation caused by the existence of significant correlations among the
influencing factors, the variables were tested for significance and subjected to covariance
diagnosis using the stepwise regression model (as shown in Table 6). The results showed
that five variables (namely, X4, X5, X6, X7, and X10) passed the significance and covariance
tests, so the subsequent MGWR analysis was conducted for these five indicators.

Table 6. Stepwise regression results for influencing factors.

Model

Nonstandardized
Coefficient

Standardized
Coefficient t Significance

Collinear Statistics

B Standard Error Beta Tolerance VIF

5 (Constant) 0.037 0.073 0.5 0.619
X5 2.09 × 10−6 0 0.350 3.771 0 0.663 1.508
X7 0.003 0.001 0.334 4.333 0 0.959 1.043
X4 0 0 0.232 2.355 0.022 0.586 1.706

X10 4.06 × 10−6 0 0.245 2.984 0.004 0.846 1.182
X6 0.002 0.001 0.183 2.082 0.042 0.742 1.347

The MGWR model fit better than the OLS and GWR models (as shown in Table 7)
because it considers the differences in the spatial scales of action of the influencing factors
and uses an adaptive bandwidth. Positive and negative differences were found in the
regression coefficients of each influence factor, indicating that each influence factor exerted
different forces on rural resilience at different spatial locations (as shown in Table 8). Among
them, X4, X5, X7, and X10 all showed positive effects on rural resilience in each county,
while X6 showed negative effects in some ranges (as shown in Figure 6).
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Table 7. Comparison of different regression models.

Indicator OLS GWR MGWR

AICc 107.761 103.673 103.333
R2 0.709 0.770 0.772

Adjusted R2 0.680 0.724 0.726
Bandwidth / 56 X6 bandwidth was 50, other factors were 56

Table 8. Summary statistics for MGWR model coefficient estimates for each influencing factor.

Variables Mean Minimum Median Maximum SD

Constants 0.074 −0.025 0.076 0.147 0.053
X4 0.325 0.317 0.325 0.335 0.005
X5 0.333 0.291 0.333 0.371 0.022
X6 0.040 −0.120 0.028 0.314 0.126
X7 0.293 0.268 0.292 0.328 0.013

X10 0.231 0.215 0.230 0.250 0.010

(1) The number of industrial enterprises above the designated size (X4). X4 had a positive
impact on the resilience of rural areas in each county of Guangdong province. This
indicator reflects the level of industrial development in each county, which helps
transform and upgrade rural industries, promote the implementation of agricultural
modernization, and improve agricultural labor productivity, thus effectively raising
the level of farmers’ income. It had a strong driving effect on the resilience of the
economic production dimension in each county’s rural areas. The distribution of re-
gression coefficients was lower in the eastern part of Guangdong and the surrounding
areas of the PRD and higher in the western and northern parts of Guangdong;

(2) Gross regional product per capita (X5). X5 had a positive effect on rural resilience
in each county of Guangdong province. The GDP per capita indicates the level of
economic development of a region, which affects the base level of the capital in the
villages themselves. Spatially, the magnitude of its influence on rural resilience was
high in eastern Guangdong and low in parts of northern Guangdong. Specifically, the
influence of the per capita GDP in Lianshan and Liannan counties in the mountainous
areas of northern Guangdong was low, mainly because these counties are in remote
mountainous areas with weak economic foundations that are relatively lacking in
social infrastructure, so the influence of X5 on their rural development was slightly
lower than in other counties due to natural geographical conditions;

(3) The proportion of secondary and tertiary industries (X6). X6 reflects the level of
economic diversification in each county. In contrast to the influence of other factors,
X6 showed a complex direction of influence on rural resilience, with a negative
influence in parts of eastern and northern Guangdong and then a gradual increase in
the degree of influence to the west;

(4) Rural labor-force level (X7). X7 showed a positive effect on rural resilience in each
county of Guangdong province, indicating the importance of the young level in the
rural age structure for rural development. Its regression coefficient showed a spatial
distribution pattern of being high in western and eastern Guangdong and low in
northern Guangdong. The main reason was that the mountainous areas in northern
Guangdong are affected by a combination of factors, and an increase in the size of
the rural labor force alone has a limited ability to contribute to rural development in
these areas;

(5) Per capita financial expenditure on education, science, technology, culture, and media
(X10). X10 showed a positive effect on rural resilience in each county of Guangdong
province, indicating the supporting effect of rural education level, science, technology,
and cultural development level on rural development. Its regression coefficient
showed a spatial trend of gradual increasing from the east to the west of Guangdong.
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The main reason was that the combination of science and technology transformation
and agricultural development is better in western Guangdong than in the other parts,
and government input in these aspects will significantly promote the development
level of agriculture and further enhance the level of rural resilience.
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4. Discussion
4.1. Advantages

Rural resilience determines how rural systems respond to external challenges and
whether they can maintain a satisfactory level of living [21]. With rapid urbanization and
various natural disasters and human-induced disturbances, rural systems are facing the
dilemma of decay. Improving the level of resilient development of rural systems so that
they can cope with disturbances and impacts and enhancing resilience to achieve rural
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revitalization have become popular topics in rural geography and urban and rural planning.
In the context of the increasingly prominent urban–rural development imbalance in Guang-
dong province, China, recognizing and assessing the current state of rural resilience can
provide useful sustainable development strategies and practical guidance for improving
rural resilience.

