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Abstract: In China, the “land-restructuring” policy provides balanced land for urban settlements that
is strictly limited in expansion. Therefore, reassessing and adjusting the layout of rural settlements is
of great practical significance for promoting rural revitalization. In this paper, taking Xian’an district
in Hubei Province as an example, we use the weighted rank-sum ratio comprehensive evaluation
method and spatial association analysis method to analyze the development level and spatial pattern
of settlements. The results show that: (1) The development level of settlements in Xian’an shows
obvious spatial differences, with a spatial pattern of ‘high in the core-low in the periphery” and
‘high in the northwest—low in the southeast’, which is the result of the combined effect of natural
geographical conditions and socioeconomic conditions; (2) The comprehensive development level of
settlements, evaluated based on four major indicators—population size, resource endowment, spatial
characteristics, and material construction—reveals the presence of cluster effects, distance decay
effects, administrative hierarchy effects, and “long board” effects; (3) Within village communities,
settlements with significantly high levels and settlements with significantly low levels have a similar
geographic distribution and mosaic spatial patterns. Lastly, based on the overall development level
and spatial association patterns of settlements, this article presents possible options for governmental
settlement governance from the standpoint of rural building management.

Keywords: building demolition policy; urbanization; spatial layout; Hubei; China

1. Introduction

According to the results of China’s seventh census, the country’s urban resident
population reached 901 million people in 2020, with China’s urbanization rate reaching
63.89%. Yet, based on the population of registered households, China’s urbanization
rate is only about 45%. This gap exists because there are still over 200 million migratory
workers and their families who work and live in cities but do not have urban household
registration [1], most of whom live in informal housing such as collective dormitories or
urban villages [2,3]. China’s urbanization remains low in comparison to certain developed
countries, such as Japan and the USA, and many researchers think that China’s urbanization
has considerable opportunities for expansion [4-6]. Therefore, the Chinese government
is currently focused on fostering new urbanization and enhancing housing initiatives to
address this issue [7,8].

China’s current land use policy, which closely observes the 120 million hectares
of the arable land red line [9,10], makes urban expansion planning extremely difficult.
Despite this, expansion is still required in many Chinese cities. To remedy this, the federal
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government has implemented a land-restructuring policy known as “increasing versus
decreasing balance” [11,12]. So, for every additional piece of urban land designated for
construction, the rural settlement must be decreased proportionally. The objective is to
promote urbanization while preserving China’s food security. As a significant population
of rural residents migrate to urban areas, they anticipate gaining greater access to education,
health care, and other resources. There is abundant evidence that an increasing number of
tiny villages in China are diminishing or perhaps dying as vast numbers of rural dwellings
are abandoned [13-15]. According to scholars, the government’s local urbanization policy
has a crucial influence on this phenomenon [16,17].

In a report to the 19th National Congress of the Communist Party of China in
2017, Chinese authorities advocated a “rural revitalization” strategy and drafted a plan
for it the following year [18,19]. This strategy intends to foster rural development by
classification, which separates the countryside into four categories: agglomeration and
augmentation, suburban integration, distinctive protection, and relocation and annexa-
tion. Communities in the first three categories would be uncontroversial, while those
identified for removal and annexation could face fierce opposition, particularly from
those annexed to neighboring settlements (Some news can provide evidence: https://
www.163.com/dy/article/ FGBVGMCC0512D03F.html (accessed on 10 September 2024);
https:/ /news.ifeng.com/c/7xgUIRxgf7g (accessed on 10 September 2024)). Despite objec-
tions, China’s ambitious rural rejuvenation program cannot provide government funding
for all settlements, and some people may need to move from their old rural towns to join
other settlements or relocate to cities. Simultaneously, China’s rural regeneration strategy
must be linked with the new urbanization strategy to follow the path of intensive, efficient,
urban-rural integration and harmonious and sustainable urbanization [8].

Hence, determining which communities should be abandoned or not has become
a challenging task. The primary objective of this article is to determine the future de-
velopment direction of settlements based on a rational assessment of these areas, while
integrating the spatial characteristics of the assessment results. In particular, it aims to
establish policies regarding the construction of new buildings. Earlier work on assessing
the suitability of settlements using GIS and RS technology [20-22], with geospatial as
the evaluation object, has produced some results [23]. Several earlier assessments were
undertaken for administrative villages rather than settlements, and previous assessments
overemphasized the natural condition attributes of administrative villages while paying lit-
tle attention to transportation and facilities accessibility [24-26]. Earlier evaluations lacked
consideration of the socioeconomic or material construction characteristics of settlements,
as well as an emphasis on community involvement and government administrative expen-
ditures [27,28]. In past local practices, the subjective evaluation by technical government
officials took into account the current construction status of the settlement and the opinions
of the residents to some extent, but the evaluation criteria were difficult to standardize and
the results frequently sparked debate.

In response to the shortcomings of previous research, this paper presents our research
materials and methodologies in the following sections, with a particular focus on how
we established our own indicator system while referencing the metrics used in earlier
studies [29-36]. In Section 3, we detail the assessment results and spatial characteristics
of the settlements, conducting a correlational analysis between the scoring levels of the
settlements and their spatial types. Sections 4 and 5 discuss our findings, proposing various
relocation strategies and architectural policies for different types of settlements, and offering
suitable policy recommendations for government initiatives aimed at rural revitalization.

2. Materials and Methods
2.1. Area of Study
Xian’an District, located in Hubei Province, China, is the center section of Xianning

prefecture, whose authority covers the Xianning urban areas and its surrounding suburbs
(Figure 1). At the city’s outskirts, there are 10 townships and 1939 settlements. Its urban
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population was 480,879 inhabitants in 2020, while its rural population was 176,711 inhabi-
tants. According to the sixth and seventh censuses, the majority of Hubei Province is losing
population, with only the provincial capital Wuhan and surrounding districts having seen
a population increase in the past decade (Figure 1). Between 2010 and 2020, the urban
population of Xian’an increased by 6.65%, while the rural population increased by 2.87%.
This urban-rural gap is thought to be the result of large rural-to-urban migration; however,
the rural population loss in Xian’an is much larger than this gap, because, on the one
hand, many villagers moved to cities for work, but their household registration remains in
the countryside, resulting in a growing registered rural population but a declining actual
rural population. Particularly in recent years, the number of births in China has declined
significantly, and a vast number of rural schools has been abandoned [14], with educational
resources steadily shifting to the county cities. Many villagers want their children to acquire
a better basic education at the county’s public schools and, under the applicable policy, are
required to buy a house in the county, but the majority of them prefer to preserve their rural
household registration. On the other hand, larger cities, such as Wuhan, take a portion of
the population from Xian’an. The population of Xian’an is rising at a significantly slower
rate than that of other cities.

N (52

Jinniu

0255  10kns

Xiliag/lg

114°

4 Village_committee_site

/| ® Township_site
Rural settlements
|1 Urban_development_boundary|

I
111°

Hubei provinge

[ 1 Town_boundary
11‘40 Village_boundary

Figure 1. Location of the case study. Note: This map shows the spatial distribution of the settlements.
In the main map, the red block is the government’s boundary for urban development, which includes
considerable farmland.

The first stage of urbanization is characterized by the siphoning of urban to the rural
population, whereas the second stage is dominated by the siphoning of major cities to
minor cities. Numerous studies have indicated that China has entered the second stage
of urbanization based on the performance of various urban cities [37,38]. Xian’an has
lost a significant proportion of the rural population in the last two decades, and several
abandoned settlements have arisen. In terms of population growth rate, Xian’an District
is very appealing to the rural regions under its control as well as neighboring cities in
Hubei Province, and there is still a desire for urban expansion. As a result of China’s

land-restructuring policy, it was unavoidable that certain rural settlements in Xianan would
be demolished.

2.2. Assessment Framework and Indicator System
2.2.1. Theoretical Structure Construction

The landscape form of rural settlements is the result of the combined effect of natural
geographical conditions and socioeconomic development level [20], and the assessment of
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* Reduce resistance to
demolition
* Less costly to relo-
cate and rebuild
* Smaller social inputs
benefit more people

their residential suitability must consider the settlements” historical accumulation, develop-
ment status, and future development potential. At the same time, it should be highlighted
that this evaluation is also a scale relationship between the government and the villagers.
The government wants to reduce administrative expenses and achieve land-restructuring
goals, while villagers desire a higher quality of life. The key to the evaluation system and
the establishment of construction regulations is how to balance the interests of both parties.
Given that settlement development is a complicated process involving the interaction of
various elements, it is required to investigate the influencing factors systematically and
exhaustively from multiple viewpoints to assess the degree of settlement development in a
targeted manner. This study investigates the factors that impact settlement development
from four perspectives (Figure 2), taking into consideration relevant scientific studies.
@ Population size: Population decrease is the expression of the abandonment process and
its most direct cause [16], and the resident population, number of resident households, and
average household size may be utilized as proxy variables for the settlement. 2) Resource
endowment: Contains the cultural history of the settlement’s past and its current natural
resources. Relevant evidence indicates that both historical culture and natural landscapes
can significantly promote tourism development [39,40], thereby contributing to the reduc-
tion in rural poverty [41]. (3 Material construction: Verification of the existing physical
infrastructure in the village, which includes several essential services such as potable tap
water, an elementary school, and a medical clinic. These elements are critical for ensuring
the sustainability of rural living [42,43]. (@ Spatial characteristics: Settlements should not
be lonely entities. The location of the settlement almost affects the transportation cost
of the settlement to gain access from the outside world, and the site environment is an
important basis for settlement development. Certain objective objects are easy to count
to assist these indicators in finding acceptable proxy variables; also, some government
awards for villages are regarded as key reference indicators (Table 1). It is important to
note that the assessment results serve as the foundation for identifying the spatial patterns
of settlements. Only by recognizing these spatial patterns can more rational building
policies be formulated. According to the theory of neighborhood effects [44], individuals
who are geographically closer tend to interact more frequently, which confers advantages
in community communication, volunteer services, and accessibility to facilities [45]. If
the spatial pattern of settlements in a given area is characterized by the concentration of
stronger entities, it indicates favorable development prospects, warranting the adoption of
proactive expansionary building policies [46]. Conversely, if the pattern is one of weaker
concentrations, the costs associated with the configuration of public service facilities in that
area may be excessively high [47]. In such cases, stringent control over building policies
should be implemented. This approach can enhance the efficiency of government invest-
ments in settlements and provide greater assistance to rural populations in their efforts to
escape poverty [48].

* Familiar social interactions
+ Convenient social services

+ Convenient transportation
Residents {_'Affluent living conditions

IA1| J8338g

+
i

+Livelihood is not a concern

S3500 BAITEJISIUILPpR 48| |BWG

IUSWUIDI | AU

Present Future

=

Figure 2. Theoretical structure of demolition-oriented settlement development level assessment.
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Table 1. System of evaluation indicators.
Primary Secondary . . . Data
Indicators Indicatore Tertiary Indicators Code Weights Source Tend
Populati . Number of households X1 10% I +
opu( ; 010;)1)1 size Permanent population X2 10% 111 +
° Average number of households X3 10% I +
Forest land area per capita X4 1% I +
Garden area per capita X5 1% I +
Natural Water resources per capita X6 1% I +
resources Arable land area per capita X7 1% I +
Resource Constru.ction land area per capita X8 12/0 I +
endowment Ecological land area per capita X9 1% I -
(18%) Historical and Traditional village X10 3% i} +
cultural Folk culture X11 3% II +
heritage Historic monuments X12 3% 11 +
& Other heritages X13 1% I +
Civilized countryside demonstration site X14 2% 1I +
Distance to highway X15 3% I -
Location Distance to township X16 4% I -
Spatial Distance to village committee site X17 3% I -
char?zc(tﬁ/n)stlcs Average homestead area per household X18 3% I -
° Site Distance to the nearest settlement X19 2% I -
environment Ground deformation X20 3% I -
Elevation X21 2% I -
Size of physical Built-up area X22 10% I +
area
Potable tap water X23 2% 1 +
Municipal Wastewater treatment system X24 2% I +
Material infrastructure Communication network coverage X25 2% 1T +
ateria Garbage collection system X26 2% I +
construction
(32%) Village committee station X27 2% 1T +
Primary schools and kindergartens X28 2% 1II +
service facilit Medical clinic X29 2% I +
Y Cultural halls X30 2% I +
Sports plaza X31 1% I +
Beautiful countryside demonstration site X32 5% 11 +

Note: I: GIS; II: Provided by the government; III: Field investigation team.

2.2.2. Selection of Evaluation Indicators

Whether or not a community should be demolished is intimately tied to its historical
accumulation, present degree of development, and future potential, and we developed a
multi-level indicator evaluation approach to assess these factors (Table 1). In this study,
evaluation indices are allocated using a subjective assignment approach, and weights are
derived using an expert judgment matrix once the hierarchical model has been constructed.
We discovered that the weights estimated by various experts varied greatly, and so, we
convened a meeting of specialists to examine them. We finalized the weights of each
indication after examining the input of seven planning experts, three technical officials,
and two leading officials, and the professional opinions are fully respected in this process.