In this study, we combined rural revitalization objectives with resilience evaluation
and constructed a systematic and operational evaluation system based on five dimensions
of rural resilience. Using the geographic detector method, we not only focused on the
explanatory power of individual factors with regard to rural resilience but also studied the
magnitude of multifactor interaction effects on rural resilience. Further, using MGWR, the
multiscale spatial heterogeneity of the influencing factors was intensively investigated. The
combination of the two models helped to overcome the shortcomings of traditional models
in understanding interactions and the limitation related to the uniformity of spatial local
bandwidth and improved the accuracy of model simulations. The analysis results revealed
the dominant drivers affecting rural resilience, their interactions, and their multiscale
spatial heterogeneity, which can help in implementing localized and differentiated optimal
governance measures in conjunction with the evaluation of the current situation to realize
the sustainable development of rural systems.

4.2. Interpretation and Application

This study found that most of the counties had medium or higher values of com-
prehensive resilience, and the high-value areas were mainly located in the PRD region.
Economic factors were the dominant factors that led to differences in rural resilience across
counties in Guangdong, which was consistent with the findings of previous studies [6,16].
Furthermore, the influence of groups of factors was greater than the influence of single
factors, especially the interaction of government science, education, and culture investment
with natural conditions and economic factors. The economy is the foundation of rural
development. Government investment in science, education, and culture can improve the
educational levels of residents and the science and technology conversion rate, which, in
turn, can enhance the level of rural economic development. Natural conditions are the
basis for agricultural development. The interaction of the above three factors affects the
development potential of rural areas. In addition, the influences of each dominant influ-
ence factor on rural resilience showed significant spatial heterogeneity. Specifically, the
proportion of secondary and tertiary industries showed a negative effect in some counties
in eastern and northern Guangdong and a positive effect in other regions. The main reason
is that the share of secondary and tertiary industries reflects the level of diversification of
the economic structure in each county. The impact of economic structure on rural resilience
is complex [19], and diversity in the economic structure in counties or townships with a pre-
dominantly agricultural economic structure may not be effective in improving the resilience
of the rural economy. The degree of integration between agricultural development and sec-
ondary and tertiary industries was low in some areas in eastern and northern Guangdong.
Rural settlement densities were also low in the northwestern mountainous region [50]. An
increase in the proportion of secondary and tertiary industries leads to a decrease in the
numbers of employees in the primary industry, which weakens the development of rural
agriculture and, therefore, has a negative impact on the level of rural resilience. In contrast,
the integration of secondary and tertiary industries with primary industries was high in the
areas near western Guangdong and the PRD, and the per capita income of rural residents
was also relatively high. Therefore, the greater the economic diversity is, the greater the
rural resilience is, resulting in a positive impact on the rural resilience level of each county.

On the basis of the results of the comprehensive evaluation of rural resilience, the
following suggestions can be made for the development of each region: (1) In addition to
economic development, the governments of counties in the PRD can increase investment
in science, education, and culture to improve the level of cultural resilience. In addition
to improving physical infrastructure, construction of social infrastructure to increase the
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resilience of rural communities, such as building social trust, strengthening emotional ties,
and focusing on sociocultural structures, should be emphasized [24,51]. (2) East Guangdong
should focus on improving economic and cultural resilience, strengthening the integration
of secondary and tertiary industries with agriculture, and improving agricultural labor
productivity to increase economic output, and the government must also focus on financial
investment and infrastructure construction to improve the cultural level of residents and
the science and technology conversion rate. (3) The western region of Guangdong should
focus on improving ecological and social resilience and strengthening greening construction
and livelihood facilities on the basis of adequate economic development. Relevant policies
must be developed to attract young people to local employment and reduce rural labor
outflow. (4) North Guangdong should focus on improving economic and cultural resilience,
combining the advantages of the natural base with economic development, and promot-
ing the transformation and upgrading of rural industries. Meanwhile, the government
should also strengthen investment in science, education, and culture to realize a localized
rural revitalization strategy. Overall, the centralizing and leading role of the PRD region
should be brought into play across various areas, such as natural environmental protec-
tion, economic development, and investment in education and science and technology, to
narrow the urban–rural development gap and jointly enhance the rural resilience levels of
Guangdong counties.

4.3. Limitations

Considering that the level of rural resilience changes over time, further research on
the spatiotemporal evolution pattern of rural resilience can be conducted in the future on
the basis of rural data from different time points. In addition, the research scale and the
types of villages should be refined, and interview surveys on specific rural communities
must be conducted to reveal the spatiotemporal evolution processes and laws determining
their resilience in each dimension when facing different external challenges.

5. Conclusions

Most of the counties in Guangdong province have medium or higher overall resilience
values, with high values mainly in Jiangmen and Huizhou in the PRD region and low
values mainly in Zhanjiang in western Guangdong, Shanwei in eastern Guangdong, and
Heyuan in northern Guangdong. Both comprehensive and sub-dimensional rural resilience
showed significant positive spatial correlation characteristics The geographic detection
results for each influence factor indicated the following order: X5 (per capita regional
GDP) > X4 (number of industries above the designated size) > X2 (average slope) > X10
(per capita fiscal expenditure on education, science and technology, culture, sports, and
media) > X1 (average elevation) > X3 (rural per capita disposable income) > X6 (proportion
of secondary and tertiary industries) > X7 (rural labor-force level). Moreover, a significant
interaction was found between X10 and X1, X2, and X3, indicating that the interaction
between the government’s cultural and technological investment and topographical and
economic factors has a significant effect on rural resilience. The MGWR model results
showed spatial heterogeneity in the influence of each significant influencing factor on rural
resilience. Among them, X4, X5, X7, and X10 showed positive effects on rural resilience,
while X6 showed negative effects in some counties in eastern and northern Guangdong.
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