2.3. Data Sources

We utilized both primary and secondary data for our research. The primary data
were collected through a comprehensive census conducted by our research team at each
settlement site. This extensive undertaking was supported by planning and design agencies,
government management departments, and local village committees. The secondary
data were sourced from government management departments and publicly available
datasets online, detailed as follows: Geographic information data such as administrative
divisions, settlement sites, and land use data were gathered from the local government
land management departments and land use data were compiled in 2020 by the Third
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National Land Survey. The DEM utilized digital elevation data with a 30 m resolution
from GDEMV2, downloaded from the Chinese Academy of Sciences” Computer Network
Information Center (http://www.gscloud.cn, accessed on 10 June 2024). The government’s
Culture and Tourism Administration provided the list of cultural heritage, while the
government’s Rural Rejuvenation Bureau provided the list of competition winners for the
Beautiful Countryside Demonstration Site and the Civilized Countryside Demonstration
Site. China has undertaken a total of six traditional village selection activities. Therefore,
X10 is granted a score between 1 and 6 points; the earlier the title is earned, the higher the
score; without the title, it is ascribed a value of 0. According to the level of government
that granted the honor, X11-X14 and X32 are assigned as follows: the central government
awards four points, the province government three points, the municipal government
two points, and the district government one point. In addition, five experts organized a
field study team to undertake in-depth site visits to 1937 communities located beyond the
urban growth border. The village chief filled in X1 and X2, while the field research team
filled in the remaining data after conducting field visits. X23-X31 must be determined
by a site visit. If they exist and are routinely utilized, 1 point is awarded; otherwise, no
points are awarded.

2.4. Methods
2.4.1. Weighted Rank-Sum Ratio

In this study, the WRSR (weighted rank-sum ratio) comprehensive evaluation method
was utilized to conduct the evaluation. The basic idea of the WRSR is to rank the evaluation
indicators and use the average of the ranks as the evaluation criterion, which is appropriate
for the thorough assessment of indicators with multiple units of measurement. It continues
as follows: () Assemble the matrix: If there are n objects and m indicators, build the
data matrix (n x m); @ Transform data matrices into sorting matrices: In this study, a
non-integer ranking approach was employed, overcoming the drawback of losing quantita-
tive information on the original indicator values when employing conventional methods.
® Calculating the rank-sum ratio with weighting using the equations provided below:

Xij — WIZT‘ZI(Xl], ij, s Xn])

Ri=1+(n—-1 i 1)
g ( )max(le, X2]', ce Xn]) — mini (le/ ij, s Xn])
R — 1—|—(7fl—1) max(le,ij,---an) —X,‘]‘ (2)
g max (le, ij, st Xn]) — mmz(le, ij, s Xn])
1
WRSR,; = 52]11 WiR;; (3)

Of the three equations above, (1) and (2) are used to calculate the value of the non-
integer ranking (R;;); the former is for positive indicators and the latter for negative
indicators. WRSR; is then the final score for resident i, and W is the weight of the indicator.
Owing to substantial regional differences, individual settlements vary significantly from
other settlements in terms of some variables. The WRSR approach creates assessment
indicators based on the ranking results of residential areas in statistical data, as opposed
to directly employing statistical data, thus efficiently avoiding the circumstance in which
certain statistical data are outliers [49]. This approach is beneficial because the data distri-
bution is relatively concentrated and tends to follow a normal distribution, which facilitates
a better observation of the spatial patterns of settlements in subsequent analyses. Its limita-
tion lies in the potential loss of information, which may hinder the accurate calculation of
the true distances between settlements.

2.4.2. Spatial Association Analysis

(1) Global spatial association. The global-based spatial association measures include
Moran’s I [50], Geary’s C [51], and Getis-Ord’s G and G* [52]. Assuming that the location
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of the settlement is the result of a two-dimensional stochastic process, the global Moran’s I
measures the spatial distribution pattern of the settlement assessment score globally based
on the location of the settlement and its WRSR value, determining whether the pattern
is clustered, dispersed, or random [53]. Similar to the association coefficient in general
statistics, Moran’s I ranges from —1 to 1. A number larger than zero implies a positive
spatial association, whereas a value equal to zero indicates there is no spatial association.
The formula is as follows:

. N LN LN Wi, ) (X - X) (X - X)
N LN Wi, j) N (X - X)

(4)

In the above equation, N denotes the number of study subjects; X; and X; denote the
observed values of positions i and j, respectively; and W(i, ) is the spatial connectivity
matrix between positions i and j. After calculating global Moran’s I, the results are also
subjected to statistical tests, generally using the z-test, as follows:

_I-E(D)
var(I)

z(I) ()

(2) Local spatial association. The local I of Moran is an extension of the global I
of Moran. For an individual, the global is split into many regional units, and the local
Moran’s I coefficient for this individual is referred to as LISA (Local Indicators of Spatial
Association) [54], a common indicator for the local spatial association. It can be used to
detect various types of spatial outliers and local clusters [53]. For a certain spatial cell i:

p = N OEL W -0 ©®)
Yi(Xi — X)

In the above equation, N, Xj, X, Wl-]-, etc., have the same meaning as those in Equation (4),
and its statistical test is similar to that of the global association. It is critical to select a
statistical area for a settlement’s local Moran'’s I, which is normally decided by the number
of neighbors or the search radius. Then, by comparing the point to its neighbors, the co-type

of settlement can be identified.

3. Results and Analysis
3.1. Evaluation of the Development Level

The aforesaid procedure was used for the evaluation. Firstly, the WRSR of each
settlement can be determined, and the larger the WRSR, the higher the overall rating of
the settlement. Then, the WRSR distribution was calculated, which included reporting
the frequency of each group and calculating the cumulative frequency of each group;
calculating the rank R and average rank R~ of each WRSR; calculating the downward
cumulative frequency R~ /n x 100%; correcting the last term by (1 — 1/4n x 100%); and
determining the probability unit corresponding to the cumulative frequency. Then, the
WRSR distribution values in the table were used as the independent variable and the Probit
values as the dependent variable in the linear regression. The linear regression analysis
reveals that the model’s formula is “y = 0.154 + 0.043Probit”; the regression equation’s
significance test F value is 42,241.8; the significance probability value p is 0.000, which
is lower than 0.01; and the coefficient of determination R? = 0.956, indicating that the
requested regression equation is statistically significant, and the method’s assessment
results are scientific and reliable. Finally, the scores were sorted hierarchically, and they
were classified into 1-5 star levels based on experience, equivalent to the five levels of very
low, low, average, high, and very high (Table 2).
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Table 2. Binning sort threshold table.
Level Percentile Threshold Probit WRSR Number
* <3.593 <3.2 <0.2921 67
*k 3.593~ 3.2~ 0.2921~ 462
0. 8. 8.¢ 27.425~ 4.4~ 0.344~ 875
0. 0.0.8.¢ 72.575~ 5.6~ 0.3959~ 465
0.8.8.6.6.¢ 96.407~ 6.8~ 0.4479~ 70

3.1.1. Comprehensive Level Evaluation

According to the comprehensive level evaluation results, the development level of
settlements in the study area ranged from 0.204 to 0.623, with considerable disparities in
the overall development level, demonstrating hierarchical differentiation and unevenness.
In particular, the number of settlements with a high development level of 4-5 stars is
much higher in the northern and northwestern regions of Xian’an than in the southern and
eastern regions. Because the northwestern portion of Xian’an is flat, the northern portion
is hilly, and the southern and eastern portions are mountainous, 1-2 star settlements are
primarily concentrated in the south and east. Moreover, the south and east parts are further
away from the urban area and driven by the radiation of the urban area, which is smaller.
There is a distance decay effect of the development level of settlements based on their
spatial characteristics, and settlements with high development levels are closer to the
urban development boundaries and important transportation routes (Figure 3). Due to
the government’s tendency to establish public service facilities in the village committee
building, the development level of the settlement where the village committee is situated is
much greater than the development level of other settlements.

5722
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<ostar kk
o <j3star Jokk
@ <istar kkkk
@ <=i5star kkkkk
[ Village_boundary
1 [] Urban_development_boundary
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Figure 3. Levels of settlement development and potential. Note: The higher the score level, the larger
the area of the corresponding points and the darker the color.
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3.1.2. Multi-Dimensional Assessment

We calculated the standardized scores of WRSR values of different dimensions for
each settlement using the index system’s design, and then performed frequency distri-
bution statistics and normal distribution curve fitting (Figure 4), before considering the
administrative village as a statistical unit (Figure 5).

Population size Resource endowment w0 Spatial characteristics Material construction
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Figure 4. Frequency statistics of settlements score.
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Figure 5. Settlements score statistics by villages. Note: AVG: The average scores of the settlements
were calculated based on the administrative village boundaries. S.D.: The standard deviation of the
score of the settlements are calculated with the administrative village boundary as the group.

(1) Population size dimension: The greater the population, the greater the commu-
nity’s vitality, with human resources being the primary guarantee for the existence and
development of villages. Except for a few super-population size settlements, the population
size of the village is largely equal in terms of development. In terms of space, communities
with a high average population in the settlement are frequently clustered around the town.

(2) Resource endowment dimension: Resources are the foundation of a community’s
development. Many settlements have a high degree of resource endowment, and most
settlements have a substantial difference in resource endowment, according to the distribu-
tion frequency of resource endowment scores. Spatially, resource-rich villages tend to be in
the flat areas of Xian’an’s west and north, and valleys in the south. Villages in Xian’an’s
west and north are richer in land and water resources. Furthermore, the plains have a
long farming history, and particular settlements have richer material and cultural treasures.
Individual communities in the south, on the other hand, are richer in biological resources
while keeping better traditional cultural practices due to their relative isolation.
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(3) Spatial characteristics dimension: The settlement’s location and the site environ-
ment have a considerable impact on its potential for future residential land expansion.
Apart from a few settlements with lower scores, the negative skewness and slope close
to the normal kurtosis indicate that most settlements score at a more normal level in this
dimension. The settlements with low scores in this dimension are located in the mountain-
ous areas of Xian’an’s east and south. Although the land usage is more intensive and the
distance to the nearest communities is shorter, these villages have undulating terrain and
are difficult to access.

(4) Material construction dimension: The amount of physical construction of commu-
nities is heavily influenced by the village’s financial status and government assistance. In
terms of the standard score for the physical construction of settlements, there is a significant
difference between the number of settlements with a score of less than 0.2 and those with
a score of 0.2 or above. The 32 settlements with a score of less than 0.2 were abandoned
obviously during the village development activities, and the majority of them are located
on the hillsides in the southern and southwestern parts of Xian’an. Villages with higher
levels of construction are more likely to be regarded seriously by the government because
they are located near towns or have more concentrated inhabitants.

In general, villages near towns have location advantages, while the population of the
settlements is larger and the material construction level is higher; mountainous villages far
from towns have obvious location disadvantages, and the population development level is
lower; except for a few villages with resource advantages and a more concentrated popula-
tion, most of the construction level is low; in terms of resources, the plains and mountains
have an advantage. Some plain and mountainous places benefit from resource advantages,
and some plain villages rely on land resources and material cultural relics to build tourism,
with a high level of overall development. In contrast, some highland communities rely on
ecological landscape resources and traditional cultural traditions to generate tourism, and
the villages” overall development level is greater. In other words, some villages are able to
leverage their strengths as a “long board”, resulting in a comparatively high overall score.
Settlements in Xianan’s center region have a higher level of development than those in the
suburbs. In terms of development, the periphery villages have greater internal differences
than the core settlements.

3.2. Settlement Clustering and Spatial Association

The global Moran’s I was calculated using the ArcGIS pro2.5 software. The global
Moran’s I score is 0.28, the z-score is 25.05, and the p-value is 0.00, showing that the
settlement development level in Xian’an demonstrated a significant, positive, low degree
of spatial association. It means that the settlement with the greater development level has a
higher average development than the settlements around it, and vice-versa. Because of the
occurrence of regional disparities in settlement development levels, this article employed
local Moran’s I for additional analysis. Using 5000 m as a search radius, the area of this
search region is almost the same as that of a town, and we produced Figure 6 by comparing
the development level of this settlement to the average development level of all settlements
in the search area. Except for certain non-significant (NS) settlements in the middle gray
area, the High—High clusters (HH) in the first quadrant indicate that the development level
of the settlements surrounding this type of community is similarly high. The Low-High
outliers (LH) in the second quadrant indicate that the settlement is underdeveloped, while
its neighbors are much more developed. Low—Low clusters (LL) in the third quadrant and
High-Low outliers (HL) in the fourth quadrant have the inverse meaning of HH and LH.
Figure 7 is the result of mapping the co-types of these settlements.
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Figure 6. Scatter plot of LISA. Note: The coefficient of regression line represents the global spatial
association index, it means that the scores of residential areas show a positive spatial association
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corresponds to Figure 7.
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According to the location of the settlements’ co-types, the “HH” co-type is mainly
located in the northern, northwestern, and central regions of Xian’an where it is flatter,
as well as in canyon areas with better traffic in the south. The distribution pattern of
the “LH” co-type is comparable, and they form a mosaic pattern in geographic space.
The “HH" co-type is more crowded than the “LH” co-type and is located closer to towns
and main transportation routes. The “LL” co-type and “HL” co-type have similar spatial
association patterns, with the exception that the “HL” co-type and “LL” co-type are found
in mountainous areas to the east and south of Xian’an. Meanwhile, the “HL” co-type is
more concentrated, while the “LL” co-type is more dispersed, and the “LL” co-type is
found on the outskirts of the “HL” co-type group.

3.3. Settlement Typology and Building Policy

We can propose different development strategies for settlements with different devel-
opment levels using the association analysis of settlement development levels and co-types
(Figure 8). In terms of building policies, this paper makes the following recommendations
for various association patterns:

Figure 8. Association of evaluation levels with co-types.

For 4-5 star settlements, there are three spatial patterns, including “HH” (203), “HL”
(61), and “NS” (271). The government should encourage “HH"-type settlements to actively
absorb people of “LH”-type settlements (32) in neighboring 1-2 star settlements, and the
government should encourage “HL"-type settlements to actively absorb residents of “LL”-
type settlements (202) in nearby 1-2 star settlements. The “NS” kind of settlement follows
a stable development plan, progressing while retaining the existing level of development.

For 3-star settlements, it exists in five spatial modes, including HH (76), HL (24), LL
(64), LH (131), and NS (580). Based on the evaluation results of multidimensional indicators,
the government should provide targeted aid to “HH” and “HL” settlements. For example,
several villages in the southern mountainous areas with limited transportation facilities
should make efforts to improve their transportation conditions and overall development
level. The government should design some stimulation initiatives for the “LH” and “LL”
settlements. For example, if the residents improve the shortcomings in the multidimen-
sional indicators in a short period, their village construction and building expansion should
be supported to improve the living environment and overall development of the village
by stimulating the residents’” endogenous motivation. As for the NS type of settlements,
further observation should be made.

For 1-2 star settlements, it has three spatial patterns, including LL (202), LH (32), and
NS (295). A severe restriction policy should be applied to the development of settlements
at this level, and residents of LL- and LH-type settlements are advised to relocate to the
4-5 star HL- (61) and HH-type (203) settlements, respectively. Regarding villagers in NS-
type settlements, the government might gradually and methodically direct them to the
county and provide financial assistance to rural inhabitants who wish to acquire homes in
the county.
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4. Discussion

Rural-urban migration is a prevalent phenomenon in most emerging countries on
the path to modernity. In China’s urbanization process, the problems of hollowing out,
aging, and fewer children in rural areas are more significant than in other developing
countries [13,55], and the complete abandonment of some small settlements is also more
typical in rural areas. According to Hudson, there are three stages of rural settlements,
colonization, spread, and competition [56], and it is clear that many settlements in China
are now at the third stage of development. Government financing for rural revitalization is
limited, and low-development rural settlements are not competitive enough to avoid the
risks of annexation. Therefore, the work conducted in this article is very meaningful, and
we will discuss its progress and shortcomings next.

In assessing the livability of settlements, we referenced commonly used indicators
from previous studies. For instance, in mountainous regions, geological hazards are a
primary cause of residential abandonment [16], which is why topography was included
in our indicator system. In addition to this, factors such as transportation [33], location,
land quality, water resources, ecological environment [34], and public service facilities [31]
were also taken into consideration. Several indicators that may have been overlooked
by earlier authors are also provided. For example, whereas past assessments of rural
settlements frequently focused solely on the current condition, this study takes into account
more factors, including historical accumulation and the future development of settlements.
Meanwhile, in the relationship between the government and the villagers, each other’s con-
cerns were accounted for. From the government’s perspective, their previous evaluations
concerning the villages have been respected and utilized; from the villagers’ perspective,
the interests of the villagers and their emotional attachment to the community have likewise
been respected.

The developmental trajectory of rural settlements is likely to adhere to Zipf’s Law, akin
to urban scale distribution. Consequently, in this paper, the application of the weighted
rank-sum ratio (WRSR) method during the evaluation process facilitates a closer approx-
imation to a normal distribution in the scoring, which is advantageous for investigating
the spatial patterns of settlement locations. In previous studies on the spatial patterns
of rural settlements, it has often been difficult to incorporate scoring metrics into the
analysis [20-25,57]. A likely reason for this challenge is the substantial developmental dis-
parities among the settlements, which complicate the accurate identification of their spatial
patterns. Of course, there are still ways to improve the indicator system in this study. On
the population dimension, for example, we did not gather data on settlement population
growth rates, which is unfair to those settlements that are still expanding in number despite
their tiny population size. We only considered the distance between settlements and their
nearest neighbors and ignored the map shape and community structure of settlements,
both of which have a significant impact on villagers’ social interactions, and we consider
including indicators such as landscape pattern index and social network analysis [28] in
future studies.

The assessment results indicate a significant disparity in the development levels of
settlements, which exhibit a positively association in global spatial pattern. The settlements
located near urban centers, towns, and major transportation routes demonstrate better
development, consistent with previous research findings [21-25]. In contrast, we found
that a small number of rural settlements located in mountainous areas, distant from urban
centers, also achieved relatively high development scores. This can be attributed to two
main factors: first, these areas possess rich cultural heritage and natural landscape resources
that are conducive to tourism development; second, the limited availability of suitable
land for construction in mountainous regions leads to a more concentrated development of
buildings, thereby enhancing the overall development of these settlements. In addition, we
identified local spatial patterns of settlements and integrated these spatial patterns with
the levels of development of the settlements to propose our layout optimization method.
Previous layout optimization approaches primarily relied on evaluation results as their
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basis [21,22,25,26] or considered the impact of cultivation radius on this foundation [24].
In contrast to these earlier methods, our proposed approach places greater emphasis on
the future development of communities. The flexible demolition strategy we advocate can
significantly reduce resistance to governmental efforts.

Under this paper’s scenario, which is scheduled to be finished by 2035, at least 529 set-
tlements (27% of the total) should be willingly abandoned, and we recommend that the
government implement strategies and processes to assure sustainability. Our method meets
the government’s current expectations, reduces opposition to demolition, and encour-
ages urbanization while minimizing disruptions in rural acquaintanceship. Our incentive
program, based on villagers” attachment to their communities, aims to promote rural devel-
opment and save government expenses. Some may regard the government’s attempt to
encourage villages to the urban area and move them close as a benefit of a strong govern-
ment, while others may see it as antithetical to the spirit of liberalization. In particular, the
plan benefits the local government and the preserved settlements, but the plan will have a
vast impact on the few villagers who will need to be relocated [58], an impact that is not
necessarily desired by the villagers. We would like to emphasize that our assessment and
recommendations are purely for reference purposes, and in the process of dismantling and
relocating, the government needs to consider and respect the views of the farmers.

5. Conclusions

Certain rural villages must be demolished to meet the goal of boosting land supply to
cities and promoting rural revitalization. The weighted rank-sum ratio evaluation method
was used in this paper to assess the settlement development level from multiple dimensions,
with Xian’an District, Hubei Province, China, as an example. Moran’s I coefficient was then
used to analyze the spatial association characteristics of the settlement development level.
The following are the main findings:

1. The livability levels of residential areas exhibit significant spatial heterogeneity.
Residential areas located near cities, towns, and major roads generally demonstrate better
development compared to those situated farther away. The overall spatial pattern follows
a core—periphery model. Additionally, residential areas in flat regions tend to develop
more favorably than those in mountainous areas, revealing marked regional disparities in
spatial development.

2. In the spatial distribution of the study area, population size, resource endowment,
spatial characteristics, and physical construction are related and separate, highlighting the
importance of using a comprehensive approach to understanding settlement development.
Settlements of flat topography and close to towns offer benefits in terms of population
numbers and geographical features. The government frequently prioritizes material con-
struction for settlements with population size advantages, while some villages in southern
Xian’an depend on resource endowment advantages and concentrate their people in core
settlements, with an increase in comprehensive development levels. In conclusion, villages
with a flat terrain, proximity to towns, the location of village committees, and specific
development expertise are likely to have greater levels of comprehensive development.

3. Through spatial association analysis, we found that there is a mosaic structure in
the geography of “/HH” and “LH”, and “LL” and “HL” co-types of settlements. Settlements
of the co-types “HH” and “LH” tend to congregate in the western, northern, and central
plains, as well as the southern valleys, but settlements of spatial co-type “LL” in the eastern
and southern mountains prefer to cluster with co-type “HL”. Settlements of the “HL”
spatial co-type tend to congregate in the eastern and southern mountainous areas. Finally,
we made policy suggestions for the evacuation of co-type “LL” settlements based on the
connection between spatial co-types and development levels.

Overall, the spatial disparity in the level of habitability of rural residential areas
is a ubiquitous phenomenon. When formulating policies for the development of rural
residential sites, governments can utilize the mosaic structure of high-level and low-level
habitable sites to determine the future development typology of these residential areas.
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The evaluation method proposed in this study provides a scientific and comprehensive
framework for understanding and assessing settlement development in Xian’an, as well as a
feasible and innovative building policy recommendation based on settlement development
level and spatial association features. The findings of this study can be useful to local
policymakers and planners in promoting rural revival and new urbanization under the
land-restructuring policy of “increasing versus decreasing balance”. In future work, efforts
can be made to further refine plans, maps, and other spatial arrangements, while also
promoting the application of this methodology in urban typology.

Author Contributions: Conceptualization, Z.F. and W.L.; methodology, W.L. and Q.L.; software, W.L.
and X.C,; validation, X.C., Q.L., and Z.F,; formal analysis, W.L.; investigation, J.L.; resources, ].L.; data
curation, J.L. and W.L.; writing—original draft preparation, W.L.; writing—review and editing, Z.F.
and Q.L.; visualization, W.L.; supervision, Q.L.; project administration, Q.L.; funding acquisition, Z.F.
All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by the National Natural Science Foundation of China (grant
number 42071219).

Data Availability Statement: The data presented in this study are available upon request from the
corresponding author.

Acknowledgments: We thank the government staff and villagers in Xian’an District for their support
and thank the Xianning Planning and Design Institute for providing assistance.

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

References

1. Liu, Y.; Li, Y. Revitalize the World’s Countryside. Nature 2017, 548, 275-277. [CrossRef] [PubMed]

2. Wu, E Housing in Chinese Urban Villages: The Dwellers, Conditions and Tenancy Informality. Hous. Stud. 2016, 31, 852-870.
[CrossRef]

3. Li, Z.; Wu, E. Residential Satisfaction in China’s Informal Settlements: A Case Study of Beijing, Shanghai, and Guangzhou. Urban
Geogr. 2013, 34, 923-949. [CrossRef]

4. Cai,]; Zheng, S.; Liu, Y. Measurement and International Comparison of China’s Real Urbanization Level. China Rev. Political
Econ. 2019, 10, 95-128.

5. Wang, G. 70 Years of China’s Migration: Mechanisms, Processes and Evolution. China Popul. Sci. 2019, 5, 2-14+126.

6.  Chen, Y,; Cai, Z. A Re-Examination off Population Migration and Urbanization: Implications of the Seventh National Population
Census. J. Riverhead Univ. 2021, 23, 85-93+112.

7. Wang, Z.; Hu, M.; Zhang, Y.; Chen, Z. Housing Security and Settlement Intentions of Migrants in Urban China. Int. J. Environ.
Res. Public Health 2022, 19, 9780. [CrossRef]

8.  Guan, X.;; Wei, H,; Lu, S.; Dai, Q.; Su, H. Assessment on the Urbanization Strategy in China: Achievements, Challenges and
Reflections. Habitat Int. 2018, 71, 97-109. [CrossRef]

9.  Wu, Y,; Shan, L.; Guo, Z.; Peng, Y. Cultivated Land Protection Policies in China Facing 2030: Dynamic Balance System versus
Basic Farmland Zoning. Habitat Int. 2017, 69, 126-138. [CrossRef]

10. Cheng, Q.; Jiang, P.; Cai, L.; Shan, J.; Zhang, Y.; Wang, L.; Li, M.; Li, F; Zhu, A.; Chen, D. Delineation of a Permanent Basic
Farmland Protection Area around a City Centre: Case Study of Changzhou City, China. Land Use Policy 2017, 60, 73-89. [CrossRef]

11.  Zhao, Q.; Zhang, Z. Does China’s ‘Increasing versus Decreasing Balance’ Land-Restructuring Policy Restructure Rural Life?
Evidence from Dongfan Village, Shaanxi Province. Land Use Policy 2017, 68, 649-659. [CrossRef]

12. Ma, B.; Tian, G.; Kong, L.; Liu, X. How China’s Linked Urban—Rural Construction Land Policy Impacts Rural Landscape Patterns:
A Simulation Study in Tianjin, China. Landsc. Ecol. 2018, 33, 1417-1434. [CrossRef]

13. Gao, X,; Xu, A;; Liu, L,; Deng, O.; Zeng, M.; Ling, J.; Wei, Y. Understanding Rural Housing Abandonment in China’s Rapid
Urbanization. Habitat Int. 2017, 67, 13-21. [CrossRef]

14. Li, W,; Li, J.; Cui, J. Exploring rural decline with the perspective of demographics: Case study of Hubei, China. Phys. Chem. Earth
Parts A/B/C 2020, 120, 102917. [CrossRef]

15.  Song, W.; Liu, M. Assessment of Decoupling between Rural Settlement Area and Rural Population in China. Land Use Policy 2014,
39, 331-341. [CrossRef]

16. Wang, C.; Gao, B.; Weng, Z.; Tian, Y. Primary Causes of Total Hamlet Abandonment for Different Types of Hamlets in Remote
Mountain Areas of China: A Case Study of Shouning County, Fujian Province. Land Use Policy 2020, 95, 104627. [CrossRef]

17. Li, L.; Li, X.; Hai, B.; Wang, X.; Xu, J. Evolution of Rural Settlement in an Inland Nonmetropolitan Region of China at a Time of

Rapid Urbanisation: The Case of Gongyi. J. Rural Stud. 2020, 79, 45-56. [CrossRef]


https://doi.org/10.1038/548275a
https://www.ncbi.nlm.nih.gov/pubmed/28816262
https://doi.org/10.1080/02673037.2016.1150429
https://doi.org/10.1080/02723638.2013.778694
https://doi.org/10.3390/ijerph19169780
https://doi.org/10.1016/j.habitatint.2017.11.009
https://doi.org/10.1016/j.habitatint.2017.09.002
https://doi.org/10.1016/j.landusepol.2016.10.014
https://doi.org/10.1016/j.landusepol.2017.08.003
https://doi.org/10.1007/s10980-018-0669-1
https://doi.org/10.1016/j.habitatint.2017.06.009
https://doi.org/10.1016/j.pce.2020.102917
https://doi.org/10.1016/j.landusepol.2014.02.002
https://doi.org/10.1016/j.landusepol.2020.104627
https://doi.org/10.1016/j.jrurstud.2020.08.003

Buildings 2024, 14, 3013 16 of 17

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

CPC Central Committee. The State Council Opinions on the Implementation of the Rural Revitalization Strategy; CPC Central Committee:
Beijing, China, 2018.

The Xinhua News Agency the Central Committee of the Communist Party of China and the State Council Released the “Strategic
Plan for Rural Revitalization (2018-2022)”. The People’s Daily. 27 September 2018. Available online: https://www.gov.cn/
zhengce/2018-09/26/content_5325534.htm (accessed on 10 June 2024).

Ren, P; Hong, B; Liu, Y.; Zhou, ]. A study of spatial evolution characteristics of rural settlements and influences of landscape
patterns on their distribution using GIS and RS. Acta Ecol. Sin. 2014, 34, 3331-3340. [CrossRef]

Liu, X,; Bi, R,; Gao, Y. GIS-Based Spatial Layout and Optimization Analysis of Rural Residential Areas in the Hilly and
Mountainous Areas: A Case Study of Xiangyuan County, Shanxi Province. Econ. Geogr. 2011, 31, 822-826. [CrossRef]

Jiang, L.; Lei, G.; Zhang, ].; Zhang, Y.; Li, ]. Analysis of spatial distribution and optimization rural settlements. Res. Soil Water
Conserv. 2013, 20, 224-229+307.

Zou, L.; Wang, J. A review of research on the layout optimization of rural residential areas in China. China Popul. Resour. Environ.
2015, 25, 59-68.

Li, X,; Yang, Y,; Yang, B.; Zhao, T.; Yu, Z. Layout optimization of rural settlements in mountainous areas based on farming radius
analysis. Trans. Chin. Soc. Agric. Eng. 2018, 34, 267-273.

Liu, M,; Dai, Z.; Qiu, D.; Liu, J.; Hao, W. Analysis of Influencing Factors and Layout Optimization of Rural Settlements in
Mountainous Areas: A Case Study of Baojia Town, Pengshui County. Econ. Geogr. 2011, 31, 476-482. [CrossRef]

Feng, J.; Ma, G.; Li, J.; Zhu, H. Strategies of Rural Settlement Consolidation Based on Population Density and Adaptability of
Layout: A Case of Huating, Gansu Province. Chin. |. Soil Sci. 2022, 53, 768-776. [CrossRef]

Dong, Y.; Cheng, P.; Kong, X. Spatially Explicit Restructuring of Rural Settlements: A Dual-Scale Coupling Approach. J. Rural
Stud. 2022, 94, 239-249. [CrossRef]

Kong, X.; Liu, D.; Tian, Y.; Liu, Y. Multi-Objective Spatial Reconstruction of Rural Settlements Considering Intervillage Social
Connections. J. Rural Stud. 2021, 84, 254-264. [CrossRef]

Tian, Y.; Liu, Y,; Liu, X; Kong, X.; Liu, G. Restructuring Rural Settlements Based on Subjective Well-Being (SWB): A Case Study in
Hubei Province, Central China. Land Use Policy 2017, 63, 255-265. [CrossRef]

Lu, M.; Wei, L.; Ge, D.; Sun, D.; Zhang, Z.; Lu, Y. Spatial Optimization of Rural Settlements Based on the Perspective of
Appropriateness—Domination: A Case of Xinyi City. Habitat Int. 2020, 98, 102-148. [CrossRef]

Ye, L.; Wu, Z.; Wang, T.; Ding, K.; Chen, Y. Villagers’ Satisfaction Evaluation System of Rural Human Settlement Construction:
Empirical Study of Suzhou in China’s Rapid Urbanization Area. Int. J. Environ. Res. Public Health 2022, 19, 11472. [CrossRef]
Liu, Y; Ke, X,; Wu, W.; Zhang, M,; Fu, X;; Li, J; Jiang, J.; He, Y.; Zhou, C.; Li, W,; et al. Geospatial Characterization of Rural
Settlements and Potential Targets for Revitalization by Geoinformation Technology. Sci. Rep. 2022, 12, 8399. [CrossRef]

Long, X.; Yang, P; Su, Q. On the Effective Organization of Rural Settlements Spatial Structure under the Transformation and
Development of Mountainous Areas in Western China: Evaluation Measurement Based on Complex Adaptability Theory. Environ.
Sci. Pollut. Res. 2022, 30, 89945-89963. [CrossRef] [PubMed]

Bi, G.; Yang, Q. Spatial Reconstruction of Rural Settlements Based on Multidimensional Suitability: A Case Study of Pingba
Village, China. Land 2022, 11, 1299. [CrossRef]

Fu, J.; Zhou, J.; Deng, Y. Heritage Values of Ancient Vernacular Residences in Traditional Villages in Western Hunan, China:
Spatial Patterns and Influencing Factors. Build. Environ. 2021, 188, 107473. [CrossRef]

Zou, L.; Wang, Z.; Wang, J. Spatial Distribution and Optimization of Rural Residential Land in the Mountainous Area. China Land
Sci. 2012, 26, 71-77. [CrossRef]

Gu, C. Urbanization Studies: An International Approach. City Plan. Rev. 2003, 27, 19-24.

Sun, P. Urban Shrinkage: Connotation-Sinicization-Framework of Analysis. Progress Geogr. 2022, 41, 1478-1491. [CrossRef]
Ren, K.; Xu, J. Formation Process and Spatial Representation of Tourist Destination Personality from the Perspective of Cultural
Heritage: Application in Traditional Villages in Ancient Huizhou, China. Land 2024, 13, 423. [CrossRef]

Popescu, C.A.; Iancu, T.; Popescu, G.; Croitoru, I.M.; Adamov, T.; Ciolac, R. Rural Tourism in Mountain Rural Comunities-Possible
Direction/Strategies: Case Study Mountain Area from Bihor County. Sustainability 2024, 16, 1127. [CrossRef]

Zhang, D.; Yang, M.; Wang, Z. Resources or Capital?>—The Quality Improvement Mechanism of Precision Poverty Alleviation by
Land Elements. Land 2022, 11, 1874. [CrossRef]

Pacheco-Trevifio, S.; Manzano-Camarillo, M.G. The Socioeconomic Dimensions of Water Scarcity in Urban and Rural Mexico:
A Comprehensive Assessment of Sustainable Development. Sustainability 2024, 16, 1011. [CrossRef]

Cai, M.; Ouyang, B.; Quayson, M. Navigating the Nexus between Rural Revitalization and Sustainable Development: A Biblio-
metric Analyses of Current Status, Progress, and Prospects. Sustainability 2024, 16, 1005. [CrossRef]

Economics; Henderson, J.V.; Thisse, J.-F. (Eds.) Cities and Geography; Elsevier: Amsterdam, The Netherlands, 2004; Volume 4,
pp. 2173-2242. [CrossRef]

Preciado, P; Snijders, T.A.B.; Burk, W.J.; Stattin, H.; Kerr, M. Does Proximity Matter? Distance Dependence of Adolescent
Friendships. Soc. Netw. 2012, 34, 18-31. [CrossRef] [PubMed]

Cai, Y.Y,; Xie, ].; Huntsinger, L. Process Decomposition of Expanded Rural Housing at the Rural-Urban Fringe: Evidence from
27,034 Buildings in Pudong New Area, Shanghai, China. China Agric. Econ. Rev. 2023, 15, 457-480. [CrossRef]


https://www.gov.cn/zhengce/2018-09/26/content_5325534.htm
https://www.gov.cn/zhengce/2018-09/26/content_5325534.htm
https://doi.org/10.5846/stxb201307291976
https://doi.org/10.15957/j.cnki.jjdl.2011.05.021
https://doi.org/10.15957/j.cnki.jjdl.2011.03.022
https://doi.org/10.19336/j.cnki.trtb.2021111001
https://doi.org/10.1016/j.jrurstud.2022.06.011
https://doi.org/10.1016/j.jrurstud.2019.02.028
https://doi.org/10.1016/j.landusepol.2017.01.038
https://doi.org/10.1016/j.habitatint.2020.102148
https://doi.org/10.3390/ijerph191811472
https://doi.org/10.1038/s41598-022-12294-2
https://doi.org/10.1007/s11356-022-23266-4
https://www.ncbi.nlm.nih.gov/pubmed/36168015
https://doi.org/10.3390/land11081299
https://doi.org/10.1016/j.buildenv.2020.107473
https://doi.org/10.13708/j.cnki.cn11-2640.2012.09.015
https://doi.org/10.18306/dlkxjz.2022.08.011
https://doi.org/10.3390/land13040423
https://doi.org/10.3390/su16031127
https://doi.org/10.3390/land11101874
https://doi.org/10.3390/su16031011
https://doi.org/10.3390/su16031005
https://doi.org/10.1016/S1574-0080(04)80007-5
https://doi.org/10.1016/j.socnet.2011.01.002
https://www.ncbi.nlm.nih.gov/pubmed/25530664
https://doi.org/10.1108/CAER-02-2022-0032

Buildings 2024, 14, 3013 17 of 17

47.
48.
49.
50.
51.
52.
53.

54.
55.

56.
57.

58.

Chen, W,; Liu, Y;; Yin, C,; Jing, Y.; Guan, X. Layout Optimization for Rural Settlements Based on Iterative Evaluation Method and
Its Remediation Strategies. Trans. Chin. Soc. Agric. Eng. 2017, 33, 255-263.

Zhou, Y.; Guo, L.; Liu, Y. Land Consolidation Boosting Poverty Alleviation in China: Theory and Practice. Land Use Policy 2019,
82, 339-348. [CrossRef]

Zhou, J.C. An Application of RSR Method in Environmental Pollution Health Damage. Adv. Mater. Res. 2012, 518-523, 4839-4842.
[CrossRef]

Moran, P.A.P. The Interpretation of Statistical Maps. J. R. Stat. Soc. Ser. B 1948, 10, 243-251. [CrossRef]

Geary, R.C. The Contiguity Ratio and Statistical Mapping. Inc. Stat. 1954, 5, 115-127+129-146. [CrossRef]

Getis, A.; Ord, J.K. The Analysis of Spatial Association by Use of Distance Statistics. Geogr. Anal. 2010, 24, 189-206. [CrossRef]
Guo, L,; Du, S.; Haining, R.; Zhang, L. Global and Local Indicators of Spatial Association between Points and Polygons: A Study
of Land Use Change. Int. |. Appl. Earth Obs. Geoinf. 2013, 21, 384-396. [CrossRef]

Anselin, L. Local Indicators of Spatial Association—LISA. Geogr. Anal. 1995, 27, 93-115. [CrossRef]

Johnson, K.M.; Lichter, D.T. Rural Depopulation: Growth and Decline Processes over the Past Century. Rural Sociol. 2019, 84, 3-27.
[CrossRef]

Hudson, J.C. A Location Theory for Rural Settlement. Ann. Assoc. Am. Geogr. 1969, 59, 365-381. [CrossRef]

Yang, Z.; Wang, S.; Hao, F.; Ma, L.; Chang, X.; Long, W. Spatial Distribution of Different Types of Villages for Rural Revitalization
Strategy and Their Influencing Factors: A Case of Jilin Province, China. Chin. Geogr. Sci. 2023, 33, 880-897. [CrossRef]

Palmer, E. Planned Relocation of Severely Depopulated Rural Settlements: A Case Study from Japan. J. Rural Stud. 1988, 4, 21-34.
[CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1016/j.landusepol.2018.12.024
https://doi.org/10.4028/www.scientific.net/AMR.518-523.4839
https://doi.org/10.1111/j.2517-6161.1948.tb00012.x
https://doi.org/10.2307/2986645
https://doi.org/10.1111/j.1538-4632.1992.tb00261.x
https://doi.org/10.1016/j.jag.2011.11.003
https://doi.org/10.1111/j.1538-4632.1995.tb00338.x
https://doi.org/10.1111/ruso.12266
https://doi.org/10.1111/j.1467-8306.1969.tb00676.x
https://doi.org/10.1007/s11769-023-1359-8
https://doi.org/10.1016/0743-0167(88)90076-9

	Introduction 
	Materials and Methods 
	Area of Study 
	Assessment Framework and Indicator System 
	Theoretical Structure Construction 
	Selection of Evaluation Indicators 

	Data Sources 
	Methods 
	Weighted Rank-Sum Ratio 
	Spatial Association Analysis 


	Results and Analysis 
	Evaluation of the Development Level 
	Comprehensive Level Evaluation 
	Multi-Dimensional Assessment 

	Settlement Clustering and Spatial Association 
	Settlement Typology and Building Policy 

	Discussion 
	Conclusions 
	References

